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Abstract

Firms use management accounting, controls and performance measurement to ensure
that employee activities are aligned with organizational goals and strategies.
Performance is measured at different levels: industry, firm, project and activity. While
productivity is a commonly used measure of performance at the industry level, in the
construction industry, sustainability is more often used at the firm and project levels.
Monitoring resource use in refurbishment projects is desirable from a sustainability
and productivity viewpoint. Also, in the context of criticisms levelled at the
construction industry for being a major generator of waste, demolition activities in
refurbishment are important. The purpose of this thesis is to investigate how
construction performance is measured by focusing on refurbishment site managers’
monitoring and management of resource use.

An initial analysis of the relations between construction industry productivity and
measures of construction project performance indicates that what might appear to
suggest low levels of productivity growth in official statistics can be explained in part
by the limited range of output and input qualities considered. Current measures of
productivity in refurbishment projects are limited to simple, area-based key indicators.
To obtain a better measure of productivity requires the range of output and input
qualities to be extended using data captured from performance measures typically used
for projects.

This thesis draws on the data collected in three empirical studies. The first empirical
study is based on 8 short, semi-structured interviews. The data in second empirical
study was collected through 27 semi-structured interviews. Data collection in the third
empirical study involved a pilot questionnaire survey, short semi-structured interviews
and, finally, a national questionnaire designed to collect information from
refurbishment site managers. To minimize bias related to medium choice, the national
questionnaire was distributed by both e-mail and by post in paper format.

Resource use monitoring and management at refurbishment sites includes site
managers’ monitoring of resource use and their waste management practices. The
literature indicates that site managers' waste management efforts are influenced by
several factors, which may be project related, organizational and personal, technical,
or related to the industry culture and legislation. The data here show that waste sorting
Is the only common waste management activity conducted on refurbishment sites.
Project size, level of contract detail and specific client demands for waste management
are the three main factors associated with waste management efforts. Large projects
may benefit from fewer problems related to site space and availability of more
extensive services from waste contractors, including advice during project planning.
Although the statistical analysis shows that the relation between contract type



(traditional/design-build) and waste practices is weak, there is a potential for reducing
waste generation by integrating the project design and the detailed planning of
refurbishment activities on site. In this context, more efficient information and
communication technologies (ICT) for developing and using digital building
information models are desirable.

Findings indicate that ICT support for managing resource use on refurbishment sites
can be understood mainly as being a case of technology acceptance. Refurbishment
site managers’ ICT choices are influenced more by performance expectancy than by
effort expectancy. Laptops and traditional pen and paper are the most frequently used
media by refurbishment site managers, although they often use tablets in private.
Screen size, ease of data entry and information updating are important. Respondents
saw little need to link to clients’ ICT systems.

Flexible organizational policies related to environmental sustainability allow managers
in project-based firms to respond to projects with different characteristics and
limitations and to clients with different requirements and standards. Therefore it is
worth to study the dilemma of routinizing employees’ actions in environments
requiring flexibility for making decisions such as in large, project-based organizations
that deliver business services.

Keywords: performance, resource use, waste management, monitoring,
productivity, sustainability, ICT, refurbishment, construction industry
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Introduction

1 Introduction

Performance is measured at various levels including industry, firm, activity and, in
project-based industries, project level. At the industry level, productivity is one of the
most frequent measures of performance. Productivity has been defined as “a ratio of
volume measure of output to a volume measure of input use” (OECD, 2001, p.11).
This definition of productivity is based on the market prices of outputs and inputs. The
construction industry suffers from low rates of productivity growth and explaining
declining productivity growth has entertained scholars for many decades (Allen, 1985;
Dacy, 1965; Stokes, 1981; Ruddock and Ruddock, 2011; Abdel-Wahab and Vogl,
2011). Productivity measurement in the construction industry is difficult due to
problems, which apply also to the services sector, related to measuring quality changes
(Griliches, 1992). In services, it can be difficult to define output, to distinguish it from
input and, therefore, to measure it (Djellal and Gallouj, 2013). These problems apply
also to refurbishment since, compared to other construction activities, its service
characteristics are more obvious (Holm, 2000). In order to measure productivity more
accurately, the range of input and output quality indicators needs to be extended to
include not only goods related indicators but also service related indicators such as
customer satisfaction and data on client productivity. This does not imply that
productivity measures in construction projects are complicated, but rather that data
should be captured from performance measures related to projects.

New methods for measuring firm level performance are being developed and
introduced almost continuously. At the firm level, performance measurement belongs
to management accounting. The term management accounting is often used
interchangeably with management control systems (MCS) although, according to
Chenhall (2003), management accounting is limited to the collection of practices that
includes budgeting and product costing, while MCS cover both management
accounting systems and other controls such as personal controls. Malmi and Brown
(2008) refer to five types of MCS: cultural, planning, cybernetic, reward and
compensation, and administrative. Management accounting practices fall into the
category of cybernetic controls, which typically include budgets, financial measures,
non-financial measures and hybrids of these components.

Performance measurement is one of the main goals of cybernetic controls. MCS are
criticized for being incapable of supporting sustainable development in all its three
aspects and mainly being developed for environmental sustainability. In a recent study,
nevertheless, cybernetic controls are found to be widely used for sustainable
development at the organizational level, especially a sub-type of cybernetic controls,
namely corporate performance management (Lueg and Radlach, 2016). Guenther et al.
(2016) make an attempt to integrate MCS with environmental sustainability in order to
manage and control that corporate environmental strategies are implemented.
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Environmental MCS include environmental management accounting and unlike
traditional management accounting systems, environmental management accounting
includes activities of identification, collection, estimation, analysis, internal reporting
as well as use of physical flow information on materials and environmental cost
information (e.g. energy consumption, waste disposal).

In this thesis, the narrower management accounting concept is more relevant; |
exclude management control based on employees’ beliefs and the firm culture. This
choice of focus does not imply that environmental sustainability issues are not
influenced by the corporate culture.

Since the early 1990s, firm level performance measurement has not been limited only
to financial performance; new Information and Communication Technologies (ICT),
especially spreadsheet software, is facilitating data collection and data storage. New
performance dimensions, including environmental performance and quality
performance, have been introduced. With support of ICT, alternative approaches for
capturing project performance data arose, including automatic data collection with
sensors, using crowdsourcing and collecting data through a common database where
data can be entered by several users and establishing a database for benchmarking.

Project performance is measured for many reasons such as benchmarking, rewarding
and monitoring whether the firm’s strategy is working well at all levels of the
organization. Project performance metrics are used for ex post evaluation and are
designed as relative measures comparing planned and actual performance.
Performance can be monitored in ongoing projects by benchmarking with typical
industry figures during different project phases (Yun et al., 2016). Traditionally, the
main performance aspects of construction projects are cost, schedule and quality
performance. Criteria for project managers' performance might refer to how project
managers perform as individuals (Dainty et al., 2003), however, in this thesis, the
emphasis is on refurbishment project processes.

Sustainability has become a widely applied performance measure in major
construction firms. The concept of sustainability currently is considered to be three-
dimensional and involving environmental, economic and social aspects. The effect of
refurbishment on social sustainability is often associated with urban renewal of low
income areas where the effects are observed after the refurbishment is completed.
Energy savings in the post refurbishment phase obviously are interesting in the context
of environmental sustainability, but contractor energy use during the refurbishment
process does not influence environmental sustainability significantly. Hence, most
building certification schemes do not include energy use during the refurbishment
process in their energy assessment, but focus on potential energy improvements in the
refurbished building (Kamaruzzaman et al., 2016).
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Efficient use of resources can improve productivity performance and by reducing
waste generation and other negative environmental effects can improve environmental
performance. Resources include both economic and biological resources, human and
natural resources and tangible and intangible resources. Resource use can be
monitored to improve performance until the marginal gains from resource use
monitoring are equal to its marginal costs. It is not easy to measure labour skills and
ecological qualities of material resources, and to price them. In a market economy, the
prices of materials and natural resources do not reflect the depletion and environmental
costs in full (Andersen, 2007). Negative externalities related to the use of
environmental resources can be internalized using taxes and dumping fees, but this is
not always feasible.

How refurbishment is defined determines which processes are covered. There is no
consensus among practitioners and researchers on how refurbishment should be
defined and there are many terms that are used as synonyms for refurbishment
including the words maintenance, repair, replacement, rehabilitation, restoration. In
this thesis the term refurbishment is preferred. Mansfield (2002) criticizes definitions
of refurbishment for being too vague and not setting limits to the different processes
involved in refurbishment, or being too narrow and limiting the reader's perspectives.
In this thesis, refurbishment is understood as the Swedish “ombyggnad” which refers
to modernization and improvement of a building combined with maintenance,
alterations and updates, but not extensions. The main processes involved in
refurbishment projects are design, procurement, refurbishment, followed by the post-
refurbishment phase. The focus here is on the refurbishment process.

Refurbishment is characterized by demolition and unforeseen conditions. Measuring
performance as deviations in refurbishment projects is more complicated since
unforeseen conditions making it difficult to develop precise plans to compare later
with the outcomes. Fiedler (1987) identifies several restrictions to the scheduling of
building modernization projects including minimizing disruptions to building use, the
spatial and temporal concentration of modernization tasks, discontinuous resource
allocation and uncertainty related to the duration of several activities. Compared to
new construction, the services nature of refurbishment, as already mentioned, is
strong, and the uncertainties pertaining to the existing building, and the involvement of
tenants, are distinguishing aspects. Unlike most types of manufacturing, refurbishment
is difficult to standardize and ways to improve productivity based on manufacturing
assembly lines are difficult to apply. Use of prefabricated building components is the
closest refurbishment comes to being a standardized activity. Complexities and
uncertainties in refurbishment arise from incomplete designs, types of procurement,
number of subcontractors, availability of materials and skilled labour, limited site
space and problems related to accessing sites (Rahmat, 1997). In addition, there can be
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greater dependence on subcontractors in refurbishment and clients often appear to be
more involved in refurbishment projects compared to new construction.

The client perspective is typical of early studies of refurbishment projects such as
energy efficiency refurbishment where clients face financial barriers and are actively
engaged in the procurement and follow-up stages (Olsson et al., 2015). Clients are
knowledgeable about their houses and their renovation needs, which makes client
demand and client involvement important (Malmgren, 2014). On the other hand, with
the exception of a few studies (see e.g. Egbu, 1997; McKim et al., 2000), the
contractor perspective in the refurbishment process is mostly ignored.

Site managers' practices on refurbishment sites vary because refurbishment
organizations are decentralized. Decentralization allows refurbishment site managers
flexibility and room for quick responses (Egbu, 1999). The influence of site managers
over the success or failure of construction projects in general is strong (Polesie, 2012).
They have been described as “the king[s] of construction sites” (Gluch and Réisanen,
2012) and project leaders responsible for the day-to-day management of the
construction site (Styhre, 2008). The day-to-day parts of the work, mainly production
related duties, are now often transferred to foremen with site managers mostly engaged
in planning, procurement, documentation and reporting, and project management
(Styhre, 2006). The administrative activities vary based on head office requirements
and force site managers to prioritize among different tasks (Styhre and Josephson,
2006). In the construction industry, site managers are referred to also as production
managers. There is a distinction between site managers and project managers; site
managers spend most of their working hours on the construction site while project
managers are more often engaged in desk based administrative duties related to more
than one project. Refurbishment site managers can be compared to Information
Technology (IT) project managers, given that the majority of IT services involve
refurbishing existing IT bases. Also, IT projects are decentralized and IT project
managers tend to work at customers’ sites, much like refurbishment site managers.

Monitoring and management of resources are time demanding activities which can be
facilitated by use of ICT. Previous studies provide evidence of links between site
managers’ IT use and project performance. For new construction, Ling and Tan (2015)
find a relation between site managers’ IT use for updates and project monitoring and
better time performance, higher quality and client satisfaction. Similar performance
improvements could be achieved in refurbishment projects where the refurbishment
site manager uses IT for updates and project monitoring.
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1.1 Purpose and research questions

The purpose of this thesis is to investigate how construction performance is measured
by focusing on refurbishment site managers’ monitoring and management of resource
use. It investigates three research questions:

RQ1. Which are the relations between construction industry productivity and measures
of construction project performance?

The construction industry suffers from low productivity growth rates. This first
research question requires investigation of the causes of low productivity growth rates
in the construction industry and how measures of construction project performance
could contribute to better measurement of productivity.

RQ2. How is resource use monitored and managed by refurbishment site managers?

At the project level, productivity and sustainability performance are important.
Although encompassed by the concept of productivity, resource use and waste
management often are linked to environmental and economic sustainability. This
second research question requires investigation of the measures used to monitor
resource use and how resource use is managed, by focusing on monitoring by
refurbishment site managers. Here, resource use management refers particularly, but
not only, to waste management.

RQ3. How is resource use monitoring and management supported by ICT tools on
refurbishment sites?

Due to the number of production related and administrative duties, site managers are
required to prioritize among these activities on refurbishment sites. Lack of time is
often cited by site managers, although this might refer only to that certain activities are
not prioritized. Use of advanced ICT should increase the efficiency of monitoring and
managing resources. However, before advanced ICT support is introduced, it is
necessary to have an overview of how ICT is used by refurbishment site managers.
The third research question therefore addresses use of ICT for resource use monitoring
and management by refurbishment site managers.

As for the second and third research questions, this study is limited to refurbishment of
multifamily housing and office buildings in Sweden. It is intended to contribute to the
scientific fields of construction management and services.

1.2 Outline of the thesis

The thesis consists of an extended summary and four appended papers. Chapter 2
presents the theoretical framework of the thesis; Chapter 3 describes the research
methods, data collection and analysis and discusses limitations of this research.
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Chapter 4 summarizes the appended papers which are discussed in Chapter 5. Chapter
6 concludes with a number of implications for practice and suggestions for future
research.



Theoretical framework

2 Theoretical framework

As already indicated, performance measures are applied at different levels: industry,
firm, project and activity. Productivity is an important industry level measure while
concepts such as efficiency are applied typically at the firm level. In projects,
especially construction projects, sustainability measures related to environmental,
economic and social sustainability are applied increasingly. Resource use including
waste management are the input component of the productivity formula and also
influence primarily environmental, and economic sustainability. As already
mentioned, this study focuses on site managers during the refurbishment process; what
the client pays is mostly determined in advance, which is why output measurement is
not considered here.

2.1 Performance measurement systems

In this thesis, the focus is on construction performance measurement, in particular site
managers’ monitoring and management of resource use. According to Malmi and
Brown (2008), performance measurement is an important part of cybernetic control,
which includes the activities of measuring performance, comparing performance to
standards and providing feedback about unwanted variances. Typical cybernetic
control components are budgets, financial measures, non-financial measures and
hybrids such as balanced scorecard. Thus, cybernetic control systems include
management accounting systems.

Management accounting theories explain the form, use and change of accounting
systems across a range of conditions (Malmi and Granlund, 2009). These conditions
can include company size (Davila, 2005). Although decentralized, organizations which
rely heavily on suppliers and contractors are expected to have more aggregate
accounting practices and performance measurement systems as well as more
centralized contracting (Feltham et al., 2015). Clearly, there are links between the
structure of the organization (centralized or decentralized), the size of the organization
and the performance measurement system.

Firms measure their performance for obvious reasons including the rewards tied to
performance measures, and benchmarking to check the firm’s progress against that of
competitors in order to develop and evaluate new strategies (Eccles, 1991). Firms
expand the number of their performance measures and, according to McAdam and
Bailie (2002), traditional financial measures are not sufficient because performance
measures need to be aligned to the business strategy, which is affected by the changing
nature of the work, increasing competition, specific improvement initiatives, national
and international quality awards, changing organizational roles, changing external
demands and the power of IT. Bititci et al. (2012) add global sustainability and
guestion how performance measurement systems can incorporate sustainability

7
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dimensions in order to integrate sustainability measures. For service firms, both the
type (public or private) and size (large or small) of the organization affect performance
measurement and also its service characteristics, namely the role of customer contact
and customization (Jaaskeldinen and Laihonen, 2014). Clearly, advances in ICT,
especially spreadsheet software, are allowing easier data collection and storage, which
are enabling the introduction of new dimensions of performance such as
environmental and quality performance.

At the project level, cost, schedule and quality have been the traditional main
performance measurement areas in construction projects and, based on these measures
only, new construction projects have been shown to perform better than refurbishment
projects (McKim et al., 2000). This can be explained by the difficulties associated with
refurbishment projects including unforeseen site conditions, lack of information about
the existing building, limited space for construction, health and safety of current
occupants, and involvement of more parties including occupants. In particular, related
to quality, complaints from occupants about dust, noise and smoke nuisance are
substantially higher in many refurbishment projects.

2.2 Productivity performance in the construction industry
Productivity is an important performance measure at the industry level based on its
relation to economic growth. According to official statistics in many countries, the
construction industry is associated with low productivity growth rates. Most
explanations of low productivity growth in the construction industry do not go beyond
the short term. Dacy (1965) highlights shifts in construction product mix, geographical
distribution (different design and building codes in different US states), increased
construction firm size in contract construction, introduction of new techniques, decline
in average age of construction workers, and increased capital per worker. Low
productivity growth in the construction industry can probably be explained by: (i) lack
of a clear definition of the industry and its boundaries, and (ii) mismeasurement of
productivity. Developing reliable and robust industry productivity measures has been
discussed in many previous studies; without such measures, the state of construction
productivity will remain an unanswered question (Dadi et al., 2014).

Previous studies of construction contractors in Sweden indicate that when site
managers use the term “productivity” they often are referring to cost (Forsberg, 2008;
Polesie, 2011). In this thesis, productivity is understood according to the OECD
definition already mentioned as “a ratio of volume measure of output to a volume
measure of input use”, which is based on the market prices for outputs and inputs. In
construction projects, partial productivity measures, which are used by firms and
construction management researchers, often include labour productivity, machine
productivity and materials consumption. As also mentioned earlier, the service nature
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of refurbishment is strong (Holm, 2000). Therefore, relying only on physical units,
such as cubic metres of concrete layed, as outputs, is not appropriate. Also, the
difficulties involved in determining inputs, due to their varying quality, such as in the
case of labour, are evident.

Input in the productivity formula, refers to resources and by using resources
efficiently, productivity performance can be improved as well as environmental
performance by reducing negative environmental effects. Resource use can be
monitored to improve productivity, but it is not straightforward to measure labour
skills or the ecological qualities of material resources and, subsequently, to price them.
Therefore, it is interesting to investigate actual resource use monitoring practices on
refurbishment sites.

2.3 Environmental sustainability in the construction
industry
Sustainability is included in the annual reports of most major construction firms and
sustainability performance measures are becoming widely applied. Use of building
certification schemes is one way of measuring sustainability in construction projects.
Building certification schemes are not just marketing tools, but involve objective
evaluation of performance to provide design guidelines, encourage dialogue between
project actors, and drive the market towards higher sustainability (Cole, 2005). In
refurbishment projects, evaluation criteria in these schemes go beyond typical
environmental sustainability measures, such as energy, sustainable sites, materials,
water and waste, and include innovation, economic, social and cultural measures
(Kamaruzzaman et al., 2016).

Sustainability is understood as referring to more than the environmental dimension. In
refurbishment projects, sustainability is seen as including energy savings, increased
comfort, healthier working environments, extended building life cycle, economical
exploitation and environmental protection (Mickaityte et al., 2008). In studies
analysing sustainability in refurbishment projects from a contractor perspective, social
sustainability is seldom the focus given that the effects of refurbishment on social
sustainability are mainly associated with the post refurbishment context. However,
workers’ occupational health and safety and occupants’ comfort are social
sustainability issues which are raised by the refurbishment process.

Energy use is a major aspect of environmental sustainability. In energy efficiency
refurbishment (retrofit) projects, the aim is to reduce the energy use of a building in
the post refurbishment phase, while the energy used by the contractor during the
refurbishment process is comparatively less important for environmental
sustainability. Research on energy efficiency refurbishment is associated mostly with
the interests of refurbishment clients (property owners) and, particularly, their efforts

9
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during the procurement and follow-up stages, and the financial barriers they face
(Olsson et al., 2015) or relating to how energy retrofitting increase rents and social
inequities (Mangold et al., 2016).

Environmental sustainability can be analysed from two perspectives: conservationist
(anthropocentric) and preservationist (biocentric). Passmore (1980, p. 73)
distinguishes these: “the conserver of forests has his eye on the fact that posterity, too,
will need timber, the preserver hopes to keep large areas of forest forever untouched
by human hands”. Applying conservationist and preservationist views to the
refurbishment process raises significant issues. Resource use and waste management
are important elements of the research questions addressed in this thesis, and both
activities require use of natural resources by and for humans, in line with the
conservationist view. From the preservationist perspective, refurbishment and,
especially, energy retrofit projects, are useful since these activities aim to reduce
resource use and the negative impacts on nature. Thus the conservationist view is
essentially short term when it refers to the refurbishment process while the
preservationist view corresponds to the post-refurbishment situation.

2.4 Resource use and waste management

Excessive use of resources and bad management of resources have negative impacts
not only on environmental sustainability at the local and global levels but also on
productivity. Measures of resource use and waste management are typical
sustainability measures, which often are linked to environmental and economic
sustainability. Hill and Bowen (1997) acknowledge reduced materials use, maximized
reuse and recycling of resources, and use of renewable resources in their list of
sustainable construction principles. Shen et al. (2007) classify labour, materials and
waste disposal costs under economic sustainability, while waste generation, resource
consumption, materials reuse, waste classification, special waste treatment and waste
recycling and reuse are classified under environmental sustainability. In the present
study, the focus is on monitoring labour, construction materials and waste
management services.

A special case of monitoring resource use is waste management and, in the
construction industry, waste management activities include reducing waste generation,
sorting, reusing, recycling and disposal. Inefficient use of resources contributes to
waste generation; the construction industry is ranked first in European Union statistics
for waste production and second in Sweden after mining and quarrying (Eurostat,
2016). Waste is produced by demolition, which is frequent in refurbishment projects; it
is produced also from poor materials handling practices, design changes and inaccurate
documents (Fadiya et al., 2014). Waste generation in refurbishment can be reduced
depending on how the waste is generated.

10
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Factors influencing refurbishment site managers’ waste management efforts can be
categorized as project related factors, organizational and personal factors, technical
factors, industry culture and legislation. Project related factors are last minute client
requirement changes, incomplete or inaccurate contract documents (Li and Yang,
2014), uncertain project nature (Li, 2012), contract type (Withana-Gamage, 2011),
architects avoiding waste generation (Osmani et al., 2008) and clients being focused
on financial returns rather than environmental issues (Udawatta et al., 2015).
Organizational and personal factors include company size (Begum et al., 2009),
attitude of site management (Yu et al., 2013), seeing waste as inevitable, lack of
managerial commitment, resources and incentives (Teo and Loosemore, 2001), site
staff knowledge of waste management methods and issues, and support from top
management (Lingard et al., 2000). Technical factors include limited site space (L1,
2012) and lack of facilities (Teo and Loosemore, 2001). The other factors are
legislation, waste practices considered to be impractical, costly, obstructing normal
work, causing delays, disposal fees being insignificant (Poon et al., 2013), and
industry culture in general (Ajayi et al., 2016). In this thesis, the effects of the industry
culture are reflected in lack of incentives for subcontractors, organizational policy and
support and contract type.

Having demonstrated the role of resource use and waste management, it is necessary to
explore how monitoring and management of these activities can be facilitated. There is
obvious potential to improve resource use monitoring and waste management
performance through the use of ICT which can vary from very simple versions like
pen and paper to advanced ICT tools.

2.5 Tools for monitoring and management: ICT use

Today, ICT is applied in the construction industry to support operations, to
communicate and share (documents, drawings) and to store information for reuse. A
recent longitudinal study of IT use in the Swedish building sector notes rapid increase
in general use of IT (Samuelson and Bjork, 2014). The results of their study indicate
that all fixed workplaces had computers and Internet access already in 2007.
Temporary workplaces, such as construction sites, took advantage of mobile
connectivity including Internet access alternatives. Swedish contractors are using IT
increasingly for materials management and purchasing although there is less use of
electronic document management and Building Information Modelling (BIM).
Swedish contractors generally present a lower IT maturity than architects and technical
consultants. IT maturity and the perceptions of managers influence acceptance of new
technologies in decentralized organizations such as medium and large construction
contractors.
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Use of technology in organizations can be mandatory or voluntary. According to one
influential theory, media choice is based on media richness and media are used to
reduce uncertainty and resolve equivocality (Daft and Lengel, 1986). Media richness
theory explains why organizations offer certain types of media to their employees,
mainly to manage information, organizational learning and knowledge sharing.
Organizational learning and knowledge sharing practices in the construction industry
require social capital and rely on direct communication rather than formal reporting
systems and intranets (Styhre, 2008). This thesis does not investigate why
organizations offer certain types of media or the role of organizational learning in the
acceptance of ICT; instead it focuses on why individuals choose different media since
the choice on construction sites appears not to be dictated completely by the
organization.

In organizations with decentralized structures, managers’ media choice is voluntary to
some extent and is influenced heavily by individual acceptance. The Technology
Acceptance Model (TAM) is the pioneering model explaining the diffusion of IT by
individuals. In the original TAM model, Davis (1989) defines behavioural intention to
use a technology as the decisive factor with perceived usefulness and perceived ease of
use as two other factors influencing behavioural intention to use. It is worth noting
that, when applying the TAM model in mandated environments, the primary and
secondary determinants of behavioural intention are ease of use and perceived
usefulness (Brown et al., 2002). The UTAUT (Unified Theory of Acceptance and Use
of Technology) synthesis model (Venkatesh et al., 2003) has been adopted by many
researchers and includes four constructs: performance expectancy, effort expectancy,
social influence and facilitation conditions. While performance expectancy in the
UTAUT model is similar to the perceived usefulness of the TAM model, effort
expectancy is similar to the perceived ease of use. In this thesis the TAM and the
UTAUT models are used in the following ways: ease of use related measures include
ease of data entry, ease of updating project information, ease of linking to BIM models
and accessibility; usefulness measures include links to client’s system and mobile
availability. Relevant UTAUT moderators, namely age, experience and voluntariness
of use, are included in the present investigation.

Using IT diffusion models for the construction industry requires acknowledgement of
the industry characteristics. Construction projects are often short term, temporary and
require different groups of construction professionals to work together. Adriaanse et
al. (2010) note time pressure as a restriction when introducing new ICT in construction
projects. Several actors are involved in construction projects and one of the parties
might mandate interorganizational ICT use, for instance, by requesting digital
documentation. However, contractual requirements related to the use of certain
technologies can face resistance from site managers. Several studies which apply the
TAM model to the construction industry, show that usefulness is a stronger
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determinant than ease of use, and also include social influence, job relevance, top
management support (Son et al., 2012) and the technical features of mobile devices
including screen size, input methods such as touch-screen or voice recognition, storage
capability, mobility and durability (Chen and Kamara, 2008) as determinants of IT
use. Advanced ICT, such as BIM, on construction sites is said to be hindered by lack
of mobile devices and employees familiar with use of BIM (Maki and Kerosuo, 2015).
It is suggested that implementation of BIM requires not only tools but also changes to
site managers' daily tasks such as collaboration with designers and encouraging them
to participate in design management processes.

Job relevance, including daily routines, tasks and ICT support for daily tasks, is
important for ICT use, which makes it similarly important to understand construction
site managers’ daily routines, tasks and information needs. Tenah (1986) refers to
primary functions and information needs of construction staff already in the mid-
1980s. He considers construction site managers’ primary functions to be supervising
and organizing the work of foremen, and supervising equipment, materials and
services to ensure that project is built within schedule, overseeing budget, safety and
quality standards, directing all pre-construction activities and directing inspection and
completing punch lists, warranties and operating data. In order to carry out these tasks,
site managers require : (i) blueprints, specifications and other contract documents; (ii)
local union and labour activities, safety regulations, labour agreements, quality control
and testing regulations; (iii) work status and progress reports, detailed schedule,
critical item action reports and a field diary; and (iv) purchase order control, shop
drawing and sample control, procurement status, field labour, back charges, vendor
and subcontractor and change order report. Nowadays, some of these activities are
carried out by site supervisors (foremen), delegated by site managers, and part of this
information is collected by them. Maki and Kerosuo (2015) observed that site
managers' working days are devoted to work planning and briefing including site
rounds, preparing for bids and procurement, solving problems, invoicing and keeping
site diaries, searching for missing information in design, and meetings. Some of these
tasks require information sharing and problem solving platforms allowing the input of
subcontractors, designers, materials suppliers and other site personnel.

Site diaries are one way of recording site activities being useful sources of data. They
can be used for a number of purposes including dealing with claims, checking quality,
controlling costs and monitoring performance (Scott and Assadi, 1999). Russell (1993)
shows that site managers did not prioritize filling site diaries in their daily routines for
two reasons, (i) time pressure, and (ii) the difficulty involved in making efficient use
of site diaries. Russell proposes categories for the computerized daily site reporting
required of a site manager in order to reduce the response time to problems, integrate
site reporting with project scheduling and project planning, and allow faster updates.
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ICT used to monitor activities can reduce the need for manual entries by site
managers. This reduces the labour intensiveness of data collection, less time is spent
on these activities and enables more frequent monitoring. Attempts have been made to
automate monitoring of labour input using global positioning systems (Navon and
Goldschmidt, 2003), monitoring of equipment, tower crane, materials and safety
performance (Navon, 2005), materials management including planning, procurement,
logistics, handling and stock and waste control using two types of input: project
information from headquarters, and project progress, which is recorded using
monitoring cameras placed on the construction site (Kim et al., 2013) or using
automated data collection technologies involving barcodes (Navon and Berkovich,
2006). For waste management, IT support is typically used for quantification, keeping
records and supporting decision making. For instance, DeconRCM (Banias et al.,
2011) is a web-based decision support system enabling optimal management of
building demolition and renovation waste using information on the building including
construction year, dimensions and type of heating to estimate the quantity of waste. On
the other hand, Kasim (2011) notes that only spreadsheet and handheld devices are
used for materials management on sites and that their application is limited to planning
and procurement, with other materials management activities carried out in traditional
ways. Isaac and Navon (2014) question whether monitoring and control can be fully
automated. They suggest that since human actions are complex and unpredictable,
manual entry of data is still needed and propose a framework for semi-automation
which incorporates manual data from the daily site report and assessments by team
members.

This thesis does not focus on future possibilities for the automation of monitoring and
control activities, which explains why advanced technologies of automation are not
covered here. Instead, the focus is on ICT being used in current practice to support
monitoring and problem solving, that is, technologies commonly used on construction
sites for these purposes such as laptops, mobile telephones and tablets.

2.6 Extension of the framework

The framework described above was used to frame the interviews and the first
questionnaire. The responses to open-ended questions were used to extend this
framework for the second, larger questionnaire survey. The extended framework
includes new factors such as project size, project type, project location and
International Organization for Standardization (ISO) standards.

2.7 Summary and revisiting the research questions
Productivity is an important performance measure at the industry level. The
construction industry suffers from low rates of productivity growth, for which the
literature provides only short term explanations. Low productivity growth rates in the
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construction industry can be explained by measurement errors and problems related to
determining output and input qualities, which highlight the need to extend the range of
performance measures at project level. This refers to the first research question which
addresses the relations between construction industry productivity and measures of
construction project performance.

Besides traditional performance measures (cost, schedule, quality), sustainability,
especially environmental sustainability is becoming one of the widely applied project
level performance dimensions in construction projects. Resource use and waste
management are activities that influence environmental and economic sustainability as
well as productivity, and these activities can be managed by refurbishment contractors
during the refurbishment process. Therefore, monitoring these activities is important,
which refers to the second research question which addresses how resource use is
monitored and managed by refurbishment site managers.

Most contemporary construction sites have access to ICT tools such as laptops,
printers, tablets and Internet connection. Previous studies focus on automation of
monitoring on construction sites to save time and avoid manual entry by site managers,
and conclude that semi-automation might be the best choice combined with manual
data entry. It is important to understand site managers’ media choices for monitoring
which refers to the third research question addressing how resource use monitoring
and management is supported by ICT tools on refurbishment sites.
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3 Research approach and design

The purpose of this thesis is to investigate how construction performance is measured
by focusing on refurbishment site managers’ monitoring and management of resource
use. The first research question, “which are the relations between construction industry
productivity and measures of construction project performance?” is the starting point
of this thesis and is a “what” type question. The method chosen to address this
question is theoretical analysis based on a literature review. Literature review was
chosen because of the many useful previous studies of construction productivity. It
also allowed a linear research process, in which each step is followed by another step
in a clear, logical sequence, allowing development of a frame for data collection
(based on semi-structured interviews and questionnaires) to address the second and the
third research questions. An explorative research design would have provided more
flexibility throughout the research process, however, explorative approaches are more
useful in the absence of previous literature relevant to the research questions.

3.1 Research design

The study started in August 2011 with an initial literature review. The first empirical
data for the project were collected in 2013, based on short, semi-structured interviews
in a pilot study (Empirical study I). Based on the outcome of the pilot study, the
investigation was narrowed down to waste management and resource use monitoring.
Due to the decentralized nature of refurbishment organizations, refurbishment site
managers were selected as the object of investigation. Site managers play a crucial role
in construction projects, although academic debate tends to underestimate their role
(Polesie, 2012).

During 2015, 27 semi-structured interviews were carried out to collect empirical data
on waste management at refurbishment sites. This study (Empirical study I1) was
intended to be followed by a questionnaire survey, to test factors influencing waste
management and resource use monitoring, and factors influencing use of ICT to
support these activities. Hence, Empirical study 111, involved three stages: first, an
initial short questionnaire administered to 15 site managers, to identify their ICT
choices and the factors influencing their choices; second, short semi-structured
interviews with 14 site managers to identify which ICT support was used for what
purposes; and third, using data from the first two stages, a longer questionnaire was
administered nationally to refurbishment site managers.

In order to increase the validity and reliability of the findings, the interviewees were
selected randomly and anonymity promised, an interview guideline was used and
interviews were taped, transcribed and documented. The data collection and analysis
methods and choices are also explained. In Empirical study Il, data were collected
from multiple sources, not just site managers.
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This thesis is based on both qualitative and quantitative research. Qualitative research
IS sometimes criticized as being too subjective, difficult to replicate and generalize,
and as lacking transparency, while in quantitative research, the researcher is distant
from the participants, and structured ways of data collection limit the researcher’s
ability to explain the relations between variables. Moreover, quantitative research is
context-bounded (Bryman and Bell, 2011). A mixed research method can mitigate
these difficulties. Both the second and third research questions require an
understanding of actual site practices, which are captured better using a mixed
methods approach. Qualitative and quantitative research are related in that results
converge and support the same conclusions, results focus on different aspects of an
issue, or results are contradictory (Flick, 2009). In this thesis, the questionnaire survey
was used to check the results of the interviews in Empirical study 11, but also to
investigate ICT use on refurbishment sites. Qualitative research can be used to
facilitate quantitative research by developing hypotheses, originating in the theoretical
framework, for quantitative research, since qualitative research allows unstructured,
open-ended data collection. In this thesis, semi-structured interviews were used to
identify aspects that were measured in the questionnaire and, also, to identify causal
relations between survey variables. Detailed information about the data used in this
thesis and relations to the research questions and papers are presented in Table 1.

Table 1. Appended papers and data used

Papers Empirical Data type Data collection | Number of Contribution
study time respondents to research
questions

I - Literature review - - RQ1

I I Semi-structured March-October | 8 interviewees RQ2
interviews 2013

Il Il and I1I Semi-structured February-June 27 interviewees | RQ2 and RQ3
interviews 2015
Questionnaire December 2015 | 78 filled

v Il Semi-structured March- 14 interviewees | RQ3
interviews September 2015
Questionnaire December 2015 | 78 filled

Other qualitative data collection methods used in previous relevant studies include
case studies (Egbu et al., 1998; Costin et al., 2012; Davies and Harty, 2013).
According to Dubois and Araujo (2007), case studies are useful for “the detailed
explanation as to why particular outcomes occur”. Case studies provide rich, empirical
and contemporary descriptions from the investigation of a particular phenomenon
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(Eisenhardt and Graebner, 2007; Yin, 2009). Multiple cases provide a stronger base
for theory building, enable comparison and show whether an emergent finding is
repeated consistently in several cases; multiple cases enable a broader explanation of
research questions and theoretical elaboration, and create more robust, generalizable
and testable theory (Eisenhardt and Graebner, 2007). Generalization from case studies
is limited to theoretical generalization and not to populations (Yin, 2009); the goal is
to expand and generalize theories. Refurbishment projects are expected to vary widely,
and site managers' practices are expected to be subject to a number of sources of
uncertainty. Therefore, instead of studying a few refurbishment projects as cases that
would provide a limited set of data to explain resource use monitoring and
management on refurbishment sites, the main decision makers on refurbishment sites,
namely the site managers, are investigated in the empirical studies.

Ethnographic research could have been used for this investigation; it has been used in
previous studies investigating construction sites and site managers (Nycyk, 2008;
Lowstedt, 2015; Maki and Kerosuo, 2015). An ethnographic researcher can play
several roles depending on his or her involvement in the setting from complete
participant, participant-as-observer, observer-as-participant to complete observer
(Bryman and Bell, 2011). | could have spent a month at each refurbishment site as a
complete observer, taking notes and observing resource use monitoring and
management, waste management, and ICT use. However, data collection through
ethnographic research in the construction industry can be difficult. An ethnographic
study of construction sites (Nycyk, 2008) highlights several serious limitations
including difficulty in gaining access, continuous need for permission, highly
competitive industry, difficulty to convince management that the method is useful,
need to be unobtrusive - people do not like being observed closely, employees' beliefs
that the study is serving a management objective, lack of trust, time involved for
project participants and problems related to confidentiality and reporting results. Thus,
the choice for this thesis was not to follow an ethnographic method.

3.2 Data collection and analysis

Paper I is based on the literature review and addresses research question 1. The
literature search was not a systematic review based on a set of journals and keywords,
but instead was based on the traditional snowballing technique, where articles
associated with construction productivity, services productivity and performance
measurement were reviewed along with the articles they cited. The intention was to
analyse the historical construction productivity debate since its beginnings in the
1930s.

The empirical data used in Papers I, 111 and IV were derived from semi-structured
interviews and questionnaires, all collected by the author. Semi-structured interviews

19



Research approach and design

involved mainly site managers, but included also a few project managers, site
supervisors and environmental staff in order to obtain views from other levels of the
organizations on company policies and relationships with clients, subcontractors and
waste logistics firms. Semi-structured interviews were chosen because of the already
mentioned flexibility that allows the interviewer to depart from the interview guide
and to ask follow up questions and also to deviate from the ordering of the questions
(Bryman and Bell, 2011). Compared to questionnaires, interviews offer flexibility
while allowing the collection of deep and complex information. In-depth interviews
are useful to delve into issues that should be included in the questionnaire, develop
response alternatives, and learn potential respondents’ views on certain topics (Blair et
al., 2013). The findings from the semi-structured interviews were exploited in this way
in the design of the larger questionnaire.

3.2.1 Empirical study |

The data from Empirical study | were used in Paper Il. The data were collected
through face-to-face interviews which lasted between 10 and 25 minutes. The
interviews were semi-structured and focused on a few crucial questions. In order to
reduce misunderstandings related to terminology, most interviews were conducted in
Swedish with the exception of one which was conducted in English at the
interviewee’s request.

The choice of interview questions was based on the literature review and the questions
were designed to reveal productivity and sustainability monitoring by refurbishment
contractors. The interviews covered a mix of open and closed questions such as “do
you follow resource use in your project?”, “who is responsible for that?”” and “why do
you measure sustainability?”.

Eight interviews were conducted in southern Sweden with participants from five
construction companies involved in refurbishment projects. Five of the interviewees
were site managers employed by large contractors, and three were general or site
managers from SMEs. All were involved in housing refurbishment projects. The large
contractors are two of the largest contractors in Sweden and are included in the Dow
Jones Sustainability Index company list. The SMEs are local contractors, located in the
Gothenburg area.

The interviews were recorded and transcribed to confirm the notes taken during the
interviews. For the data analysis, Flick’s (2009) qualitative content analysis method
was adopted. A number of categories were developed based on the literature.
Irrelevant questions were eliminated, while similar passages were combined and
summarized.
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3.2.2 Empirical study Il

The data from Empirical study Il were used in Paper Ill. They were derived from 27
semi-structured interviews with site managers (15), project managers (4), supervisors
(4), environmental staff (3) and one project engineer. Interviewees were from the two
large Swedish contractors involved in Empirical study I. They were working on
housing and office refurbishment projects and were familiar with certification schemes
such as BREEAM (Building Research Establishment’s (BRE) Environmental
Assessment Method), LEED (Leadership in Energy and Environmental Design) and
the Sweden Green Building Council's Miljébyggnad (Brown et al., 2013). As already
explained, the focus is on site managers and their practices since (regardless of the
type of project) it is they who make the decisions at refurbishment sites. Project
managers and environmental staff were interviewed to obtain views from other levels
of these organizations on company policies and relationships with clients,
subcontractors and waste logistics firms. Three of the interviews were group
interviews involving respectively one site manager and one supervisor, one site
manager and two supervisors and one site manager and a project engineer. Since the
interview responses from project managers and environmental staff showed a high
degree of consensus, no further interviews were held with these categories of
employees.

Site managers were selected based on the criteria of at least two years’ experience in
residential and commercial refurbishment projects, location in south-west Sweden, and
experience of working in different sized projects. The requirement of two years’
experience ensured that interviewees would have participated in more than one
refurbishment project.

Interviews were conducted between February and June 2015. At least 24 hours in
advance, interviewees were given a short text describing the research project and a list
of interview questions. Interviews lasted for 30-60 minutes, were conducted in
Swedish and were taped. Interviews were face-to-face and, except for one interview,
were conducted in the interviewee's office. Interviewees were promised anonymity.
The interview guide began with questions about years of experience, occupation in the
company and types and sizes of refurbishment projects. It comprised a mix of open-
ended and closed questions, including questions about experience from earlier
projects. Examples of interview questions are “What actions do you take on site to
deal with waste?”, “How do waste management practices differ on refurbishment sites
compared to new construction?” and “Do you see a link between the contract type
(traditional or design-build) and waste management practices on refurbishment sites?”

Interviews first were transcribed verbatim and then summarized for each question.
Responses were categorized and relevant passages were coded.

21



Research approach and design

3.2.3 Empirical study Il

The third empirical study is largely independent of Empirical study Il since it refers to
the third rather than the second research question. A small part of the empirical data
from Empirical study I11 was used in Paper I11, the remaining data were used in Paper
V.

The data in Empirical study 11 were collected in several steps. First, a mini
questionnaire survey on ICT use was administered to 15 site managers from the two
large Swedish contractors in Empirical studies I and 11, and to three site managers
from SME contractors. Second, short semi-structured interviews were conducted with
11 site managers, again from the two large Swedish contractors and three site
managers from SME contractors. Third, a questionnaire was developed and sent to
those respondents currently or formerly responsible for refurbishment site
management, in order to analyse the effects of factors identified from earlier studies
and to analyse the role of ICT use in monitoring and managing resource use and waste
management. The questionnaire comprised 24 questions, mainly with checkboxes
which took some 5-10 minutes time on the part of respondents. The classification
questions were aimed at obtaining information on respondents, their experience and
age, company size and information on the two most recent refurbishment projects
including size, type, location, project contract type and which media were used for
eight specific activities. The survey ended by asking respondents to compare waste
management efforts, materials and work hours monitoring in their most recent two
projects. Reuse of survey questions in earlier studies would have allowed comparison
of the results of this study with other studies and increased reliability. However, the
guestionnaire was developed based on the pilot survey and interviews, and none of the
guestions was obtained directly from the previous literature although they were
inspired by earlier research. The questionnaire survey was tested on two site managers
and one industry representative before being administered to the sample. Test
participants interpreted the questions as intended, which ensures validity.

Information on site managers was obtained from Sverige Bygger, a company which
supplies data on construction projects. The main criteria for selecting the projects
were:

1. only multifamily housing and office refurbishment projects;

2. projects which started between April and October, 2015;

3. projects with a budget over 1 million SEK; smaller projects focusing only on
repairs (e.g. to ventilation or lifts) were removed

Details were obtained of 270 refurbishment projects. For each project, the dataset
supplied the name of a contact person and often the contact person's job title. Since the
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target population was individuals with experience of refurbishment site management,
it was necessary to eliminate or replace contact persons whose managerial
responsibilities did not include site manager. In small firms, the owner or general
manager might belong to the target population. For contractors with fewer than 50
employees, a web check was conducted on whether the firm engaged only in
refurbishment; if the contact person in the dataset was not a site manager, the site
manager was identified by searching the firm’s web pages.

The resulting list was checked against company web pages to ensure that the managers
were still working at the company and to confirm their work positions. A few projects
were eliminated because the contact person appeared more than once in the dataset.
Contact persons from the larger contractors, listed as working in positions other than
site manager, were more difficult to replace with site managers from the same
company since these firms typically employ managerial staff who work with both new
construction and refurbishment, which are not easy for the outside observer to
separate.

The web questionnaire survey was sent by e-mail to 232 potential respondents. Two
separate e-mails were sent to improve the response rate, depending on positions listed.
One email was sent to a first group, which included 46 recipients who clearly were site
managers, asking them to respond via a unique link generated for their e-mail address.
A second group of 186 recipients listed as working in various positions, such as
project manager, regional manager, foreman or owner, received an e-mail asking them
to reply to the questionnaire if they were responsible for refurbishment site
management, or to forward the e-mail to (only) one colleague with this responsibility.
Since the questionnaire could be returned only once through a unique link, the total
number of respondents was limited to 232.

Of the 232 distributed questionnaires, 17 questionnaires were not delivered due to
various reasons including incorrect e-mail addresses or the person having left the
company. After two reminders, 48 complete responses and 12 partial responses were
received, implying a response rate for the web questionnaire of 20% or, when
undelivered gquestionnaires were removed, 22%.

Although online questionnaires allow quick data collection, they have shortcomings
including that online questionnaire respondents tend more often to choose the “don’t
know” option than in-person gquestionnaires administered by an interviewer, and to
choose more extreme responses in Likert-scale questions. They tend to have lower
response rates, with less well educated and less computer literate respondents less
likely to participate (Blair et al., 2013). Online questionnaires share a number of
features with postal questionnaires: that they are kept short to increase the response
rate; they need to be self-explanatory; they are the same for all respondents;
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respondents are more likely to quit when banned from going further because of non-
response to an earlier question; and lack of control over who responds to the
questionnaire.

Some site managers may not have access to a computer in their workplace or might
have lacked a good Internet connection. In order to understand non-respondents’
choices, to minimize bias and to increase reliability, the questionnaire was sent
subsequently in paper form to the non-respondents, excluding four who had
unsubscribed from the web survey, but including respondents who had provided a
partial response. The 180 recipients of the paper survey included 37 site managers
from the first group and 143 respondents from the second group, those working in
various non-site positions such as project manager, regional manager, foreman and
owner. This exercise resulted in 30 postal responses (including two from participants
who had submitted partial online responses) and five letters indicating that the
addressee had left the company. The response rate for the postal questionnaire was
17%.

Overall, the questionnaire was sent to 232 recipients, five of whom did not receive it
because they had moved to another company; 78 of whom submitted complete
responses and 10 submitted partial responses. This means a response rate of 34%.
Response rates for this type of questionnaire analysing ICT use in the construction
industry vary between 13% and 40% (Ahuja et al., 2009; Hewage et al., 2008; Love
and Smith, 2003; Samuelson and Bjork, 2014). Considering that the responses from
the web and postal questionnaires were similar and the respondents had similar
preferences, non-respondents can be expected also to have similar preferences.

The questionnaire data were analysed using the SPSS software. The Kolmogorov-
Smirnov test was used to check whether the distribution of the data is normal. The
results of the test indicated violation of the assumption of normality for most of the
variables. Hence nonparametric methods were employed. The Kruskal-Wallis test was
then applied to compare multiple independent groups. Here the test was used to
compare the medians of for instance, five types of media choices and more, less, and
same waste management efforts. The Kruskal-Wallis test is typically followed by post
hoc comparisons, achieved by applying the Mann-Whitney test (Pett, 1997) which
allows comparison of two independent groups’ medians (Field, 2009). Here, the
Mann-Whitney test was used to compare the medians of for instance, web and postal
responses, more and less waste management efforts and use and non-use of a medium.
This combination of the Kruskal-Wallis and the Mann-Whitney tests has been used in
previous studies of the construction industry (e.g. Soetanto et al., 2006; Yong and
Mustaffa, 2013; Cattell et al., 2016). The significance level chosen for the Kruskal-
Wallis and Mann-Whitney tests was p<0.05. If many pairwise comparisons are made
with the Mann-Whitney test, Type | error can be faced. In order to avoid Type I error,
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a Bonferroni correction was applied by simply dividing the significance level by the
number of comparisons to obtain the new significance level.

3.3 Limitations

The data analysed in this thesis refer only to refurbishment contractors in Sweden. The
target populations for the surveys were contractors experienced in multifamily housing
and office refurbishment projects. Refurbishment projects and the activities involved
might differ between Sweden and other countries. This might be due to climatic
conditions (the Swedish climate is cold) and the high proportion of the aging housing
stock resulting from the Swedish Million Programme. The majority of residential
refurbishment projects in Sweden are focused on multifamily houses, which were built
between 1965 and 1974 having similar features. These are important limitations to
consider when generalizing the findings to other contexts. Also, the focus of the
empirical study was refurbishment sites and refurbishment site managers, not the
whole organization. The data are mostly cross-sectional. However, the questionnaire
respondents were asked to compare two subsequent projects. These findings reveal a
few general trends.
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4 Summary of appended papers

This chapter summarizes the purposes, background, findings and contributions of the
papers that form part of this thesis. Paper | and IV were authored by Sezer and
Brochner. In Paper I, the literature review and analysis were conducted jointly; In
Paper 1V, the empirical survey was planned and administered by Sezer and the
analysis was co-written. Papers Il and 111 were sole authored by Sezer.

4.1 Paper | — The construction productivity debate and the
measurement of service qualities

Productivity growth in the construction industry is lower than in manufacturing.

Several researchers have proposed short-term explanations for this low productivity

growth in the construction industry. The construction industry definition determines

what is measured as output. Construction industry productivity growth rates might not

be accurate due to difficulties related to measuring productivity.

The aim of this paper is to review earlier construction productivity research and to
compare it with more recent approaches to quality measurement used when analysing
services productivity, ultimately intending to provide guidance for using performance
data from construction projects.

The construction productivity debate highlights the difficulties related to determining
input and output qualities. Alternative approaches, such as use of intermediate outputs,
have been suggested. The debate on construction productivity focuses on industry
level productivity up to the end of the 1980s; in the 1990s, the focus broadened to
include the firm, the project and the activity or task levels. Examining the different
levels reveals, when the data aggregated to the industry level (national statistics), the
values for productivity growth are lower.

Based on the EU KLEMS (K-capital, L-labor, E-energy, M-materials, and S-purchased
services) database, which provides industry level productivity growth rates, the
construction industry shows productivity growth patterns comparable to industries
such as business services. These two industries have similar problems related to
measuring productivity including heterogeneity of inputs and outputs and the presence
of co-production. This paper analyses theories of productivity based on services, to
highlight the need to extend the range of construction input and output qualities.

The concepts of client productivity and client satisfaction are better developed in the
services sector. Satisfaction can be included in productivity measures because it is an
indicator of hidden implicit prices for various outputs characteristics. Data from multi-
criteria frameworks are needed to capture input and output qualities such as customer
satisfaction.
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4.2 Paper Il — Contractor use of productivity and
sustainability indicators for building refurbishment
Refurbishment and new construction differ in several ways, including in relation to the

uncertainties pertaining to the existing buildings and tenants’ involvement.
Productivity measurement in the construction industry is difficult owing to the
difficulties involved in measuring changes in input and output quality. Regulatory
requirements highlight the need for alternatives for the case of sustainable
refurbishment. Since refurbishment projects are often triggered by the objective of
saving energy, more attention is paid to environmental sustainability. Contractor size
is one factor that might explain the existence of and need for formal productivity and
sustainability policies. Large organizations can be expected to adopt formal MCS
including formal personnel control, while in smaller firms the organizational culture is
based on informal interactions, and personnel control systems also are informal.
Larger firms tend to plan their environmental practices better than smaller firms.

From the contractors’ perspective and in light of the increasing volume of
refurbishment projects, it would be useful to have indicators which better reflect the
characteristics of building refurbishment. However, before trying to develop new
indicators for future building refurbishment projects, it is crucial to understand the
nature of current productivity and sustainability indicators, and how, why or why not
refurbishment contractors use them in practice. The aim of this paper is to analyse the
use of building refurbishment productivity and sustainability indicators by
refurbishment contractors.

The empirical basis of the paper is semi-structured interviews, which lasted between
10-25 minutes and focused on a few crucial questions. Eight semi-structured
interviews were conducted in southern Sweden with participants from five
construction companies involved in refurbishment projects. Five of the interviewees
were site managers employed by large contractors, and three were general managers or
site managers from SMEs; all were involved in housing refurbishment projects. The
large contractors include two of the largest contractors in Sweden; the SMEs are local
contractors located in the Gothenburg area.

Both SMEs and large contractors track resource use on refurbishment sites. Resource
use is measured using cost recording systems and a few area-based key indicators.
Sustainability is a new concept for refurbishment contractors. ‘Waste volume’ is the
most frequent sustainability measure mentioned by contractors. Some SMEs have
sustainability policies, but the derived routines are weak on site. For large contractors,
sustainability policies are better developed and are reflected in site routines. SMES'
refurbishment technology choices are often dictated by the client’s designer, with
sustainability requirements included in the contract specifications. Large contractors
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are usually public companies whose stakeholders expect such routines. Lack of
motivation due to lack of client demand was the explanation given for failure to use
sustainability measures in refurbishment projects conducted by large contractors.
SMEs clearly saw little or no economic benefits from measuring sustainability.

In designing new indicators and building certification schemes, it should be noted that
simple measures of productivity are easy to apply, but cannot capture the complexities
of input and output quality. These new indicators should also make sustainability
monitoring more attractive and demonstrate the benefits from monitoring
sustainability.

4.3 Paper lll — Factors influencing building refurbishment
site managers' waste management efforts
Waste management in refurbishment projects can be costly and harmful to the
environment. Legislation on waste management sets limits, but the construction
industry produces one third of total waste in the European Union and remains one of
the main contributors to waste generation. Well planned waste management can drive
productivity and environmental sustainability improvements. Refurbishment
organizations are decentralized which results in variety in site managers’ waste
management practices. The aim of this paper is to analyse the factors influencing
refurbishment site managers’ waste management efforts.

Factors identified in previous studies are grouped under five categories: project
related, organizational and personal, technical, industry culture, and legislation. These
factors include client demand, contract type, uncertain project nature, company size,
environmental certification, limited physical space, blame culture, culture of waste
behaviour and legislation.

The empirical basis of this study includes mixed methods of data collection. Twenty-
seven semi-structured interviews were held with managers from two large contractors
involved in housing and office refurbishment projects in Sweden. A web and postal
questionnaire survey was sent to 232 refurbishment site managers and received a 34%
response rate.

Refurbishment site managers’ waste management activities include reducing waste
generation, sorting, reuse, recycling and disposal of waste. Disposal of waste is the last
choice of most site managers given cost and company policies. Site managers devise
waste management strategies based on environmental inventories and project size. In
smaller projects, waste contractors are employed only for physical support, and site
managers have less flexibility due to limited physical space. Client demand heavily
influence refurbishment site managers’ waste management efforts, however unlike
new construction, refurbishment clients seldom require green waste management to a
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higher standard than is typical of large contractors generally. The interviews revealed
17 additional factors in addition to those identified in previous studies. These 17
factors mainly belong to the project related, organizational and personal, and technical
factors categories and include project type, location and size, company policy, 1SO
standards, lack of access to elevators, lack of specially adapted containers for different
types of waste, and materials becoming heavier if they are not sheltered from rain.
Among the factors tested in the questionnaire survey, level of contract detail, client
demand and project size, all project related factors, were confirmed to influence waste
management efforts. The activities of registration of waste amounts and registration of
waste sorted on site were associated with seven factors: level of contract detail, client
demand, project size, ISO 14001, 1SO 9001, environmental certification and limited
site space.

4.4 Paper IV —ICT use for monitoring resource use on
building refurbishment sites
With advances in ICT support, starting with the use of basic spreadsheets in the early
1990s, construction project performance is being monitored in some detail. The recent
introduction of more complex applications including BIM, is aimed at enabling storage
of detailed data on buildings. Studies show that information sharing and
communication are the main drivers of ICT use, with use of complex applications still
at low levels in the construction industry. Considering the UTAUT, refurbishment site
managers’ ICT choices might be influenced by such factors as performance
expectancy, effort expectancy, social influence and facilitation conditions. The
purpose of this investigation is to analyse how site managers rely on ICT to monitor
resource use in refurbishment projects.

The empirical data were collected in three stages, starting with a pilot questionnaire
survey administered to 15 site managers, followed by short semi-structured interviews
with 14 site managers. The final stage involved a web and postal questionnaire survey
administered to 232 refurbishment site managers, which received a 34% response rate.
The sample includes respondents from both small and large Swedish contractors.

The results show that managerial choice of ICT tools depends more on performance
expectancy of an ICT tool than on effort expectancy. Large projects are associated
with more extensive ICT use, considering that it is possible to spread the cost of ICT
in such projects. Site managers did not acknowledge the need to link to refurbishment
clients’ ICT systems. Laptops and paper based methods are the most frequent media
used by refurbishment site managers. However, there is a trend towards increased use
of laptops and less reliance of paper based recording. Common use of pen and paper
can be explained with two reasons, pen and paper both support information sharing
(use of printers) and can be used to restrict information sharing (use of pen and paper
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for private notes). Use of tablets, mobile telephones and printers is minimal. Site
managers’ main requirements from ICT are ease of updating project information, data
entry and interpretation of screen data. Although 71% of site managers indicated that
they use tablets at home, their use of them at work is minimal. This might be due to
problems related to data entry on tablets or to site managers not needing mobile
devices to conduct their tasks including registration of work hours, waste volumes and
monitoring materials use.
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5 Discussion

This chapter discusses the findings in the appended papers in relation to the three
research questions.

RQ1. Which are the relations between construction industry productivity and measures
of construction project performance?

Productivity is a commonly used industry performance measure. According to the
official statistics in many countries, construction industry productivity growth is slow
and lags behind manufacturing. Explanations for low productivity growth rates in the
construction industry emphasize mainly short term factors such as decline in the
average age of construction workers and shifts in the construction product mix. To
address the first research question, the construction productivity, services productivity
and performance measurement literature was reviewed.

Paper | shows that the construction industry productivity debate focuses on three
topics: the definition of “construction”, the measurement of productivity, and the
factors explaining productivity growth. Until the late 1980s, economists focused on
industry level productivity in the construction industry. However, by shifting the focus
and including other levels, particularly project level productivity, a discrepancy
between project and industry level productivity growth was identified (Goodrum and
Haas, 2002). A common explanation of low productivity growth in the construction
industry is lack of appropriate measures of productivity, which has led to attempts to
develop better productivity measures for the industry (Crawford and Vogl, 2006; Dadi
et al., 2014; Vereen et al., 2016; Vogl and Abdel-Wahab, 2014).

Analysis of the data from the EU KLEMS database shows that the construction
industry presents productivity growth patterns similar to those for services. The
similarities between construction and business services include heterogeneity of
outputs and inputs, and co-production with customers. Paper | argues that determining
changes in output and input qualities makes productivity measurement in the
construction industry difficult. On the input side, the difficulty involved in determining
the quality of materials, particularly in the case of “higher grade materials going into
buildings ”, was recognized as early as in the 1930s (Gill, 1933). Assessing the quality
of labour input due to the heterogeneity of skilled labour is a problem that is also
common to services (Schreyer, 2001).

The traditional performance areas in construction projects are cost, schedule and
quality. Existing measures treat construction mostly as pure production of goods and
overlook the services aspect, which is strong in the case of refurbishment (Holm,
2000). The range of output and input quality indicators in construction projects needs
to be extended and new indicators should include both goods related indicators and
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also service related indicators such as customer satisfaction and client productivity
data. Productivity measures in construction projects do not need to be complicated;
data can be captured from performance measures typically used in projects.

RQ2. How is resource use monitored and managed by refurbishment site managers?

The three dimensions of sustainability - environmental, economic and social - are now
beginning to influence the performance measures used in the construction industry.
Resource use monitoring and management is important for sustainability and
productivity in refurbishment projects. Addressing the second research question
requires an overview of how resource use is monitored and managed by refurbishment
site managers, which includes the activities of purchasing new construction materials,
using resources efficiently, monitoring resources and managing waste.

Resource use is monitored in order to manage resources, particularly for purchasing
new materials and using both materials and human resources efficiently. The study in
Paper 11 confirms that resource use in refurbishment projects is monitored in order to
maintain control over costs and scheduling, improve tender estimates and allow
benchmarking among projects. At the firm level, construction contractors need
resource use monitoring for management accounting purposes. The results in Paper Il
show that the methods used to monitor resource use on refurbishment sites are cost
recording systems, relying on simple area-based key indicators (hours/m? and
materials/m?), and activity based costing.

The interviews in Paper 1l show that incorrect or insufficiently detailed original
drawings and unexpected events can lead to extra activities in refurbishment projects,
and recording the extra resources used as a result is difficult. Refurbishment site
managers cited cost, lack of competency, lack of experience and methods, unreliable
data and time constraints as problems related to monitoring resource use. Invoking
lack of time can be culturally determined and may be a symptom of complex resource
allocation (Engwall and Jerbrant, 2003).

Paper Il identifies waste volumes as the environmental sustainability measure most
commonly mentioned by refurbishment site managers. Customer satisfaction was
recognized by the interviewees as a social sustainability measure, but they were unable
to categorize measures related to economic sustainability. This could be explained by
the short term nature of refurbishment projects and the problems involved in applying
economic sustainability measures for short periods.

Waste management includes the activities of reducing waste generation, sorting, reuse,
recycling and disposal. Interviews with refurbishment site managers in Paper 111 show
that the majority see waste generation as inevitable and beyond their control, and
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consider the quantity of waste from demolition as set. However, waste in construction
projects can be affected by procurement (ordering excess materials), changes to
design, materials handling, rework (wrong installation and removal), weather,
vandalism and misplacement (Fadiya et al., 2014).

Waste sorting is the primary waste management activity on refurbishment sites.
Limited site space and costs were acknowledged as important by almost all
refurbishment site managers interviewed. When site space is limited, waste is often
dumped in a single container and sorted at an off-site facility by a waste contractor at a
cost. In addition to being costly, off-site waste sorting facilities can be a less
environmentally sustainable option. According to Lu and Yuan (2012), off-site sorting
facilities tend to send non-inert materials to landfill when they could have been
recycled or reused.

Site managers’ willingness to reuse old materials is evident, but practical difficulties
limit the opportunities for reuse. In Sweden, central government encourages
refurbishment projects to improve the energy performance of buildings constructed
between the 1960s and the 1980s, which requires the use of new materials. In addition,
the materials from buildings erected around 1970 are often of much lower quality than
modern materials.

The existence of asbestos in the building, continued occupation of the building by
users and the splitting of large projects into small sub-projects is not conducive to
efforts to recycle waste in refurbishment projects (Hardie et al., 2011). None of the
interviewees mentioned on-site waste recycling as an alternative, probably due to local
negative effects including dust and noise (Lu and Yuan, 2012), and difficulties to place
recycling equipment on sites (Tam, 2009). According to the interviews reported in
Paper 111, recycling and reuse responsibilities in Swedish refurbishment projects are
frequently transferred to waste contractors.

Factors influencing refurbishment site managers’ waste management efforts fall into
five categories: project related factors, organizational and personal factors, technical
factors, legislation, and industry culture. Compared to the previous literature, most of
the additional factors identified in Paper 111 fall into the categories of project related
and technical.

RQ3. How is resource use monitoring and management supported by ICT tools on
refurbishment sites?

A Swedish longitudinal questionnaire study provides basic knowledge on the Swedish
construction industry’s IT maturity (Samuelson and Bjork, 2014) and shows that
improving communication and sharing information have been the main drivers of IT
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use, while use of more complex applications, including BIM, is at a low level. The
results in Paper IV show that, for refurbishment site managers, connection to a client
BIM model is seen as impractical. This might be because refurbishment site managers
are unwilling to share information using ICT tools and do not see any benefit from
links to client systems. This might explain in part why there is little demand for ICT
tools to support collaboration among the actors in refurbishment projects.

The determinants of technology acceptance, primarily usefulness and ease of use, may
explain site managers’ ICT choices. The short interviews reported in Paper 1V indicate
that performance expectancy is a stronger determinant of ICT use than effort
expectancy. It seems that refurbishment site managers’ main requirements related to
ICT tools are ease of updating project information, data entry and interpreting screen
data, similar to what Chen and Kamara (2008) note as the technical features required
of mobile devices for information management on construction sites. These technical
features include screen size, input methods and storage capability. Screen size is a
major reason for the limited use - 7% on average according to the web and postal
questionnaire - of mobile telephones on refurbishment sites. Peer pressure as defined
by Lewis et al. (2003) was not found to influence ICT use among refurbishment site
managers, which is likely explained by the decentralized nature of refurbishment
organizations.

The results of the web and postal questionnaire show that laptops are the most
frequently used medium for refurbishment site managers, and the data also suggest
that there is a positive trend towards more use of laptops. This is followed by
traditional pen and paper for carrying out the eight tasks included in the questionnaire,
reliance varying from 3% to 40%, depending on the activity, but for problem solving,
keeping site diaries and registering work hours, in particular. Paper based recording (i)
supports information sharing (as with use of printers), and (ii) restricts information
sharing (paper based private notes).

The gap between use of laptops and pen and paper is narrower in the context of site
diaries and for problem solving. To maintain site diaries, the trend is towards greater
use of laptops, implying that the gap will increase. For problem solving there is a
positive trend towards the use of both these media along with mobile telephones.
These trends can be explained by the nature of problem solving activities, which
require easy communication, sending digital files, such as pictures, and taking notes
during on-site meetings. Despite its frequent occurrence in refurbishment projects, few
researchers have investigated joint problem solving when examining ICT support
patterns.

An unexpected finding from the questionnaire is that 71% of site managers use tablets
at home, but almost never at work. This suggests that the low level of tablet use on
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refurbishment sites is not associated with site managers’ ICT skills. It is more likely
related to difficulty of data entry due to the need to wear safety gloves on site, or
gloves to protect against low temperatures. It might also be due to site managers not
feeling a strong need for mobile devices to record work hours, waste volumes and
materials use. To understand ICT use requires detailed analysis of the activities
performed by site managers.
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6 Conclusion

The purpose of this thesis is to investigate how construction performance is measured
by focusing on refurbishment site managers’ monitoring and management of resource
use. The findings are drawn from four papers. Paper 1 is a literature review analysing
construction industry productivity growth and links to project performance. Paper Il is
a pilot study, based on short semi-structured interviews, presenting an overview of
resource use and sustainability monitoring in refurbishment projects. Paper I11 is based
on semi-structured interviews and a web and postal questionnaire, analysing factors
influencing refurbishment site managers’ waste management efforts. Paper IV
summarizes short semi-structured interviews, a mini survey and a web and postal
questionnaire, analysing how site managers rely on ICT for monitoring resource use in
refurbishment projects.

Previous studies conclude that measuring productivity in the construction industry is
difficult owing, particularly, to the difficulties of determining output and input
qualities. The current methods used to measure productivity in the construction
industry are limited to simple area-based methods and labour productivity, which do
not capture changes in the quality of inputs and outputs. Refurbishment is not pure
production of goods; therefore, productivity measures should also be reflecting the
service element of refurbishment. Using multi-criteria frameworks and extending the
range of input and output quality indicators by including client productivity and
customer satisfaction surveys, could be useful.

Resource use management is a typical sustainability activity and includes resource use
monitoring and waste management. Refurbishment site managers use simple area
based measures, such as hours/m? and materials/m?, to measure resource use. \Waste
management on refurbishment sites includes waste reduction, sorting, recycling, reuse
and disposal. Among these activities, waste sorting is commonly practised on
refurbishment sites, while the other activities are seen as difficult to carry out on site
and often are handled by waste contractors. Disposal fees and off-site sorting
alternatives are expensive. Site managers’ waste management efforts are influenced by
project related factors, organizational and personal factors, technical factors, industry
culture and legislation. The level of contract detail, specific client demands related to
waste management, and project size are important factors. However, these three
factors are linked to other aspects; in larger projects, for instance, space may not be a
problem. Waste management efforts in refurbishment projects can be improved by
addressing simple technical problems including providing clear labelling of containers
and ensuring shelter from rain and snow.

Among the many activities performed by refurbishment site managers, they do not
prioritize resource use monitoring and management, referring to lack of time and
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methods. ICT support could reduce the time spent on resource use monitoring and
management. For most daily tasks, site managers rely on laptops or pen and paper.
These media choices are not due to site managers’ ICT skills. The tasks involved in
resource use monitoring and management on refurbishment sites are not fully
supported by the devices that are available.

6.1 Implications for practice

The findings from Paper | suggest that official figures indicating low construction
industry productivity growth rates can be explained by mismeasurement of
productivity. By measuring output and input quality in more details and taking account
of the service elements of construction, it would be possible to discuss underlying
construction productivity growth and how it can be improved.

Performance in construction projects is usually measured by contractors as deviations
from original plans. Managers need to be aware that original schedules and budgets
can suffer from subjectivity; what appears to be excellent performance might be the
result of planning with low expectations. There is no clear connection between
deviations and efficient resource use and, with an increased emphasis on sustainability,
this is a serious practical problem.

The construction industry is one of the top contributors to waste generation, not least
because of demolition activities in refurbishment projects. There are many
opportunities to improve waste management efforts. Paper |11 showed that
refurbishment site managers see waste generation as inevitable because of the
demolition involved. There is potential to reduce waste by focusing on waste
generated during refurbishment, by better materials handling and ordering correct
guantities and sizes of new materials and components. Better project design could play
an important role by allowing an integrated view of the demolition consequences of
alternative designs. Waste sorting is the only waste management activity usually
carried out on refurbishment sites, and sorted waste is collected by waste contractors.
Collaboration between site managers and waste logistics firms, and development of
specific methods for refurbishment projects of different sizes, could reduce waste and
facilitate sorting. In large refurbishment projects, clear but not too specific client waste
management requirements, and an appropriate level of contract detail would support
waste management efforts by site managers. Reducing the gap between site managers
and office staff is important since standard approaches to waste management may not
take sufficient account of the heterogeneity of project needs. Waste management
should be included among the performance criteria for refurbishment projects and
should be monitored and rewarded. Subcontractors are often seen by site managers as
creating problems related to waste management. Hence, selection of waste conscious
subcontractors could improve waste management on refurbishment sites. Policies and
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guidelines for projects of different sizes should be developed at least for large
contractors; scale influences site managers' waste strategies.

ICT can be used to support and facilitate resource use monitoring and management on
refurbishment sites. In proposing new ICT tools for refurbishment site managers, it is
important to convince them of their usefulness, given that site managers seem to
prioritize performance expectancy of ICT support over effort expectancy.

6.2 Implications for future research

In an organization, employees can have different views and values and with
management accounting, cybernetic controls and performance measurement, an
organization aims to make sure that the employee activities are aligned with
organizational goals and strategies. In this study, it was confirmed that in large,
decentralized structures such as project-based organizations, local managers’ activities
vary. Flexible organizational policies related to environmental sustainability allow
managers to respond to projects with different characteristics and limitations and to
clients with different requirements and standards. Therefore it is worth to study the
dilemma of routinizing employees’ actions in environments requiring flexibility for
making decisions such as in large, project-based organizations that deliver business
services.

Accounting practices differ between the firm and project levels owing to the different
or competing interests in the organization. Not only in construction projects has
performance traditionally referred to cost, schedule and quality. Measuring project
performance as deviations from the original plans is dubious in a sustainability
perspective since the actual performance is not compared with an objective standard.
This inhibits benchmarking efforts and make it difficult to actually control if a
manager is following an organization’s goals in a project. Future research should
provide more objective performance measures nevertheless recognize that projects can
involve unexpected activities. Large construction firms may report on sustainability
performance and other results related to firm level policies. Data on waste
management and monitoring of resource use are collected otherwise mainly for
invoicing purposes and to comply with legal requirements, while these data can also be
used at the firm level, for instance while reporting sustainability performance. Future
research could investigate how performance data from projects are used by firms and
could identify new areas for the exploitation of project performance data.

It has been shown that current productivity measures for the construction industry are
insufficient. Output and input qualities in construction projects should be reflected
more precisely, for example, through customer satisfaction surveys and client
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productivity data. The findings from studies of performance and productivity
measurement in business services are useful.

Large parts of refurbishment projects are carried out by subcontractors, which makes
them important actors. Information on a subcontractor’s use of internal resources is
needed for resource use monitoring in construction projects and to measure the
sustainability effects of materials consumption, for example. Some site managers
generally are unhappy about subcontractors' contributions to waste management
performance. Despite their important role in refurbishment projects, subcontractors'
practices have not been examined in detail in previous studies of refurbishment, which
calls for further research.

This thesis included a questionnaire to identify refurbishment site managers’ ICT
choices for different tasks. The social influence constructs defined in the UTAUT
model could be developed, since social influence does not arise necessarily from co-
worker pressure, but can also be a result of client demand in a project context. There is
an interesting element of client-contractor co-production that merits further analysis.

The statistical analysis showed only weak links between contract type
(traditional/design-build) and waste practices. Future research could study reducing
waste generation by integrating project design with the detailed planning of
refurbishment activities on site; more efficient ICT tools for developing and using
digital building information models would be desirable.
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