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A B S T R A C T

Digital-technology usage in dynamic and complex work practices is a core phenomenon in innovation research.
There are, however, few detailed analyses of how people organize the use of digital tools in their work practices.
We aim to offer more insight into how individual actors use digital technology, how these actors organize its use
in collectives, and how they organize their work with that of other actors in order to realize collective-level
goals. We implemented a qualitative research design, based on interviews in architectural firms complemented
with observations and archival data. By analyzing interactions of multiple individual actors with digital tech-
nology, we found that actors organize usage in collectives through activities that we call configuring-in-use and
reflecting; and that they combine these two organizational activities in order to realize collective-level goals. We
identify the combination of these organizational activities as configurational usage. We contribute to literature on
the usage of pervasive digital technology by providing a detailed empirical investigation of organized usage of
digital technology. Furthermore, we refine the conceptualization of configurational usage, improving under-
standing of core processes of digital innovation.

1. Introduction

Digital technologies and tools pervade modern business and are
implemented in a wide variety of firms (Yoo et al., 2012). Usage of
digital technologies has had a major impact on innovation processes,
i.e., has redefined how products and services are created (Nambisan
et al., 2017). In some cases, such as the replacement of chemical ana-
logue photography by digital technologies in the photography industry,
digital-technology usage has completely reconfigured industries
(Benner and Tushman, 2002).
Digital-technology usage is a core phenomenon studied in innova-

tion research (Burton-Jones and Gallivan, 2007; Nambisan et al., 2017;
Pentland and Feldman, 2007). Over the past decades, scholarly atten-
tion has advanced understanding of the entanglement of digital tech-
nologies in organizations (Orlikowski, 2000; Nambisan et al., 2017).
We know that people tend to use new digital tools in their work practice
when they perceive these tools as beneficial to perform their tasks
(Leonardi, 2011), and that digital technology can strongly affect the
organization of work inside firms (Barley, 1990). For instance, Com-
puter Aided Design (CAD) technology has pervaded work practices in
architectural firms, and over the years has become indispensable to the
work of designers (Leonardi, 2011; Orlikowski, 2000). Use of a perva-
sive digital technology by multiple individuals has repercussions at the

level of firms, organizations or – to put it most generally – collectives
(Burton-Jones and Gallivan, 2007; Leonardi, 2013).
Within collectives, the use of a digital technology by individual

actors needs to be organized to realize collective-level goals (Leonardi,
2013; Nambisan et al., 2017; Yoo et al., 2010, 2012). This organization
may result in a shared usage structure, in which individual actors use a
digital technology in a similar way (Leonardi, 2013). Yet since digital
innovations draw on the heterogeneous knowledge resources of mul-
tiple, autonomous actors (Yoo et al., 2010), a differentiated usage
structure is generally more appropriate. Therefore, digital-innovation
research needs to study how to organize the usage of digital technology
by heterogeneous actors into a collective product or service (Burton-
Jones and Gallivan, 2007; Leonardi, 2013; Nambisan et al., 2017). Al-
though such organization activities are said to be widespread in dy-
namic and complex practice (Burton-Jones and Gallivan, 2007;
Nambisan et al., 2017), there are only few detailed analyses of actual
organization activities (Leonardi, 2013).
A better understanding of the actual organization of digital-tech-

nology usage is needed in at least three respects: new forms of orga-
nizing to which pervasive digital-technology usage gives rise (Yoo et al.,
2012); collective appropriation of parts of a new digital technology to
realize collective goals (Leonardi, 2013); and actual processes of digital
innovation (Nambisan et al., 2017). Gaining this understanding
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requires studying digital-technology usage as a multi-level process, in
which collective-level outcomes emerge on the basis of combinations of
individual-level heterogeneous actions (Burton-Jones and Gallivan,
2007; Yoo et al., 2010; Nambisan et al., 2017).
In this study, we aim to answer the following research questions:

“How do individual actors use digital technology, how do these actors
organize its use in collectives, and how do they organize their work
with that of other actors in order to realize collective-level goals?” We
study the activities of individual actors who work with new and es-
tablished digital tools. We apply an affordance perspective (Chemero,
2003; Faraj and Azad, 2012; Gibson, 1977; Leonardi, 2011, 2013;
Norman et al., 1988; Zammuto et al., 2007) to analyze in particular the
collective level (Felin et al., 2012; Kozlowski and Klein, 2000).
Our study focuses on the usage and organization of a new, pervasive

digital technology (Building Information Modelling) in dynamic and
complex work practices, both on the individual and collective level. We
study architectural design practice, where digital tools are used to
produce output (Becker and Lazaric, 2009; Pentland and Feldman,
2007) in the form of artifacts: sketches, plans, or models that serve
multiple purposes in the design of buildings (Boland et al., 2007;
Ewenstein and Whyte, 2009). The design of buildings is a work practice
that serves as a good exemplar for studying how the usage and orga-
nization of digital technologies affects multiple, autonomous actors
with distinct expertise (Boland et al., 2007) who work towards collec-
tive-level goals (Leonardi, 2013). We implemented a qualitative re-
search design, based on interviews in two architectural firms, com-
plemented with observations and archival data (Yin, 2011).
By analyzing interactions of multiple individual actors with digital

technology, we identified two collectives in which actors organize
usage – architectural design teams and work groups – through activities
that we call configuring-in-use and reflecting. By analyzing how these two
organizational activities are combined in order to enact affordances, we
demonstrate how actors collectively organize digital-technology usage
to realize collective-level goals. We identify the combination of these
organizational activities as configurational usage (Kozlowski and Klein,
2000; Burton-Jones and Gallivan, 2007; Kane and Labianca, 2011).
We contribute to literature on the usage of pervasive digital tech-

nology by, firstly, providing a detailed empirical investigation of or-
ganized usage of BIM technology in architectural design practice. Based
on this investigation, we conceptualize a process of configurational
usage geared towards the enactment of collective affordances.
Configurational usage combines the organizational activities of con-
figuring-in-use and reflecting. These activities comprise a broad variety
of individual-level interactions of actors. We show how, through these
interactions, collective-level affordances are enacted in different ways.
Secondly, we refine the conceptualization of configurational usage and
thereby improve understanding of core processes of digital innovation.
We identify the need for ongoing organization of technology usage to
attain affordance enactment, for relaxation of structural boundaries of
innovation by not focusing on preselected, traditional analytical levels,
and for an explicit iterative multi-level focus.
The remainder of the paper is structured as follows: the next section

describes current insights on individual and collective use of digital
technology and identifies the need to study organization of digital-
technology usage at interrelated individual and collective levels. The
methods section describes the case study and how data is collected and
analysed. Subsequently, the findings are presented. We conclude with a
discussion of the implications for research on digital technology and
innovation.

2. Theoretical background

Digital-technology usage is a key aspect of digital-innovation re-
search (Nambisan et al., 2017; Yoo et al., 2012). This study responds to
the research agenda proposed by Nambisan et al. (2017) to advance
insights in processes of digital innovation. These processes are

distributed, i.e., they draw on the heterogeneous knowledge resources
of multiple, autonomous actors; combinatorial, i.e., they combine ex-
isting tools with new digital capabilities (Yoo et al., 2010); and gen-
erative, i.e., they are capable of producing unanticipated effects
(Boland et al., 2007; Nambisan et al., 2017; Yoo et al., 2012). More
specifically, this study focuses on the use of digital technology and the
organization of this use, through distributed, combinatorial, generative
processes, to achieve collective-level goals.
Previous studies have shown that usage of digital technology should

not only represent individual actors’ employment of new digital fea-
tures, but also represent how this usage is organized in groups of actors
(DeSanctis and Poole, 1994; Markus and Silver, 2008), and how digital-
technology usage contributes to realizing group-level goals (Burton-
Jones and Gallivan, 2007; Nambisan et al., 2017; Orlikowski, 2000;
Pentland and Feldman, 2007). The next subsections discuss the orga-
nization of individual and collective use of digital technology and
identify the need for studying how they are combined in practice.

2.1. Individual use of digital technology

On the individual level, digital-technology usage can be con-
ceptualized by categorizing interactions with digital technology by in-
dividual actors. An ‘interaction’ is any activity of an individual that is
locally meaningful (Orlikowski, 2000), i.e., that is identified by an actor
in describing their work practice, possibly in relation to their organi-
zational role or membership of a collective. Choosing interaction with
digital technology as the basic unit of analysis means that a single de-
scribed activity (see Section 3: ‘Research methods’) can be categorized
as multiple interactions (Gaskin et al., 2014; Pols, 2012). Moreover,
understanding technology usage through variegated individual inter-
actions takes into account the multiplicity, partiality and fragmentation
of digital technologies (Yoo et al., 2010). Technology usage – under-
stood as “an individual user’s employment of one or more features of a
system to perform a task” (Burton-Jones and Straub, 2006) – is multi-
dimensional and context-dependent. Any empirical investigation into
technology usage needs to conceive of technology as multiple and
partial (Orlikowski and Iacono, 2001); it should take into account how
different individual human actors within the same organization employ
various features of interrelated digital tools, even while working on the
same collective task (DeSanctis and Poole, 1994; Markus and Silver,
2008). Users can enact technologies differently based on their in-
dividual expertise and knowledge (Leonardi, 2013). They can also
modify technology by making changes in the hardware, software,
norms and rules, and in their own knowledge (Orlikowski, 2000).

2.2. Collective use of digital technology

For working on a collective task, technology usage of individual actors
needs to be organized. Digital-technology usage involves more than task-
related exchanges or individual interactions with digital technology by
independent actors. Rather, technology usage in complex work prac-
tices involves interdependent tasks (Burton-Jones and Gallivan, 2007),
i.e., tasks that depend on each other’s input for successful completion or
for a more encompassing success.
We call a group of multiple individual actors who work on the same

collective task through performing interdependent individual-level
tasks, a collective. An example of a collective is a design team, in which
actors work to complete a joint design task. Design practice is strongly
heterogeneous with regard to actors, tools, and tasks. Thus, inter-
dependencies can be expected between individual-level tasks and in-
teractions in this organizational context. Dealing with these inter-
dependencies requires collaboration, communication and coordination
during usage (Karsten, 2003; Burton-Jones and Gallivan, 2007; Leonardi,
2013). Although such organizational activities are said to be wide-
spread in dynamic and complex practice (Burton-Jones and Gallivan,
2007; Nambisan et al., 2017), there are few detailed analyses of actual
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organization of digital-technology usage (Leonardi, 2013).
We capture task interdependency by analysing enactment of col-

lective affordances. We take a relational view of affordances: they are
features of a technology that are perceived by actors as offering them
possibilities for goal-oriented actions (Norman, 1988; Markus and
Silver, 2008). Perceptions of actionability depend on an actor’s inten-
tions, expertise and goals (Chemero, 2003), as well as possible enabling
and disabling effects of the local context (Nambisan et al., 2017). As
“multi-faceted relational structures” (Faraj and Azad, 2012), affor-
dances are here said to be enacted rather than created (as in Leonardi,
2013), if they are perceived as actionable by at least one actor. Col-
lective affordances are features that are perceived by at least one actor
as offering possibilities for goal-directed actions of multiple members of
a collective (Leonardi, 2013). Collective affordances may include new
benefits, such as increased revenue or reduced workload, as well as
existing benefits, such as flexibility in creative design (Boland et al.,
2007). Digital tools and algorithms can be combined to generate new
usage potential (Henfridsson et al., 2018), triggering so-called ‘wakes’
of innovation (Boland et al., 2007).

Digital-technology usage by heterogeneous actors needs to be organized
in order to enact collective affordances. While the organization of digital
technology usage may take many forms, studies have suggested ex-
emplary ways to organize the contributions of individual actors towards
a collective-level goal. A comprehensive example is provided in a
comparative study by Leonardi (2013). In this work, two engineering
groups of a car manufacturer started using a new simulation tool. Here,
enactment of a collective affordance required organizing the usage by,
potentially, all members of the collective. It was found that the new
digital technology was only turned into a resource by the collective that
converged towards a shared usage structure, in which all individual ac-
tors use the digital technology in a similar way. In a digital world,
actors are more likely to be specialized in specific tasks (i.e., hetero-
geneous). Therefore, attaining a shared pattern of use can be difficult or
undesirable (Leonardi, 2013; Nambisan et al., 2017). In these hetero-
geneous settings, different members of a collective may perceive dif-
ferent actionable features of a digital technology. To improve under-
standing of digital-technology usage in complex work practices, we
need to study how heterogeneous individual-level interactions are or-
ganized to realize collective-level goals (Burton-Jones and Gallivan,
2007; Kozlowski and Klein, 2000).

2.3. Combining individual and collective use of digital technology

Digital-technology usage should be studied by combining individual
and collective levels of analysis. Usage of technology in complex and
dynamic innovation processes cannot be captured solely on a collective
level. Organization of digital-technology usage involves coordination of
interactions by individual actors, working towards collective-level goals
through performing interdependent tasks (Burton-Jones and Gallivan,
2007). Conversely, an exclusive focus on interactions by individual
actors with digital technology may not provide insights in the value that
digital-technology usage produces for a firm or other collectives
(Burton-Jones and Gallivan, 2007; Henfridsson et al., 2018).
Organizing usage of technology has been studied by choosing spe-

cific analytical levels. For instance, Dossick and Neff (2009) separate the
individual, project, and firm level in their analysis to show conflicts
between them. In recent work, the detailed analysis of Lobo and Whyte
(2017) provides insights into the interface between multiple projects
and firms. To leave room for emergent structures (Nambisan et al.,
2017) we do not, at the collective level, distinguish in advance between
project, firm, and inter-organizational analytical levels. In our view,
both established and emergent structures can be identified at the col-
lective level, based on the importance that actors assign to them.
Only by studying digital-technology usage on combined individual

and collective levels of analysis, insight can be created into processes of
organizing individual heterogeneous technology usage for realizing

collective-level goals – like processes of organizing shared-usage
structures in homogeneous settings. Organizing the contributions of
individual actors towards enactment of collective affordances is known
in the literature as configurational usage (Burton-Jones and Gallivan,
2007; Kane and Labianca, 2011; Kozlowski and Klein, 2000). Here, a
configuration (‘configuration of usage’; Burton-Jones and Gallivan,
2007) refers not merely to a collection of tools, but primarily to a more
or less stable pattern of interactions with digital technology by one or
more actors. This does not assume a pre-established, static configura-
tion brought about by prior central planning or technological con-
straints. Rather, enactment of collective affordances requires an on-
going process of organizing the usage of technology, coincident with
the usage itself. This process is unlikely to comprise the same interac-
tions in different organizations, even if they implement the same
technology. An analysis of configurational usage might not only bring
out what unity there is in the diversity of technology usage, but also just
how much diversity is preserved in or enabled by technology usage
(Nambisan et al., 2017).
There is a scarcity of empirical research on the organization of di-

gital-technology use in which individual and collective levels of ana-
lysis are combined (Burton-Jones and Gallivan, 2007). Thereby, op-
portunities are missed for detailed insights into the organization of
individual heterogeneous technology usage for realizing collective-level
goals. This study aims to fill this important gap in digital-innovation
studies.

3. Research methods

Our study focuses on the usage and organization of a new, pervasive
digital technology in architectural design practice. The design of
buildings is a work practice that serves as a good exemplar for studying
how the usage and organization of digital technologies affects multiple,
autonomous actors with distinct expertise (Boland et al., 2007), who
work towards enacting collective affordances (Leonardi, 2013). We
performed a qualitative study, aimed at obtaining in-depth insights into
individual-level interactions with digital technology, organization of
usage of digital technology, and collective affordance, enabling theo-
retical inference (Eisenhardt and Graebner, 2007; Gerring, 2007).

3.1. Case selection: Building Information Modelling (BIM) in architectural
firms

Architectural firms are experiencing the introduction and pervasion
of new digital technology, called Building Information Modelling
(BIM). BIM comprises digital tools and methods that do not only offer
opportunities for sharing information among multiple parties (Whyte,
2011), but that also affect the epistemic processes involved in building
design (Ewenstein and Whyte, 2009), and thereby the way in which
architectural firms provide services to their customers. Working with
BIM implies variegated usage of BIM tools in architectural design
practices, which generally involve multiple, autonomous actors with
distinct expertise and thus feature processes of organizing individual
heterogeneous technology usage for realizing collective-level goals.
Various tools are used to construct design artifacts, which provide in-
formation for a later point in time in the building process. One pro-
minent tool for constructing these objects in a BIM configuration is
Revit, which enables users to ‘draw’ in a 3D digital environment. By
inserting geometric and parametric information, a virtual spatial model
of a building is designed. BIM has been introduced in work practices
that involve incumbent digital tools, such as 2D Computer Aided Design
(CAD) software or 3D sketching software (Azhar, 2011). Still, BIM
technology is viewed as a more potent digital technology by many
practitioners throughout the AEC industry (Azhar, 2011). Studies have
shown that the implementation of BIM technology can have substantial
firm-level and sector-level effects, such as reducing costs in building
projects by avoiding mistakes (Bryde et al., 2013).

L. Verstegen et al. Research Policy xxx (xxxx) xxx–xxx

3



We conducted a case study into the usage of BIM technology in two
architectural firms in the Netherlands. Initial interviews with leaders of
eleven architectural firms of different sizes in the Netherlands indicated
the following case-selection criteria to collect sufficiently rich data on
individual-level interactions, usage of digital technology within archi-
tectural firms, and collective-level affordances: active engagement with
BIM by actors in the firm; experience with BIM; presence of BIM
manager; and completion of projects with BIM. From the registry of
architectural firms in the Netherlands, five firms remained, two of
which (Alpha and Beta) were selected and agreed to participate in the
study. Firm characteristics were similar in that both firms have com-
pleted multiple projects using BIM, have more than five years of ex-
perience with BIM, organize the use of BIM within their firm, operate
internationally, are financially healthy, and use similar BIM tools.
Within the limitations of these criteria, we applied maximum variation
sampling to detect diverse interactions with BIM technology. This en-
abled the recognition of shared patterns, emerging from the hetero-
geneity in roles within architectural firms (Patton, 2002).

3.2. Data collection

Data was collected by participation in BIM conferences and focus
groups and for both firms on individual and collective level, via inter-
views, archival data and observations. We obtained insight into BIM
tools, interactions with the BIM tools by actors in the firms, and col-
lective affordances. Table 1 presents an overview of the data collected.
To gain expertise on BIM, and to be able to make more informed

choices (Tsoukas and Chia, 2002), the first author joined the BIM
community by participating in BIM-specific conferences in 2013 and
2014. Field notes were made and presentation documents and minutes
of the seminars were gathered. Additionally, this author joined three
focus groups, starting in 2014. The first group consisted of 15 profes-
sionals working with BIM in different architectural design firms in the
Netherlands. This focus group met four times in 2014, once before,
twice during, and once after the interviews in firms Alpha and Beta.
Sessions lasted for three hours and each session had its own specific
topic related to the organization of BIM technology. The overall topic
was ‘organizing BIM’, with sub-sessions on BIM tools, BIM processes,
and organizing for BIM. Two of the meetings were fully recorded and
transcribed, and minutes and presentations from all meetings were
collected. This data was used for case selection, and triangulation of
interviews. The second focus group consisted of more heterogeneous
actors, and discussed broader topics, such as BIM usage in areas of:
contract manufacturing, sustainability predictions, sub-contracting,
production, and professional education. This group met two times in
2015. Field notes were made, and were complemented with minutes of
meetings and presentations. These data served as input for case selec-
tion, interview questions, and preliminary versions of the coding
scheme. After an initial draft of the study, validating findings, and
discussing the practical relevance of the findings of the study, the first
author participated in a third focus group in 2017, to check the face
validity of the data. Furthermore, additional data was informally

collected through all focus groups, by receiving feedback from multiple
professionals on preliminary ideas and findings of this study, increasing
the validity of the findings.
Data for the main analysis was collected during 2014 in firms Alpha

and Beta by interviewing actors who work with BIM in different formal
roles (e.g., architect, BIM manager, or engineer). Eight interviews were
done at Alpha and seven at Beta. The interviews were semi-structured
for replication purposes, focusing on the BIM-related work practices of
the interviewee. During the interview, interviewees were asked about
their personal history and role within the firm, and then about their
experience with BIM. Subsequent topics included perspectives on BIM,
interactions with tools (hardware and software), activities involving
other actors, daily work processes, expectations from the firm, and
benefits of BIM for the firm. Data collection was performed by visiting a
firm for a full day, starting with a semi-structured interview with the
BIM manager of the firm, and continuing with other selected em-
ployees, where interviews were pre-arranged by the BIM manager.
During the visit, we probed for the interviewees’ perception of who is
important in any BIM-related processes to complete the list of roles.
Table 2 provides an overview of the interviewees in the two firms: their
BIM expertise level, years of BIM and general working experience in
architecture, and role. Interviews lasted one hour on average and were
conducted by one or two interviewers. Interviews were fully recorded

Table 1
Data collection overview.

Data sourced from Data sourced on

Company Alpha Company Beta Other Tools Interactions Collective affordance

BIM
Seminar/ focus group sessions

6 x x x

Interview 8 7 – x x x
11 x

Archival data 15 15 – x x x
12 x

Observation 4 4 x x

Table 2
Interviewee background information in two firms.

Identification character
intervieweea

BIM Expertise
Level

Years of experience
in

Role

BIM Archi-
tecture

Firm Alpha: 100 - 130 employeese

A High 5 10 BIM Manager
Bb High 5 8 Architect
C1c High 5 11 Architect
C2c Medium 3 3 Architect
Db Medium 5 17 BIM Manager
Eb High 5 10 Engineer
F Low 1 11 Project Manager
G Indirect – – System Admin
Hb High 4 4 Engineer
Firm Beta: 50 - 100 employeese

Id High 7 7 BIM Manager
Jb High 6 15 Engineer
Kb Low 6 23 Project Manager
Lb Indirect 1 15 Engineer
Mb Low 6 10 Architect
N Indirect – – System Admin

a Identification characters are assigned chronologically.
b Work practice of interviewee was also observed.
c Interviewees were interviewed together.
d Interviewee was interviewed twice.
e Range is specified to ensure anonymity.

L. Verstegen et al. Research Policy xxx (xxxx) xxx–xxx

4



and transcribed.
Data collection was complemented with archival documents in order

to obtain information on artifacts, BIM tools, and collective-level ef-
fects. This included information from the firm website: current and
finished projects, vision on BIM, employee data; information from the
chamber of commerce: annual reports and vision statements; and from
public media: company presentations, newspaper articles, web articles,
online videos, podcasts and public interviews. This additional data was
used to prepare for interviews, spark discussions, and triangulate in-
terview data. For further triangulation, we observed eight people (four
in each company) during their performance of BIM-related tasks,
creating in-depth insights into interactions with digital tools in daily
work practices. The observations lasted between 20 and 30min, and
were performed to elaborate on specific subjects discussed during the
interviews. For example, an engineer demonstrated how (s)he used
specific software, and a project manager showed how formal docu-
ments were used.

3.3. Data analysis

To answer the research questions, we analyzed the data in three
steps. In the first step, we identified in the data of both cases: interac-
tions with BIM technology by individual actors; tools used; and col-
lective affordances of BIM usage. In the second step, we analyzed how
actors organize the usage of BIM technology in collectives. In the third
and final step, we analyzed how actors collectively configure digital
technology to enact collective affordances.
In the first step, we iteratively developed a coding scheme within

the author team, based on analysis of the raw data (interviews and
observations) and literature study. The coding scheme was refined by
two authors who independently coded four interviews, with a final
interrater reliability of 0.91 for the fourth interview. The coding scheme
consists of the following three concepts and related subcategories: in-
teraction, tool, and collective affordance. Table 3 represents the coding
scheme with a definition of these concepts and their subcategories,
empirical indicators, and illustrative quotes.
The interviews were independently coded by two authors on the

basis of the coding scheme, using Nvivo software. The interviews with
eleven leaders of architectural firms were coded only for collective af-
fordances. Differences between coders were resolved through discus-
sion with the third author, and by triangulation with observations, ar-
chival data, and data obtained from BIM seminars.
The coding process resulted in an overview of interactions, tools,

and collective affordances. The first concept is that of interactions with
BIM technology by individual actors. One such interaction is ‘con-
structing’, e.g., creating a drawing with a pencil. Since we examine the
nexus of technology and organization (Pentland and Feldman, 2007),
we distinguish two main subtypes of interactions. Firstly, in technolo-
gical interactions, actors are primarily engaged in using technological
tools to perform an individual-level or collective-level task (e.g., using a
software tool to draw a three-dimensional model of a building). Sec-
ondly, in organizational interactions, actors primarily engage in using
organizational tools to facilitate usage of digital technology by other
actor(s) (e.g., using a planning tool to manage when architects work on
drawings for a specific project). This distinction concerns the primary
focus of actors’ perceptions in their interactions with digital technology
(Gaskin et al., 2014). Therefore, it does not reflect one of the dualist
approaches to the technology-organization relationship that are re-
jected in practice theory (Feldman and Orlikowski, 2011).
Four interactions with BIM tools, all resulting in an artifact, were

categorized as technological: constructing, converting, reviewing, and
structuring. Five other interactions were categorized as organizational:
formalizing, transferring, communicating, learning, and coordinating. We
found one instance of a third subtype of interactions. In the interaction
changing system components, an actor adapts (parts of) the BIM tech-
nology, for example by adding new computer hardware or installing

new software.
The second concept is that of tools, defined as artifacts that can be

used by an actor to perform a task. Design activities involve interacting
with these tools to create further artifacts. The distinction between tools
and artifacts is relative to what is analyzed: what is produced in one
interaction may be used in later interactions to produce further outputs;
it may be represented as an artifact in the former interaction, and as a
tool in the latter. We distinguish two types of tools. Technological tools
can be used by actors to perform BIM tasks; an example is design
software. Organizational tools can be used by actors to perform an or-
ganizational task; examples are rules and policies. The third concept is
that of collective affordances of BIM-technology usage. Examples are
increased efficiency, or improved collaboration with other parties in
building projects.
In the second step, we tried to understand how actors organize the

usage of BIM in collectives. From the analysis of the interactions in
collectives, we distilled two activities. We named the first activity
configuring-in-use. Typically, interactions of actors involved in design
work fall in this category. The technological interactions in this cate-
gory of configuring-in-use are constructing, converting, reviewing, and
structuring; organizational interactions are communicating, coordinating,
learning, and transferring. The second activity is named reflecting. This
activity includes the organizational interactions communicating, co-
ordinating, and formalizing. Additionally, this category contains inter-
actions in which tools are adapted through deliberately changing system
components. By analyzing the activities on the collective level, we found
two main type of collectives in the data: configuring-in-use is performed
in architectural design teams, and reflecting is performed in work groups.
Most interviewees mentioned or referred to these collectives.
In the third and final step, we analyzed how actors configure BIM

usage to enact collective affordances. Here, we produced an overview of
the affordances, and related them to the two activities identified in the
second step. By analyzing the enactment of collective affordances, we
were able to describe the process of configurational usage, resulting in
an in-depth understanding of BIM technology usage in architectural
design practice.

4. Findings

Our analysis started with investigating how individual actors use
digital technology, and providing an overview of the highly diverse
interactions with BIM technology found in both cases. Secondly, we
analyzed how actors organize the usage of digital technology in col-
lectives. We found two organizational activities for BIM technology
usage: configuring-in-use and reflecting. Thirdly, we studied how actors
organize their work with that of other actors in order to realize col-
lective-level goals. By connecting the organizational activities to col-
lective affordances, we revealed an ongoing process of configurational
usage of BIM technology. Fig. 1 depicts an overview of the structure of
the findings.

4.1. Individual usage of BIM technology in architectural design practice

We found many instances of individual actors using BIM tech-
nology, i.e., interactions. In the activities described by the interviewees
in firms Alpha and Beta, we identified 12 types of interactions related to
BIM technology. Our coding scheme in Table 3 contains for each type a
definition, empirical indicators, and an illustrative quote. The most
frequently reported interaction constructing, for example, is defined as
creating or developing a model, and is signaled by adding or drawing a
spatial object in a model, detailing a model, or modelling. In a specific
instance of constructing, an architect may draw a wall for a building
using 3D-design software (e.g., Sketchup or Revit). In general, the types
of interactions are well distributed over the different interviewees. All
interviewees referred to one or more organizational interactions; this
includes engineers and architects whose formal role suggests that they
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would mostly use BIM tools. An overview of the occurrences of the
interaction types for each interviewee is given in Table 4. The table
displays the interactions (rows) mentioned per interviewee introduced
in Table 2 (columns). For instance, BIM manager ‘A’ mentioned seven
instances of constructing interactions, indicated by e.g.: adding object, or
drawing object in a model. This table also shows our distinction be-
tween two main categories of interactions: technological interactions
and organizational interactions (see also Section 3.3).

4.2. Organization of BIM technology usage in collectives

After analyzing individual-level interactions with BIM technology,
we investigated how actors collectively organize their work with BIM
technology. We present findings on the collectives in which organizing
activities were found to be performed, and elaborate on these orga-
nizing activities.

4.2.1. Architectural design teams and work groups as main collectives
We found that actors identified most interactions with BIM tech-

nology as occurring in the context of architectural design teams and

work groups. Architectural design teams work on design projects, which
are the core business of architectural firms. In most of their interactions,
actors perform project-related tasks using BIM tools: they work on
plans, schematics and other artifacts geared towards the creation of a
building. Multiple projects run in parallel, with varying contract forms,
tasks, responsibilities and technologies, as well as varying collaborating
parties such as construction engineers, consultants, installation experts,
and sub-contractors. Work groups are concerned with specific techno-
logical BIM developments, such as new functionalities of design soft-
ware. Actors can work in multiple architectural design teams and si-
multaneously be members of one or more specialized work groups. For
instance, an architect can be a member of an architectural design team
working on project ‘Hotel Design’ and a member of the work group ‘BIM
experts’. We found that, at the start of a project, technological and
organizational BIM tools are formalized. Later, these tools and the
performance of an architectural design team serve as input for work
groups. When an architectural design team is finished, and BIM tools
are adapted, some tools become obsolete.

Table 3
Coding scheme.

Concept Definition Empirical Indicators Illustrative quote
Interaction with BIM
technology

An interaction is the performed task of actor(s)
who work with BIM technology;

Constructing Creating or developing a model; Adding object, or drawing object in a
model, detailing, modelling;

In the initial phase we determine the design, so we also
draw constructive walls.

Modifying Modifying information in a model; Adapting object that were created by
another person, optimizing objects,
creating families;

That a structural engineer adjusts a constructive wall
without notice, because he can access the model directly.

Converting Converting information from one artifact type to
another artifact type;

Converting a model, printing to PDF; When I am finished, I’ll have a set of drawings. I print
them to PDF, and then I will place them somewhere.

Reviewing Reviewing a model; Verifying a model with other tool
and/ or artifact;

We receive a 3D model from the structural engineer and
then we check to see if it works with what we have
modelled.

Structuring Adding structure to a model to make the model
useful for several purposes;

Adding folder, layer, code, object
naming, or applying rules to a model;

So you check, do those drawings have a certain code?
That [code] is included in a drawing list. So then, can you
assign your folders the same code?

Showing Viewing/ showing information in a model; Looking at the model, showing the
model to other person

With Skype you can share your screen, so then we can
show what happens immediately.

Formalizing Formalizing what, how, when to model by whom; Creating instruction manual, BIM
protocol, rules;

In the BIM protocol, the specifications of the BIM-model
are determined, software, exchange formats.

Coordinating Arranging work process indirectly related to BIM; Delegating activity, composing team,
aligning process;

I meet up with my team at the department of
architectural engineering, and I can directly distribute the
work.

Transferring Transferring model information from location A
to location B;

Sending, uploading, synchronizing; For third parties, we have an FTP server, to which we can
make our files available.

Communicating Communicating about a model or about
modelling through media other than BIM (phone,
skype, email, face to face, meeting);

Emailing, calling, skyping, sending
pdf, showing, viewing a model;

What we usually agree upon is that there is direct
communication during modelling. We usually use Skype
for this purpose, just chatting, because calling takes too
long.

Learning Absorbing or sharing knowledge about BIM
activity or tool;

Learning new skill in a course,
guiding other actor, hiring a BIM
expert;

So we have attracted several professionals with lots of
experience in the field of BIM, to structure it in the firm.

Changing system
components

A system interaction is also indirectly related to
the use of BIM technology, performed by actor(s)
who change components in the BIM system.

Installing software, upgrading
hardware;

We said “all workstations must have an SSD drive,
meeting certain specifications, so we don’t run into that
kind of trouble”

Tool A tool is an artifact that can be used by an actor
to perform a task;

Technological Tool A technological tool is an artifact that can be used
by an actor to perform a BIM task;

Software, hardware; Everyone has their own computer and, everything that
you need is installed, Revit and AutoCAD and you name
it.

Organizational Tool A tool for organizing is an artifact that can be
used by an actor to perform an organizational
task;

Agreement, contract, protocol, policy,
instruction manual, team;

We do have certain guidelines on how we want to work
with certain software.

Collective affordance Collective-level result of BIM interactions by
multiple agents

Working more efficiently, requiring
fewer checks, improved productivity,
mistakes are found quicker;

Yes, you notice less during construction, things get solved
faster... So indeed, if you're getting at a construction site
where no BIM process is used, then you sometimes see a
ventilation shaft appearing in the wrong room. And in
the process in BIM you did solve these issues even before
a contract manufacturer is involved.
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4.2.2. Organizational activities for BIM technology usage
We found two different organizational activities concerning BIM

usage: configuring-in-use, in which BIM technology is organized while it
is used in architectural design teams; and reflecting, in which work
groups consider BIM performances in projects. Each activity consists of
a broad variety of interactions. The two organizational activities can be
distinguished because they: (a) primarily occur within one of the two
collectives described above; (b) differ from each other in the types of
interactions that constitute them.
Configuring-in-use primarily occurs in architectural design teams,

and consists of both technological and organizational interactions. A
quote illustrates this activity, where an architect coordinates his inter-
action of constructing a model with a draftsman, and does so by com-
municating:

“So if you're in a final design phase, and I move that window-frame into
a constructive wall [constructing], then I pass the message ‘Caution, I
have moved that object’ [communicating] and then he is up to date

[coordinating].”

What is characteristic here is the occurrence of organizational in-
teractions (i.e., coordinating, transferring, and communicating) and
technological interactions (i.e., constructing, converting, reviewing,
structuring).
Organization of BIM usage can differ substantially between archi-

tectural design teams, even if they use the same tools and even if there
are formal boundaries to the diversity of interactions within projects.
These boundaries are required by the contextual dynamics of archi-
tectural design projects (e.g., involvement of different people, updates
of design tools, new project requirements) and are formalized in pro-
tocols, to ensure that design-team members are guided towards pre-
determined project deliverables. For example, 2D pdf drawings are the
final artifact type to be transferred to a customer. Yet within these
boundaries or formal restrictions, activities of configuring-in-use have
great potential for variation. Two examples, one from each case firm,
illustrate how two instances of configuring-in-use may involve almost

Fig. 1. Overview of findings related to the research questions.

Table 4
Interaction per interviewee, categorized for technological and organizational interactions.

Role BIM manager Architect Engineer Project manager System admin.

ID interviewee A D I B C M J H E L F K G N

Technological Interaction
sum

Constructing 83 7 5 3 5 4 15 19 6 8 4 4 3 0 0
Modifyinga 14 5 0 1 1 1 1 0 2 1 0 0 2 0 0
Converting 55 6 2 2 1 2 6 13 4 3 3 2 10 0 1
Reviewing 49 5 1 1 3 2 3 11 2 8 5 3 4 1 0
Structuring 19 0 0 0 0 0 3 0 0 4 12 0 0 0 0
Showinga 14 1 0 2 0 2 2 2 0 2 1 1 1 0 0

Total sum 234

Organizational Interaction
sum

Formalizing 67 10 5 12 6 2 5 6 3 2 1 5 7 2 1
Coordinating 65 15 3 7 2 1 1 7 0 8 4 6 4 1 6
Transferring 60 4 1 7 3 5 7 14 3 5 0 1 6 0 4
Communicating 63 2 1 1 3 6 10 12 2 8 4 2 8 0 4
Learning 34 4 2 5 3 4 3 4 2 2 1 3 1 0 0
Changing system components 29 2 0 3 0 0 0 4 0 0 0 2 0 7 11

Total sum 318

a These interaction types were removed from further analysis because they were insufficiently distinct from other interaction types.
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disjoint sets of interactions. We found that an architect at Alpha starts
constructing an artifact directly with BIM tools when an initial sketch is
drawn:

“You really work … a lot with BIM. Almost 90% I would say, besides the
time I spend on e-mail, meetings […] There are just a few things that you
really cannot do with [Revit], […] when a sketch is defined, it works
just fine in Revit. Then you are not restricted.”

By contrast, in a comparable project, an architect at Beta coordinates
his interactions with those of another actor, by frequently commu-
nicating with an engineer. This means that at Beta, an engineer and an
architect are coordinating their parallel interactions of constructing and
converting artifacts:

“I do not use Revit that much, not at all actually. But from the side line
there is always someone from the drawing department going up along
with me right from the start [coordinating], and we actually work in
parallel. So what I am producing with sketches and AutoCAD [con-
structing] actually is translated directly [converting] by a draftsman
into a 3D model.”

In Fig. 2, we visualize how the activity of configuring-in-use might
comprise different interaction patterns, for projects that have the same
deliverables.
In addition to configuring-in-use, we found an organizational ac-

tivity that we call reflecting. This echoes Schön’s (1987) reflection-on-
action, where his reflection-in-action is similar to configuring-in-use. In
reflecting, actors consider the interaction patterns in projects, and as-
sess project performance with the firm’s collection of organizational
BIM tools. In contrast to configuring-in-use, reflecting occurs primarily
in work groups and consists almost exclusively of organizational in-
teractions (i.e., formalizing, coordinating, communicating, learning,
and changing system components). For example in firm Alpha, one
instance of reflecting involved multiple actors communicating in order
to coordinate future technology usage by themselves or other actors
throughout the firm, in multiple different projects:

“We have a ‘[BIM]-work group’; every once in a while we come together
[coordinating] and discuss [communicating] the do's and don'ts
[rules], what is going wrong, experiences with a project […] If im-
provements are needed for certain things, then we think it through with
everyone [collective of actors] and we come to a solution.”

This collection of tools provides guidelines for the performance of a
project. Based on discrepancies between the formal blueprint and actual
performance, the actors in the work group may adapt the collection of
BIM tools. These adaptations comprise various kinds of organizational
interactions. Actors may, for instance, add or remove restrictions in
formal documents and policies and thereby change the project bound-
aries, in order to improve interaction patterns in future projects. In both
firms, this was done in specialized BIM work groups, consisting of
members with extensive but diverse experience in architectural design
teams. These work groups were tailored for coordinating BIM usage in
the firm, by communicating regularly and coordinating interactions of
actors, via formalizing organizational tools, such as rules. For instance,
at Alpha, a Revit team consisting of ‘super users’ was responsible for
disseminating best practices and knowledge, coordinating the con-
structing of models, and for having other actors learn to improve their
ability to apply BIM tools. A policy was formalized, requiring the pre-
sence of at least one ‘super user’ in a project, to coordinate interactions
among actors in daily work practice:

“We have several regular meetings within the firm, and one of them is the
‘BIM-meeting’ and one is the ‘Revit-users’ meeting. I’m involved in both.
And in the ‘BIM-meeting’ arrangements are made about: protocols, how
cooperation will be done both functionally and contractually. And these
protocols are also analyzed for completed or ongoing projects. And based
on that, the protocols are updated.”

Another organizational interaction is changing system components.
This includes updating design software, changing an internet service
provider, installing a new server, or upgrading a computer hardware
component. Here, we found interconnections between the organiza-
tional tools (e.g., rules, policy) and technological tools (e.g., hardware
and software). For instance, when a software supplier released a new
software version, it could only be included in projects when this fitted
with specifications of a BIM protocol; otherwise, this inclusion would
violate rules. The system administrator from firm Alpha provided an
example of reflection and consequent change of BIM tools, illustrating
the complexity of changing a single component of the BIM tools:

“Usually [in the BIM-meeting], what we do when a new version is re-
leased, we pass it by a select group of architects and draftsmen. And they
will actually test it for architectural functionality and observe what
happens if you convert a whole project; especially in collaborative pro-
jects, because then you depend on other firms. If you collaborate in one
model, then you should be using the same version, or it won’t work.”

Features of BIM technology are changing periodically: software
(Revit) is updated yearly, and is not fully backwards-compatible.
Software updates must be carefully tested and implemented. Therefore,
reflecting is not only performed on past projects, but also on new
technological tools, and on how changing these may affect the use of
BIM tools in future projects.

4.3. Enacting collective affordances with BIM technology

The previous findings concerned interactions at an individual level
and organizational activities, which we identified as patterns of inter-
actions in different collectives. These findings served as input to iden-
tify how collective affordances are enacted. We found an ongoing
process of configurational usage, which combines the activities of
configuring-in-use and reflecting.

4.3.1. Collective affordances of BIM technology usage
First, we coded all interviews for collective affordances that were

explicitly related to BIM usage. For the coding scheme, see Table 3. We
found descriptions of collective affordances by all interviewees, even
those not using BIM. In total, 232 collective affordances were men-
tioned, which we classified into seven different categories, namely in-
come, creativity, efficiency, quality, condensation, collaboration, and

Fig. 2. Examples of different interaction patterns of configuring-in-use in ar-
chitectural design teams in two case firms.
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technology dependence. Examples of mentioned affordances and their
classification are: higher-quality buildings (quality), lower failure costs
(efficiency), shorter design cycle time (condensation), lower production
costs (efficiency), lower total costs throughout the lifecycle of a building
(efficiency and quality). Table 5 presents for each collective affordance
an example from the data. The affordances in Table 5 were validated in
the focus groups.
Some affordances relate to the collectives identified above, i.e., ar-

chitectural design teams and work groups. Others relate to different
collectives, such as the firm, professional roles (e.g., architects), or the
AEC industry. For instance, collaboration was often identified as a col-
lective affordance of BIM. This matches the frequently voiced ex-
pectation that using BIM technology improves collaboration in con-
struction projects and decreases costs of projects by reducing the
number and severity of mistakes (Azhar, 2011). Contrary to our prior
expectations, we could not relate specific affordances to specific col-
lectives. This does support our choice not to focus on specific collective
levels. Moreover, some affordances were explicitly related to multiple
collectives. We found a set of diverse affordances perceived by multiple
individuals, without evidence of one dominant collective affordance.
This shows the relativity of collective affordances.

4.3.2. Towards configurational usage
For each of the collective affordances identified, enactment in ar-

chitectural design practice involves multiple, heterogeneous actors in-
teracting with BIM technology in different – and occasionally, in similar
– ways. Therefore, enactment requires organization of technology usage
in collectives (Burton-Jones and Gallivan, 2007; Leonardi, 2013), i.e.,
what we call configurational usage. We found that configurational usage
involves an iterative combination of configuring-in-use and reflecting,
in an ongoing process that is never ‘complete’.
An important goal stated for using BIM technology is to improve

collaboration in construction projects. In firm Beta, an engineer was
specialized in setting up BIM collaboration in projects. This person
formalized BIM protocols for projects, to enable collaboration in design
projects using BIM technology. Formalizing BIM usage for projects re-
quires customization for each project. When performing the project,
actors need to configure-in-use to deal with project-specific events. In
addition, throughout projects, a BIM work group engages in reflecting so
that future projects can be formalized with the new experience in-
cluded:

“We do have defined certain agreements about how we want to work
[…]. These are not very extensive. Sometimes, something new pops up.
[…] Sometimes, it's trial and error. Then we approach such a project,
and we know the basics. But then all sorts of things emerge, that we take
into account in the next working agreements.”

The example shows that configurational usage is a process that re-
quires repeated combination of configuring-in-use and reflecting. BIM
usage was formalized in every project, and the team repeatedly re-
flected on projects in order to update the protocols in later projects.
Through this iterative combination, experience was built and applied.
We found that configurational usage also enables performing more

advanced collaborative design projects. In Firm Beta, a project was started
in which firms from five different countries were involved to design and
build a state-of-the-art factory in Finland in an existing monumental
building. By using new digital technologies, integrated into BIM, and
aligning the organizational tools (e.g., BIM protocols, collaboration
agreements, software guidelines), this advanced collaboration was en-
abled:

“This is what we do for an American customer, with a delegated client in
London. With a local Finnish party, with a Belgian construction con-
sultant and a British construction firm. And then a whole bunch of Finns
around it. We all do that in BIM.”

The CEO of Beta described a process of reflecting, in which a BIMTa
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work group in Beta communicated about past project performances, in
order to formalize a protocol for this advanced project. After the re-
quirements were formalized and the project started, the architectural
design team still needed to engage in configuring-in-use throughout the
project. For example, it turned out that the project enabled new laser
scanning technology, for converting and transferring accurate data of
the monumental building, thereby replacing the formal requirement of
converting hundreds of archived drawings manually.
Configurational usage also enabled enactment of other affordances

than collaboration, such as pursuing more income. At Firm Beta, actors
formalized BIM protocols for collaboration in architectural design
teams. Meanwhile, they also started to pursue more income for the firm
by using BIM technology in collaborative design projects:

"BIM formalization does not always run parallel to contract formation.
When I join the table, there is often already a contract, and discrepancies
between the contract and what a construction firm wants with a model.
[…] They need the model to be at a certain level of detail for use in
construction preparation, while we only have a contract for a less de-
tailed model. Then you already have a conflict. While we could also say
in advance, "with a little more budget we can lift that model at a higher
level, then they can use it later on." That is the negotiation; that is now
my biggest frontier: to make BIM play a larger role in contract forma-
tion.”

BIM had been formalized and used in nearly all projects at firm Beta,
even when customers did not explicitly ask for it. Yet the firm managers
wanted to generate more income through BIM usage, which was still
limited due to the timing of contract formation. Therefore, a work
group attempted to make BIM a more integral part of the AEC industry,
claiming additional revenues for using BIM technology in design pro-
jects. To enact this affordance of more income, actors had to re-
configure their contract-formation processes, leading to continued
configurational usage.
Unfolding complexities and dynamics complicate the enactment of a

collective affordance and thus also require ongoing configurational
usage. Multiple projects are performed in parallel, with often only
partly overlapping timespans. Additionally, design projects in archi-
tectural firms have a long duration – often of several years. Before a
project starts, the use of BIM tools is generally formalized in a contract,
specifying particular hard- and software, artifact types (e.g., 2D pdf,
Revit models), and project requirements. Once the firm commits to a
contract, many BIM tools cannot be adapted for the duration of the
project. As a consequence, work groups that reflect on past projects
typically cannot implement improvements in other ongoing projects,
although many problems that emerged in an earlier project could also
(be foreseen to) emerge in other concurrent projects. Furthermore, the
state-of-the-art in BIM technology continues to change rapidly, re-
quiring renewed reflecting and configuring-in-use.
The difficulties resulting from unfolding complexities and dynamics

are illustrated by a BIM manager from firm Alpha, when describing the
problems in organizing BIM usage in the heterogeneous context of ar-
chitectural design practice:

“Other people are involved in projects that started just after my project.
The question is whether it will work in their projects. They have taken
steps in new developments of BIM. But the issues [that I experienced in
my project] still remain. […] The [technological] tools are available,
but the protocols are not. And each project you work with new people
that are not used to each other’s ways of working. You can handle and
interpret a project in so many ways, reinventing the wheel every time.
BIM is just a set of possibilities that should be used smartly. And there is
still a lot to learn.”

Organizing BIM usage thus requires coping with a set of changing
tools that need to be carefully implemented in multiple concurrent
projects, where each project has different requirements and task in-
terdependencies. Therefore, despite organizational efforts to formalize

BIM usage in projects, the complexities and dynamics that are intrinsic
to architectural design practice require repeated configuring-in-use in
architectural design teams, in combination with activities of reflecting
in work groups to transcend the temporal boundaries of architectural
design teams. Configurational usage is, in other words, an ongoing
process that continually combines configuring-in-use and reflecting.

5. Discussion

We studied how individual actors use digital technology, how these
actors organize its use in collectives, and how they organize their work
with that of other actors in order to realize collective-level goals. We
provided much-needed in-depth insights into usage and organization of
pervasive digital technology. In particular, we showed that a focus on
the ongoing process of configurational usage provides insight into the
usage of pervasive digital technologies in complex and dynamic prac-
tice, addressing a key challenge in the study of digital innovation
(Nambisan et al., 2017). Our study also contributes to an improved
understanding of digital innovation by suggesting a refined con-
ceptualization of configurational usage.

5.1. Configurational usage of digital technology

To the literature on the usage of pervasive digital technology we
contribute a detailed empirical investigation of organized usage of di-
gital technology. This organized usage is a phenomenon said to be
widespread in complex and dynamic practice (Nambisan et al., 2017),
yet it has seldom been investigated in detail (Leonardi, 2013). We in-
tegrate our findings in Fig. 3. Configurational usage to enact collective
affordances consists of combining two collective-level organizational
activities: configuring-in-use and reflecting. These activities comprise
individual-level interactions of actors, and can take many forms.
Through these interactions, collective-level affordances are enacted in
different ways. We detail our contribution by conceptualizing the re-
lationship between individual-level and collective-level usage of digital
technology, discussing the ongoing process of collective-affordance
enactment, and providing insights into the organization of digital-
technology usage in complex and dynamic design practice.
Our study has shown that configurational usage provides a way to

understand how multiple individual actors organize digital-technology
usage to realize collective-level goals. Differentiated individual use of a
pervasive digital technology has repercussions on collective digital-
technology usage (Leonardi, 2013). Interactions of individual actors
and collective-affordance enactment have a dynamic and reciprocal
relationship (Burton-Jones and Gallivan, 2007; Nambisan et al., 2017).
We deepened the understanding of this relationship by conceptualizing
how multi-dimensional and context-specific individual usage relates to
collective digital-technology usage. We showed how a broad variety in
usage by heterogeneous actors can be categorized into technological
and organizational interactions, and we revealed two organizational
activities. Configuring-in-use involves actors organizing their work with
that of others while performing a collective task. Reflecting provides
directions for future configuring-in-use through the adaptation of

Fig. 3. Configurational usage: an ongoing process of combining Configuring-in-
use and Reflecting [spiral] with repeated iteration [large arrows] between or-
ganization of individual-level and collective-level usage of digital technology.
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organizational and technological tools.
We found that configurational usage is an ongoing process, in which

configuring-in-use and reflecting are repeatedly combined to enact
collective affordances. We showed that enactment of affordances is not
always planned upfront (Yoo et al., 2010); rather, enactment often
emerges through changes in digital-technology usage. Enacting an af-
fordance may require several instances of configuring-in-use and re-
flecting. Our relational conceptualization of enacting collective affor-
dances as part of configurational usage has provided insights into the
process of reaching collective-level goals with digital technology.
However, configurational usage is not a linear path towards a single
collective goal. Multiple affordances are perceived and enacting them
requires configurational usage in specific situations, e.g., one project
may involve an emphasis on efficient use of tools, while another project
may leave more room to explore new functionalities of digital tech-
nology.
Our findings contribute specifically to the understanding of digital-

technology usage in complex and dynamic design practice. In these
practices, multiple paths are performed concurrently, through inter-
dependent tasks in which actors need to adapt to changing technolo-
gical and organizational states-of-the-art (Boland et al., 2007). Actors
interact with BIM in different ways based on the diverse functionality
provided by this digital technology. However, organizational tools (e.g.,
rules and guidelines) from established digital technology can restrict
variation in the outcome of configuring-in-use with more emergent
digital technology. These restrictions may hamper (or enable) the
benefits of these emergent digital technology in unforeseen ways. As
these organizational guidelines are often formalized into contracts at
the beginning of long-term projects, restrictions in variation may have
far-reaching consequences. We found that one way of organizing digital
technology usage through reflecting involves the adaptation of orga-
nizational tools. These findings underscore the importance of repeated
reflection on both established and emerging organizational tools to-
wards use of digital technology, and of adapting them to realize col-
lective goals.

5.2. A refined conceptualization of configurational usage for studying
digital innovation

Usage of digital technologies is an important phenomenon in in-
novation research (Burton-Jones and Gallivan, 2007; Nambisan et al.,
2017). Based on our insights on digital-technology usage, we can refine
the conceptualization of configurational usage, and improve under-
standing of core processes of digital innovation. We specifically discuss
three refinements: we add insights into the application of the affor-
dance concept, we propose to relax structural boundaries of innovation,
and we explicate an iterative multi-level focus.
First, our empirical study offers detailed insights into collective-af-

fordance enactment applied in dynamic and complex contexts, and
shows that affordance enactment requires ongoing organization. We have
identified diverse affordances, and provided insight into the diversity
that relates to enacting these affordances (Faraj and Azad, 2012). We
found many ways to enact a collective affordance, often over the
boundaries of firms, deepening understanding of how using new digital
technology can bring about innovation, and how it changes organiza-
tions and other collectives (Nambisan et al., 2017; Yoo et al., 2012). We
place emphasis on the process of enactment, rather than focusing on the
presence of a collective affordance. Collective-affordance enactment
does not necessarily lead to a state where a collective-level goal is
realized or not (as in, e.g., Leonardi, 2013). Our study shows that
configurational usage to enact collective affordances is a form of or-
ganizing by itself. We have therefore provided an example of the broad
applicability of the affordance concept in studying digital innovation
(Nambisan et al., 2017).
Second, we propose to relax structural boundaries of digital innova-

tion. According to Nambisan et al. (2017), digital innovation requires

rethinking the structural boundaries and sources for innovation. Our
contribution lies in an approach that allows identification of important
collectives that contain activities of configuring digital technology,
which otherwise may have been omitted. We have distinguished an
individual and collective level in the usage of digital technology.
Thereby, we do not preselect traditional analytical levels, such as pro-
ject, firm, inter-organization, or industry. Our conceptualization of
configurational usage is well-equipped for studying processes of digital
innovation in which structural boundaries exceed traditionally pre-
selected analytical levels. It still allows for studying usage in more
traditional project settings, while also capturing digital innovation in
new temporal organizational structures that rely less on the boundaries
of projects or even firms (Nambisan et al., 2017).
Third, we explicate an iterative multi-level focus. Studies on digital

innovation should incorporate both individual-level and collective-level
digital-technology usage. An exclusive focus on either collective activ-
ities or individual interactions would not get to the core of digital in-
novation. Digital-innovation processes are generative, combinatorial,
and distributed (Boland et al., 2007; Nambisan et al., 2017; Yoo et al.,
2010, 2012), and it is important to trace these phenomena to their
source. People perform interdependent tasks, and these people change
how they use and organize digital technology. Someone may just tap
into a new functionality of digital technology, or work with someone
from another organization with a slightly different view on how to
organize their joint use. Yet, we would also like to learn which specific
changes in policies or guidelines enable or restrict these individuals to
innovate. Only by providing detailed insights into the ongoing organi-
zation of pervasive digital-technology usage within its specific, locally
meaningful context (Orlikowski, 2000; Pentland and Feldman, 2007),
and by incorporating the individual and collective level (Burton-Jones
and Gallivan, 2007; Kane and Labianca, 2011; Kozlowski and Klein,
2000), we can capture digital innovation.

5.3. Organizational implications

Actors who operate in complex and dynamic digital environments
may currently feel as puzzled about digital innovation as scholars do.
We are aware that the understanding of digital innovation and collec-
tive usage of digital technology has not advanced to a point where we
can provide concrete guidelines or design principles.
Our findings suggest that digital-technology usage comprises dif-

ferent organizational activities. Therefore, organizations should not
focus exclusively on either configuring-in-use or reflecting. Rather, they
should combine these activities based on actual problems and chal-
lenges that occur in work with the usage of digital technology. Even
though standards and national regulations are developed for specific
digital technologies, these standards can only serve as general bench-
marks or baselines for an organization. Users need space to configure-
in-use the digital technology in the context of specific projects that all
have unique requirements and challenges. Still, setting boundaries is
needed to prevent undesirably broad perceptions of collective goals. By
reflecting repeatedly on how digital technologies are used in projects,
boundaries can be adapted in accordance with realizing a collective
goal. Furthermore, our findings suggest that a mere focus on the col-
lective is not enough to trace how digital technology pervades organi-
zations. Organizations should be sensitive to changes in usage by in-
dividual actors, and should anticipate that these changes will affect how
digital technology pervades the organization. By combining config-
uring-in-use and reflecting, digital technology usage can be steered in
complex and dynamical practices, and hopefully managed in the (near)
future.

5.4. Limitations and suggestions for future research

This study focused on dynamic and complex design practices, in-
vestigated through data collection in architectural firms. Further
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research is needed to study whether our results extend to uses of digital
technology in complex practice outside our chosen context. However,
our findings seem likely to hold in heterogeneous and complex practice,
where the usage of a new digital technology is important for innova-
tion.
An interesting direction of future research would be to represent the

relationship between affordances enacted in hierarchically related
collectives. It would be interesting to study outcomes in collective-af-
fordance enactment compared to firm-level affordances and unified
project-level affordances. When affordances are enacted by actors from
different firms, these affordances will probably be enacted differently.
The dynamics that emerge when these firms start to collaborate in a
project by means of digital technology can provide insights into forces
that bridge levels of analysis, or that even break down existing orga-
nizational structures. Within the limits of our study, we were able to
identify several affordances related to different collectives (e.g., pro-
fessional roles, industry, software suppliers), but investigating them
systematically was outside the scope of this study. A comparative
analysis of this sort would require a different approach than that taken
in our exploratory study.
Furthermore, future research could focus on simultaneous enact-

ment of multiple collective affordances, which may require further
organization of interactions. Analyzing how multiple affordances are
enacted simultaneously may enable a comparison between different
usages of digital technology in terms of the strength of the collective
affordances enacted. Especially when multiple affordances are enacted
by different collectives working together in an organized way, the dy-
namics that emerge can provide insights into forces that steer innova-
tion, and thus aid in the quest for understanding digital innovation
(Nambisan et al., 2017). It could be interesting to observe collaboration
between multiple parties in a specific project over time (Boland et al.,
2007). Yet the practical limitations of collecting such rich data in this
type of inter-organizational collaborations could be a point of attention.
Discussions with the focus group revealed that enactment of a col-

lective affordance can be advanced or inhibited by differences in per-
ceived collective benefits of using digital technology. Alternatively, the
configurational-usage process can be partly determined based on a
narrow perception of a collective goal. If collaborating actors retain
inaccurate and narrow implicit affordances, digital technology may be
used in counterproductive ways. Analyzing differences in perceptions of
multiple actors regarding the same collective affordance may solve
another piece of the digital-innovation puzzle.

6. Conclusion

This study improves understanding of the usage of pervasive digital
technologies in digital innovation. Configurational usage of pervasive
digital technology is a dynamic, complex, and multi-layered endeavor,
which depends on a variety of affordance enactments that have effects
at the individual and collective level. Through these enactments, ben-
efits of technology are realized in markedly different ways. Based on
configurational usage as an ongoing process, it is expected that BIM
technology may become even more pervasive in dynamic and complex
design practice as time goes by. This expectation supports calls for
additional research on the usage and organization of digital technology
as a core part of digital-innovation research (Nambisan et al., 2017; Yoo
et al., 2012). Based on insights on digital-technology usage, we refine
the conceptualization of configurational usage to enable improved
understanding of core processes of digital innovation. We propose a
refinement of the affordance concept, a relaxation of structural
boundaries of innovation, and an explicit iterative multi-level focus. By
applying these refinements in the study of organization and usage of
digital technology, the potential of configurational usage of digital
technology as a core concept of digital innovation can be unlocked.
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