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Abstract

Purpose — The purpose of this paper is to understand if and how industrialized house building (IHB) could
support productivity developments for housebuilding on project and industry levels. The take is that
fragmentation of construction is one explanation for the lack of productivity growth, and that IHB could be an
integrating method of overcoming horizontal and vertical fragmentation.

Design/methodology/approach — Singe-factor productivity measures are calculated based on data
reported by THB companies and compared to official produced and published research data. The survey
covers the years 2013-2020 for IHB companies building multi-storey houses in timber. Generalization is
sought through descriptive statistics by contrasting the data samples to the used means to control vertical
and horizontal fragmentation formulated as three theoretical propositions.

Findings — According to the results, IHB in timber is on average more productive than conventional
housebuilding at the company level, project level, in absolute and in growth terms over the eight-year period. On the
company level, the labour productivity was on average 10% higher for IHB compared to general construction and
positioned between general construction and general manufacturing. On the project level, IHB displayed an average
cost productivity growth of 19% for an employed prefabrication degree of about 45%.

Originality/value — Empirical evidence is presented quantifying so far perceived advantages of IHB. By
providing analysis of actual cost and project data derived from IHB companies, the article quantifies previous
research that IHB is not only about prefabrication. The observed positive productivity growth in relation to
the employed prefabrication degree indicates that off-site production is not a sufficient mean for reaching high
productivity and productivity growth. Instead, the capabilities to integrate the operative logic of conventional
housebuilding together with logic of IHB platform development and use is a probable explanation of the
observed positive productivity growth.
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CI Introduction
247 Improving the productivity of the construction industry has been on the agenda for many
governments worldwide and is a longstanding theme in the general debate in Sweden. The
standpoint taken in this paper is that: the way construction fragmentation is managed and
channelled through a production system could explain construction productivity growth.
The construction value chains are fragmented because companies organize their operations
144 into projects around delivering discrete parts of buildings and parts of the specifications of
buildings. Vertical fragmentation is evident as multiple layers of sub-contracting and
horizontal fragmentation are caused by discontinuities between the specific project stages
(Hughes and Stehn, 2019). In the next project, there are new constellations of companies
vertically and horizontally fragmented, which hinder developments of common working
methods over time (Reichstein et al., 2005). Fragmentation is pointed out to be a root cause of
the construction sectors’ perceived performance insufficiencies (Fellows and Liu, 2012).
Generally seen, productivity can include both efficiency (outputs/inputs) and effectiveness
(outputs/goals) so that goals can efficiently be accomplished by the production system (Pritchard,
1995). Caused by fragmentation, construction productivity developments, measurements and
research must consider three specific levels (Pan ef al, 2019):

(1) activity (labour);
(2) project; and
(3) industry/company.

Productivity in construction is primarily considered a metric for industry performance in
official statistics. Productivity developments are hardly ever used for controlling and
benchmarking project or company performance. At the project or industry level, average
labour productivity and total factor productivity (albeit aggregated from many factors) provide
just one metric of productivity to represent the whole system and are therefore more of index
values that rather reflect changes in the composition of projects instead of productivity changes
on operations per se (Huang et al., 2009). Aggregate productivity estimations in construction are
therefore debated and especially difficult to measure because of the many different
stakeholders fragmented both vertically and horizontally. Mostly it seems that productivity
gains for contractors come from implementing technology innovations at the labour level and
effective management practices at the project level primarily to satisfy specifications and the
client’s demands (Zhang et al., 2017). Caused by the horizontal fragmentation and project focus,
these practises and innovations likely only affect the stages in singular projects. Coordination
to reach specific project goals and sub-contracting seems to be the modus operandi for
fragmentation control in conventional house building, not for increasing performance or
productivity. Studies in construction on productivity improvements from using specific
technologies are however scarce (Lucko et al, 2014) or have overemphasized on developing
separate measures of productivity instead of developing or discussing strategic approaches
(Kenley, 2014). In that line, Hasan et al. (2018) propose that future research should connect the
use of emerging technologies into productivity improvements by quantifying the benefits in
terms of potential time and cost savings.

One different take on how to control fragmentation is found in industrialized house building
(IHB). The contemporary business logic of IHB is to organize their operations around total
deliveries reducing vertical fragmentation by e.g. long-term contracts and reducing horizontal
fragmentation by integrating most of the project stages in design, off-site and on-site production
in-house (Lessing and Stehn, 2019). Seen as a technology, IHB is centred on off-site
prefabrication and standardization of recurring processes. In quality engineering, repetitiveness
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and standardization of processes (Lillrank and Liukko, 2004; Palmberg, 2009), which contribute House building
to continuity, are well-known characteristics for operational developments. Jonsson and productivity
Rudberg (2017) identified what and how to measure competitive priorities for IHB based on a

production systems analysis mirrored from manufacturing research. Looking into industrialized

construction, Attouri ef al (2022) could only pinpoint perceived benefits and list perceived

qualitative factors contributing to productivity gains. All these studies indicate but do not

validate or provide figures regarding THB productivity and growth. Empirical evidence and 145
research are needed on perceived advantages of THB to expand the understanding if
productivity improvements in terms of time and/or cost savings are realized.

Hughes and Stehn (2019) argued that horizontal and vertical fragmentation prevents
introduction of innovative products into the design and construction processes. They showed
that an IHB company could control horizontal and vertical fragmentation by entrepreneurial
innovations and a supporting business model. Following this line of reasoning, IHB is
considered as an integrating method of overcoming horizontal and vertical fragmentation. This
article therefore proposes that IHB will display a positive productivity growth over time.

Therefore, the aim of this article is to understand if and how IHB could support
productivity developments on project and industry levels. Following Nasir ef al. (2014) that
actual cost data derived from contractors’ own internal project control systems provide a
more relevant cost and time estimate compared to aggregated industry numbers, this study
examines specific IHB company economic and project data.

Two ways of managing fragmentation

Conventional house building is about project management and sub-contracting

To ensure control, i.e. keeping to schedules, cost plans and the client’s requirements, in the
building process, coordination of the design team before construction and the coordination of
the construction team during construction (Ireland, 1985) have long been advocated as the
mechanism. The horizontal and vertical fragmentation in construction and the way the inter-
organizational businesses are set up cause several difficulties (Love et al., 1999; Greenwood,
2001; Harty, 2005; Green et al., 2008; Hartmann and Caerteling, 2010), which are proposed to
increase the likelihood of project time and cost overruns. The predominance of using multiple
layers of sub-contracting to manage the combination of horizontal and vertical fragmentation
evidently obstructs structured effectiveness developments amongst actors.

Maybe the most salient feature preventing a productivity development in construction is
how contracts are used. Contracts must usually precede orders, and the project price and lead-
time need to be estimated before the project. To include contingencies for unforeseen conditions
affecting costs and lead-times that may occur during construction, the construction method —a
specific production system — is fixed first after a contract is won. The important implication in
relation to productivity development is that companies are to an extent unable to gain some of
the benefits of centralized and planned production enjoyed by many large firms in
manufacturing (Gann, 1996). Another important implication of the preferred use of specific one-
off production budgets is that learning between projects is hindered. Baseline productivity
should be an important standard, calculated by comparing different project performances, that
could, but usually is not, be used in budgeting for the project estimation and scheduling for
project control (Zhang et al, 2017). Therefore, conventional house-building companies are
unwilling to explore and make long-term fixed strategic commitments, with a purpose to
achieve productivity development, when addressing the (short-term) risks associated to
housing production and supply (Pan and Goodier, 2012).

The operation and business strategies of a construction firm mainly aim at supporting
with corporate management tools for resources to be available for running projects, by using
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CI project management principles and simultaneously bidding for potential projects (Shi and
247 Halpin, 2003). Thus, two types of management and coordination are needed. On the one
hand, project management to select production method setting up a production system
around the single project based on strict cost management to reach project goals. On the
other hand, financial management for bidding for new projects. This evidently delimits
management of project operations from management of a portfolio of projects, on the
146 company level, that creates a two-dimensional management continuum to handle for
construction companies. Competitiveness at project and company level clearly refers to a
contractor’s capacity to win a contract and to undertake that project (Flanagan ef al., 2007),
de facto not performance or productivity developments.

Industrialized house building is about efficiency and effectiveness in production

The literature review and long-term case studies of Lessing ef al. (2015) and Lessing and Stehn
(2019) present constructs that may explain perceived, and to some extent documented, benefits
of IHB. The companies driving the development of IHB in Sweden since the mid-2000s can, in
line with Lessing et al. (2015), be characterized as specialized based on continuity and learning
between building projects and in the repetitive use of methods and techniques. The continuity
(in use of pre-engineered solutions, processes and partnerships) and specialization (in terms of
offerings sold in niche markets) define how these companies operate. Standardization creates
control and stability that facilitate repetition and continuity, which together form the
cornerstones in quality management to improve process performance (Lillrank and Liukko,
2004; Palmberg, 2009). Hvam ef al (2008) introduced the platform approach, found in the
scientific field of operations strategy, to housebuilding. The explanations of means for
continuity and learning in IHB are partly based on Hvams’ work and are described as
platforms aimed at specific customer segments (Johnsson, 2013; Jansson et al, 2014) and
continuous improvements (Meiling et al, 2014; Jansson et al, 2015). Lately however,
Grenzfurtner and Gronalt (2020) claim that some IHB companies still lack a structured use of
continuous improvements, particularly regarding on-site data collection and analysis.

The exploitation of the IHB product platform (platform use) takes place in separate
construction projects, the exploration (platform development) of the product platform
(including process, product and business development) is decoupled from singular housing
projects (Lessing et al, 2015). Exploitation in unique projects and exploration of the product
platform also creates a two-dimensional structure, but for continuity and learning of unique
projects that are incorporated in the development of long-term processes. Stehn ef al (2021) saw
that two-dimensional structure but explained it as the build-up of corporate assets by using
dynamic capabilities theorizing. Popovic ef al (2021) also found that two-dimensional structure
but expressed it as the alignment between using the IHB platform and developing it.

On the one hand, an IHB company must have the capabilities of managing the unique project
dimension, and on the other hand, it should be able to manage the recurrent product dimension.
To capitalize on investments done and be able to stay competitive on their selected market
niches, it is of importance for the IHB companies to be proficient and handle their two-
dimensional structure. From a production strategy perspective, which partly symbolizes IHB,
the key challenge is to link the market requirements with the production systems (Hayes and
Wheelwright, 1984). This means that an IHB company requires capabilities and investments to
be both effective and efficient in the development of platforms and its organization to ensure a
good fit of the chosen the degree of off-site assembly vs degree of standardization to win orders
on the market (Jonsson and Rudberg, 2015). Importantly, the IHB products (houses) are offered
in competition with conventional house building projects. The IHB projects are in essence
therefore following the business and operative logic of conventional housebuilding projects why
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the two-dimensional structure of IHB (platform development and use) needs to be overlaid by House building
the two-dimensional structure of conventional house building of project and portfolio productivity
management. The IHB company must also be proficient in the sense of conventional house
building, i.e. share same core capabilities as conventional house building (Johnsson, 2013), and in
parallel integrate and emphasize both flexibility (to win a contract and undertake that contract)
and efficiency/productivity (in platform development and use) as a source of competitive

advantage. 147

Theoretical framework for industrialized house building productivity growth

The level of analysis is how management of fragmentation effect productivity at project and
company levels. The view adopted is that productivity is assured by the production system
(Pritchard, 1995). Productivity is a qualitative or quantitative metric that provides
indications of how well a system performs with respect to certain targets (Sink et al., 1984).
Various direct and indirect, interdependent and interconnected flows and activities influence
productivity in house building production. How well the building process is designed, and
activities organized, not only separately but together as a whole, will have an influence on
the production system’s productivity achievements (Green, 2016). The views adopted in this
article are that fragmentation of construction is one salient explanation for the lack of:

» productivity growth (Fellows and Liu, 2012);
* benefits of centralized and planned production (Gann, 1996);

e long-term fixed strategic commitments to achieve productivity development (Pan
and Goodier, 2012); and

* baseline developments for learning (Zhang et al., 2017) and to compare between projects.

The THB production system [Figure 1(a)] integrates off-site manufacturing (including
technical installations installed in the factory), on-site construction (including transportation
and most of the site installations) and architectural and engineering design into a platform.
Depending on the project specifications, some designers and sub-contractors must be
procured. That platform consists of standardized components, recurring processes and long-
term stakeholders (specialized consultants and specialized sub-contractors). Highlighted in
Figure 1(a), P denotes the prefabrication, or industrialization, degree as the relation of off-
site to on-site construction. The prefabrication degree is in this article considered to be one
indicator for integration of the production system.

The conventional house building production system is not only set up around the single
project, i.e. a temporary on-site system [Figure 1(b)], but also dismantled after project completion.
The conventional house building project-based production setup is more service oriented and can
be said to serve several types of projects with different organizational setups. The production
system is in essence a converging supply chain directing all materials to the construction site; a
temporary supply chain based on one-off production systems with low use of structured
repetition. Contractors, sub-contractors, designers, suppliers, etc. are often involved in multiple
projects (temporary organizations) organized and coordinated by multiple layers of sub-
contracting to manage the combination of horizontal and vertical fragmentation.

The two-dimensional structure (project and company levels) to cope with fragmentation in
conventional housebuilding is shown in Figure 2(b). On the project level, the control for specific
project goals (e.g. follow-up of costs and schedule) in the specific production system is carried out
according to well-established project management practices. On the company level, project
portfolio management is used to maximize usage of resources for the projects at hand and for
bidding for new projects. On the company level, the support to the production system is to
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CI develop general “this-is-our-way” management systems. Productivity performance is often
24.7 considered as just a quality parameter and with less attention on learning and changing a
’ baseline productivity for further project productivity growth. This way of managing and
operating (the contracting modus operandi) the many different production systems by offering

flexibility at the company and project levels keeps fragmentation complexity at a high level.

148

Housebuilding production system
Production system is set up around the
single project, coordinated by multiple

layers of sub-contracting

IHB production system
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Figure 2(a) shows the overlaid two-dimensional structure for IHB, ie. components from House building
conventional housebuilding overlapping the IHB structures at company and project levels productivity
aimed to ascertain efficiency and effectiveness by the developed and invested platforms. On

the project level, project management is still needed and must be coordinated together with

the deployment of the platforms to control of specific project goals. On the company level,

portfolio management is used but primarily only for the financial and resource management

of the firm and is overlaid on platform management that is performed to create continuity by 149
systematic learning of unique projects to develop the platform. Productivity development is
considered as one key parameter. Standardization and continuity is a strategy to reduce the
negative impacts of fragmentation to create control and stability to improve production
system performance. This way of managing and operating (the integrating modus operandi)
the production system through increasing demand regularity through standardization and
continuity therefore reduces the fragmentation complexity to a lower level.

The theoretical reasoning, highlighted in Figures 1 and 2, served as the base for
formulating three propositions regarding productivity effects of the used means to control
vertical and horizontal fragmentation.

Proposition 1. Integration of off-site manufacturing, on-site construction and design into
a platform as one mean for reducing fragmentation complexities can explain productivity
growth. This leads to the first proposition:

P1. Integration to cope with fragmentation can explain productivity growth.

P2. Reducing fragmentation complexity by continuity and systematic learning of unique
projects will show more productivity gains at the company level of IHB (based on an
integrating modus operandi) in relation to managing fragmentation complexity by sub-
contracting with focus on flexibility in portfolio and managerial systems developments at
the company level of conventional house building (based on a contracting modus operandi).
This leads to the second proposition:

P2. THB companies will have high productivity and productivity growth in relation to
conventional house building companies.

P3. Deploying a production system for various single projects will show more project
productivity goals improvements in relation to setting up a single project production system.
This leads to the third proposition:

P3. THB projects will have high project productivity and productivity growth in relation
to conventional house building.

Methods and data analysis

Data sources and selection of industrialized house building representation

Data was collected to demonstrate [HB productivity developments at industry/company level
and project level. A clearly technically distinguishable branch in Sweden is IHB companies
involved in multi-storey residential building production in timber. All companies that
together form this branch were selected for this article. Based on the IHB production system
classification of Jonsson and Rudberg (2015), the IHB companies can be categorized as
modular building in terms of prefabrication but with a span from tailored to segmented
standardization in relation to customization. Following the reasoning that productivity is
assured by the production system, similarities must exist between the different THB
companies’ production systems to make them comparable in terms of cost and value units
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CI regarding productivity developments [cf. equations (1)—(3)]. From the point of prefabrication,
24.7 ie. the off-site manufacturing production system setup, the technical similarities between
’ the IHB companies indicates comparability. However, in terms of standardization and
customization (manifested in their on-site construction work), the comparability between IHB
to IHB company is lesser that will result in variability of productivity development. To cover
this issue, the prefabrication degree P is used to strengthen comparisons.
150 The survey covers the years 2013-2020. The data consists of company-based
information on financial and construction project information reported by the four
participating companies themselves. House building projects are represented by data from
103 projects with a geographical spread throughout Sweden. The projects correspond to
8,417 apartments in multi-storey timber houses.

Comparisons on productivity developments between the years 2013 and 2020
necessitated that costs were adjusted for inflation. Two price conversion methods were used.
In labour productivity comparisons at the company level, data was adjusted downwards
using the Consumer Price Index (CPI) produced by Statistics Sweden (responsible for official
statistics in Sweden) for adjustment of price increases in comparisons with 2014. Calculated
labour productivity was compared with data extracted from Statistics Sweden industrial
classification NACE system.

At the construction project level, data for construction costs for 2020 to 2015 was
adjusted downwards using the Contract Index for adjustment for price increases in
comparisons with 2014. Contract Index is determined by Statistics Sweden for cost changes
(excluding Wage slippage and VAT) to calculate coverage factors for house construction,
civil engineering contracts and various subcontracts. Using a form of meta-analysis, the
quantitative findings from the IHB productivity measurements were cross-analysed with
data from two existing studies to make comparisons between IHB and conventional housing
production. The two studies (in Swedish) by Josephson (2013) and Koch et al. (2020) present
productivity data, inter alia for conventional house building, for the year 2013 and for the
year 2018 adjusted to 2014 price using the Contract Index. Those studies were, in terms of
Lucko et al. (2014) valuable retrospective studies, based on structured questionnaires and
follow-up question to project managers and site managers on estimated economical and
project facts. This meant that the data was entirely based on the actors’ professional values.

Labour productivity
The data collection was based on calculations from structural business statistics defined by
Statistics Sweden. Actually worked hours was used as a measure for labour input. It is
acknowledged that there is still an unknown portion of non-value-adding time inherent in
hours actually worked. A weakness of company-based information is that it is usually
linked to the salary system; reported time will therefore be paid time or agreed time instead
of actual time worked.

Equation (1) displays the labour productivity expressed as a single-factor productivity
measure on company level:

... output  (Production value — Input consumption) [SEK}
Labour productivity = input Actually worked hours h M

Production value refers to net sales in SEK generated from the revenue from the sum of all
goods and services produced. Input consumption refers to the value in SEK of the goods and
purchased services used as input in the production process, excluding fixed assets. Actually
worked hours refers to the total hours actually worked by all employees in the own company.
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Project lead-time productivity House building
In the construction setting, lead-time need to be estimated before or in the beginning of a productivity

house building project. The estimation of project lead-time is therefore not only a measure of
efficiency but also influenced by partly unknown non-value-adding factors, even so lead-time
is a normally used indirect performance measure in Swedish house building. Equation (2)
calculates the lead-time efficiency expressed as a single-factor measure on project level:

Lead time [ h ] g 151
m2GFA @

Lead time efficiency = 5
m

The lead-time is calculated as the time, in months, from the start of the design work to the end
of production (final inspection). Therefore, the lead-time includes time for procuring sub-
contractors, materials and component, off-site and on-site construction and finalizing work that
for IHB is integrated in their working methods and for conventional house building is made per
project. The Gross Floor Area, m? GFA, is the sum of the area of all storeys and is limited by
the outside of the enclosing building parts. Two important notes concerning equation (2):

(1) A reduced lead-time efficiency is an indicator for increased project lead-time
productivity. Hence, a reduced lead-time for a given GFA leads an increase of lead
time productivity.

(2) Gross floor area m? GFA is an estimation of project size and a rather rough proxy
characterizing product (house) complexity. A proper characterization of project
complexity to enable more reliable project comparisons should include several
technical characteristics such as number of storeys, number and type of buildings
and e.g. learnings that appears in larger housing projects.

Project construction cost productivity

The single-factor construction cost efficiency was calculated according to equation (3) in
SEK per m? GFA. This is a frequently used efficiency measure in Swedish house building to
indicate project productivity, i.e. how much construction cost has been incurred to produce
one m? gross area GFA:

Construction cost efficiency =

(Off site production costs + On site production costs) {SEK ]
m2GFA m?

®)

Off-site production costs refer to the sum of the costs of producing the various prefabricated
building elements/modules. On-site production costs refer to costs of the contract; transport,
materials, assembly of prefabricated elements/modules, salaries for white-collar workers and
craftsmen, machinery, establishment, all sub-contractor costs (e.g. electrical installation, plumbing
installation, ventilation and painting). Site-based production costs such as client costs, VAT and
price for land acquisition are not included. Two important notes concerning equation (3):

(1) A reduced construction cost efficiency is an indication for increased project
construction cost productivity. Hence, a reduced cost for a given GFA leads to an
improvement of construction cost productivity.

(2) Again, it must be remembered that the GFA 1is a rather rough proxy confining the
cost productivity comparison between different projects.
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CI How validity and reliability were ensured
247 The level of analysis is singe-factor productivity measures on the project and company levels.
Except official data and previously published research data utilized for comparisons, this article
is based on economical and project data reported by companies. The overall validity of the
analysis is dependent on the validity of the information provided by companies.
Four qualitative measures were used to strengthen construct validity following the
152 recommendations of Hardesty and Bearden (2004) and Thornton et al. (2014) that the data
reflects what it is intended to measure (ensuring face validity) and represents a proper
sample (ensuring content validity) by using the following semi-iterative steps:

(1) Expert interviews involving two senior researchers with Statistics Sweden on use
of and interpretations of economic data from companies. This formed input for the
data collection methods, delimitations and analysis considerations.

(2) A pre-test data collection and expert interview with one of the larger participating IHB
companies aiming to increase validation of data reporting procedure and how asked for
data issues could be interpreted. Adjustments were made according to the pre-tests.

(3) Review of the data collection spreadsheets with all participating IHB companies
for explaining the aim and later data use for the companies’ finances and
production managers.

(4) Iterative process of interpretation and analysis between the two authors regarding
both company- and project-level data. Pre-presentation of analyzed results to
individual company representatives for their judgements of data correctness
preceded the final analysis.

A recurring problem with the company-based data collection was detected in the process.
Some of the companies had the asked for data but did not have a structure that facilitated
data reporting for the analysis, i.e. more than 103 building projects were built during the
period, but lack of structures excluded those projects from this analysis. Some of the
companies did not have complete set of required data, i.e. only 86 of the 103 projects
included in the study could be analyzed in relation to equation (2) because of lack of reported
data for lead-time for 17 different projects.

The variation of standardization and degree of customization, i.e. the IHB companies are using
different setups in respect to the degree of product standardization, causes some variability that
may have an impact on content validity. Even though the production setup in terms of off-site
manufacturing is comparable, it is acknowledged that the analyzed data may not be a complete
representative operationalization (following the terminology by Hardesty and Bearden, 2004) of the
productivity measures primarily caused by the individual company adaptations to customization
and individual project goals. The goal for generalizability in this article is not towards statistical
validation but rather generalization based on descriptive statistics. Comparisons in the article were
made on average values and the variation in data is reported as 90% confidence intervals.

Productivity measures

Labour productivity

The labour productivity [Equation (1)] and growth is displayed for the four IHB companies
and compared to general construction and manufacturing as smoothed curves based on
average values ranging from 2013-2020 in Figure 3. The IHB labour productivity shows
improved growth, albeit a large variation. The adjusted labour productivity has increased
on average with 26% from 406 SEK/h for 2013 to 511 SEK/h for 2020.
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The average (90% confidence interval) labour productivity between the years 2013 and House building
2020 was 538 == 41 SEK/h for IHB and 490 = 23 SEK/h for general construction. The result productivity
indicates that the labour productivity is on average 10% higher but with a slightly lower
growth rate per year for ITHB than for construction in general. It should be noted that
construction in general not only includes construction of buildings but also civil engineering
and specialized construction. The civil engineering numbers for the output value (value
added) in equation (1) contributes to about 64% of the total value added counted in as the
labour productivity for general construction in Figure 3. The officially produced data could
not provide number for actually worked hours in equation (1). The productivity growth for
general construction might probably therefore originate from developments in civil
engineering, not from house building. For comparison, the average labour productivity over
the same period for general manufacturing was 589 + 15 SEK/h.

153

Project lead-time productivity
The average lead-time for 86 projects between the years 2014 and 2020 was
17.1 = 1.0months, and the development shows an average ncrease of 51% from 2014 to
2020. The lead-time depends on the size of the construction project [Figure 4(a)]. The trend
indicates that an increase in project size of 1,000m* GFA results in an increase of average
lead-time in about 0.5 months.

The project lead-time efficiency is estimated according to equation (2) where a lower
number indicates less hours per m? produced and a Zigher productivity. The development of
the project lead-time efficiency [Figure 4(b)] for 86 projects shows an increase of 45% on
average from 2014 to 2020, implying a decreasing lead-time productivity, as more hours are
needed to produce one m® GFA.

The specific IHB lead-time dependency on increased project size combined with the fact
that the average project size increased with 24% from 2014 to 2020 could be explanatory
factors of the decreasing lead-time productivity growth.

Project construction cost productivity
The average and adjusted cost productivity for 103 projects was 12,654 =+ 531 SEK/m? GFA.
The productivity growth is progressing over the six-year period [Figure 5()]. The adjusted
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CI cost (to SEK 2014) efficiency [Equation (3)] has decreased on average by 14% from 2014 to
24.7 2020, implying an annual average izcrease of cost productivity by 2.3%.

’ The construction cost efficiency for 86 projects depends on the lead-time (Figure 5b). The
trend indicates that an increase in lead-time with five months results in a slight increase in cost
in about 150 SEK/m? GFA. An increased lead-time is an indicator of increased project size
[Figure 4(a)]; hence, the larger the project size, the higher the cost/m® However, contrary to the

154 downturning lead-time developments in Figure 4(b), the IHB cost productivity growth was still
improved [Figure 5(a)] also including effects of the project size increase over the six-year period.

The prefabrication degree [P in Figure 1(a)] reflects how much (measured in currency,

SEK) of work is carried out off-site, i.e. in the factory, compared to total construction cost
[see explanations in equation (3)]. The prefabrication degree is measured in % and
calculated according to equation (4):

Off site production costs

Prefabrication degree, P = - - - -
& (Off site production costs + On site production costs)

[%]

“)

The prefabrication degree for 102 projects shows a variation between 72% and 19% but with an
average value of 45+ 1.7%. One possible interpretation of the variation of the used
prefabrication degree in relation to the project size in m®> GFA [Figure 6(a)] can be the degree of
off-site assembly vs degree of product standardization. The higher numbers of used
prefabrication degrees depicts that those IHB companies probably use segmented customization
production systems with higher product standardization, and lesser adaptation to different client
needs. The interpretation of the use of lower prefabrication degrees is that these IHB companies
are probably using tailored customization in terms of product standardization, indicating a higher
degree of project adaptations to client demands.

The cost efficiency depends on the deployed prefabrication degree [Figure 6(b)]. The trend for
102 projects indicates that a 10% /igher prefabrication degree yields 33% decrease of cost
efficiency or 33% ncrease of the cost productivity. The adaptation (lowering) of the
prefabrication degree to meet (higher) client demands (indicated by the use of tailored
customization) apparently comes with the price of a reduced cost productivity.
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Industrialized house building project productivity and productivity growth in relation to

conventional house building

The two studies by Josephson (2013) and Koch et al. (2020) presents productivity data, inter
alia for conventional house building, for the year 2013 and for the year 2018. Results based
on the same definitions used in equations (1)—(3), presented for 39 projects in these studies
can be compared to the data for 15 projects in this article for the year 2018 and thus enables
a comparison between productivity development for conventionally multi-storey buildings
and THB multi-storey buildings in timber. The comparison is presented in Table 1 for

projects completed during the year 2018.
Four observations can be distinguished:
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IHB, for the year 2018, presents a median lead-time efficiency of 0.09 h/m? GFA,
which is more productive than the 0.53 h/m? GFA reported for conventional

A declining lead-time development (longer lead-times) is visible both for
conventional (39%) and for IHB (27%). For conventional house building, the
median project size value was 7,645 m?> GFA, and for IHB, the median value was
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CI 5886 m® GFA, indicating roughly comparable project sizes. Considering the
24.7 project sizes as roughly comparable, the absolute lead-time is on average 3.3
’ months shorter for IHB than for conventional house building.

(3) The cost efficiency in SEK/m? GFA for IHB is on average 32% lower compared to
conventional buildings, which is translated to a 32% higher cost productivity for
IHB than for conventional buildings.

156 (4) In terms of cost productivity growth, IHB displays an average of 19% in cost
productivity mprovement (indicated by the minus, cost reduction, in Table 1)
compared to conventional house building that show a cost productivity decline of
20% (indicated by the plus, cost increase, in Table 1).

Discussion of industrialized house building productivity growth

This section first presents a summary of the results, then the analysis on the plausibility of
the three propositions. The idea when reporting, comparing and analyzing IHB company-
based productivity and project data is not towards statistical validation but should be
considered as reasoning based on descriptive statistics.

The results on company level depicting labour productivity developments are based on
data from four companies. The average IHB labour productivity has #ncreased with 26%
between the years 2013-2020, which is on average 10% higher but with a slightly lower
growth rate per year than for general construction companies.

The data on project productivity stems from 103 house building projects. Due to
difficulties for the four companies to report data, all 103 projects are not represented in all
results, and the number of actual data points varies between different sets of 86 to 103
projects. All data points with reported numbers for lead-time, off-site and/or on-site
production costs and m? GFA for equations (2)—(4) were included in the analysis, no
calculatable data point or outliers were excluded. The project lead-time increased by 51%,
and the lead-time efficiency increased by 45% on average between the years 2014 and 2020.
Concerning lead-time, the results imply a decreasing lead-time productivit%/ (more hours to
produce one m* GFA) for IHB. The cost efficiency in SEK to produce one m” GFA decreased
over the six-year period, which, seen as cost productivity, displayed as an annual average
increase of cost productivity with 2.3%. The deployed prefabrication degree (off-site cost/
total cost) was on average 45%, and a higher prefabrication degree resulted in a higher cost
productivity (less SEK to produce one m? GFA).

Conventional house [HB timber

Comparing factors building® house building
Table 1 Number of multi-storey housing projects 39 15
Comparisons of lead- [ ead-time 2018, mean value [months] 20.6 173
time (months) and Lead-time development 20142018 +39% +27%
cost productivity Lead-time efficiency 2018, median value [h/m? GFA] 0.53 0.09
(SEK/m? GFA) for Construction cost efficiency 2018, mean value [SEK/m? GFA] 19,783 14,930
conventional and Construction cost productivity growth 2014-2018" +20% -19%
THB t1mb§r mult1- Notes: “Construction costs for comparisons between 2018 and 2014 was adjusted downwards using the
storey building

. Contract Index to get cost figures in 2014 SEK. "Based on data in Koch et al. (2020). It was inaccessible to
projects for the year  deduct if some IHB projects were included in the data set
2018 Source: Author’s own creation
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Developments between 2014 and 2018 shows that IHB in timber is more productive than House building
conventional house building both at the company level and at the project level. The lead- productivity
time development over the six-year period is however increasing for both conventional

and for IHB, but the median lead-time efficiency for IHB is 0.09 h/m? GFA, which is much

lower than 0.53 h/m? GFA for conventional house building. The cost efficiency in SEK/m?

GFA for IHB is lower compared to conventional buildings, which is translated to a 32%

higher cost productivity for IHB than for conventional buildings. IHB displayed an 157
average increase in cost productivity growth of 19% (equals to a cost efficiency reduction
in SEK/m? GFA of 19%) compared to the 20% declination of productivity growth for
conventional house building (equals to a cost increase in SEK/m? GFA of 20%)
comparing 2014 and 2018.

The first proposition states that integration to cope with fragmentation can explain
productivity growth. The prefabrication degree is in this article seen as a measure of IHB
integration. To address this proposition, the analysis of the prefabrication degree
displays some answers. A prefabrication degree of 45% not only reflects the extent of the
deployment of the production system but also that approximately 55% of the cost still
emanates from the on-site operations indicating that traditional coordinating is still
needed. The IHB companies apparently have capabilities to integrate their resources
[Figure 1(a)] and create a predicable off- and on-site process. By adapting the deployment
of their production system by varying the prefabrication degree, the IHB projects were
able to meet changing demands and complexities rising from increasing project sizes and
still produce sustained and positive productivity growth over the years [Figure 5(a)]. The
used prefabrication degree of 45% indicates a plausibility of the proposition that
integration of all elements in the production system and those procured for specific
projects could explain the positive productivity growth. The observed positive
productivity growth connected to a prefabrication degree of 45% indicates that off-site
production is a necessary mean for reaching high productivity and productivity growth
while meeting flexible demands but not sufficient alone to explain the observed
productivity gains in/of IHB.

The second proposition states that IHB companies will have high productivity and
productivity growth in relation to conventional house building companies. The results
indicates that the labour productivity is lower for the general construction company setup of
project-specific systems [Figure 1(b), Figure 2] compared to the IHB fashion of platform
deployment on the project level [Figure 1(a)] and platform development on the company
level (Figure 2) to achieve continuity beneficial for productivity growth. However, the results
cannot fully support this proposition. Firstly, it was not possible to deduct conventional
house building from the aggregated data of Statistics Sweden. However, civil engineering
contributes to about 64 % of the value-added (output) portion of productivity development in
general construction that indicates that productivity growth for general construction mostly
originates from developments in civil engineering, not in house building. Secondly, the
overlapping 90% confidence intervals between the mean values for IHB and general
construction implies that it is only possibly to indicate a positive IHB labour productivity
and growth in relation to general construction.

The third proposition states that IHB projects will have high project productivity and
productivity growth in relation to conventional house building. The plausibility of this
proposition is supported by the results concerning IHB cost efficiency growth [Figure 5(a)]
and by comparing IHB to conventional house building (Table 1) but not concerning lead-
time productivity developments. The integrated ITHB production system [Figure 1(a)] aimed
to reduce fragmentation complexities to achieve better control of factors contributing to
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CI lead-time are not enough to counterbalance the lead-time losses observed but seemingly
24,7 adequately enough to contribute to the annual average increase of cost productivity with
2.3%. The four observations emerging when comparing IHB to conventional housebuilding
indicate that deploying the specified IHB production system results in improved lead-time
productivity (less hours per m?) and improved cost productivity (less cost per m?) and a
progressing cost productivity growth over time relative the conventional house building
158 setup of a single production system.

Conclusion and implications

The aim of the article was to understand if and how IHB could support productivity
developments on project and industry levels. The views adopted in this article are two folded.
Firstly, fragmentation of construction is one salient explanation for the lack of productivity
growth. Fragmentation causes conventional contractors to steer away from long-term
strategic commitments to centralize production and planning and therefore do not achieve
controlled benefits for productivity developments. Secondly, that IHB is recognized as an
integrating method of overcoming horizontal and vertical fragmentation. The constituents of
the integration modus operandi of IHB gave this development. The productivity development
was shown to be explained by the capabilities to integrate the operative logic of conventional
house building (project and portfolio management) together with the logic of IHB platform
development and use. The article used company data to calculate and quantify the effects of
IHB in timber in terms of cost savings and time savings and compare the productivity
developments to conventional house building.

Concerning if THB can support productivity developments, the descriptive statistical
reasoning displayed THB showed an increasing productivity development considering
company- and project-level productivity measures. The IHB labour productivity was on
average 10% higher but with a slightly lower growth rate per year than for conventional
house building (mostly civil engineering). The annual average increase of project cost
productivity of IHB was 2.3%, and for a specific year (2018), this displayed as a 32% higher
cost efficiency than for conventional house building.

IHB is not only prefabrication, but integration of the means for production. Off-site
production technologies, off-site manufacturing and modern methods of construction are
implicitly used to put words of prefabricated construction (Goulding et al., 2014). On the
activity level, not project level, Eastman and Sacks (2008) found that off-site labour
productivity was growing at a faster rate than on-site construction. A high prefabrication
degree, high amount of off-site production, could possibly be a commonly thought
metaphor for IHB. The found prefabrication degree of 45% implies that prefabrication
and off-site manufacturing alone is not sufficient to explain the observed productivity
growth of THB. The prefabrication degree is not used as a static construct that is
predefined to match the IHB production system but rather a factor that (depending on the
chosen standardization strategy) can be adjusted to specific needs. These results
therefore implies that an optimum might be possible to seek between prefabrication
degree, project size (customization), standardization strategy and cost productivity
growth. The integration of off-site manufacturing, on-site construction, architectural and
engineering design and long-term stakeholders into a platform deploying varying
prefabrication degrees to cope with varying client demands is instead the plausible
explanation supporting that THB should be considered an integration mechanics that
favours a positive productivity development.
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Considerations of generalizability and further research House building
The drawbacks of single-factor measurements and using different company data to productivity
present IHB productivity trends and to compare project to project using proxies are

acknowledged. Single-factor measurements are considered as indices for changes in the

composition of projects instead of productivity changes per se (Huang et al., 2009).

However, the comparisons between IHB and conventional house building are based on

the same definitions in equations (1)~(3) on e.g. value added and m*GFA, and are 159
therefore based on comparable data both regarding the company and the project levels.
But even so, the data display rather large variability [cf. Figures (3)-(6)]. Although,
technically seen, the IHB companies use comparable technical production setup in their
off-site operations, the variability of factors influencing the IHB productivity and the
comparisons to conventional house building spring from the many different project
goals in terms of cost, time, quality and safety in relation to several complexity factors.
The single-factor project productivity measures presented in this article should
therefore be considered as proxies for cumulative costs and lead-time occurring with
respect to the size (m? GFA) of building floors produced. In itself, the GFA is a rather
rough parameter confining cost and lead-time productivity comparison between
different projects. With the aim of further improving productivity and improving the
comparisons between companies, projects and even countries, supplementary measures
connected to different activity levels could be needed to improve processes (Kenley,
2014) and comparisons supplementing the GFA proxy to include other recognizable
house building characteristics, e.g. number of stories, layout of buildings, facade
systems, stairwell solutions, type of contracts, etc.

The presented IHB productivity growth has the Swedish context and official data as its
vantage point. Enhanced by a comprehensive literature review that used a political,
economic, social, technological, environmental and legal (PESTEL) framework, Pan et al
(2019) envision that strategy replication between industries and regions applying successful
combinations of productivity enhancements could be difficult due to the lack of necessary
social and cultural norms to understand and integrate the used strategies. Embracing the
reasoning by Pan et al (2019) implies that the results found in Swedish IHB must be
estimated into other contexts and PESTEL settings before a broader generalization towards
a generic IHB productivity could be stated. Besides a PESTEL type of consideration for
cross-country assessments, proper currency comparisons, comparing e.g. SEK to US$, and
price conversion methods must be identified and compared to the used official Swedish data
on CPJ, industrial classification system and contract indexes.

The results of this study indicate that an increased prefabrication degree fosters a
higher cost productivity growth, which could be connected to the applied production
system archetype (following Jonsson and Rudberg, 2015). An avenue for further research
would therefore be a clarification of the use of prefabrication degree as a measure for
production system applicability to varying customer requirements, which would enhance
theoretical understanding on platform design in relation to the customer-order-decupling
point theorization. Following this line of reasoning, the results also point to that an
optimum for a given contextual setting might be possible to seek. A contextually based
optimum between used prefabrication degree, customization, product standardization
and cost productivity growth, which would be interesting from a managerial point of
view. The data shows large variation, particularly at the project level, probably explained
by the used single-factor productivity measures. For productivity cause-and-effect
analysis aimed for continuous improvements, it would be interesting to investigate how
project complexity factors could be defined into normative values to compare different
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CI projects for aggregated productivity estimations. The results further proposes that the
24,7 THB means for integration control was not able to improve the lead-time productivity.
Plausible explanation would be that the vertical and horizontal fragmentation and
stakeholder influence and even planning for an integrated procurement of materials and
components is still out of control, or not accurately handled, by IHB companies, and that
the increased complexity of buildings and supply chain lock-ins in general increases why
160 research to explain the driving and hindering factors to improve lead-time productivity
would be interesting to pursue.

References

Attouri, E., Lafhaj, Z., Ducoulombier, L. and Linéatte, B. (2022), “The current use of industrialized
construction techniques in France: benefits, limits and future expectations”, Cleaner Engineering
and Technology, Vol. 7, doi: 10.1016/j.clet.2022.100436.

Eastman, CM. and Sacks, R. (2008), “Relative productivity in the AEC industries in the United States
for on-site and offsite activities”, Journal of Construction Engineering and Management, Vol. 134
No. 7, pp. 517-526.

Fellows, R. and Liu, A.M. (2012), “Managing organizational interfaces in engineering construction
projects: addressing fragmentation and boundary issues across multiple interfaces”,
Construction Management and Economics, Vol. 30 No. 8, pp. 653-671.

Flanagan, R., Lu, W., Shen, L. and Jewell, C. (2007), “Competitiveness in construction: a critical review of
research”, Construction Management and Economics, Vol. 25 No. 9, pp. 989-1000.

Gann, D.M. (1996), “Construction as a manufacturing process? Similarities and differences between
industrialized housing and car production in Japan”, Construction Management and Economics,
Vol. 14 No. 5, pp. 437-445.

Goulding, J.S., Pour Rahimian, F., Arif, M. and Sharp, M. (2014), “New offsite production and business
models in construction: priorities for the future research agenda”, Architectural Engineering and
Design Management, Vol. 11 No. 3, pp. 163-184.

Green, B. (2016), Productivity in Construction: Creating A Framework for the Industry to Thrive,
Chartered Institute of Building (CIOB), Bracknell.

Green, S.D., Larsen, G.D. and Kao, C.-C. (2008), “Competitive strategy revisited: contested concepts and
dynamic capabilities”, Construction Management and Economics, Vol. 26 No. 1, pp. 63-78.

Greenwood, D. (2001), “Subcontract procurement: are relationships changing?”, Construction
Management and Economics, Vol. 19 No. 1, pp. 5-7.

Grenzfurtner, W. and Gronalt, M. (2020), “Continuous improvement of the industrialised housebuilding order
fulfilment process”, Construction Innovation, Vol. 21 No. 1, pp. 22-39, doi: 10.1108/CI-10-2019-0115.

Hardesty, D.M. and Bearden, W.O. (2004), “The use of expert judges in scale development implications
for improving face validity of measures of unobservable constructs”, Journal of Business
Research, Vol. 57 No. 2, pp. 98-107.

Hartmann, A. and Caerteling, ]. (2010), “Subcontractor procurement in construction: the interplay of
price and trust”, Supply Chain Management: An International Journal, Vol. 15 No. 5, pp. 354-362.

Harty, C. (2005), “Innovation in construction: a sociology of technology approach”, Building Research
and Information, Vol. 33 No. 6, pp. 512-522.

Hasan, A., Baroudi, B., Elmualim, A. and Rameezdeen, R. (2018), “Factors affecting construction
productivity: a 30 year systematic review”, Engineering, Construction and Architectural
Management, Vol. 25 No. 7, pp. 916-937.

Hayes, R.H. and Wheelwright, S.C. (1984), “Restoring our competitive edge”, Competing through
Manufacturing, John Wiley and Sons, New York, NY.

Downl oaded from http://ftp. nowublishers.confci/article-pdf/24/7/ 143/ 9567473/ ci - 04- 2022- 0097. pdf by guest on 04 June 2026


http://dx.doi.org/10.1016/j.clet.2022.100436
http://dx.doi.org/10.1108/CI-10-2019-0115

Huang, AL, Chapman, R.E. and Butry, D.T. (2009), Metrics and Tools for Measuring Construction House buﬂding
Productivity: Technical and Empirical Considerations, National Institute of Standards and roductivit
Technology, Gaithersburg, MD. proauctivity

Hughes, W. and Stehn, L. (2019), “Entrepreneurial innovation in the construction sector: overcoming
process discontinuities in projects”, in Havenvid, M.I,, Linné, A., Bygballe, L. and Harty, C. (Eds),

The Connectivity of Innovation in the Construction Industry, Routledge, London, pp. 52-67,
ISBN 9780715363224

Hvam, L., Mortensen, N.H. and Riis, J. (2008), Product Customisation, Springer Verlag Science and 161
Business Media, Leipzig.

Ireland, V. (1985), “The role of managerial actions in the cost, time and quality performance of high-rise
commercial building projects”, Construction Management and Economics, Vol. 3 No. 1, pp. 59-87.

Jansson, G., Johnsson, H. and Engstrom, D. (2014), “Platform use in systems building”, Construction
Management and Economics, Vol. 32 Nos 1/2, pp. 70-82.

Jansson, G., Lundkvist, R. and Olofsson, T. (2015), “The role of experience feedback channels in the
continuous development of house-building platforms”, Construction Innovation, Vol. 15 No. 2,
PDp. 236-255.

Johnsson, H. (2013), “Production strategies for pre-engineering in housebuilding: exploring product
development platforms”, Construction Management and Economics, Vol. 31 No. 9,
pp. 941-958.

Jonsson, H. and Rudberg, M. (2015), “Production system classification matrix: matching product
standardization and production-system design”, Construction Engineering and Management,
Vol. 141 No. 6, pp. 501-514.

Jonsson, H. and Rudberg, M. (2017), “KPIs for measuring performance of production systems for
residential building: a production strategy perspective”, Construction Innovation, Vol. 17 No. 3,
pp. 381-403, doi: 10.1108/CI-06-2016-0034.

Josephson, P.-E. (2013), “Produktivitetsliget I svenskt byggande 2013, in Swedish, SBUF
1D: 12713.

Kenley, R. (2014), “Productivity improvement in the construction process”, Construction Management
and Economics, Vol. 32 No. 6, pp. 489-494.

Koch, C., Shayboun, M., Manes, A. and Nordlund, T. (2020), “Produktivitetsldget i svenskt byggande
2018”, in Swedish, SBUF ID: 13642.

Lessing, J. and Stehn, L. (2019), “Industrialised house building, concepts and its application in Sweden”,
Offsite Production and Manufacturing for Innovative Construction, Routledge (Taylor & Francis
Group), 2 Park Square, Milton Park, Abingdon, Oxon OX14 4RN, 1st ed., ISBN 9781315147321.

Lessing, J., Stehn, L. and Ekholm, A. (2015), “Industrialised housebuilding — development and
conceptual orientation of the field”, Construction Innovation, Vol. 15 No. 3, pp. 378-399.

Lillrank, P. and Liukko, M. (2004), “Standard, routine and non-routine processes in health care”,
International Jowrnal of Health Care Quality Assurance, Vol. 17 No. 1, pp. 39-46.

Love, PE., Mandal, P. and Li, H. (1999), “Determining the causal structure of rework influences in
construction”, Construction Management and Economics, Vol. 17 No. 4, pp. 505-517.

Lucko, G., Alves, T.D.C. and Angelim, V.L. (2014), “Challenges and opportunities for productivity
improvement studies in linear, repetitive, and location-based scheduling”, Construction
Management and Economics, Vol. 32 No. 6, pp. 575-594.

Meiling, ].H., Sandberg, M. and Johnsson, H. (2014), “A study of a plan-do-check-act method used in less
industrialized activities: two cases from industrialized housebuilding”, Construction
Management and Economics, Vol. 32 Nos 1/2, pp. 109-125.

Nasir, H., Ahmed, H., Haas, C. and Goodrum, P. (2014), “An analysis of construction productivity
differences between Canada and the United States”, Construction Management and Economics,
Vol. 32 No. 6, pp. 595-607.

Downl oaded from http://ftp. nowublishers.confci/article-pdf/24/7/ 143/ 9567473/ ci - 04- 2022- 0097. pdf by guest on 04 June 2026


http://dx.doi.org/10.1108/CI-06-2016-0034

CI Palmberg, K. (2009), “Exploring process management: are there any widespread models and
4.7 definitions?”, The TQM Journal, Vol. 21 No. 2, pp. 203-215.
)

Pan, W. and Goodier, C. (2012), “House-building business models and off-site construction take-up”,
Journal of Architectural Engineering, Vol. 18 No. 2, pp. 84-93.

Pan, W., Chen, L. and Zhan, W. (2019), “PESTEL analysis of construction productivity enhancement
strategies: a case study of three economies”, Journal of Management in Engineering, Vol. 35
162 No. 1, p. 05018013.

Popovic, D, Schauerte, T. and Elg, F. (2021), “Product platform alignment in industrialised house building”,
Wood Material Science and Engineering, Vol. 17 No. 6, pp. 572-585, doi: 10.1080/17480272.2021.1903993.

Pritchard, R.D. (1995), Productivity Measurement and Improvement — Orgamizational Case Studies,
Praeger, London.

Reichstein, T., Salter, A.J. and Gann, M.G. (2005), “Last among equals: a comparison of innovation in
construction, services and manufacturing in the UK”, Construction Management and Economics,
Vol. 23 No. 6, pp. 631-644.

Shi, ].J. and Halpin, D.W. (2003), “Enterprise resource planning for construction business management”,
Journal of Construction Engineering and Management, Vol. 129 No. 2, pp. 214-221.

Sink, D.S,, Tuttle, T.C. and Devries, SJ. (1984), “Productivity measurement and evaluation: what is
available?”, National Productivity Review, Vol. 3 No. 3, pp. 265-287.

Stehn, L., Engstrom, S., Uusitalo, P. and Lavikka, R. (2021), “Understanding industrialised house
building as a company’s dynamic capabilities”, Construction Innovation, Vol. 21 No. 1, pp. 5-21.

Thornton, S.C., Henneberg, S.C. and Naudé, P. (2014), “Conceptualizing and validating organizational

networking as a second-order formative construct”, Industrial Marketing Management, Vol. 43
No. 6, pp. 951-966.

Zhang, D., Nasir, H. and Haas, C.T. (2017), “Development of an internal benchmarking and metrics
model for industrial construction enterprises for productivity improvement”, Canadian Journal
of Civil Engineering, Vol. 44 No. 7, pp. 518-529.

Further reading

Brege, S., Stehn, L. and Nord, T. (2014), “Business models in industrialized building of multi-storey
houses”, Construction Management and Economics, Vol. 32 Nos 2, pp. 208-226.

Lessing, J. and Brege, S. (2015), “Business models for product-oriented house-building companies-
experience from two Swedish case studies”, Construction Innovation, Vol. 15 No. 4, pp. 449-472.

Vogl, B. and Abdel-Wahab, M. (2015), “Measuring the construction industry’s productivity
performance: critique of international productivity comparisons at industry level”, Construction
Engineering and Management, Vol. 141 No. 4, p. 04014085.

Winch, G. (1998), “The growth of self-employment in British construction”, Construction Management
and Economics, Vol. 16 No. 5, pp. 531-542.

Corresponding author
Lars Stehn can be contacted at: lars.stehn@]ltu.se

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

Downl oaded from http://ftp. nowublishers.confci/article-pdf/24/7/ 143/ 9567473/ ci - 04- 2022- 0097. pdf by guest on 04 June 2026


http://dx.doi.org/10.1080/17480272.2021.1903993
mailto:lars.stehn@ltu.se

	Industrialized house building productivity growth
	Introduction
	Two ways of managing fragmentation
	Conventional house building is about project management and sub-contracting
	Industrialized house building is about efficiency and effectiveness in production
	Theoretical framework for industrialized house building productivity growth

	Methods and data analysis
	Data sources and selection of industrialized house building representation
	Labour productivity
	Project lead-time productivity
	Project construction cost productivity
	How validity and reliability were ensured

	Productivity measures
	Labour productivity
	Project lead-time productivity
	Project construction cost productivity
	Industrialized house building project productivity and productivity growth in relation to conventional house building

	Discussion of industrialized house building productivity growth
	Conclusion and implications
	Considerations of generalizability and further research

	References


