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1. Introduction
Globally, the construction industry is responsible for 
around 37% of the total CO2-equivalent emissions (United 
Nations Environment Programme, 2022). The construction 
industry is also an important contributor to the economy 
in most countries (Hasan et al., 2018), and globally, it ac-
counts for 13% of the world’s GDP (Barbosa et al., 2017). 

At the same time, the lack of productivity increase is 
a well-known fact; research indicates that productivity has 
decreased since the 1960s (AIA, 2007; Laufer & Borcherd-
ing, 1981; Wodalski et al., 2011). A case study in Singapore 
shows that the annual growth in construction productivity 
was negative in 2 of 7 years, and it was below the growth 
of the total economy in 4 of 7 years (Ofori et al., 2020). 
Numerous studies, at different locations, have come to 
the same conclusions (Abdel-Wahab & Vogl, 2011; Bar-
bosa et al., 2017; Delarue et al., 2021; Hasan et al., 2018; 
Ofori et al., 2020; Seadon & Tookey, 2019; Slaughter, 1998; 

Sveikauskas et al., 2016). Whether there has been a de-
crease or lack of increase in productivity is hard to tell 
(Sveikauskas et al., 2016). However, even though much of 
the existing literature states that productivity is low in the 
construction industry, there are studies that indicate an 
increase in productivity (Ahmad et al., 2020; Allmon et al., 
2000). 

The bridge construction industry is not an exception to 
the sector-wide low productivity; several studies point out 
a lack of productivity related to bridge construction (Har-
ryson, 2008; Larsson, 2012; Simonsson, 2011). An example 
by Wodalski et al. (2011) showed that for rebar installa-
tions, 32% of the time was spent on value-added activities 
while 29% was pure waste.

Performing research on productivity is challenging; 
researchers are often interested in measuring productiv-
ity for a specific task, while the contractor may be more 
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interested in the productivity of the project (Thomas et al., 
1990). And there are numerous aspects that influence pro-
ductivity increase. 

One main aspect is altered regulations and require-
ments over time; these can significantly impact productiv-
ity negatively, according to (Abdel-Wahab & Vogl, 2011; 
Sveikauskas et al., 2016). Changes in regulations often 
imply an increase in material usage, which also has im-
plications for the time needed to construct a bridge and, 
thereby, impacts long-term productivity (Ekström et al., 
2014; Nilsson et al., 2021; Sveikauskas et al., 2016). This 
alteration may imply difficulties in measuring productivity 
over a longer period of time. Closely related to altered 
regulations is the increased demand for quality, which has 
been proven to affect productivity in a negative way (Ah-
mad et al., 2020; Pieper, 1991). 

Another main aspect is the implementation challenges 
of research. Even though research has presented solutions 
to potentially increase long-term productivity, it has been 
shown to be difficult to realize, and reports conclude that 
the reason for this could be a lack of experienced workers 
(Alinaitwe et al., 2007; Aziz & Hafez, 2013; Delarue et al., 
2021; Enshassi et al., 2007) and/or a lack of financial incen-
tives for the construction workers (El-Gohary & Aziz, 2014; 
Enshassi et al., 2007; Kazaz & Ulubeyli, 2007). In addition, 
the project-based structure of the construction industry 
makes it hard to implement innovation from one project 
to the next, and it seldom brings out long-term changes 
in the field. Kadefors (1995) and Larsson (2012) under-
line that the procurement methods traditionally used in 
Sweden in some specific cases become obstacles. Worth 
mentioning is the interesting finding by Larsson (2012) 
regarding productivity implications due to a lack of work 
repetition possibilities. 

Despite the reported difficulties in changing this trend, 
research lists potential strategies. While the main focus 
of the performed research is on the production stages, 
there is some research focusing on structural and early 
conceptual design stages. With regard to production, stan-
dardization in the sense of prefabrication has been stud-
ied by, e.g., Larsson (2012), Larsson et al. (2014), Larsson 
and Simonsson (2012). Concerning design stages, design 
for buildability and constructability is underlined, as well 
as higher quality in design reviews (Hanna et al., 2010). 
Achieving buildable solutions is best done by involving 
the contractor in the conceptual design stage (Antonsson 
et al., 2022; Haugen et al., 2017; Wondimu et al., 2016a). 
Digitalization is also attributed to design activities (Bar-
bosa et al., 2017), as it allows for a more detailed design 
earlier in the process, which will help to make the right 
decisions and improve the planning of the coming work 
(Albinsson, 2019; Poirier et al., 2016). 

The construction industry seems to be highly driven 
by financial incentives. How financial incentive programs 
for construction workers may drive productivity has been 
studied by Laufer and Borcherding (1981). It has also been 
shown that financial incentives could have a positive influ-

ence on project success and that they have the potential 
to align client and contractor objectives (Rose & Manley, 
2010). A question may be asked if these incentives are 
short-term (project perspective) or long-term (company 
and/or sector perspective).

Even though numerous studies have investigated driv-
ers and/or barriers to productivity in the construction in-
dustry, there is little research output on how and if the 
different actors’ incentives could underlie the lack of long-
term productivity increase. The purpose of this study was, 
thereby, to study productivity aspects with a lens of ac-
tors’ incentives and, at the same time, examine if these 
incentives obstruct long-term productivity increase, in the 
Swedish bridge construction industry. 

The following research questions define the purpose:
 ■ RQ1. What aspects do the bridge-building industry 
consider as important for a long-term productivity 
increase?

 ■ RQ2. What aspects are considered as important for a 
long-term productivity increase by the bridge-build-
ing industry in Sweden?

 ■ RQ3. What actor-specific incentives are considered 
to obstruct long-term productivity increase? 

2. Theory
2.1. Productivity 
Productivity as a term has several definitions. The Or-
ganization for Economic Co-operation and Development 
[OECD] defines it as “the relationship between output and 
the input that is required to generate the output” (OECD, 
2001); while the New Zealand Department of Housing and 
Building defines productivity as “the measurements of in-
puts and output resources” (Kenley, 2014). In this study, 
productivity follows the definition given by Nilsson et al. 
(2021): “Productivity means that the value added to the 
product increases despite the same amount of resource 
being used as before, or that the need for resource de-
creases to produce the same value”.

Most studies on construction productivity measure it 
as an average of labor productivity (Abdel-Wahab & Vogl, 
2011). Different client demands have been shown to be a 
major driver for productivity in the construction industry 
(Delarue et al., 2021; Ozorhon et al., 2016). Productivity 
has been shown to be lower compared to other industries 
due to a lack of research and development investments 
(Delarue et al., 2021). Inovation is one way to increase the 
productivity (Delarue et al., 2021; Goodrum & Haas, 2000; 
Slaughter, 1998). 

In the work done by Allmon et al. (2000), it was found 
that new technology may be the primary driver for improv-
ing productivity in the construction industry. Standardiza-
tion by prefabrication has been found to be a driver for 
productivity as it makes it easier to plan for upcoming 
work (Ozorhon, 2013; Seadon & Tookey, 2019) and the 
lack of adoption of prefabricated construction is seen as a 
barrier to productivity (Ofori et al., 2020). However, studies 
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have shown that contractors are slow to implement inno-
vations; the reason for this could be that the contractors 
often want to build with methods that have shown to be 
profitable in the past (Slaughter, 1998). Other studies have 
found that contractors are not interested in investing in 
new methods of construction since the return on the in-
vestment is not guaranteed (Ghosh et al., 2012; Ozorhon, 
2013; Ozorhon et al., 2016). It has also been found that 
contractors do not usually innovate on their own, and 
here, the client has an important role (Ozorhon, 2013). 
Another reason that innovation is slower in construction 
compared to other industries could be that, in the con-
struction industry, innovation exists within a temporary 
alliance (Slaughter, 1998). 

Even though much of the existing literature agrees 
that the productivity in the construction industry is lower 
compared to the entire economy, there are studies that 
indicate that the industry has had a productivity growth. 
In the work done by Abdel-Wahab and Vogl (2011), they 
mention that there is a difference between the micro-level 
(measured activities) and the macro-level of productivity. 
The productivity improvements that are measured at the 
micro-level are not captured when measuring the overall 
productivity performance (Goodrum et al., 2002). In that 
study, they measured 200 activities, and 107 activities 
showed a productivity increase; 30 declined, and 63 were 
unchanged in the study by Ahmad et al. (2020) concludes 
that there has actually been a productivity increase at the 
macro-level. They also conclude that the way that con-
struction productivity is measured (on-site production) 
fails to capture the entire productivity growth in the in-
dustry. In fact, much of the productivity growth instead 
goes to the manufacturing industry. In addition, there is 
a common understanding that developing regulatory re-
quirements lead to higher durability and, in turn, quality. 
Even if this lacks empirical evidence, as it is hard to assess 
quantitatively, it is an essential factor in the correlation 
between quality and productivity, as productivity might go 
down with increased quality, as indicated by Pieper (1991). 

2.2. Different project delivery  
models for contractors
Earlier research has shown that different Project Delivery 
Models (PDM) have different possibilities for high produc-
tivity. For different PDMs, this research focuses on Design-
Bid-Build (DBB), Design-Build (DB), and Early Contractor 
Involvement (ECI). 

In DBB, the client contracts a design company and a 
contractor separately. The design company provides com-
plete design documents that the contractor should bid 
on and execute after. A significant disadvantage of DBB is 
that construction experience is not included in the design 
since the design is often performed by a design engineer 
who lacks construction experience (Wondimu et al., 2018). 
Different contractors may also have different experiences, 
which are not considered in DBB models. Another dif-
ference between DBB and DB is where the responsibility 

lies. For DBB models, the responsibility lies with the client, 
while for DB models, the responsibility lies with the con-
tractor (Lædre et al., 2006). 

In DB, the client contracts with one single part to per-
form design and construction (Haugen et al., 2017; San-
vido et al., 1998). Design-Build models could be seen as 
a better way since the contractor then becomes involved 
earlier in the process and could contribute with their build-
ability knowledge and ensure that the design is made for 
construction, which would increase productivity (Haugen 
et al., 2017; Jergeas & Van der Put, 2001; Simonsson, 2011; 
Wondimu et al., 2016a). Projects that have been procured 
with DB models have been shown to be built faster and/
or at a lower cost compared to similar projects procured 
with DBB models (Hale et al., 2009; Ibrahim et al., 2020; 
Okere, 2018; Sanvido et al., 1998; Shrestha et al., 2012). 
Projects delivered with DB are often procured at a fixed 
price, and research has shown that fixed price gives high-
er productivity compared to variable price (Barbosa et al., 
2017). However, contradictory results could be found on 
whether projects procured with DB models perform better 
than projects procured with DBB models (Ibbs et al., 2003; 
Park & Kwak, 2017). 

Being able to involve the contractor earlier in the pro-
cess has led to a number of novel project procurement 
forms; one of them is ECI (Walker & Lloyd-Walker, 2012). 
ECI usually consists of two phases, where phase one con-
sists of project definition and design, and phase two is 
project execution (Walker & Lloyd-Walker, 2012). During 
the first phase, the client and the contractor should agree 
on a target price for executing the project during the sec-
ond phase. ECI has been shown to be an enabler of inno-
vation (Ozorhon et al., 2016). Research has shown that all 
complex projects can potentially benefit from ECI (Won-
dimu et al., 2020). By involving the contractor earlier in 
the process, the buildability and the cost estimations will 
improve (Linderfalk & Ljungqvist, 2020). Improved build-
ability depends on the designers’ and contractors’ abil-
ity to see the construction process through each other’s 
eyes (Lu et al., 2021). ECI is one way to achieve better 
collaboration and to achieve this; the client needs to be 
proactive (af Hällström et al., 2021). In ECI, there is often 
a possibility of having different financial incentives, which 
is an important motivator for contractors to perform the 
work in an efficient way (Rose & Manley, 2011). However, 
it is debated whether the contractor has the possibility to 
affect productivity if involved this early. Antonsson et al. 
(2022) showed that the contractor thought that there were 
a lot of things that influenced the outcome that they could 
not affect. In work done by Simonsson (2011), ECI is one of 
four main factors for increased productivity and, together 
with lean construction, has the potential to reduce waste 
(Wondimu et al., 2016b). However, one disadvantage with 
ECI could be that the price when entering phase two is 
rarely exposed to competition. One way to solve this could 
be to let more than one contractor develop the target 
price, which is described by Wondimu et al. (2020).
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2.3. Different forms of compensation  
for design engineers
Different forms of compensation for design engineers 
(design engineers are structural engineers working with 
bridges in this paper) and the ability to affect productiv-
ity are research areas that have not been explored very 
well. Research has shown that engineers tend to produce 
better quality and more innovative designs if they have fi-
nancial incentives (Love et al., 2010). In the same research, 
interviewed contractors also think that it is profitable for 
them to share a greater part of their own reward since 
this will motivate the engineers to develop buildable so-
lutions. Having a fixed price has been proven to increase 
the productivity of engineers since that will increase their 
profit, but it might not result in the best solution for the 
client (Eikeland, 2001). Engineering productivity has also 
been shown to be less understood than construction labor 
productivity (Kim, 2007). Declined engineering productivity 
does not have to be negative for the total productivity in a 
project. Engineers tend to spend more time with 3D CAD 
compared to 2D CAD, but this has helped the engineers 
deal with constructability and safety issues beforehand 
(Liao et al., 2012). Looking at the individual level, engineers 
mention bonuses as an incentive that will motivate them 
to perform better (Banker et al., 1996). 

3. Method
For this research, a questionnaire was chosen as a time-
efficient way to collect responses (Bell et al., 2018). A ques-
tionnaire was considered to give a nuanced result and en-
able data collection from an essential part of the Swedish 
bridge engineering sector. Questionnaires have also been 
found to be the most preferred data collection method 
within the construction productivity research (Hasan et al., 
2018). Since the answers were anonymous, the respond-
ents could be open with their answers. The scientific ap-
proach consisted of a pilot-questionnaire, data collection 
by a questionnaire, and a statistical analysis. For the quan-
titative study, the following steps presented by Blair et al. 
(2013) have been applied: 

1. Overall survey design and planning;
2. Questionnaire design and pre-testing;
3. Final survey design and planning;
4. Sample selection and data collection; 
5. Analysis of data.

3.1. Survey design 
The authors developed the questionnaire in workshops 
based on their industrial and academic experience. Sec-
ond, a pilot test was distributed to six representatives from 
clients, contractors, and design engineers to determine 
whether the questions were understandable and relevant. 
This procedure is described as one way to increase the 
questionnaire’s quality (Bell et al., 2018). 

The purpose of the pilot test was to identify aspects 
that could be incentives and serve as a basis for the ques-

tionnaire. From the authors’ industrial and academic ex-
perience and the answers and comments of the actors’ 
representatives, the following aspects were derived:

 ■ Project delivery model;
 ■ Compensation formats for engineers;
 ■ Reduced climate impact;
 ■ Quality of delivered products;
 ■ Profit in a single project and long-term increased 
company profit;

 ■ Production time;
 ■ Work environment.

After minor revisions, a final version was distributed in 
September 2021, and it was available for 19 workdays. The 
final questionnaire had 24 questions. Except for demo-
graphic questions, e.g., about discipline, age, and time in 
the industry, the respondents were asked about productiv-
ity in the design and production of bridges. The questions 
focused on both organizational and technical aspects. This 
paper focuses on the organizational aspects. 

The questionnaire required the respondents to rank 
statements about productivity on a 7-point Likert scale. 
The authors chose a 7-point Likert scale instead of a 
5-point Likert scale. The 7-point Likert scale provides a 
more nuanced but is still simple enough for respondents 
to answer (Joshi et al., 2015). In addition to a 7-point Lik-
ert scale ranking, for one question, the respondents were 
asked to rank the statements against each other to discern 
relative distinctions between the statements. For every 
question, the respondent could add an additional alterna-
tive answer and/or comment.

3.2. Sample selection and data collection
It was decided to distribute a short questionnaire since this 
improves the chances for a higher response rate. To further 
increase the response rate, the respondents were given a 
short introduction to the survey’s aim. Finally, the response 
rate was increased by reminding individuals who had not 
responded or who had not finalized the questionnaire. The 
questionnaire was distributed in September 2021 and was 
available for 19 workdays. 

All the respondents were guaranteed full anonymity. 
At the survey’s beginning, all respondents were asked if 
their answers could be used for research purposes; if they 
answered no, the questionnaire was closed for them, and 
they could not finalize it. 

The sampling frame comprised design engineers, con-
tractors, and clients from the largest actors in the Swedish 
bridge construction industry. The questionnaire was dis-
tributed by e-mail to 470 recipients, out of which 175 were 
design engineers at eight large engineering consultancy 
companies, 246 contractors at nine different companies, 
and 49 clients from the public client. Some of the con-
tractors have technical departments that could be seen as 
“in-house-designers”. The e-mail addresses were collected 
through personal contacts at each of the companies. All 
the collected e-mail addresses were used for the distribu-
tion of the questionnaire. 



Journal of Civil Engineering and Management, 2025, 31(1), 85–96 89

With a registered population of 470, the sample size 
should be at least 80 to achieve a 95% confidence interval 
and a 10% margin of error. In this study, 151 valid re-
sponses were collected, indicating adequate sample size. 
Out of the 151 respondents, 76 were design engineers, 37 
were contractors, and 38 were clients. The respondents’ 
distribution of experience in the industry is presented in 
Table 1.

Table 1. Experience distribution among respondents

0–10 
years

11–20 
years

21–30 
years

30+ 
years Total

Design 
Engineer

30 25 14 7 76

Contractor 5 12 9 11 37
Client 4 15 11 8 38
Total 39 52 34 26 151

3.3. Analysis and validity/reliability
The responses from the questionnaire were analyzed by 
sorting the 151 respondents’ answers into categories by 
actor type and their corresponding Likert-scale score. 
The formula for calculating the ranking is given in Eqn 
(1), where X  is the average rating for the specific ques-
tion, and n1 to n7 are the number of respondents who 
responded 1 to 7. 

( ) ( ) ( ) ( ) ( ) ( ) ( )+ + + + + +
=

+ + + + + +
1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7
  .

n n n n n n n
X

n n n n n n n

 
(1)

In addition to the rankings and the Likert-scale score, 
correlations matrices were studied to find out the consis-
tency among the respondents’ answers. The derived Lik-
ert-scales, ranked answers and correlation matrices were 
analyzed and discussed in detail by the authors during 
several sessions. 

The replicability of the questionnaire is considered high 
since all the questions will be available to other research-
ers. The reliability is also assessed by using Cronbach’s 
α coefficient. This measures the internal consistency, and 
the reliability is satisfied when Cronbach’s α coefficient 
exceeds 0.7. For the questions in the questionnaire, Cron-
bach’s α was found to be 0.844, which indicates high reli-
ability. Replicability is considered important for the reli-
ability of quantitative studies (Bell et al., 2018). 

The validity of the quantitative study increases with the 
number of respondents. In comparison to other quanti-
tative studies that have used questionnaires within the 
Swedish bridge-building industry, see e.g. (Ekström et al., 
2019; Larsson & Simonsson, 2012; Simonsson, 2008), this 
questionnaire received more responses. The validity of 
the results also depends on whether the respondents un-
derstand the questions, and the pre-testing described in 
Section 2.1 was considered to increase the validity of the 
questionnaire.

4. Findings and discussion
In this Section, the findings are presented and discussed 
based on the Likert-grading for the studied aspects and a 
ranking table for the ranking question. In addition, the cor-
relation between the top-three ranked aspects and their 
corresponding Likert-grading is discussed.

It was important to find out which of the different 
project delivery models that are used in the Swedish in-
frastructure sector the different actors thought had the 
greatest potential to create the right circumstances for im-
proved productivity; the respondents’ answers are shown 
in Figure 1. 

For the project delivery models, the client and con-
tractor thought that DB was the delivery model that had 
the best potential for improved productivity. The design 
engineers, on the other hand, thought that ECI had the 
highest possibility of improving productivity. That both 
the client and the contractor believe more in DB than ECI 
was surprising, especially since the early involvement of 
the contractors should pave the way for better buildability 
and, thereby, better productivity, at least in theory. ECI has 
the potential to obtain the best contributions from the 
project participants (Rahmani, 2020) and to bridge the gap 
between design and construction (Nibbelink et al., 2017). 
ECI with different financial incentives is also a way forward 
in order to increase productivity (Rose & Manley, 2010, 
2011). One reason why contractors found DB favorable 
could be that ECI fails to have a proper win-win share 
(Rahman & Alhassan, 2012; Rosander et al., 2020). Viewing 
DB delivery models as more efficient contradicts earlier 
research, which views ECI as a more promising (Antons-
son et al., 2022; Linderfalk & Ljungqvist, 2020; Rahmani, 
2020). Another reason that the DB delivery was considered 
to create more productivity could be that the experiences 
from ECI are still quite limited in Sweden since they have 
only been used for seven years (Rosander et al., 2020). 
To further increase the knowledge about the possibilities 
with ECI and to reach its full potential, we believe that the 
client needs to be proactive and keep procuring projects 
with this PDM. Concluding we can state that there is no 
clear PDM that the actors believe would have great poten-
tial for productivity. This is something the client needs to 
work with to find a PDM that would increase productivity 
in the industry.

To be able to create the right conditions for design 
engineers, it is important that they have an attractive fi-
nancial incentive that makes it possible for them to strive 
for increased productivity in design. The results show that 
most of the actors think that variable price is the form of 
compensation that creates the best conditions for produc-
tive design, see Figure 2. It is worth mentioning that the 
respondents were not very positive about any of the two 
suggested compensation formats for design engineers. 

The result is in contradiction with Eikeland (2001), who 
states that a variable price model will not motivate the 
design engineers to be productive but rather to spend 
more hours. The Swedish Transport Administration (STA) 
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has, for the last few years, increased the number of design 
assignments compensated by a fixed price model as one 
instrument to increase productivity in engineering work. 
When applying a fixed price model, the contractual re-
quirements need to be well defined. In addition, a fixed 
price model is, according to previous research (Kristensen 
et al., 2015; Lædre et al., 2006), mainly applicable for the 

stage with detailed design for tender documents in a DBB 
procurement. Productivity requirements in the design with 
a variable price model could certainly increase productiv-
ity during construction. Therefore, it would be necessary 
to find a new financial form of compensation for engi-
neers that would increase their incentive to strive for high 
productivity. Low design fees, selection of design firm by 

Figure 1. Different project delivery models for contractors (in the figure, the engineer is the design engineer procured by the client). 
The percentages indicate how the respondents answered with regard to neutral

Figure 2. Form of compensation for design engineers (in the figure, the engineer is the design engineer procured by the client).  
The percentages tell how the respondents answered with regard to neutral
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lowest price, and lack of time were important aspects that 
influenced the quality of the design documents (Akampu-
rira & Windapo, 2018); these reasons further strengthen 
the need for new financial incentives such as well-defined 
productivity requirements for design engineers. From a cli-
ent’s point of view, the product from the design engineers 
needs to be designed to make it possible to achieve high 
productivity during construction. The main finding from 
this question is that the two compensation formats that 
were considered are not perceived as supporting produc-
tivity. This is also something that the client needs to work 
with to find attractive compensation formats for design en-
gineers that have the potential for increased productivity.

When we asked about the importance of six different 
aspects, regarding quality, production time and profit, it 
can be observed that all aspects are considered as impor-
tant to semi-important to all actors. In addition, a consen-
sus regarding “quality of delivered product” as highly im-
portant for productivity is observed. However, the results 
differed between the three actors with regard to climate 
impact, production time, work environment, and profit. For 
the contractors, the “work environment” and the “quality 
of delivered products” were considered as most impor-
tant, the client had “quality of delivered products” as most 
important, and for the design engineers, the most impor-
tant was “the company profit over time”. The three actors’ 
responses to these six aspects are presented in Figure 3.

For aspects presented in Figure 3, the participants 
were asked to rank these. This was done to distinguish 
whether any aspects received the same points. This shows 
that the results became different when the respondents 
had to choose and rank the different aspects against each 
other. The most important aspect for the design engineers 
and the client was the quality of delivered products, and 
for the contractor, the most critical aspect was still the 
work environment. The questionnaire result confirms ear-
lier research that also found the importance of the work 
environment and the quality of delivered products (Lars-
son & Simonsson, 2012), and in which it was concluded 
that the use of prefabricated parts fulfils both of these in 
a better way than on-site production. Earlier research has 
also concluded that improving worker safety and produc-
tivity simultaneously (Choudhry, 2017) is possible. Table 2 
presents the aspects ranked by the respondents. Numbers 
in parenthesis is how they answered depending on the 
experience distribution as presented in Table 1. 

When the respondents were asked to rank the different 
aspects, the three most important aspects for the contrac-
tor were “Work environment”, “Profit in a single project” 
and “Quality of delivered products”. One aspect “Quality 
of delivered products” is ranked top-three by all actors. 
That the contractor valued the profit in a single project 
over the company profit over time is interesting. This im-
plies that the contractor is not willing to invest in a single 
project unless it pays off directly, which confirms what has 
been concluded in earlier research (Delarue et al., 2021; 
Ozorhon, 2013; Ozorhon et al., 2016). This could be be-
cause many companies have some incentive program that 

depends on the profit of a single project. This is much in 
line with the project-based organization structure of the 
contractor firms, which focus on the projects and the profit 
from the projects and less on the company profit over 
time. Several researchers report that financial incentive 
programs are essential for construction workers (El-Gohary 
& Aziz, 2014; Kazaz & Ulubeyli, 2007). 

When looking at how each actor responded within the 
different experience distributions, it can be observed that 
they agree very well on every aspect. 

The aspect “Profit in a single project” is the aspect that 
varies mostly between the contractors’ and the clients’ 
ranking. While the client considers this aspect as the least 
important for productivity, the contractor ranks it as the 
second most important for productivity. Developing solu-
tions that could be used in many projects might, therefore, 
not be interesting for the contractors, even if the profit in 
the upcoming projects may increase. For the Client, in this 
case, a public client, it is most probable that profit in a 
single project seldom or never is an incentive for produc-
tivity. In addition, the client probably can’t see their role 
for long-term productivity, as their strongest incentive is 
the quality of the delivered product; on this basis, it can be 
argued that these misaligned financial/quality incentives 
result in obstacles to increased productivity over time. The 
implication of this result is essential for the client. If they 
are interested in increasing productivity, they need to be 
proactive and design the procurements to encourage the 
contractor to take initiatives that could increase long-term 
productivity and still make a profit in that single project. 
The main finding from the ranking is how the contractor 
ranks profit. It is more important to focus on short-term 
single project profit than long-term profits. Together with 
the question about PDM, this is important for the client to 
consider when procuring a project. If the client has ideas 
that they believe can improve long-term productivity, the 
procurement needs to be designed in a way that the con-
tractor can make a profit in that project and realize that 
this has the potential for long-term productivity increase. 

One important thing to mention is how the reduction 
of climate impact was ranked. None of the actors ranked 
this item among the top three to support increased pro-
ductivity, and it was also considered the least important 
for the contractor. This result contradicts the findings by 
Ozorhon (2013), where environmental sustainability was 
considered an important aspect of enhancing productivity. 
Reduced climate impact was considered the fourth most 
important aspect among the clients; this contradicts La-
gerkvist et al. (2021), where it was expressed as one of 
the most important goals that the Swedish Transport Ad-
ministration has. If they should be able to reach the goal 
of reducing climate impact (Miljömålsberedningen, 2016; 
Trafikverket, 2021), they need to find economic incentives 
for the contractor to work for this. To reduce climate im-
pact, both the client and the design engineers have an 
important role, and as Lagerkvist et al. (2022) and Rem-
pling et al. (2019) states that a smarter design has great 
potential to reduce cost and climate impact. 
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Figure 3. Important aspects for working for increased productivity in the design and production of bridges (in the figure, the engineer 
is the design engineer). The percentages tell how the respondents answered with regard to neutral
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Correlation matrices were developed to analyze the 
correlation between the top-three ranked aspects and the 
corresponding 7-Likert-scale grade. For the analysis, the 
ranking was converted into grades, i.e., the highest rank 
was graded with a 7, the second highest with a 6, and so 
forth. In Figure 4, a correlation matrix of the top-three 
aspects of each actor is presented; the main observations 
are:

 ■ A high correlation can be observed for each aspect 
and actor, except for contractor/Quality of delivered 
product. 

 ■ The contractor grades the quality of the delivered 
product (89%) higher than the profit in a single 
project (83%) but ranks the profit higher than the 
quality. Even though the grade difference is slight, it 
can be concluded that the higher rank of the work 
environment and profit is a more honest and more 
significant incentive for productivity.

5. Conclusions
Numerous studies have investigated drivers and barriers to 
productivity in the construction industry. However, little at-
tention has been given to the paradox that actors’ specific 
and diverging incentives may threaten long-term produc-
tivity. This study aimed to identify such aspects that could 
be incentives and obstacles to long-term increased pro-
ductivity in the bridge construction industry. To fulfil the 
aim, a questionnaire study was carried out in this study.

The important conclusions drawn from the study are 
as follows:

 ■ “Quality of delivered products” was ranked in the top 
3 among all three actors. 

 ■ “Work environment” was considered important for 
the client and the contractor. 

 ■ “Company profit over time” was ranked as top 
3 among the design engineers and the clients. This 
insinuates that the contractors are less willing to in-
vest in things that cross projects unless it pays off 
directly in the current single project. 

 ■ “Profit in a single project” was ranked higher than 
“Company profit over time” among the contractors.

 ■ There is disagreement among the actors regarding 
which project delivery model has the best potential 
for productivity increase. 

From our study, the recommendations would mainly 
be for the clients and to work with procurement to find 
the right incentives for design engineers and contractors 
to strive for long-term increased productivity. The client 
must consider overall productivity and not look at different 
parts separately. 

This study has only studied conditions in Sweden. 
However, since a significant part of the developed coun-
tries face the same problems, the results from this research 
could be applicable from an international perspective. For 
future research, similar studies in other developed coun-
tries would be needed to find out if there are any differ-
ences between countries.

Table 2. Aspects ranked by the respondents (ranks from 1–6 where 1 is most important and 6 is the least important). Numbers in 
parenthesis are ranked depending on the experience distribution (0–10 years, 11–20 years, 21–30 years, and 30+ years respectively)

Aspect Design engineer Contractor Client
“Work environment” 4 (3, 5, 3, 4) 1 (1, 1, 1, 2) 2 (3, 1, 2, 2)
“Quality of delivered products” 1 (1, 1, 2, 1) 3 (4, 2, 4, 3) 1 (1, 2, 1, 1)
“Profit in a single project” 3 (4, 3, 4, 3) 2 (2, 4, 2, 1) 6 (6, 6, 4, 6)
“Company profit over time” 2 (2, 2, 1, 2) 5 (5, 5, 3, 4) 3 (4, 3, 3, 3)
“Production time” 6 (6, 6, 6, 6) 4 (3, 3, 5, 5) 5 (5, 5, 5, 5)
“Reduced climate impact” 5 (5, 4, 5, 5) 6 (6, 6, 6, 6) 4 (2, 4, 6, 4)

Figure 4. Correlation matrices for the top-three ranked aspects for each actor. For the analysis, the correlation between the top-three 
ranked aspects and the corresponding 7-Likert-scale grade. For the analysis, the ranking was converted into grades, i.e., the highest 

rank was graded with a 7, the second highest with a 6, and so forth



94 J. Lagerkvist et al. Do actors’ incentives obstruct sector-wide long-term productivity in the design and production of bridges in Sweden?

Acknowledgements
This study is part of an industrial PhD project that is fi-
nanced by the Swedish Transport Administration. 

Disclosure statement 
No potential conflict of interest was reported by the au-
thors.

References 
Abdel-Wahab, M., & Vogl, B. (2011). Trends of productivity growth 

in the construction industry across Europe, US and Japan. Con-
struction Management and Economics, 29(6), 635–644. 
https://doi.org/10.1080/01446193.2011.573568 

af Hällström, A., Bosch-Sijtsema, P., Poblete, L., Rempling, R., & 
Karlsson, M. (2021). The role of social ties in collaborative proj-
ect networks: A tale of two construction cases. Construction 
Management and Economics, 39(9), 723–738. 
https://doi.org/10.1080/01446193.2021.1949740

Ahmad, S. B. S., Mazhar, M. U., Bruland, A., Andersen, B. S., Alexan-
der, J., & Torp, O. (2020). Labour productivity statistics: a reality 
check for the Norwegian construction industry industry. In-
ternational Journal of Construction Management, 20(1), 39–52. 
https://doi.org/10.1080/15623599.2018.1462443

AIA. (2007). Integrated project delivery: A guide California Council 
National.

Akampurira, E., & Windapo, A. (2018). Factors influencing the 
quality of design documentation on South African civil engi-
neering projects. Journal of the South African Institution of Civil 
Engineering, 60(3), 41–48. 
https://doi.org/10.17159/2309-8775/2018/v60n3a4

Albinsson, L. (2019). Att bygga skepp på marken Bygg 4.0 Pro-
jektering – Hur principer  från skeppsbyggnad kan effektivisera 
byggbranschen.

Alinaitwe, H. M., Mwakali, J. A., & Hansson, B. (2007). Factors 
affecting the productivity of building craftsmen – studies of 
Uganda. Journal of Civil Engineering and Management, 13(3), 
169–176. https://doi.org/10.3846/13923730.2007.9636434

Allmon, E., Haas, C. T., Borcherding, J. D., & Goodrum, P. M. (2000). 
U.S. construction labor productivity trends, 1970–1998. Journal 
of Construction Engineering and Management, 126(2), 97–104. 
https://doi.org/10.1061/(ASCE)0733-9364(2000)126:2(97)

Antonsson, F., Lindvall, D., Lagerkvist, J., & Rempling, R. (2022). 
Optimal time for contractors to enter infrastructure projects. 
Procedia Computer Science, 196, 990–998. 
https://doi.org/10.1016/j.procs.2021.12.101

Aziz, R. F., & Hafez, S. M. (2013). Applying lean thinking in con-
struction and performance improvement. Alexandria Engineer-
ing Journal, 52(4), 679–695. 
https://doi.org/10.1016/j.aej.2013.04.008

Banker, R. D., Lee, S. Y., & Potter, G. (1996). A field study of the 
impact of a performance-based incentive plan. Journal of Ac-
counting and Economics, 21(2), 195–226. 
https://doi.org/10.1016/0165-4101(95)00418-1

Barbosa, F., Woetzel, J., Mischke, J., João Ribeirinho, M., Srid-
har, M., Parsons, M., Bertram, N., & Brown, S. (2017). Reinvent-
ing construction: A route to higher productivity. https://www.
mckinsey.com/capabilities/operations/our-insights/reinvent-
ing-construction-through-a-productivity-revolution 

Bell, E., Bryman, A., & Harley, B. (2018). Business research methods 
(5th ed.). Oxford University Press.

Blair, J., Czaja, R. F., & Blair, E. A. (2013). Designing surveys: A guide 
to decisions and procedures. Sage Publications, Inc. 
https://doi.org/10.4135/9781071909904

Choudhry, R. M. (2017). Achieving safety and productivity in con-
struction projects. Journal of Civil Engineering and Manage-
ment, 23(2), 311–318. 
https://doi.org/10.3846/13923730.2015.1068842

Delarue, C., Poirier, É. A., & Forgues, D. (2021). Construction in-
novation in the Province of Quebec: Barriers, drivers, enablers 
and impact. Proceedings of the Canadian Society of Civil Engi-
neering Annual Conferenc, 247, 31–43. 
https://doi.org/10.1007/978-981-19-0968-9_3

Eikeland, P. T. (2001). Teoretisk analyse av byggeprosesser.
Ekström, D., Rempling, R., Plos, M., Harryson, P., & Olsson, R. 

(2014). Samarbetsprojekt för effektivare brobyggande. Bygg & 
Teknik, 7, 58–61.
http://publications.lib.chalmers.se/publication/206752

Ekström, D., Rempling, R., & Plos, M. (2019). Integrated project 
team performance in early design stages – performance indi-
cators influencing effectiveness in bridge design. Architectural 
Engineering and Design Management, 15(4), 249–266. 
https://doi.org/10.1080/17452007.2018.1563521

El-Gohary, K. M., & Aziz, R. F. (2014). Factors influencing con-
struction labor productivity in Egypt. Journal of Management 
in Engineering, 30(1), 1–9. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000168

Enshassi, A., Mohamed, S., Abu Mustafa, Z., & Eduard Mayer, P. 
(2007). Factors affecting labour productivity in building proj-
ects in the Gaza strip. Journal of Civil Engineering and Manage-
ment, 13(4), 245–254. 
https://doi.org/10.3846/13923730.2007.9636444

Ghosh, S., Amaya, L., & Skibniewski, M. J. (2012). Identifying areas 
of knowledge governance for successful projects. Journal of 
Civil Engineering and Management, 18(4), 495–504. 
https://doi.org/10.3846/13923730.2012.700642

Goodrum, P. M., & Haas, C. T. (2000). Variables affecting innova-
tions in the U.S. construction industry. Proceedings of Construc-
tion Congress VI: Building Together for a Better Tomorrow in an 
Increasingly Complex World, 278, 525–533. 
https://doi.org/10.1061/40475(278)57

Goodrum, P. M., Haas, C. T., & Glover, R. W. (2002). The diver-
gence in aggregate and activity estimates of US construction 
productivity. Construction Management and Economics, 20(5), 
415–423. https://doi.org/10.1080/01446190210145868

Hale, D. R., Shrestha, P. P., Gibson Jr., G. E., & Migliaccio, G. C. 
(2009). Empirical comparison of design/build and design/bid/
build project delivery methods. Journal of Construction Engi-
neering and Management, 135(7), 579–587. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000017

Hanna, A. S., Wodalski, M., & Whited, G. (2010). Applying lean 
techniques in delivery of transportation infrastructure projects. 
In Proceedings of IGLC 18 – 18th Annual Conference of the In-
ternational Group for Lean Construction: Challenging Lean Con-
struction Thinking: What Do We Think and What Do We Know? 
(pp. 609–619). IGLC.

Harryson, P. (2008). Industrial bridge engineering – structural de-
velopments  for  more  efficient  bridge  construction. Chalmers 
University of Technology.

Hasan, A., Baroudi, B., Elmualim, A., & Rameezdeen, R. (2018). Fac-
tors affecting construction productivity: a 30 year systematic 
review. Engineering, Construction and Architectural Manage-
ment, 25(7), 916–937. 
https://doi.org/10.1108/ECAM-02-2017-0035



Journal of Civil Engineering and Management, 2025, 31(1), 85–96 95

Haugen, A., Wondimu, P. A., Lohne, J., & Lædre, O. (2017). Proj-
ect delivery methods in large public road projects – A case 
study of E6 Jaktøyen – Sentervegen. Procedia Engineering, 196, 
391–398. https://doi.org/10.1016/j.proeng.2017.07.215

Ibbs, C. W., Kwak, Y. H., Ng, T., & Odabasi, A. M. (2003). Project de-
livery systems and project change: Quantitative analysis. Jour-
nal of Construction Engineering and Management, 129(4), 382–
387. https://doi.org/10.1061/(ASCE)0733-9364(2003)129:4(382)

Ibrahim, M. W., Hanna, A., & Kievet, D. (2020). Quantitative com-
parison of project performance between project delivery sys-
tems. Journal of Management in Engineering, 36(6), Article 
04020082. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000837

Jergeas, G., & Van der Put, J. (2001). Benefits of constructability on 
construction projects. Journal of Construction Engineering and 
Management, 127(4), 281–290. 
https://doi.org/10.1061/(ASCE)0733-9364(2001)127:4(281)

Joshi, A., Kale, S., Chandel, S., & Pal, D. (2015). Likert scale: explored 
and explained. British Journal of Applied Science & Technology, 
7(4), 396–403. https://doi.org/10.9734/BJAST/2015/14975

Kadefors, A. (1995). Institutions in building projects: Implications 
for flexibility and change. Scandinavian Journal of Management, 
11(4), 395–408. https://doi.org/10.1016/0956-5221(95)00017-P

Kazaz, A., & Ulubeyli, S. (2007). Drivers of productivity among 
construction workers: A study in a developing country. Building 
and Environment, 42(5), 2132–2140. 
https://doi.org/10.1016/j.buildenv.2006.04.020

Kenley, R. (2014). Productivity improvement in the construction 
process. Construction Management and Economics, 32(6), 489–
494. https://doi.org/10.1080/01446193.2014.930500

Kim, I. (2007). Development and implementation of an Engineer-
ing Productivity Measurement System (EPMS) for benchmarking. 
University of Texas at Austin.

Kristensen, K., Lædre, O., Svalestuen, F., & Lohne, J. (2015). Con-
tract models and compensation formats in the design process. 
In Proceedings of IGLC 23 – 23rd Annual Conference of the In-
ternational Group for Lean Construction: Global Knowledge – 
Global Solutions (pp. 599–608). IGLC.

Lædre, O., Austeng, K., Haugen, T. I., & Klakegg, O. J. (2006). Pro-
curement routes in public building and construction projects. 
Journal of Construction Engineering and Management, 132(7), 
689–696. 
https://doi.org/10.1061/(ASCE)0733-9364(2006)132:7(689)

Lagerkvist, J., Simonsson, P., Karlsson, M., Rempling, R., Bosch-
Sijtsema, P., & Lædre, O. (2021). Climate impact estimation – 
from feasibility study to handover. In H. Snijder, H, B. De Pauw,  
S. Van Alphen, & P. Mengeot (Eds.), IABSE Congress Ghent 2021, 
Structural Engineering for Future Societal Needs (pp. 622–628).  
IABSE. https://doi.org/10.2749/ghent.2021.0622

Lagerkvist, J., Berrocal, C. G., & Rempling, R. (2022). Climate-
smarter design of soil-steel composite bridges using set-based 
design. In A. Zingoni (Ed.), Current perspectives and new direc-
tions in mechanics, modelling and design of structural systems 
(pp. 2001–2006). CRC Press/Balkema, Taylor & Francis Group. 
https://doi.org/10.1201/9781003348443

Larsson, J. (2012). Mapping the concept of industrialized bridge 
construction. Luleå University of Technology.

Larsson, J., Eriksson, P. E., Olofsson, T., & Simonsson, P. (2014). 
Industrialized construction in the Swedish infrastructure sec-
tor: Core elements and barriers. Construction Management and 
Economics, 32(1–2), 83–96. 
https://doi.org/10.1080/01446193.2013.833666

Larsson, J., & Simonsson, P. (2012). Barriers and drivers for in-
creased use of off-site bridge construction in Sweden. In Pro-
ceedings of the 26h Annual Conference of Association of Re-
searchers in Construction Management (ARCOM 2012) (Vol. 2, 
pp. 751–761), Edinburgh, Scotland.

Laufer, A., & Borcherding, J. D. (1981). Financial incentives to raise 
productivity. Journal of the Construction Division, 107(4), 745–
756. https://doi.org/10.1061/JCCEAZ.0001002

Liao, P. C., Thomas, S. R., O’Brien, W. J., Dai, J., Mulva, S. P., & 
Kim, I. (2012). Benchmarking project level engineering pro-
ductivity. Journal of Civil Engineering and Management, 18(2), 
235–244. https://doi.org/10.3846/13923730.2012.671284

Linderfalk, A., & Ljungqvist, S. (2020). Bridging sustainability and 
buildability in infrastructure projects. Chalmers University of 
Technology.

Love, P. E. D., Davis, P. R., Chevis, R., & Edwards, D. J. (2010). Risk/
reward compensation model for civil engineering infrastruc-
ture alliance projects. Journal of Construction Engineering and 
Management, 137(2), 127–136. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000263

Lu, W., Tan, T., Xu, J., Wang, J., Chen, K., Gao, S., & Xue, F. (2021). 
Design for manufacture and assembly (DfMA) in construction: 
the old and the new. Architectural Engineering and Design 
Management, 17(1–2), 77–91. 
https://doi.org/10.1080/17452007.2020.1768505

Miljömålsberedningen. (2016). Ett klimatpolitiskt ramverk för 
Sverige (SOU 2016:21). https://www.regeringen.se/rattsliga-do-
kument/statens-offentliga-utredningar/2016/03/sou-201621/

Nibbelink, J. G., Sutrisna, M., & Zaman, A. U. (2017). Unlocking 
the potential of early contractor involvement in reducing de-
sign risks in commercial building refurbishment projects – a 
Western Australian perspective. Architectural Engineering and 
Design Management, 13(6), 439–456. 
https://doi.org/10.1080/17452007.2017.1348334

Nilsson, J.-E., Ridderstedt, I., & Rushid, A. R. (2021). Utan span-
ing,  ingen aning Behovet av data  för att  följa upp effektivitet, 
produktivitet och innovationer i anläggningssektorn.

Ofori, G., Zhang, Z., & Ling, F. Y. Y. (2020). Key barriers to in-
crease construction productivity: The Singapore case. Interna-
tional Journal of Construction Management, 22(14), 2635–2646. 
https://doi.org/10.1080/15623599.2020.1819521

Okere, G. (2018). Comparison of DB to DBB on highway projects 
in Washington State, USA. International Journal of Construction 
Supply Chain Management, 8(2), 73–86. 
https://doi.org/10.14424/ijcscm802018-73-86

Organisation for Economic Cooperation and Development. (2001). 
Measuring productivity: OECD manual, measurement of aggre-
gate and industry level productivity growth. 
https://doi.org/10.4337/9781788978804.00008

Ozorhon, B. (2013). Analysis of construction innovation process 
at project level. Journal of Management in Engineering, 29(4), 
455–463. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000157

Ozorhon, B., Oral, K., & Demirkesen, S. (2016). Investigating the 
components of innovation in construction projects. Journal of 
Management in Engineering, 32(3), Article 04015052. 
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000419

Park, J., & Kwak, Y. H. (2017). Design-Bid-Build (DBB) vs. Design-
Build (DB) in the U.S. public transportation projects: The choice 
and consequences. International Journal of Project Manage-
ment, 35(3), 280–295. 



96 J. Lagerkvist et al. Do actors’ incentives obstruct sector-wide long-term productivity in the design and production of bridges in Sweden?

https://doi.org/10.1016/j.ijproman.2016.10.013
Pieper, P. E. (1991). The measurement of construction prices: 

retrospect and prospect. In Fifty Years of Economic Measure-
ment: The Jubilee of the Conference on Research in Income and 
Wealth (pp. 239–272). http://www.nber.org/chapters/c5978

Poirier, E., Forgues, D., & Staub-French, S. (2016). Collaboration 
through innovation: Implications for expertise in the AEC sec-
tor. Construction Management and Economics, 34(11), 769–789. 
https://doi.org/10.1080/01446193.2016.1206660

Rahman, M. M., & Alhassan, A. (2012). A contractor’s perception 
on early contractor involvement. Built Environment Project and 
Asset Management, 2(2), 217–233. 
https://doi.org/10.1108/20441241211280855

Rahmani, F. (2020). Challenges and opportunities in adopting 
early contractor involvement (ECI): Client’s perception. Archi-
tectural Engineering and Design Management, 17(1–2), 67–76. 
https://doi.org/10.1080/17452007.2020.1811079

Rempling, R., Mathern, A., Tarazona Ramos, D., & Luis Fernán-
dez, S. (2019). Automatic structural design by a set-based 
parametric design method. Automation in Construction, 108, 
Article 102936. https://doi.org/10.1016/j.autcon.2019.102936

Rosander, L., Kadefors, A., & Eriksson, P. E. (2020). Implementering 
av samverkansentreprenader med tidig entreprenörsmedverkan 
i Trafikverket: Erfarenheter från sju projekt.

Rose, T., & Manley, K. (2010). Client recommendations for financial 
incentives on construction projects. Engineering, Construction 
and Architectural Management, 17(3), 252–267. 
https://doi.org/10.1108/09699981011038051

Rose, T., & Manley, K. (2011). Motivation toward financial incentive 
goals on construction projects. Journal of Business Research, 
64(7), 765–773. https://doi.org/10.1016/j.jbusres.2010.07.003

Sanvido, V., Konchar, M., & Moore, S. (1998). Comparison of U.S. 
project delivery systems. Journal of Construction Engineering 
and Management, 124(6), 435–444. 
https://doi.org/10.1061/(ASCE)0733-9364(1998)124:6(435)

Seadon, J., & Tookey, J. E. (2019). Drivers for construction produc-
tivity. Engineering, Construction and Architectural Management, 
26(6), 945–961. https://doi.org/10.1108/ECAM-05-2016-0127

Shrestha, P. P., O’Connor, J. T., & Gibson Jr. (2012). Performance 
comparison of large design-build and design-bid-build high-
way projects. Journal of Construction Engineering and Manage-
ment, 138(1), 1–13. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000390

Simonsson, P. (2008). Industrial bridge construction with cast in 
place concrete. Lulåe University of Technology.

Simonsson, P. (2011). Buildability of concrete structures: Processes, 
methods and material. Luleå University of Technology.

Slaughter, E. S. (1998). Models of construction innovation. Journal 
of Construction Engineering and Management, 124(3), 226–231. 
https://doi.org/10.1061/(ASCE)0733-9364(1998)124:3(226)

Sveikauskas, L., Rowe, S., Mildenberger, J., Price, J., & Young, A. 
(2016). Productivity growth in construction. Journal of Con-
struction Engineering and Management, 142(10), 04016045-1 
–04016045-8. 
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001138

Thomas, H. R., Maloney, W. F., Horner, R. M. W., Smith, G. R., Han-
da, V. K., & Sanders, S. R. (1990). Modeling construction labor 
productivity. Journal of Construction Engineering and Manage-
ment, 116(4), 705–726. 
https://doi.org/10.1061/(ASCE)0733-9364(1990)116:4(705)

Trafikverket. (2021). Klimatkrav i planläggning byggskede under-
håll och på teknisk godkänt järnvägsmateriel (TDOK 2015:0480) 

(Vol. 1, Issue 25).
United Nations Environment Programme. (2022). 2022 Global sta-

tus report for buildings and construction: Towards a zero-emis-
sion, efficient and resilient buildings and construction sector. 

Walker, D. H. T., & Lloyd-Walker, B. (2012). Understanding early 
contractor involvement (ECI) procurement forms. In Proceed-
ings of the 28th Annual Conference of Association of Research-
ers in Construction Management (ARCOM 2012) (Vol. 2, pp. 
877–887). Edinburgh, Scotland.

Wodalski, M. J., Thompson, B. P., Whited, G., & Hanna, A. S. (2011). 
Applying lean techniques in the delivery of transportation infra-
structure construction projects. National Center for Freight and 
Infrastructure Research and Education, USA.

Wondimu, P. A., Hailemichael, E., Hosseini, A., Lohne, J., Torp, O., & 
Lædre, O. (2016a). Success factors for early contractor involve-
ment (ECI) in public infrastructure projects. Energy Procedia, 96, 
845–854. https://doi.org/10.1016/j.egypro.2016.09.146

Wondimu, P. A., Hosseini, A., Lohne, J., Hailemichael, E., & Læ-
dre, O. (2016b). Early contractor involvement in public infra-
structure projects. In Proceedings of IGLC 16 – 16th Annual 
Conference of the International Group for Lean Construction 
(pp. 13–22). IGLC.

Wondimu, P. A., Hosseini, A., Lohne, J., & Laedre, O. (2018). Early 
contractor involvement approaches in public project procure-
ment. Journal of Public Procurement, 18(4), 355–378. 
https://doi.org/10.1108/JOPP-11-2018-021

Wondimu, P. A., Klakegg, O. J., & Lædre, O. (2020). Early contrac-
tor involvement (ECI): Ways to do it in public projects. Journal 
of Public Procurement, 20(1), 62–87. 
https://doi.org/10.1108/JOPP-03-2019-0015

https://doi.org/10.1061/(ASCE)CO.1943-7862.0000390

