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Abstract
Purpose – This purpose of this study is to explore how the public client, the engineering consultant and the
sub-consultant perceive and address innovation outcomes and processes in the planning and design phase of
infrastructure projects.

Design/methodology/approach – An explorative single-case study of a public infrastructure project was
carried out. A multi-dimensional innovation framework, including innovation outcomes and processes, was
applied.

Findings – Innovation outcomes in terms of products and processes from the engineering consultant’s work
in the planning and design phase hold untapped potential for enhancing innovation in construction projects.
Additionally, findings indicate that sub-consultants from outside the construction industry (i.e. external
knowledge resources) play a crucial role in introducing more radical innovations based on adaptation.

Originality/value – The findings provide an empirical illustration of a further developed innovation
framework that can be used by both scholars and practitioners to analyze and discuss the multi-dimensional
concept of innovation in the construction context. Additionally, the findings highlight the importance of
capturing perceptions of various actors regarding innovation outcomes and processes to facilitate innovation in
an inter-organizational context.
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Introduction
Innovation is crucial in addressing grand societal challenges such as climate change
(European Commission, 2022). Given the construction industry’s significant climate impact,
radical changes and long-term effects are needed for a sustainability transition (Lenderink
et al., 2022). Actors within the construction industry, especially public infrastructure clients,
are vital in promoting innovation that contributes to the transition (Kadefors et al., 2021;
Lenderink et al., 2022; Järvenpää et al., 2024).

Innovation is considered a multi-dimensional concept (Crossan and Apaydin, 2010;
Cantarelli and Genovese, 2021) and to provide analytical structure, scholars distinguish
between two inter-related components: innovation as an outcome and innovation as a process
(Crossan and Apaydin, 2010; Cantarelli and Genovese, 2021; Larsson et al., 2022),
consistent with the definition of innovation by the Oslo Manual (OECD/Eurostat, 2018).
Innovation as an outcome refers to the results of innovation, whereas innovation as a process
refers to the innovation activities leading to those results (Larsson et al., 2022). Crossan and
Apaydin (2010) created a concise innovation framework outlining innovation dimensions
related to both innovation outcomes and processes, aiming to illustrate innovation’s multi-
dimensionality within an organization. This paper builds on that framework, which was
further developed by Cantarelli and Genovese (2021), who analyzed innovation in
megaprojects from a contractor’s perspective through a literature study. Thus, the innovation
framework is based on intra-organizational grounds. However, from a construction client’s
perspective innovation requires inter-organizational collaboration (Rose and Manley, 2012;
Hedborg Bengtsson et al., 2018). Thus, there is a need to further develop the innovation
framework by Cantarelli and Genovese (2021) to be able to capture multiple actors’
perspectives in the inter-organizational context inherent in construction innovation.

Innovation pursued by contractors in the production phase is well-studied (e.g. Cantarelli
and Genovese, 2021; Larsson et al., 2022), whereas research on innovation in the planning
and design phase and from the engineering consultant’s perspective are much less common
(Eriksson and Kadefors, 2015; Lines and Shalwani, 2019; Hu et al., 2022; Granheimer et al.,
2022; Eriksson et al., 2023). As engineering consultants, in collaboration with clients, make
key decisions on what to build and how in the planning and design phase (Eriksson and
Kadefors, 2015), they influence both short- and long-term effects. These early phases are
considered vital to promote innovation in construction projects (Rose and Manley, 2012; Hu
et al., 2022), making the planning and design phase, as well as the engineering consultant’s
perspective, important for construction innovation research.

In the planning and design phase of an infrastructure project, the public client and the
engineering consultant jointly define, develop and design the product (Rose and Manley,
2012; Eriksson et al., 2023). In this work, public infrastructure clients are crucial, as they set
the direction for innovations (Larsson et al., 2022) and promote innovation through public
procurement (Rose et al., 2019; Guerrero and Engström, 2024). In the context of public
procurement, public clients must determine their desired innovation outcomes and processes
during procurement preparation and then formulate the tender documents accordingly, as the
requirements must be maintained throughout the contract (Järvenpää et al., 2024).
Engineering consultants are central to innovation in the construction industry, as they execute
the work in the planning and design phase and therefore should develop innovation in line
with public clients’ tender documents (Eriksson and Kadefors, 2015; Ozorhon et al., 2016).

Similar to contractors hiring sub-contractors for work in the production phase, engineering
consultants may hire sub-consultants. Previous research argues that sub-contractors play
important roles in innovation in the construction industry (Winch, 1998; Sariola, 2018),
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whereas studies on sub-consultants and their role in innovation outcomes and processes
seem nonexistent.

Specific innovations have varying effects (positive and potentially negative) for different
actors (Bygballe and Ingemansson, 2014; Larsson et al., 2022). Hence, innovation
dimensions should be analyzed through the eye of the beholder. This is because “the project-
based decision to adopt (or not) a new technology is a collective outcome involving all key
actors that would see their activities impacted by the innovation, either during project
delivery or after hand-over to operations” (Gil et al., 2012: p. 453). To make more guided
innovation decisions that satisfy diverse and sometimes conflicting priorities, it is important
to explore and understand how the client and consultant representatives address and perceive
innovation within the planning and design phase and identify their agreements and
disagreements (Eriksson et al., 2023).

The innovation framework by Cantarelli and Genovese (2021) is based on a literature
review, so further development and application to empirical data are needed. This paper
presents a single-case study to gather in-depth insights into the phenomena (Eisenhardt and
Graebner, 2007), using a favorable critical case (Flyvbjerg, 2006). This is to illustrate the
framework (Siggelkow, 2007) and gain a deeper understanding of how different actors view
and address innovation outcomes and processes, as pointed out by previous research
(Cantarelli and Genovese, 2021). This study addresses the call for empirical studies covering
innovation in the early phases of a construction project (Eriksson and Kadefors, 2015; Hu
et al., 2022), as well as the lack of research on the role of sub-consultants for innovation in
construction. Thus, the purpose is to explore how the public client, the engineering
consultant and the sub-consultant perceive and address innovation outcomes and processes
in the planning and design phase of infrastructure projects.

An in-depth single-case study was carried out to collect rich empirical data, investigating
innovation outcomes and processes in the planning and design phase of a road project
procured by the Swedish Transport Administration (STA) and carried out by an engineering
consultant together with a sub-consultant. By studying how these three actors perceive and
address innovation outcomes and processes, this study makes three main theoretical
contributions. First, contributing to construction innovation research (e.g. Ozorhon, 2013;
Lenderink et al., 2022) by further developing and contextualizing the innovation framework
by Cantarelli and Genovese (2021) to better suit the construction innovation context
involving several actors in inter-organizational projects and their collaborative efforts to
contribute to sustainability-focused innovation. Second by studying a previously neglected
actor, the sub-consultant (e.g. Ozorhon et al., 2016; Larsson et al., 2022), the study
contributes by showing how focusing on a new actor can give new perspectives on
innovation outcomes and processes, and thus potentially increase innovation. Thirdly,
contributing to construction innovation research (e.g. Eriksson and Kadefors, 2015; Eriksson
et al., 2023) by showing that (engineering) consultants are important to study, as they can
both be generators and implementors of innovation in early phases of construction projects.

Amulti-dimensional innovation framework
Cantarelli and Genovese (2021) further developed Crossan and Apaydin’s (2010) framework
for intra-organizational innovation, which includes dimensions connected to both innovation
as an outcome and innovation as a process. Through a literature review focusing on
innovation in megaprojects from a contractor’s perspective, Cantarelli and Genovese (2021)
identified seven key dimensions, illustrated in Figure 1. The next two sections will describe
this innovation framework covering the two components: innovation as an outcome and
innovation as a process, along with their underlying dimensions and categories. Additionally,
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four adjustments will be proposed to further develop the innovation framework to better
enable analysis of multiple actors’ perceptions and their joint efforts to contribute to
sustainability-focused innovation in an inter-organizational construction project.

Innovation as an outcome
In theOsloManual (OECD/Eurostat, 2018, p. 22), innovation is defined as:

A new or improved product or process (or combination thereof) that differs significantly from the
unit’s previous products or processes and that has been made available to potential users (product)
or brought into use by the unit (process).

The definition relates to the results of the innovation work (i.e. innovation outcomes).
According to Cantarelli and Genovese (2021), there are three outcome-related dimensions
(form, type andmagnitude).

Form (and type)
This dimension focuses on what is being innovated. Crossan and Apaydin (2010) divide it into
three categories: process, product and business model innovations. Similarly, construction–
innovation scholars, categorize process and product innovations as technical aspects and
organizational innovations (including business model innovations) as administrative or non-
technical aspects (Ozorhon, 2013; Bygballe and Ingemansson, 2014). This is similar to another
dimension (type), distinguishing between technical and administrative (Crossan and Apaydin,
2010). As the dimensions of form (process, product and business model) and type (technical
and administrative) overlap (Crossan and Apaydin, 2010), they are combined, in this research,
into a single dimension – form – covering process, product and administrative innovations.
This is the first adjustmentmade to the innovation framework, for parsimonious reasons.

Process innovation as defined by Wang and Ahmed (2004, p. 305) is the “introduction of
new production methods and new technology that can be used to improve the production

Figure 1. Illustration of the innovation framework
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management and processes.” Examples include circular material solutions to reduce carbon
emissions and the use of new technologies such as robotics and drones in the construction
process (Lenderink et al., 2020).

Product innovation refers to the “novelty and meaningfulness of new products introduced
to the market in a timely fashion” within the innovation management literature (Wang and
Ahmed, 2004, p. 204). In construction, this often involves new materials, components or
technical advancements, such as improved asphalt, road foundations (Larsson et al., 2022) or
solar panels (Winkler, 2023).

Administrative innovations focus on managerial and organizational aspects, such as
administrative processes, organizational structures (Crossan and Apaydin, 2010; Brockmann
et al., 2016) and expertise from different organizations (Cantarelli and Genovese, 2021).

Magnitude
According to the OECD/Eurostat (2018) definition, innovation must involve a significantly
different solution. Both innovation management scholars (Crossan and Apaydin, 2010;
Wilden et al., 2023) and construction innovation researchers (Larsson et al., 2022) use a
continuous scale from incremental to radical to measure the degree of change.

Incremental innovations improve existing processes or products using current knowledge
(Slaughter, 1998), resulting in smaller changes to existing practices, routines and technologies
(Crossan and Apaydin, 2010). These changes usually involve moderate uncertainty and have
a predictable impact (Slaugther, 1998). They are more easily developed by internal
knowledge resources that are familiar with existing processes and routines (Wilden et al.,
2023). Incremental innovations are found to be more common than radical innovation within
construction projects, owing to lower risk (Eriksson et al., 2014; Brockmann et al., 2016).

Radical innovations, on the other hand, involve disruptive changes to existing techniques
or methods (Slaughter, 1998). Previous research found that they are more often developed by
external knowledge resources from outside the (construction) industry, as they are not bound
by existing processes and routines (Wilden et al., 2023; Duan et al., 2023).

Innovation as a process
In the Oslo Manual (OECD/Eurostat, 2018, p. 22), innovation as a process is defined as
innovation activities including:

[…] all developmental, financial and commercial activities undertaken by a firm that are intended
to result in an innovation.

According to Cantarelli and Genovese (2021), there are four process-related dimensions
(driver, view, locus and source) that are relevant to address in the construction context.

Driver
This dimension explains why innovation is needed and initiated (Bygballe and Ingemansson,
2014). Crossan and Apaydin (2010) and Cantarelli and Genovese (2021) link driver to
innovation as a process, while others argue it relates to a goal, making it an outcome
(Bygballe and Ingemansson, 2014; Brockmann et al., 2016; Larsson et al., 2022). Therefore,
the second adjustment to the innovation framework moves the driver dimension to the
component innovation as an outcome.

Previous research identifies innovation drivers as either internal or external to the
organization (Crossan and Apaydin, 2010), for example, a contractor (Cantarelli and
Genovese, 2021). However, when multiple actors collaborate in an inter-organizational
project, these can be considered internal, whereas actors outside the inter-organizational
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project may be viewed as external, as suggested by Brockmann et al. (2016). This alternative
unit of analysis forms the third adjustment made to the innovation framework.

Additionally, Larsson et al. (2022) emphasized the importance of distinguishing
innovation drivers within construction in two other categories: short- and long-term benefits.
This is crucial when analyzing innovation for the sustainability transition, as long-term
benefits must be prioritized (Ozorhon, 2013; Lenderink et al., 2022). Thus, the fourth
adjustment to the innovation framework adds categories for short- and long-term benefits.

Internal drivers of innovation include available resources and knowledge (Crossan and
Apaydin, 2010; Ozorhon et al., 2016), gaining experience or improving profitability
(Ozorhon et al., 2016). In a public procurement context, client-set functional requirements
and specifications can also drive innovation for other project actors (Ozorhon and Oral,
2017; Cantarelli and Genovese, 2021).

External drivers include regulations, market opportunities (Crossan and Apaydin, 2010),
environmental sustainability goals (Ozorhon and Oral, 2017) or government targets
(Cantarelli and Genovese, 2021).

Short-term benefits typically focus on improving traditional project metrics such as cost,
time and quality (Ozorhon et al., 2016; Larsson et al., 2022) and work environment (Larsson
et al., 2022). In construction projects, short-term benefits are often prioritized because they
directly incentivize contractors to reduce costs (Ozorhon et al., 2016; Larsson et al., 2022).

Long-term benefits incorporate improvements or effects beyond the project itself,
including sustainability-related aspects (Ozorhon, 2013) and those related to life cycle cost
and product quality (Larsson et al., 2022).

View
This dimension refers to how the innovation process begins and can be categorized as either
top-down or bottom-up (Crossan and Apaydin, 2010). In a top-down approach, innovation is
driven by clear directives from management or R&D activities and implemented in projects
in a planned manner (Winch, 1998). A bottom-up approach is more reactive, where
innovations arise from problem-solving and learning at the project level, and then spread to
other projects (Winch, 1998). Previous research acknowledges that combining bottom-up
approaches with a top-down vision is more effective for promoting innovation (Guerrero and
Engström, 2024).

Locus
This dimension refers to who is involved in the innovation process and is divided into two
categories: a closed process within one organization or an open process involving several
organizations (Crossan and Apaydin, 2010). According to Cantarelli and Genovese (2021),
innovation in closed processeswithin the project-based construction industry rarely happens,
owing to its reliance on inter-organizational collaboration (Rose and Manley, 2012; Hedborg
Bengtsson et al., 2018), thus an open process.

Various actors, such as clients, contractors and engineering consultants (Larsson et al.,
2022), sub-contractors and construction equipment suppliers (Winch, 1998; Sariola, 2018),
all play key roles in construction innovation. Clients are seen as the primary drivers of
innovation (Ozorhon, 2013; Loosemore and Richard, 2015), while engineering consultants
generate innovations in early phases through innovative design (Rose and Manley, 2012;
Brockmann et al., 2016). Contractors are responsible for implementing these innovation
outcomes (Winch, 1998; Rose and Manley, 2012). Additionally, involving external actors
from outside the industry brings new experiences (Ozorhon, 2013; Ozorhon et al., 2016) and
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adds more perspectives (Guerrero and Engström, 2024), though collaboration with internal
knowledge resources remains important (Hu et al., 2022).

Source
This dimension refers to where innovation originates and is divided into two categories:
generation and adoption/adaption (Damanpour and Daniel Wischnevsky, 2006).

Generation is an internal process based on development and commercialization, leading
to an outcome new to any organization (Damanpour and Schneider, 2009). It typically begins
with idea creation, followed by development and implementation (Damanpour and Daniel
Wischnevsky, 2006).

Adoption/adaptation is an external process where existing solutions are used (Damanpour
and Daniel Wischnevsky, 2006). Adoption involves replicating external existing innovations
by assimilating new services, technologies or products into the adopting organization
(Damanpour and Daniel Wischnevsky, 2006). Adaptation recombines or modifies external
existing innovations or technologies to something new, or applies them in new contexts
(Cantarelli and Genovese, 2021), often facilitated by external knowledge resources that
“transfer technology from outside the construction industry” (Ozorhon et al., 2016 p. 4).

Further developed innovation framework
Cantarelli and Genovese (2021) concluded that Crossan and Apaydin’s (2010) innovation
framework needed adjustments to be more parsimonious and applicable to a construction
contractor’s perspective. To better suit the analysis of construction innovation that requires
inter-organizational collaboration (Rose and Manley, 2012; Hedborg Bengtsson et al.,
2018), viewing the joint project as the unit of analysis (Brockmann et al., 2016), the
innovation framework was further developed. The four conceptual adjustments made to the
innovation framework, shown in Figure 2, support the incorporation of multiple actors’
perceptions of innovation and their collaborative efforts to contribute to sustainability-
focused innovation.

Method
An exploratory and qualitative approach was adopted based on a single-case study of the
planning and design phase of a major road project. When complex issues are studied, in-
depth (single) case studies are preferred compared to multiple-case studies (Eisenhardt,
1989), as they give a rich description of the phenomena studied (Eisenhardt and Graebner,
2007). Using a case with rich data to illustrate a theoretical framework improves “the ability
to get closer to theoretical constructs” which is particularly important when studying
dynamic processes (Siggelkow, 2007: p. 22), such as innovation. Within construction
innovation research, single-case studies are argued appropriate (Rose and Manley, 2012) and
commonly used (e.g. Hedborg Bengtsson et al., 2018; Lenderink et al., 2020).

Case selection and description
The STA, the largest public client for construction projects in Sweden, is responsible for the
country’s road and railway infrastructure. The case studied is part of a road project specially
assigned by the government in the Swedish National Plan for the transport infrastructure,
with a focus on innovation to increase efficiency and significantly reduce the climate impact
of the production phase. Thus, an assigned “system innovation project” by the STA should
emphasize innovation outcomes and processes related to the three identified facilitators:
digitalization, electrification and automation. As a favorable “critical” case Flyvbjerg (2006),
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this single case can serve as a powerful example (Siggelkow, 2007) of innovation in the early
phases of infrastructure projects in Sweden, making it valuable for construction innovation
research.

The STA procured (parts of) the work in the planning and design phase from a private
engineering consultancy. The goal of this phase, and the engineering contract, was for the
consultants to deliver tender documents for the STA to use in procuring a contractor for the
subsequent production phase and to investigate innovation outcomes and processes within
the construction project. Owing to a lack of expertise in innovation, digitalization,
electrification and automation, the engineering consultancy hired a sub-consultant with
experience in these areas from other industries. Some members from the engineering
consultant and the sub-consultant formed a dedicated group within the engineering
consultant’s project organization, known as the “IDEA-group” (due to their expertise in
innovation, digitalization, electrification and automation), which will be referred to here as
the “innovation consultant.” The work in the planning and design phase studied is carried out
by the two consultant groups: the engineering consultant and the innovation consultant, and
assisted by the client, within the scope of the engineering contract.

Data collection
The in-depth and rich empirical material was gathered from various sources using different
methods to achieve a more comprehensive understanding of the phenomena, a process
known as triangulation (Alvesson and Sköldberg, 2018). This study combined interviews,
observations and document studies. Interviews, considered one of the most common and best
qualitative data collection methods (Alvesson and Sköldberg, 2018), played a key role.

Figure 2. The further developed and contextualized innovation framework
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Respondents were selected based on their relevance to the study, using theoretical sampling
(Eisenhardt and Graebner, 2007).

Initially, six in-depth interviews were conducted with strategists and managers from the
client organization (indicated in italics in Table 1). The interview questions covered broader
aspects of the project, such as the context, background and strategic decisions and desired
innovation outcomes and processes. Thus, these interviews provided an in-depth
understanding of the project and the client’s perception of innovation outcomes and processes.
Following these, 12 additional in-depth interviews were conducted with operative personnel
in the project bringing the total to 18 (see Table 1). The interview questions explored both
innovation outcomes and processes as well as their underlying dimensions, drawing from the
literature (Crossan and Apaydin, 2010; Cantarelli and Genovese, 2021). Each interview lasted
between 30 and 85min, totaling 18h. All interviews were recorded and transcribed.

In addition, a total of 83 h of observations were conducted during operative meetings
involving the client and one or both consultant groups. These observations began with the
startup meeting and continued over six months. The main author, who conducted the
observations, took notes on the topics discussed during the meetings. Additionally, the main
author spent informal time with project representatives during lunches, car rides and other
casual interactions to build trust, gain a broader understanding and gather informal insights.

Document studies, focusing on the tender documents, were also conducted to better
understand the client’s project ambitions and the requirements placed on the two consultant
groups. In all, the rich empirical material collected frommultiple sources complimented each
other (i.e. triangulation) and resulted in an in-depth understanding of the phenomena.

Data analysis
Inspired by Braun and Clarke (2006), a four-step thematic analysis was applied to analyze
the data, using the further developed innovation framework (see Figure 2). In the first step,
interview transcripts, observation notes and tender documents were read to familiarize with

Table 1. List of respondents

Actor Working role

Client Department manager
Program manager
Staff manager
Innovation strategist
Electrification strategist
Digitalization strategist
Purchaser
Project manager innovation
Design manager
Deputy design manager

Engineering consultant Project manager
Design manager
Discipline lead climate
Discipline lead bridge construction

Innovation consultant Discipline lead innovation
Discipline lead electrification
Discipline lead automation
Discipline lead digitalization

Source:Authors’ own work
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the empirical data. In the second step, quotes from interviews and descriptions from
observations were categorized within the innovation framework, i.e. the analytical structure.
Specifically, quotes and descriptions were coded into the categories (e.g. product, process,
administrative) related to the innovation dimensions.

In the third step, themes were added to each category based on interesting aspects found
in the quotes and descriptions. Thus, this step combined a theoretical (step two) with an
inductive thematic analysis (step three), as outlined by Braun and Clarke (2006), ensuring
that both preexisting categories and emerging themes were captured. Table 2 illustrates the
outcomes of steps two and three.

In the fourth and final step, the actors’ perceptions and discussions around each innovation
dimension, category and theme were compared in various ways. Comparisons were made
both separately and in groups such as client vs both consultant groups (engineering and
innovation) and internal (client and engineering consultant) vs external (innovation
consultant) knowledge resources. This provided a deeper understanding of the phenomena.
Throughout the analysis, the authors discussed the analysis and read the literature. To enhance
validity, preliminary findings were shared with several of the respondents, both in written and
verbal form and clarifications were made based on their feedback.

Results
This section presents how the actors – the public client, engineering consultant and
innovation consultant – perceived and addressed innovation outcomes and innovation
processes. The results are structured based on the further developed and contextualized
innovation framework shown in Figure 2. First, the innovation outcomes are presented,
addressing the dimensions form, magnitude and driver. Following that, the innovation
processes are presented, addressing the dimensions view, locus and source.

Form
Product innovation. Respondents from the client and engineering consultant primarily
addressed the need to develop product innovations for the production phase, such as bio-
based road signs and replacing lime–cement pillars. In contrast, respondents from the
innovation consultant only addressed product innovations specific to the planning and design
phase, such as model-based design.

Typically, consultants deliver procurement documents that include design and technical
specifications. However, in this project, the final product from the consultants also needed to
facilitate electrification, digitalization and automation during the production phase, for which
there is no standardized way to deliver, according to both observations and procurement
documents. During observations, representatives from the innovation consultant emphasized
that the consultant groups require a delivery organization that integrates all components,
including models, while the client needs a corresponding organization capable of receiving
and managing these varied products/outcomes. However, neither the client nor the
engineering consultant perceived or addressed the need in the sameway.

Regarding the production phase, it was addressed that the engineering consultant focused
more on product innovations, while the innovation consultant was involved in the process
innovations. As one of the client respondents expressed:

The IDEA-group [i.e. innovation consultant] focus more on how the construction work should be
carried out. In the ordinary design, the technical specialists [i.e. engineering consultant] focus on
the choice of materials.
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Table 2. Themes in the empirical analysis

Dimension Category Themes Illustrating quotes/descriptions

Innovation as an outcome
Form Product

innovation
Product: planning and
design phase

“That product will be mainly based on [digital]
models” (EC)

Product: production phase “Road signs that has bio material that is
biodegradable and made of waste from the forest
industry” (C)

Process
innovation

Process: planning and
design phase

“Use drowns and other type of surveying” (EC)

Process: production phase “By using digitalization, I hope we will improve
the control of the works [in the production]” (IC)

Administrative
innovation

Sub-consultant/IDEA
competences

“That [the sub-consultant] is definitely an actor
to achieve innovation” (EC)

Innovation process “The innovation process is a totally separate
process” (EC)

Magnitude Incremental
innovation

Planning and design phase:
related to existing
processes/products

During a few observations respondents (C/EC)
discussed to use electric drill tracked vehicles
and digital measurement (e.g. drowns) in the
field work

Production phase: related to
existing processes/products

“According to me, replacing all the construction
vehicles in the production phase to electrical
vehicles is more of an incremental innovation” (IC)

Radical
innovation

Planning and design phase:
new processes/products

“One is more iterative [innovation process] and
one is more linear [design process] and I think
that the culture surrounding the process is very
different” (IC)

Production phase: new
processes/products

“Within local and temporary power supply we
need an innovation. That is not really used in
other industries, at least not in the volumes we
will need” (IC)

Driver Internal
drivers

Gain knowledge and
experience

“This kind of project is, on paper, amazing to
have” (EC)

Client’s demands “Basically, I feel like it is the client’s
specification that steers the motivation”

External
drivers

Governmental-related “Innovation is not something we expect, rather
we have required that and also asked for an
organization that works with innovation” (C)

Societal “We work against the same big goal” (IC)
Sub-consultant: expanding
business offer

“For [name of the sub-consultant] to enter a new
industry. That is why I work in this project” (IC)

Short-term
benefits

Production phase: increase
efficiency/productivity

“Especially, the purpose is to make the entire
production process more efficient” (C)

Production phase: better
work environment

“Increased safety for the ones working on site”
(IC)

Production phase: reduce
climate impact

“The hope is to find a way of producing that is
more environmentally friendly and resource-
efficient, both related to material and methods” (C)

Long-term
benefits

Transforming the
construction industry

“I perceive that there is a clear ambition, at least
strategically, that we should contribute to a
transformation of the industry” (IC)

(continued)
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Process innovation. The empirical data from interviews, observations and documents
suggest that the client preferred the consultants to prioritize process innovation for the
production phase, rather than focusing on product innovation related to the road itself. One of
the innovation consultant respondents stated:

The interesting part is that, in the task from the STA, we should develop innovation in the
procedure in the production, rather than the product in itself. There are aspects of the product as
well, but they are not dominating.

Table 2. Continued

Dimension Category Themes Illustrating quotes/descriptions

Innovation as a process
View Top-down Client “We should have an innovative production that is

a design-build, where the engineering consultant
contract’s focus is to create possibilities in the
production to implement innovations”

Consultant “We build something that give us the possibility
to face complex problems, that our industry
faces. We have the possibility to enter a space
where others haven’t yet entered” (IC)

Bottom-up Dedicated time for
innovation work

“It is added to the work breakdown structure that
everyone works with innovation” (EC)

Locus Closed process Innovation consultant work
solely/lack of transparency

“Within the engineering consultant, we haven’t
worked with innovation at all” (EC)

Open process Collaboration with other
actors based on the benefits

“It should be the innovation goals that decides
which actors to talk to, not the other way
around” (C)

Collaboration with existing
actors in the industry

“Not just talk to the contractors, but also the
construction vehicle suppliers” (EC)

Collaboration with new
actors outside the industry

“In order to have automated construction
vehicles that talk to each other, we need an
extended communication and technical solution
for communication on site.
Thus, we need actors related to that kind of
solutions” (C)

Lack of understanding:
innovation consultant vs
client/engineering
consultant

“The innovation group within the engineering
consultant speaks a totally different language
than the technical group within the consultant”
(C)

Source Generation Idea generation sessions An idea generation workshop was observed
Adoption Implementing innovations

from other construction
projects

In another project within the STA, algae in noise
barriers that are able to handle both high levels
of particles and noise from the road are used.
“Variations of that [algae in noise barriers] I
think we will see [in this project]” (C)

Adaption Implementing innovations
from other industries

“We work with these things [digital models]
within all industries, but all industries need their
own adapted ones. You develop a model for a
certain purpose” (IC)

Notes: C = client; EC = engineering consultant; IC = innovation consultant
Source:Authors’ own work
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In addition, the client primarily focused on process innovation in the production phase and
emphasized that the consultants should establish prerequisites for this in the planning and
design phase. One of the client respondents expressed:

Our goal in this contract is not to streamline and change the design process. […] Our task is to
streamline the production process.

However, the consultants addressed innovations both in the production and the planning and
design phases. The innovation consultant, in particular, emphasized that the current design
process is not designed to support exploration and incorporate multiple perspectives, which
they saw as essential for promoting innovation. Therefore, to develop process innovation for
the contractor in the production phase, they believed it is necessary to first focus on process
innovations in the planning and design phase.

Administrative innovation. Some of the potential innovation outcomes mentioned by
respondents were related to the organization of the two consultant groups, the resources they
used and various non-core processes. The involvement of the innovation consultant could be
considered an administrative innovation, as this new actor introduced resources without any
prior experience in the planning and design phase of a construction project. Typically, these
individuals had managed or worked on innovation in other industries such as energy,
automotive and construction equipment. One of the client respondents said:

“[The name of the innovation consultant] works with automation and digitalization and to some
extent electrification. This is not the traditional civil engineering consultant.”

Initially, most respondents emphasized the importance of collaboration between the two
consultant groups. However, during an observation, representatives from the innovation
consultant proposed a new agile design process to support exploration, but neither the client
nor the engineering consultant recognized its value. The client representatives, in particular,
were critical, noting that the process was not based on the existing design process and
questioning the need for change since the innovation should happen in the production phase.
Introducing a new design process would involve a process innovation related to the
engineering consultant’s core business. Instead, the innovation process was implemented
separately as an administrative innovation, i.e. tied to the non-core business. One
engineering consultant respondent described their approach as “a classic design process,”
linear rather than agile.

Magnitude
Incremental innovation. The engineering consultant and the client addressed several minor
adjustments to existing products and processes. These included replacing or reducing
materials with high climate impact, adding more parameters (such as climate impact) to the
BIM model and making small changes to the fieldwork processes, such as geotechnical
investigations.

Radical innovation. All respondents from the innovation consultant and the client
highlighted several potential innovations related to electrification, digitalization and
automation that significantly deviate from common construction practice. They emphasized
the importance of allowing experts within the innovation consultant group to explore the
feasibility of integrating these innovations into construction projects. Examples included
digital control of construction works, communication between automated vehicles from
different suppliers and temporary/mobile energy production.

Most innovation consultant respondents also stressed the need for innovations in the
design phase that would substantially differ from current practices, such as implementing an
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agile design process and developing new models to guide decisions on what should be
electrified and automatized and how.

Driver
Internal drivers. According to respondents from all three actors, the client’s demands and the
corresponding tender documents were the primary drivers shaping the direction of
innovation. One of the innovation consultant respondents stated:

“Basically, I feel like it is the client’s specification that steers the motivation.”

Furthermore, several respondents from all three actors mentioned that their motivation for
participation in the innovation process was to gain knowledge and experience.

External drivers. The majority of the respondents identified external drivers linked to two
main themes: governmental and societal. All three actors, particularly the client respondents,
emphasized that the Swedish National Plan, which directs this project to focus on specific
innovations, is a key driver for innovation, reflecting a governmental-related influence. One
of the client strategist respondents expressed:

“The Swedish National Plan is extremely governing for the STA’s operations. Basically, you
cannot exaggerate that.”

Furthermore, most respondents emphasized that climate change is a significant driving factor
for all three actors. One of the innovation consultant respondents mentioned that in regard to
sustainability:

“We work against the same big goal.”

In addition, a few respondents from the innovation consultant mentioned market opportunity
as a driver, noting that expanding their business into the construction industry was a key
motivation.

Short-term benefits. The government mandated that innovation should lead to benefits in
the production phase, such as increased efficiency and reduced climate impact. As a result,
the client included the statement in the tender documents: “The following innovation goals
for the production have been formulated” (p. 6). Several respondents from all three actors
addressed this need for innovation to increase productivity and efficiency, reduce the climate
impact and enhance work environment and safety during the production phase. However, the
majority of the consultant respondents, found these goals challenging to address in the
planning and design phase, with some even expressing that the goals were not relevant to
their role as consultants.

Long-term benefits. Learning for future projects and transforming the industry were
identified as the main long-term benefits by respondents from all three actors. Words such as
“changing,” “developing,” “transforming” and “moving” the construction industry were
frequently mentioned. Two client respondents (strategists), in particular, described a vision
of “the future’s construction work,” emphasizing that this project should explore what
construction projects of the future look like. Although long-term benefits were
acknowledged, the several respondents expressed that project’s assessment was solely based
on achieving short-term objectives related to time, cost and quality.

View
Top-down. Regarding the client, most of the managers and strategists interviewed mentioned
their involvement in setting the targets and strategy for innovation. For example, two managers
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expressed that they decided to procure an engineering consultant for preparation work in the
planning and design phase, followed by a design-build contract for the production phase.

For the consultants, several respondents expressed that this project is important for their
companies to gain experience and knowledge, offering a competitive advantage for future
projects.

Bottom-up. According to most respondents, everyone working in the two consultant groups
had time allocated specifically for innovation work andwas encouraged to contribute ideas.

Respondents from all three groups indicated that the innovation consultant is more
accustomed to self-leadership toward a vision (i.e. bottom-up), while the client and
engineering consultant typically work under directives frommanagement (i.e. top-down).

Locus
Closed process. According to respondents from all three actors, innovation is primarily the
responsibility of the innovation consultant, not the engineering consultant. In fact, most
engineering consultant respondents felt that only the innovation consultant needed to focus
on innovation. One of them expressed:

“Within the engineering consultant, we haven’t worked with innovation at all.”

Furthermore, during several observations, client representatives expressed concerns about a lack
of transparency from the innovation consultant regarding their work in the innovation process.

Open process. Most respondents from all three actors expressed the need for
collaboration with other actors in the innovation process to gain diverse perspectives and
expertise, supporting the idea of an open process. However, during several observations and
interviews, respondents from all three actors noted difficulties in understanding each other
due to differences in processes and terminology used by the innovation consultant and the
other two actors. One of the client respondents expressed:

“We think we understand each other but we don’t, because we speak different languages.”

In addition, most innovation consultant respondents expressed that the client lacks the
necessary operational expertise in electrification, digitalization and automation, which they
saw as a barrier to innovation, owing to the client’s limited understanding in these areas.

Beyond the three actors already involved, the respondents perceived and addressed the
importance of involving additional actors. Engineering consultant respondents emphasized
the need to engage contractors, while the other actors called for even broader participation.
Both innovation consultant and client respondents emphasized that, given the innovation
goals, it is essential to involve contractors and construction equipment suppliers, as well as
actors new to the industry, such as tech and communication suppliers, network owners,
electricity suppliers and relevant authorities. One of the client respondents expressed:

“We have expressed that we cannot say beforehand which actors we should talk to. Instead, we
have to explore that together with the consultants.”

Source
Generation. According to some observations, the three actors held a few idea-generation
sessions, but most of the ideas discussed were centered around existing technologies and
innovations, both within and outside the construction industry.

Adoption/adaption. Most respondents from the client and the innovation consultant
highlighted the importance of implementing solutions and technologies from other
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industries. Some argued that the innovation consultant’s experience outside the construction
industry is particularly valuable in this context. One of them expressed:

“There are a lot of experiences from elsewhere that the STA should get from us. Experiences that
we in the IDEA-group [innovation consultant] apply in this industry. I think it is a great advantage
that the innovation team comes from outside the industry.”

Some respondents from the client and the engineering consultant mentioned that
innovations from other road construction projects could be adopted in this project. In
contrast, innovation consultant respondents mainly addressed adapting technologies,
solutions or other innovations from other industries. One innovation implemented so
far, the innovation process itself, was described as fairly generic and used elsewhere,
though it required adaptation for this project. One innovation consultant respondent
expressed:

“When you initiate this in a new organization it has to be supported by the needs of structure that
exists within that organization. You cannot do a copy paste.”

Discussion
In this section, the findings will be discussed in relation to the further developed innovation
framework, thus the two components innovation as an outcome and as a process, and their
underlying dimensions and categories. Finally, the theoretical and practical contributions of
the study are presented.

Innovation as an outcome
Innovation within construction projects is typically incremental (Eriksson et al., 2014;
Brockmann et al., 2016), whereas for the sustainability transition, radical innovation is
needed (Lenderink et al., 2022), i.e., the magnitude dimension. In line with that, scholars
emphasize involving external knowledge resources in construction projects, as they can
facilitate radical innovation (Ozorhon et al., 2016; Hu et al., 2022). The findings show
that by requesting and involving an innovation consultant with specialized innovation
expertise, the public client and the engineering consultant show an understanding of the
importance of involving an external knowledge resource. However, the perceptions of
internal and external knowledge resources varied to a great extent resulting in weak
collaboration, separate processes and a lack of shared understanding and trust. Also, the
project being a business project (not an innovation project) could influence the client
being less open to the higher risk associated with radical innovation (Eriksson et al.,
2014). Consequently, the client and the engineering consultant were not completely ready
to be challenged by the innovation consultant, causing limited potential for radical
innovation within the construction project.

Previous research seems to emphasize the importance of innovation outcomes, such as
process and product, created by the engineering consultant in the early phases and
implemented in the production phase by the contractors (Rose and Manley, 2012;
Brockmann et al., 2016), i.e., the form dimension. This is confirmed but also questioned by
the findings. More specifically, the consultant groups seem to have a different perception
than the client, as they address and perceive a need to focus on innovation outcomes also in
their own processes/products. As a consequence of the dominant focus on innovation in
contractors’ processes/products (e.g., Larsson et al., 2022; Järvenpää et al., 2024), our
findings indicate that potential innovation outcomes are overlooked. Innovation outcomes
tied to the (engineering) consultant could significantly impact construction projects. For
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instance, the engineering consultant’s ability to explore solutions, manage complex data or
deliver higher design quality, benefits not only specific construction projects but also future
construction projects. To fully leverage the early project phases and the consultants’
expertise, the contract and the project structure must be flexible, allowing for consultant
input and continuous learning. This could be argued particularly important for public clients
bound by the Public Procurement Act.

The findings align with previous research showing that innovation outcomes and
processes should meet drivers such as goals (Cantarelli and Genovese, 2021; Larsson et al.,
2022) or effects (Bygballe and Ingemansson; Brockmann et al., 2016). Thus, the driver
dimension is related to outcomes as suggested by other scholars (Larsson et al., 2022;
Ozorhon et al., 2016), emphasizing the second adjustment of the innovation framework by
Cantarelli and Genovese (2021). Additionally, consistent with Larsson et al. (2022), findings
show that even though long-term benefits were addressed, the assessment was purely based
on short-term benefits, showing the importance of adding the categories short/long-term
benefits to the driver dimension, also when studying phases including planning and design.
Thus, confirming the relevance of the fourth adjustment to the innovation framework by
Cantarelli and Genovese (2021). Visualizing long-term benefits is also crucial when
analyzing innovation for the sustainability transition, as these benefits must be prioritized
(Ozorhon, 2013; Lenderink et al., 2022).

Innovation as a process
Regarding the locus dimension, previous construction innovation research emphasizes the
importance of inter-organizational collaboration (Rose and Manley, 2012; Hedborg
Bengtsson et al., 2018) (i.e., an open process), as well as adding multiple perspectives
(Guerrero and Engström, 2024), which the findings confirm. With innovation goals focused
on digitalization, electrification and automation in the production phase, nontraditional
actors are also suggested to be involved, particularly by the client and the innovation
consultant. Thus, the findings illustrate that both short- and long-term benefits, along with
internal and external drivers (i.e., the driver dimension), influence which actors should be
involved (i.e., the locus dimension), highlighting the need for collaboration between internal
and external knowledge resources (Hu et al., 2022).

In line with previous research, findings show the importance of the construction client
(Ozorhon, 2013; Loosemore and Richard, 2015) and public procurement as drivers of
innovation (Loosemore and Richard, 2015; Rose et al., 2019; Guerrero and Engström, 2024).
The public client creates an internal driver, by integrating external drivers (i.e., the driver
dimension) and top-down innovation initiatives (i.e., the view dimension) into the tender
documents. Thus, formulating the wanted direction, while bottom-up initiatives need to be
facilitated through flexibility in the tender documents and the contract. Although the view
dimension originally is based on intra-organizational grounds (Crossan and Apaydin, 2010),
the findings show its relevance to understanding innovation processes in inter-organizational
contexts, especially involving a public client.

Regarding the source dimension, findings show that internal knowledge resources adopt
innovations from other construction projects more easily, while external knowledge
resources adapt innovations from other industries, confirming previous research (Ozorhon
et al., 2016). However, the findings emphasize that stronger collaboration and mutual
understanding between actors are crucial to successfully adapting innovation from other
industries.
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Theoretical contributions
Because innovation is a multi-dimensional phenomenon (Crossan and Apaydin, 2010;
Larsson et al., 2022) addressed in an inter-organizational context within construction (Rose
and Manley, 2012; Hedborg Bengtsson et al., 2018), analyzing both innovation outcomes
and processes from several actors’ perspectives are important.

This study contributes to research on innovation frameworks in two main ways. First, it
involves further developing a conceptual innovation framework, previously developed through
literature reviews (Crossan and Apaydin, 2010; Cantarelli and Genovese, 2021). Second, by
using rich data from a single-case study of a favorable critical case (Flyvbjerg, 2006), the study
provides an empirical illustration to get closer to the theoretical constructs of the framework
(Siggelkow, 2007) to better analyze the inter-organizational context of construction innovation
(Rose and Manley, 2012; Hedborg Bengtsson et al., 2018). The further developed innovation
framework is important for construction innovation research as it supports analyzing the multi-
dimensionality of innovation and provides a foundation for exploring the perceptions of
multiple actors. Furthermore, the framework visualizes external drivers such as reduced climate
impact and long-term benefits beyond the project, which are critical for the sustainability
transition (Ozorhon, 2013; Lenderink et al., 2022). By visualizing sustainability-focused
innovation as an important innovation outcome (Larsson et al., 2022), the framework also
illustrates various project actors’ collaborative efforts toward sustainability.

More specifically, this study contributes to construction innovation literature (e.g.
Ozorhon et al., 2016; Larsson et al., 2022) by studying a previously neglected actor, the
sub-consultant. The findings show that actors from outside the construction industry,
particularly those specialized in innovation, are important in regard to both innovation
outcomes and processes as external knowledge resources tend to focus more on radical
innovation and adaption from other industries than internal knowledge resources
(Ozorhon et al., 2016; Hu et al., 2022), which is valuable input to the construction
industry for the sustainability transition (Lenderink et al., 2022). The study also
contributes to new knowledge by showing differences in perceptions and resistance that
can occur between internal and external knowledge resources. As recognized by previous
literature, adding multiple perspectives, including bottom-up initiation (Guerrero and
Engström, 2024) and involving several actors (Larsson et al., 2022) are key aspects of
innovation processes that also affect innovation outcomes.

Finally, this study contributes to construction innovation literature focused on the early
phases of construction projects (e.g. Eriksson and Kadefors, 2015; Granheimer et al., 2022;
Eriksson et al., 2023) by showing that engineering consultants are important to study, as they
can both be generators and implementors of innovation in these early phases of construction
projects. This illustrates an extended role for the consultants (e.g. Rose and Manley, 2012;
Brockmann et al., 2016) and if promoted by the public client, consultants could have a
significant impact on construction projects, including influencing sustainability transitions.
Accordingly, the form dimension needs to include innovation outcomes in several phases of
the construction project.

Practical contributions
Due to the planning and design phases of construction projects being critical for promoting
(or hindering) innovation within construction projects (Rose and Manley, 2012; Hu et al.,
2022), this study provides knowledge of innovation outcomes and processes that are
important for construction projects. More specifically, this study contributes to practice by
providing a parsimonious and context-adapted innovation framework that can be used to
discuss project actors’ perceptions of innovation dimensions.
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Especially, it is important to acknowledge that resistance to adding multiple perceptions
and perspectives potentially hinders both innovation outcomes and processes. Therefore, the
public client must challenge existing practices and approaches and remain open to
the perspectives of other actors throughout the project. This can be achieved by designing the
procurement strategies, tender documents and project scope with a degree of flexibility. This
is to capture the various perceptions, experiences and knowledge of other actors. This is
especially important for public clients who want to promote radical innovation toward the
sustainability transition.

Conclusions
This study has explored how three actors – client, engineering consultant and sub-consultant –
perceive and address innovation outcomes and processes in the planning and design phase of
infrastructure projects. The analysis reveals significant differences in their perceptions,
highlighting the importance of expanding construction innovation research to incorporate a
wider range of perspectives. To effectively drive innovation in support of the sustainability
transition, the construction sector must integrate the perceptions of engineering consultants,
who make critical decisions in projects, as well as value their innovation outcomes.
Additionally, incorporating insights from competences from outside the industry with
expertise in important transition aspects, such as electrification, digitalization and automation,
for more radical innovation essential for the sustainability transition.

This study finds, however, that while a public client may undertake construction projects
with a stated ambition to promote innovation – by aligning internal and external drivers,
using top-down pressures, supporting bottom-up initiatives and involving competences from
outside the industry – the client may still be unprepared to implement the necessary changes
to existing practices and approaches. Despite promoting an open innovation process that
extensively involves a range of actors, including innovation experts, the client remains
focused on innovation outcomes primarily within the production phase. Moreover, the client
views the innovation process as a non-core function and emphasizes incremental innovation
directed at short-term benefits through an innovation process based on adopting innovations
from other construction projects. Conversely, the innovation experts within the sub-
consultant recommend viewing the innovation process as a core process. They advocate for
pursuing radical innovation for long-term benefits by adapting technologies from other
industries to construction projects, to support the sustainability transition. Ultimately, the
client either lacks the willingness to take the necessary risks to challenge the status quo or
fails to fully understand the fundamental shifts in existing practices and approaches needed
to drive the sustainability transition.

One limitation of this single-case study is that it is designed to capture depth in a critical
case, and thus lacks breadth. Accordingly, we encourage more studies of innovation
processes and outcomes covering the early phases of a construction project, also in other
countries and using other methods (such as multiple cases). Another limitation is the novel
but brief analysis of how to involve external knowledge resources, an area that requires
further exploration within construction innovation research.
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