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2.7 Relations between system flows and individuals’ flow 

This part of the theoretical framework elaborates the parts of the thesis 

rationale (Figure 1) which are not included in the analysis model (Figure 

5) but further discussed in the implication chapters of this thesis. 

Within  positive  psychology,  several  indications  can  be  found  that 

exemplify  relations  between  the  individuals  and  higher  aggregated 

levels. Salanova et al.  (2006, p. 7) express  such  relation as an “upward 

spiral model of resources and flow at work”. Resources within their study are 

“physical,  psychological,  social,  or  organizational  aspects  of  the  job”  as  e.g. 

“social support from colleagues, performance feedback, skill variety, job control, 

and  supervisory  coaching”  and  seen  as  “important  predictors  of  work 

engagement, which, in turn, is predictive of important organizational outcomes 

including service climate … and group performance” (Salanova et al. 2006, p. 

3). 

In the same line of reasoning, Fullagar and Kelloway (2009, p. 610‐611) 

stated  that  “There  is  growing  evidence  that  the  psychological well‐being  of 

workers is predictive of employee performance, job satisfaction, and turnover” 

and positive psychology as such focuses on contributing to performance 

improvements. 

Nakamura and Csikszentmihalyi (2002, p. 99) exemplify that individual 

flow principles “have been translated into practice in a variety of contexts ... 

to shape activity structures and environments so that they foster flow or obstruct 

it less” and “to make work a greater source of flow, such as efforts by the Swedish 

police to identify obstacles to flow in the organization of police work and then to 

restructure it …. Likewise, factory work has been evaluated and reorganized to 

enhance flow at a Volvo automotive plant.” 

Fullagar et al. (2017, p. 10‐11) condense individual flow related studies 

in  academic  settings with  “flow was  found  to  be  predictive  of  successful 

performance” or in workplace settings with “flow was found to be associated 

with optimal performance” and in general with “longitudinal studies suggest 

that  the  relationships  between  flow  at  work,  personal  and  organizational 

resources,  and  positive work  outcomes  are  reciprocal”.  For  instance,  “The 
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experience  of  flow  in  computer  interactions  has  been  found  to  foster  greater 

communication effectiveness and other positive work outcomes” (Fullagar et al. 

2017, p. 11) which exemplifies a potential relation of individual flow and 

the  information  flow  on  system  level.  Fullagar  et  al.  (2017,  p.  12) 

summarize recent research on individual flow at work with “In sum, there 

is a growing evidence that exposure to positive work experience, such as work 

related  flow,  has  beneficial  consequences  for  both  the  individual  and  the 

organization”. 

As  a  consequence  of  these  theoretical  findings,  considering  human 

aspects of  flow might positively affect  the overall system performance 

and  performance  improvement  initiatives.  Such  indications  are 

strengthened by findings in literature from lean production, construction 

management,  organization  theory,  and  change  management.  Lean 

production is here seen as an operations strategy to foster a continuous 

improvement  culture  in  an  organization  (Simu  and  Lidelöw  2019). 

Within  lean  production,  the  individual  human  is  emphasized  as 

important factor to be included in improvement initiatives (Liker 2004, 

Rooke  2020).  Such  suggestion  is  in  line with  organization  theory,  in 

which organizational aspects on both  system and  individual  level are 

addressed  to be  the organizations  environment,  their  social  structure, 

goals to be reached, technology utilization, and individual participants 

(Scott  2003).  Applied  on  operations  planning  processes,  Ivert  and 

Jonsson  (2014)  and Berglund  and Karltun  (2007) distinguish  between 

interrelated  individual,  technological,  and  organizational  dimensions 

(Paper 4). All three dimensions were concluded to influence a successful 

planning process as such and  implementations of tools to  improve the 

planning process. Thus, organization theory can be seen as base for the 

existence of a relation between the system flows and individuals’ flow. 

Change  management  is  an  application  of  several  research  fields  to 

implement improvements in organizations (Armenakis and Harris 2009). 

Based  on  e.g.  organization  theory,  normative  change  management 

research contains aspects of both system and  individual  level. Kotter’s 

(1995) eight steps of transforming an organization contain system aspects 

as  the  market  (including  competitors),  vision,  and  organizational 
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structure  while  addressing  individual  aspects  as  empowerment, 

behaviour, and employee development to be united in the final step of 

connecting  improved  behaviour  of  individuals  to  corporate  success. 

Nevertheless,  Kotter’s  suggestions  and  other  organizational  scholars 

within change management have been criticized for favouring a leader‐

centric  focus  on  change  and  the  transformational  leadership  (what 

leaders should do) based on companies’ strategic visions. Alternatively, 

Armenakis  and  Harris  (2009)  suggest  a  change  recipient  focus  and 

advocate  to  consider motivations  of  individuals  to  either  embrace  or 

support  a  change  initiative  or  reject  and  resist  it.  Exemplified  in  the 

adoption  of  information  technology  in  construction,  if  change 

management  is  just  addressed  on  system  level  (the  organization  or 

supply chain), beneficial effects on productivity have not been verified 

yet  (Matthews  et  al.  2018).  Such  approach  is  according  to  theories  in 

change management  classified  as  the  ‘push’ model  (short  term,  top‐

down) which stay is contrast to the ‘grow’ model (long term by building 

up  a  human  resource  capacity)  (Matthews  et  al.  2018).  In  the  ‘grow’ 

model,  change  is  supported  bottom‐up  by  acknowledging  people’s 

individual  feelings, assumptions, aspirations, goals, and values which 

potentially  leads  to  commitment  to  the  change  initiative  and 

collaboration among people (Matthews et al. 2018). Local empowerment 

is needed to set the change initiative to practice under guidance of the 

top management  towards business value  (Matthews  et  al.  2018).  In  a 

comparable line of reasoning, Friis and Koch (2015) highlight employee 

involvement in a continuous strategy innovation process to create both 

individual ownership of strategy content and to motivate employees to 

contribute to the change processes. 

Matthews et al. (2018) connect change management with collaboration in 

the  context  of  building  information  modelling  in  construction. 

“Collaboration  aims  to  achieve  optimal  results  in  a  cost‐effective  and  timely 

manner by bringing together a variety of people and resources, harnessing their 

collective knowledge and abilities to complete tasks a sole organization would 

find  difficult  to  achieve”,  thus  integrating  people  and  resources  from 

different  parties  for  knowledge  sharing  and  joint  decision‐making 
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(Matthews et al. 2018, p. 203). One  reason  to  increase collaboration  in 

construction is the high number of partly latent dependencies between 

design  and  production  tasks  (Koskela  2020).  Collaboration  includes 

human and individual aspects, e.g. role dependent information sharing, 

relationship,  leadership,  and  culture  (Zimina  et  al.  2012,  Sujan  et  al. 

2020), highly  relevant  aspects  in  the  fragmented  and  labour‐intensive 

construction context (Vrijhoef and Koskela 2000, Ahmad et al. 2020).  
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3. Research design 

This thesis is performed as a compilation thesis (article dissertation), i.e. 

an  independent  scientific  research  with  the  appended  papers 

contributing  to  the  thesis. The  subchapter  ‘Contribution  of  the  appended 

papers’ clarify, how the appended papers contribute to the thesis and my 

responsibilities in the performance of the appended papers. Based on the 

appended papers,  three different cases are derived as described  in  the 

subchapter  ‘Case  descriptions’.  The  subchapter  ‘Data  collection  method’ 

specifies what data from the appended papers that have been utilized in 

this thesis, while details for data collection can be found in the respective 

appended paper. The subchapter ‘Data analysis method’ specifies how the 

data is analysed in this thesis. In general, the research design is chosen to 

(1)  apply  the model of  analysis on  the  empirical data of  a multi‐case 

study to (2) generate patterns of traced flow relations in the cases to (3) 

compare case results for discussion of how the increased understanding 

of  the diversity of  flow  can  contribute  to  continuous  improvement  in 

production in house building. 

This thesis aims to describe how system flows and individuals’ flow are 

related in initiatives intended to improve production in house building. 

The thesis is operationalized through a flow framework based on system 

flows  and  individuals’  flow with  the purpose  to describe  the diverse 

perspectives of flow in three different cases of improvement initiatives. 

To  investigate potential  relations between both  flow perspectives,  the 

appended papers contribute in two different ways to this thesis. Paper 1 

to  4  were  initially  designed  from  the  perspective  to  understand  or 

improve  system  flows.  They  contribute with  qualitative  data  of  how 

individuals’  flow appears  in system  flow contexts.  In contrast, Paper 5 

was designed  to  investigate  individuals’  flow  in  the context of digital 

implementations at construction sites. It contributes with qualitative data 

of  how  system  flows  appears  in  such  context.  In  summary,  both 
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perspectives  visualize  how  system  flows  and  individuals’  flow  are 

related  in  the  studied  house  building  production  context.  Such  a 

descriptive  research  outset  combined  with  a  ‘How’  question  to  be 

researched (how system flows and individuals’ flow are related), can be 

addressed  by  qualitative  data  analysis  as  a  case  study  research  (Yin 

2009). Parts of the qualitative data collected in the appended papers are 

seen appropriate  to  illuminate  the diverse  flow perspectives. Different 

research methods have been utilized in the appended papers based on 

their specific  focus. To combine data collected  from different methods 

follows calls for methodological pluralism or multi‐methodology in the 

field of construction management (e.g. Dainty 2008), as wells as general 

case study research recommendations (e.g. Yin 2009). Therefore, a multi‐

case  study, based on  the appended papers,  is chosen  to describe how 

system flows and individuals’ flow are related in three different cases: 

Case 1) Off‐site production  in  industrialized house building  (based on 

Papers 1 and 2) 

Case 2) Platform development in contractor companies (based on Paper 

3) 

Case 3) Implementation of digital technologies at sites (based on Papers 4 

and 5) 

All  three cases have  two commonalities:  (1)  their main  focus  is on  the 

production  phase  of  an  overall  construction  process  with  concept, 

design, or maintenance being excluded alternative phases (Olsson 2000) 

and  (2)  the  data  collection  is within  the  house  building  context  as  a 

subarea of construction. Two main dissimilarities differentiate the three 

cases:  (1)  the  improvement  initiative  as  such  and  (2)  the  contextual 

production  setting.  Case  1  focuses  on  an  off‐site  production  system, 

contrasted with Case 3 with an on‐site focus, while Case 2 is investigated 

from an overall supply chain management perspective which potentially 

include  both  off‐site  and  on‐site  aspects  and  a  wider  supply  chain 
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perspective  (Figure  6).  In  addition,  Figure  6  visualizes  a  supply  chain 

model  of  a  single  project which  according  to Geraldi  and  Söderlund 

(2018) determines the level of aggregation to be the meso level of project 

research. In comparison, Figure 4 visualizes the macro level by focusing 

on  several projects  in a project portfolio, while a  study of  individuals 

within a project address the micro level of project research (Geraldi and 

Söderlund  2018).  As  one  consequence  of  including  all  different 

aggregation  levels  in  this  thesis,  the unit  of  observations  and unit  of 

analysis differ which is possible in qualitative research (Neuendorf 2002). 

Thus, the observational unit is the improvement initiatives as such and 

the  unit  of  analysis  are  the  relations  between  system  flows  and 

individuals’  flow  (occurring at  the different  levels of project  research, 

Geraldi and Söderlund 2018) within the three cases. 

 

Figure 6. Case specification from a supply chain perspective. 

3.1 Contribution of the appended papers 

As  the  first  author  in  Paper  1, my  role  reached  from  idea  definition, 

theoretical  framework,  data  collection  and  analysis,  writing  the 

conference  paper,  and managing  the  publishing  and  review  process. 

Because this was my first research paper, my co‐author Helena Lidelöw 

strongly supported me within idea and gap definition, the first contact 

with relevant case companies´ representatives, base literature references, 
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cross analysis of qualitative data, the structure of the paper including the 

creation  of  a  chain  of  evidence,  and  the  academic  writing.  Paper  1 

contributes in two ways to this thesis. Interview and observation notes 

are  utilized  to  be  reanalysed  in  the  thesis  analysis  model  and  two 

potential  definitions  of  efficiency  are  developed,  flow  and  resource 

efficiency.  Efficiency  is  a  general  performance  indicator  within 

production  improvement  initiatives, with  flow and resource efficiency 

(Modig  and  Åhlström  2015)  or  external  and  internal  efficiency 

(Lennartsson  and  Elgh  2018)  as  potential  distinctions.  Paper  1  was 

designed to evaluate flow and resource efficiency in a workstation of an 

off‐site production unit of a contractor and flow efficiency refers to the 

share  of  value  adding  a  flow  unit  receives  from  the  transforming 

resources during a time frame. The quantitative data were just basic and 

refer to the system flow level, but the qualitative data collected in parallel 

to  the  quantitative  data,  contain  individual  flow  perspectives  and 

relations to the system level. 

In Paper 2, the quantitative data collection method was further developed 

based  in Paper  1  and  included  a  large  area  in  the  off‐site production 

system of the contractor. The main focus in Paper 2 was on quantitative 

data  collection, which  is  not  considered  in  this  thesis. However,  the 

quantitative  results  refer  to  the  system  flow  level and were discussed 

within  a  workshop  with  production  managers.  The  notes  from  the 

workshop contain qualitative data, analysed in this thesis towards both 

system and individual flow level. Also in Paper 2, I was the first author 

and in charge of idea definition, theoretical framework, data collection 

and analysis, writing the conference paper, and managing the publishing 

and  review  process. My  co‐authors Helena  Lidelöw  and  Lars  Stehn 

supported me within the data collection plan, the definition of research 

scope, the visualization of results, and the academic writing. 

Paper  3  differs  in  one main  criteria  from  the  other  papers.  I was  not 

involved in the data collection. My co‐authors Helena Lidelöw and Kajsa 
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Simu had performed  interviews with managers  at  contractors  earlier. 

Based on my paper gap  idea  to  empirically  research different  system 

flows  in  the Swedish context, both agreed  that  the collected  interview 

data contained interesting empirical findings relevant to be analysed in 

this paper. I was responsibility for the definition of the analysis model 

based  on  the  theoretical  framework. Helena Lidelöw  and Kajsa  Simu 

supported  the writing process with cross analysis, result presentation, 

and  the  academic  writing.  Paper  3  contributes  with  the  theoretical 

framework of  system  flows  and with  empirical data  to  this  thesis.  In 

addition, it inspired the analysis of the qualitative data in the thesis. As 

a result of Paper 3, some contractors have been shown  to work with a 

platform definition to improve their processes. These interviews fit the 

Case 2 of this thesis and are reanalysed towards the enlarged model of 

analysis compared to Paper 3. 

The research idea for Paper 4 was grown in a research project, intended 

to  increase  the  use  of  digital  technology  in  the  Swedish  construction 

sector.  Within  one  project  workshop,  a  company  representative 

mentioned a model  internally utilized at a  contractor  to assess digital 

maturity at construction sites. Based on that model, I developed a basic 

questionnaire and performed an  initial  test at  three  contractors  in  the 

research project supported by two other researchers. The initial results 

were presented and discussed in the project and four researchers decided 

to  further  develop  the  initial  model  towards  a  scientifically  based 

maturity model. I managed the writing process and the development of 

the final framework. My co‐authors Lars Stehn, Ahmet Anil Sezer, and 

Micael Thunberg supported the process with relevant scientific sources 

to relate to, data collection, cross analysis, academic writing, and results 

presentation.  Paper  4  contributes  with  the  deductive  data  analysis 

procedure and with literature of organization theory in the thesis. Paper 

4 contributes not with any empirical data in the thesis, but the archival 

study in Paper 5 is based on the same archival document as utilized in 

Paper 4. Qualitative data has been collected in Paper 4, but the data was 
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not  substantial  and  specific  enough  to  be  analysed  in  this  thesis. 

However, within work for Paper 4, several data collections pointed out 

individual aspects to be relevant, thus this paper can be seen as starting 

point  for  considering  individuals’  flow  in  Paper  5  and  this  thesis. 

Additionally,  the  concept  of  maturity  applied  on  improvement 

initiatives is discussed further in this thesis. 

Paper 5 provides qualitative empirical data for Case 3. Additionally, the 

theoretical framework of individuals’ flow is based on Paper 5. I am the 

only author of Paper 5 with  full  responsibility  to  the  total process. To 

strengthen  the  scientific  quality,  a  colleague  at  Luleå  University  of 

Technology  with  a  PhD  in  Human  Work  Sciences  has  read  and 

commented the paper manuscript. In addition, an extended abstract has 

been submitted to the special issue ‘Transforming Construction: The multi‐

scale challenges of changing and innovating in construction’ and the response 

from the editorial board has been considered during the writing process. 

Not all interviews form Paper 5 are analysed in this thesis, because the 

interviews  of  developers  at  the  central  IT‐department  (information 

technology) are seen outside the focused production scope of the thesis. 

Interviews with a team leader and the planner at a construction site are 

reanalysed towards the enlarged model of analysis compared to Paper 5. 

3.2 Case introductions 

The concept of flow has partly been developed within lean production 

(Womack and Jones 2003, Liker 2004, Modig and Åhlström 2015). Lean 

as  such  can  be  seen  as  operations  strategy  to  foster  a  continuous 

improvement culture in an organization i.e. a system (Simu and Lidelöw 

2019) with individuals highlighted as important factor to be included in 

improvement  initiatives  (Liker  2004,  Simu  and  Lidelöw  2019,  Rooke 

2020). Thus,  improvements  in production  are  a  reasonable  context  to 

research because such a context include both system flow perspectives 

(assumed  to  be  affected  by  the  improvements  or  objective  of  the 
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improvements) and  individual perspectives  (performing  improvement 

initiative, involved, or effected). Three different improvement initiatives 

have been defined as three separate cases within this thesis: 

1) Off‐site production in industrialized house building 

2) Platform development in contractor companies 

3) Implementation of digital technologies at sites 

The definition of  the  three  cases  is based on a  review of my doctoral 

research  journey  which  included  several  research  projects.  One 

commonality between all research projects was the intention to improve 

issues  related  to production  in house building. Another  communality 

was  the appearances of  flow  relatable  to different  flow notations, e.g. 

flow efficiency in Case 1, several relevant flow notations in construction 

management in Case 2, or information flow in Case 3. Therefore, the three 

cases  establish  different  contextual  settings  of  production  related 

improvement  initiatives.  In Case  1  and  2,  the predominant  flow  focus 

during the  initial research was on the system  level, but due to the fact 

that  qualitative  data  from  the  research  is  available,  I  assumed  that 

individual  flow  aspects were  collected within  the  cases which  create 

opportunities to potentially reanalyse the data within a wider analysis 

model including individual flow and their relations to the system level. 

In Case  3  the  individual  flow perspectives beside  system perspectives 

were established already in the original research design. To summarize, 

the  different  improvement  initiatives  were  assumed  to  fulfil 

preconditions to deliver interesting data to contribute to the aim of this 

thesis. 

Based on Papers 1 and 2, Case 1 investigate flow relations within an off‐

site production system within industrialized house building. Lessing et 

al. (2005) specify ‘Off‐site manufacturing of building parts’ to be one of its 

nine  components  of  the  industrialized  house  building  concept.  The 

component  is  synonymously  named  ‘Prefabrication’  by  Lessing  et  al. 



Diversity of Flow in Production Improvements in House Building 

36 

(2015). In this thesis ‘Off‐site production’ is synonymously utilized in line 

with  the Papers 1 and 2.  Industrialized house building  is mentioned  to 

increase  efficiency  (Lessing  et  al.  2005)  and  support  a  continuous 

improvement  of  house  building  processes  (Lessing  et  al.  2015).  A 

distinction between industrialized and more conventional construction 

settings can be made which potentially impact the companies’ business 

approach and areas of  focus e.g.  to consider production  improvement 

approaches as lean production in more industrialized construction while 

more  conventional  construction  instead  focus  on  lean  construction 

approaches (Kifokeris and Koch 2020, Simu and Lidelöw 2019). Details 

about the off‐site production systems as issued in Case 1 can be found in 

Paper  1  (Case  company  A)  and  in  Paper  2.  Thus,  two  separate  data 

collection occasions at the same off‐site production facility are included 

in Case 1 which gives the possibility to compare data from different data 

collections at different occasions. Case company B from Paper 1, which 

represents the supplier perspective, is excluded from further analysis in 

this thesis. 

Case 2 addresses the utilization of platforms in house building contractor 

companies  and  is based on Paper  3. Originally, Paper  3  included nine 

contractor  organizations.  Two  contractors  have  been  chosen  to  be 

included in this thesis (as a results of Paper 3) based on their approaches 

to  adopt  the  platform  concept  in  their  business.  Two  respondents 

represent the two contractors, a platform manager at contractor A (which 

is  dissimilar  to  case  company  A  in  Paper  1)  and  a  lean manager  at 

contractor F. Thus, the interviews are not limited to the production phase 

and can contain data material in terms of including a larger span of the 

production  process  including  interfaces  with  roles  outside  the 

production phase  e.g.  client  or  supplier  (Figure  6). This  is  reasonable 

because the platform approach is not limited to production processes and 

the  improvement  of  its  operational  efficiency  only.  Effects  on  the 

operational processes  (e.g. cost‐efficiency and  lead‐time)  represent  the 

internal  efficiency,  while  external  efficiency  aspects  of  the  platform 
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approaches include product variety, time to market, or responsiveness to 

market needs (Lennartsson and Elgh 2018). Chang et al. (2008) describe 

a  platform  as  a  set  of  prescribed  processes,  entities,  operations  and 

resources  that  are  brought  together when  producing  some  relatively 

standardized  output.  Platform  initiated  standardization  intended  to 

reduce the costs in the design phase, in the procurement work, and in the 

production phase. The platforms are thus narrowing down the number 

of  possible  choices  while  at  the  same  time  allowing  for  some  local 

variation and individual creativity (Styhre and Gluch 2010). A platform 

contains  known  technical  solutions,  manufacturing  processes, 

cooperation  agreements,  and  knowledge  preserved  to  be  repeated 

between projects  leading to reduced variation and  increased efficiency 

(Jansson  et  al.  2014).  The  internal  efficiency  focuses  on  operational 

matters  (‘doing  things  right’)  and  must  be  seen  in  contrast  to 

strategic/external  effectiveness  (‘doing  the  right  things’)  (Modig  and 

Åhlström 2015, Abrahamsson and Brege 2004). Lessing (2015) connects 

the platform  concept  that  supports  the  execution  of building projects 

with  a  structured  flow  of  information  from  the  platform  level  to  the 

individual projects in the portfolio and from the individual projects back 

to  platform  development  process  (Figure  4).  The  continuous 

improvement process that includes all parts of the platform is mentioned 

to enable an ongoing flow of individual house building projects (in the 

portfolio) and simultaneous an ongoing improvement of the platform for 

reused in future projects (Meiling et al. 2014). 

The  focused  improvement  initiative  in  Case  3  is  about  an  increased 

utilization of digital technology at construction sites. Digital  initiatives 

are  enabled  by  developments  in  Information  and  Communication 

Technologies  (ICT).  In  this  thesis, digital  technologies are defined as a 

widened term compared to ICT that include all bit‐based technologies, 

following  the  definition  from  Love  and  Matthews  (2019).  Digital 

initiatives  can  be  distinguished  in  three  categories  according  to  their 

purpose: digitization as a process of converting analogue information to 
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digital, digitalization as the use of digitized information in operations to 

create value e.g. increased efficiency or decreased error rates, and finally 

digital  transformation which refers  to restructuring business processes 

and  change  the  way  companies  do  business  (Rachinger  et  al.  2018, 

Gobble 2018). Adopted to different system flows, digitization is aimed to 

improve  the  information  flow,  digitalization  addresses  the  flows  of 

transformed  and  transforming  resources,  and  digital  transformation 

impacts  the portfolio  flow  (Paper  4). The  adopting progress  of digital 

technologies in construction is not always fast (Rivard et al. 2004, Bryde 

et al. 2013, Samuelson and Björk 2014, Mäki and Kerosuo 2015, Okakpu 

et al. 2018) and within construction more focused on the design phase 

compared to processes on construction sites (Oesterreich and Teuteberg 

2016). Related to challenges within adopting processes, earlier research 

highlighted individual aspects. Davies and Harty (2013) emphasize the 

importance of active construction project personnel in the adaption and 

implementation of BIM. Ozumba and Shakantu  (2018)  further  indicate 

that  beside  technical  challenges  as  low  network  coverage  and 

infrastructure robustness, resistance to change poses challenges to ICT‐

utilization  in  site management.  In  the  same  line  of  reasoning,  Smith 

(2014) claims that challenges such as hesitation and acceptance to adopt 

digitalization and  lack of construction workers digital skills show  that 

the  construction  industry  must  embrace  more  than  technological 

changes for increased utilization of digital technologies. Based on such 

sources and discussions in the research project (intended to increase the 

use of digital  technology  in  the Swedish construction sector),  the  idea 

aroused to include individual aspects e.g. by the individual flow concept 

in  the  project.  Consequently,  relevant  data  for  this  thesis  could  be 

gathered within the project. 

3.3 Data collection method 

Qualitative data from the appended papers is utilized in this thesis. Table 

2 specifies how cases and collected data from the appended papers are 
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connected.  The  details  for  the  data  collection  is  described  in  the 

respective paper. 

Table 2. Data collection for thesis. 

Case  Appended paper  Data collected method  Occasion 

1  1  Interview and site observations  March 2016 

2  Workshop notes  October 2016 

2  3  Interviews  2013‐2015 

3  5  Archival study  2019 
 

Interviews  April 2020 
 

Questionnaire (Open question)  Jan‐Apr 2020 

 

3.4 Data analysis method 

Data  from  the  appended  papers  is  analysed  using  the  different  flow 

constructs  as defined  in  the model  of  analysis  (Table  1). The  analysis 

follows the qualitative content analysis process as suggested by Mayring 

(2014).  According  to  that  method,  texts  from  qualitative  sources  as 

interviews,  workshops,  open  questionnaires,  and  documents  can  be 

analysed  by  extracting  content‐bearing  components.  The  analysis 

process can be supported with theoretical sources either deductive with 

categories defined by theory, inductive with categories formulated from 

empirical data, or abductive as a mix of both (Mayring 2014). This thesis 

follows  the deductive  approach  (descriptive design) because  the  flow 

constructs as defined in the analysis model are theoretically based. The 

different sets of collected data according to Table 2 were analysed and the 

content findings describe contextual appearance of flow constructs and 

their  potential  relations.  This method  is  comparable with  a  thematic 

coding analysis according to e.g. Miles and Huberman (1994). The flow 

constructs as defined in the model of analysis are utilized as codes and a 
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tracing  of  a  code  in  the  data  is  seen  as  thematic  explanation  or 

justification of that code in the data. The analysis was performed solely 

by the author of this thesis. The following stepwise procedure has been 

followed: 

1) The qualitative data chosen to be  included in this thesis (Table 2) is 

extracted from the collected data in the initial research (original raw 

data before analysis conducted in appended papers) and organized 

in separate text files (one for each discrete data collection method per 

appended paper). 

2) An excel‐file is prepared to document the analysis procedure and to 

support visualization of the results, one sheet (exemplified in Table 3) 

for  each  discrete  data  collection  method  per  appended  paper 

containing four columns: column 1 for empirical findings, column 2 

for traced system flow constructs, column 3 for traced individual flow 

constructs, and column 4 for the analysis motivation. 

3) The qualitative data in the text files has been read supported by the 

model  of  analysis  (Table  1)  with  the  intention  to  find  content 

describing the relation of system flows and individuals’ flow (thesis 

aim) i.e. two analysis lenses have been simultaneously utilized, one 

lens for the system flow constructs and one for the  individual flow 

constructs. 

4) An empirical  finding  is defined as a  traced  text section which both 

describes  at  least  one  system  flow  construct  and  at  least  one 

individual flow construct. 

5) All empirical findings are copied in the first column of the prepared 

excel‐spreadsheet (step 2, column 1 in Table 3) in the respective sheet 

(for the discrete data collection method and paper). 

6) The traced system and individual flow constructs are listed in column 

two and three respectively (Table 3). 
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7) An analysis motivation and explanation is given in the fourth column 

(Table 3). 

8) For each coherent data set (step 1), a summarizing table is calculated, 

structured with  individual  flow  construct  in  the  rows  and  system 

flow construct in the columns resulting in a matrix table of 36 fields 

(nine  individual  flow  constructs multiplied with  four  system  flow 

constructs)  with  the  number  of  counts  (frequencies  of  construct 

occurrence, Mayring 2014) for the traced flow relations in the matrix 

fields (exemplified in Table 4). 

9) For each case (as  introduced  in the  ‘Case  introductions‘‐chapter), the 

individual  results of  step 8 are  summarized  in an  identical matrix 

table (Table 4) to visualize the pattern of traced flow relations in each 

case  thus  allowing  discussions  about  potential  focus  areas  in  the 

cases. 

10) All cases are finally synthesized in the end of the ‘Empirical findings 

and analysis results’ chapter to visualize the total pattern of traced flow 

relations in all cases. 
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Table  3.  Example  of  excel‐spreadsheet  to  document  the  analysis 

procedure and to support a visualization of the results. 

Empirical finding 

Traced 

system flow 

construct 

Traced 

individual 

flow construct 

Content 

analysis 

motivation 

Copied qualitative 

data from the text 

files of traced content 

describing a relation 

of system flow 

construct and 

individual flow 

construct 

List of all 

traced 

system flow 

constructs in 

content 

List of all 

traced 

individual 

flow constructs 

in content 

Content 

analysis 

motivated 

based on model 

of analysis 

Next finding  as above  as above  as above 

Another finding  as above  as above  as above 
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Table 4. Example of excel‐spreadsheet with matrix table to visualize the 

pattern of findings. 
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4. Empirical findings and analysis results 

Within this chapter, the thesis results that contribute to addressing the 

thesis  aim  are  reported.  They  are  accomplished  by  analysis  of  the 

collected data within the research of the appended papers with the model 

of  analysis.  Tables  in  line  with  the  example  shown  as  Table  4  are 

presented below in the three cases to summarize the empirical findings 

and analysis. Analysis details are reported according to Table 3. Some of 

those  tables  contain  a  large  data  amount  with  the  risk  to  reduce 

readability of the thesis as such. Thus, all tables visualizing the empirical 

findings  and  their  analysis  according  to  Table  3  are  found  in  the 

‘Appendix’ chapter. The following list of appendices is accomplished to 

guide  the reader  to  the details of empirical findings and  their analysis 

results within the respective case: 

Appendix  1  –  Empirical  findings  and  analysis  of  interview  and  site 

observations in Case 1 (Paper 1) 

Appendix 2 – Empirical findings and analysis of workshop notes in Case 

1 (Paper 2) 

Appendix  3  –  Empirical  findings  and  analysis  of  interview  with 

respondent A in Case 2 (Paper 3) 

Appendix  4  –  Empirical  findings  and  analysis  of  interview  with 

respondent F in Case 2 (Paper 3) 

Appendix 5 – Empirical findings and analysis of team leader interview 

in Case 3 (Paper 5) 

Appendix 6 – Empirical  findings and analysis of planner  interview  in 

Case 3 (Paper 5) 

Appendix 7 – Empirical findings and analysis of questionnaire in Case 3 

(Paper 5) 
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Appendix 8 – Empirical findings and analysis of archival study in Case 

3 (Paper 5) 

Relationship  patterns  to  analyse  improvement  initiatives  in  house 

building  production  settings  are  facilitated  based  on  the  model  of 

analysis. The model of analysis contains four flows on system level and 

nine constructs of individual flow. Relationship patterns visualize how 

the  different  flows  are  addressed  or  effected  in  the  improvement 

initiatives,  thus  indicating  the diversity of  flow  in  the  cases  and data 

collection  methods,  even  though  neither  character,  strength,  nor 

direction (positive or negative) of the relation between individuals’ flow 

and system flows are quantified in this analysis. 

4.1  Case  1  ‐  Off‐site  production  in  industrialized  house 

building 

Case  1  examines  how  the  system  flows  and  individuals’  flow  are 

addressed  in  the  off‐site  production  unit  of  a  contractor.  Appendix  1 

specifies  the  empirical  findings  from  interview  and  site  observation 

notes,  traced  system  flow  constructs  in  the  empirical  findings  by  the 

analysis, traced individual flow constructs in the empirical findings by 

the analysis, and how the analysis is motivated. Table 5 summarizes the 

results  and  shows  that  all  system  flow  constructs were  traced  in  the 

empirical  findings, most  frequently  the  resource  related  flows.  Four 

individual  flow  constructs  were  traced  in  the  empirical  findings, 

‘Challenge‐skill  balance’,  ‘Sense  of  control’,  ‘Unambiguous  feedback’,  and 

‘Clear  goals’.  The  quality  or  strength  of  addressment  of  the  flow 

constructs  is  not  evaluated,  but  a  quantification  of  results  has  been 

chosen  to  summarize  and  visualize  the  findings.  Thus,  Table  5  is 

provided  to  visualize  how  often  a  relation  between  system  and 

individual flow constructs have been traced as a pattern of findings. 
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Table 5. Summary of analysis results from interview and site observation 

notes from Paper 1 (number of counts for traced relation between rows = 

individual flow construct and columns = system flow construct). 

 

The main focus in Paper 2 was on quantitative data collection, which is 

not  considered  in  this  thesis. However,  the  quantitative  results were 

reported and discussed within a workshop with production managers 

and the notes from the workshop contain qualitative data, analysed  in 

this  thesis.  Appendix  2  visualizes  the  empirical  findings  from  the 

workshop notes,  traced system  flow constructs by  the analysis,  traced 

individual  flow  constructs  by  the  analysis,  and  how  the  analysis  is 

motivated. Summarized, the results show that all system flow constructs 

were  traced  in  the empirical  findings. Four  individual  flow constructs 

were  traced  in  the empirical  findings,  ‘Challenge‐skill  balance’,  ‘Sense  of 

control’, ‘Unambiguous feedback’, and ‘Clear goals’. These results are in line 

with the interview and site observation notes from Paper 1 (Table 5). The 

quality  or  strength  of  addressment  of  the  flow  constructs  is  not 

evaluated. However, Table 6 is provided to visualize how often a relation 

between system and individual flow constructs have been traced. 
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Table 6. Summary of analysis results from workshop notes from Paper 2 

(number of counts  for  traced  relation between  rows =  individual  flow 

construct and columns = system flow construct). 

 

4.2 Case 2 ‐ Platform development in contractor companies 

Case  2  investigates  how  the  system  flows  and  individuals’  flow  are 

addressed  in  platform  development  and  utilization  at  contractors. 

Appendix 3 visualizes the empirical findings from respondent A (Paper 3), 

traced system flow constructs in the empirical findings by the analysis, 

traced  individual  flow  constructs  in  the  empirical  findings  by  the 

analysis,  and how  the  analysis  is motivated. With  identical  structure, 

Appendix 4 manages respondent F (Paper 3). Tables 7 and 8 are provided 

to visualize how often a  relation between system and  individual  flow 

constructs have been traced, even though a quantification of results is not 

the  main  intention  in  this  thesis  because  the  quality  or  strength  of 

addressment  of  the  flow  constructs  is  not  evaluated.  However,  the 

quantification in Case 2 allows an analysis of patterns which describe the 

focus area of the respondents at the respective contractor. Summarized, 

all system flow constructs were traced in both interviews, respondent A 
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with  a  higher  focus  on  the  portfolio  flow  and  respondent  F  on  the 

information  flow.  In  both  interviews,  the  five most  traced  individual 

flow  constructs  are  identical:  ‘Challenge‐skill  balance’,  ‘Sense  of  control’, 

‘Unambiguous feedback’, ‘Clear goals’, and ‘Action‐awareness merging’.  

Table 7. Summary of analysis results from interview with respondent A 

from  Paper  3  (number  of  counts  for  traced  relation  between  rows  = 

individual flow construct and columns = system flow construct). 
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Table 8. Summary of analysis results from interview with respondent F 

from  Paper  3  (number  of  counts  for  traced  relation  between  rows  = 

individual flow construct and columns = system flow construct). 

 

4.3 Case 3 ‐ Implementation of digital technologies at sites 

Case  3  investigates  how  the  system  flows  and  individuals’  flow  are 

addressed  in  digital  initiatives  at  construction  sites.  Appendices  5‐8 

visualize the empirical findings and analysis from interviews, texts from 

questionnaire open questions,  and  archival  study,  traced  system  flow 

constructs  in  the  empirical  findings by  the analysis,  traced  individual 

flow constructs  in  the empirical  findings by  the analysis, and how  the 

analysis  is motivated. Tables 9, 10, 11, and 12 are provided  to visualize 

how often a relation between system and individual flow constructs have 

been traced in the different data collections. Summarized, the number of 

traced  relation  between  system  and  individual  flow  constructs  varies 

between  the  different  data  collection methods. However,  the  results 

show that all system flow constructs except the ‘Portfolio flow’ were traced 

in the empirical findings. The ‘Information flow’ is traced most frequently. 
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All  individual  flow  constructs were  traced  in  the  empirical  findings 

except the ‘Loss of self‐consciousness’ construct. 

Table 9. Summary of analysis results of interviews with team leader from 

Paper 5 (number of counts for traced relation between rows = individual 

flow construct and columns = system flow construct). 
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Table 10. Summary of analysis results of interviews with planner from 

Paper 5 (number of counts for traced relation between rows = individual 

flow construct and columns = system flow construct). 

 

Table 11. Summary of analysis  results of questionnaire open question 

text from Paper 5 (number of counts for traced relation between rows = 

individual flow construct and columns = system flow construct). 
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Table 12. Summary of analysis  results of archival  study  from Paper 5 

(number of counts  for  traced  relation between  rows =  individual  flow 

construct and columns = system flow construct). 

 

4.4 Synthesis of analysis results 

To summarize the findings and their analysis, the three cases exemplifies 

how system flows and individuals’ flow are related in the improvement 

initiatives  intended  to  improve  system  flows  of  production  in  house 

building. Relations of individuals’ flow and system flows were traced in 

all  three cases. The  relations appear as patterns of  traced  flows  in  the 

specific improvement cases in their specific settings and data collection 

methods. Firstly, the flow patterns within the three case can be analysed. 

Within Case 1, the different occasions of data collection between Paper 1 

and 2 did not let too obvious different patterns (Table 5 and 6). In the same 

line, Table 7 and 8 in Case 2 (different respondents at different contractors) 

are rather similar. In addition, the four different data sources in Case 3 

(Table 9, 10, 11, and 12) does not lead to evident dissimilarities. 

However, the dissimilarities in the flow patterns between the cases are 

clearer  compared  to  comparisons  within  the  cases,  thus  tables  for 
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summarizing each case have be performed. The synthesis of the results 

allow a comparison between the cases by analysing the case patterns. The 

patterns  give  a  sense  of  focus  or  addressment  of  the  different  flow 

constructs  on  system  and  individual  level  in  the  cases.  Table  13, 

summarizing  Case  1,  shows  the  lowest  number  of  individual  flow 

constructs  and on  system  level  the highest  focus on  transformed  and 

transforming resources. Case 2 (Table 14) is more equally deviated both 

on system and individual flow level than the other cases, even though 

not  all  individual  flow  constructs  have  been  traced. Case  3  (Table  15) 

shows the clearest focus on information flow and the highest number of 

traced individual flow constructs. Case 2 shows a high focus on portfolio 

flow while this flow is little traced in Case 1 and not traced in Case 3 at 

all.  

Table 13. Summary of analysis results for Case 1 (number of counts for 

traced relation between rows = individual flow construct and columns = 

system flow construct). 
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Table 14. Summary of analysis results for Case 2 (number of counts for 

traced relation between rows = individual flow construct and columns = 

system flow construct). 

 

Table 15. Summary of analysis results for Case 3 (number of counts for 

traced relation between rows = individual flow construct and columns = 

system flow construct). 
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The synthesis of results from all three cases allows a visualization how 

often relations between system and individual flow constructs have been 

traced on aggregated  level  (Table 16). Summarized, all  system and all 

individual  flow  constructs were  traced within  the  data  analysis.  The 

distribution of the four system flows is relatively equal compared to the 

distribution  on  individual  flow  level.  Five  individual  flow  constructs 

have been traced more frequently and in all system flows: ‘Challenge‐skill 

balance’,  ‘Clear goals’,  ‘Unambiguous  feedback’,  ‘Action‐awareness merging’, 

and ‘Sense of control’. The remaining four individual flow constructs are 

traced  more  seldom  and  not  traced  in  all  system  flows:  ‘Total 

concentration’,  ‘Autotelic  experience’,  ‘Loss  of  self‐consciousness’,  and 

‘Transformation of time’. 

Table 16. Summary of analysis results of all three cases (number of counts 

for  traced  relation  between  rows  =  individual  flow  construct  and 

columns = system flow construct). 
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5. Discussion 

The aim of this chapter is to clarify how the analytical results regarding 

patterns  of  system  flows  and  individuals’  flow  may  contribute  to 

continuous improvements in production in house building and further 

research.  In  addition,  it  discusses  the  reliability  and  validity  of  the 

research underpinning this thesis, including the mixed method approach 

applied (to varying degrees) in both the appended papers and thesis. 

5.1 Practical implications 

Various  contributions  to  positive  psychology  indicate  that  there  is  a 

positive  correlation  between  individuals’  flow  and  system  flows 

(Fullagar  et  al.  2017,  Salanova  et  al.  2006,  Nakamura  and 

Csikszentmihalyi  2002). However,  it  should not  be  assumed  that  this 

insight  can  be  directly  applied  in  specific  improvement  initiatives  in 

house building settings, and no attempt to validate it quantitatively has 

been  made  either  in  this  thesis  or  the  appended  papers.  However, 

practical reasoning is utilized to exemplify how the diversity of flow can 

be  considered  in  improvement  initiatives  in  construction. During  the 

writing of this thesis, I received the following concern from a colleague: 

“An  individual  can  experience  flow  in  their  everyday  life  and do  completely 

wrong things for the system. Just imagine the following scenario: I work all day 

to press plates so the buffer after my operation is full. It has gone very well for 

me, but I produced the wrong plates: no customer needed them. Thus, the total 

process did not perform well. My mental flow felt good, but the system flow has 

gone badly. A second scenario might be: We have a streamlined process, but my 

boss is unpleasant and as an individual I experience stress, but the process goes 

well.  How  can  correlation  between  system  flows  and  individuals’  flow  be 

explained in such scenarios?” 

There is no doubt that both scenarios have disadvantages either for the 

system  (scenario  1)  or  the  individual  (scenario  2).  Moreover,  such 
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scenarios are probably common  in numerous settings, so  the question 

posed by my colleague has clear validity. This thesis indicates potential 

aspects  to  consider  when  assessing  such  real‐world  scenarios  and 

possible ways  to  improve  them  by  addressing  the  diversity  of  flow. 

Moreover, the diversity of flow also probably explains the apparent lack 

of  correlation.  In  the  first  scenario,  the  individuals’  flow  is  not 

appropriately linked to the system flows. For example, happily making 

the wrong kind of plates is consistent with some elements of individual 

flow, such as well‐being, but not others, such as commitment to meeting 

the company’s objectives. Thus, the following questions could be asked: 

 How  are  goals  conveyed  and  set  for  the  operational  unit  and  to 

concerned individuals? 

 How can the individuals’ awareness of system flows be increased? 

 How can system level goals be transformed to appropriate goals for 

the operational unit and individuals? 

 Does  the  buffer  provide  the  best  prerequisites  for  unambiguous 

feedback (to the operational unit and/or individual) or does it prevent 

direct feedback loops? 

 Are skills available  for pull‐based  information  flow  (supported,  for 

example, with  goals  and  feedback)  from  downstream  operational 

units or central planning? 

From a system perspective, there are good results in the second scenario 

in the short term, but continuation of good system flows seems highly 

reliant  on  the  employee  continuing  to  tolerate  the  boss  and  avoiding 

becoming so stressed that system‐level performance suffers because s/he 

(and possibly other employees) becomes sick, resigns or even potentially 

sabotages  operations.  In  stark  contrast,  in  lean  philosophy,  broad 

engagement of committed staff is strongly advocated (Liker 2004, Simu 

and Lidelöw 2019, Rooke 2020), which might be harder to achieve with 
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stressed staff. An additional concern is that long term development, from 

a strategic perspective will probably be highly reliant on the boss as well, 

a boss who  is already occupied with operational governance to a high 

extent. Another issue with the second scenario is that the analysis of the 

system  perspective  is  far  from  complete  in  the  short  one‐sided 

description. Let’s add some speculative complexity and imagine that the 

boss  has  a  group  of  operators  and  views  the  flow  of  transforming 

resources as follows: “Half of my group performs really well, they just do their 

work  and  perform  quite  independently.  But  the  other  half  are  the  complete 

opposite. It seems I always have to control and push them hard to make things 

happen.”  In  such  cases,  individual  flow  constructs  can  provide  some 

inspirational questions  to  improve both system  flows and  individuals’ 

flows: 

 Is the group committed to a shared definition of performance? 

 Are  there  competing  goals  that different  individual may  interpret 

differently? 

 Do all the individuals have appropriate challenges, knowledge and 

skills for the standardized tasks, or have some operators developed 

effective working procedures while others are struggling? 

 How does the boss provide feedback to the operators? 

 Is the feedback to individuals linked to relevant system flows? 

Both  scenarios  and derived  questions  exemplify how  the diversity  of 

flow can contribute to analysis and improvements in such situations. In 

a similar vein, with reinforcement from the theoretical framework, the 

three cases addressed in this thesis exemplify specific issues to consider 

in the respective improvement initiative. 

In  Case  1,  the  individual  flow  of  a  production  manager  might  be 

negatively  impacted  by  competing  system  level  goals  (e.g.,  flows  of 

transformed  resources  may  be  strategically  driven  while  flows  of 
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transforming  resources may be measured  in  short‐term units,  such as 

hours consumed per project). S/he might feel that either the goals are not 

clear or  receive  feedback  that  conflicts with  some goals  (Fullagar and 

Kelloway 2009, Quinn 2005, Procci et al. 2012), and there may be tension 

to balance competing flow and resource efficiency goals (Paper 1, Modig 

and Åhlström  2015). Left  alone with  these  challenges,  the production 

manager may feel uncertainty that impairs decisions regarding system 

flows  including  staff  issues  and  thus other  individuals’  flow  (see,  for 

example, comments by Respondent F in the second empirical finding in 

Appendix  4).  In  change  management  contexts,  competing  top‐down 

targets  are  regarded  here  as  being  associated  with  a  leader‐centric 

change  management  approach  with  weak  consideration  of  recipient 

motivation  (Armenakis  and  Harris  2009).  Thus,  proposed  solutions 

include  increasing  the  recipient  focus  and  employee  involvement  by, 

inter alia, improving the clarity of goals to motivate recipients to support 

change  initiatives  and  enhance  local  empowerment  (Matthews  et  al. 

2018, Friis and Koch 2015, Armenakis and Harris 2009). 

Matthews et al. (2018) combine the concepts of change management and 

collaboration  in  the  context  of  building  information  modelling  in 

construction to integrate different project parties in knowledge sharing 

and joint decision making. Collaboration is a multi‐faceted construct that 

includes communicational, organizational, structural, and social aspects 

(Gomes and Tzortzopoulos 2020a) and might be positively affected by 

mediating  structures  that  promote  establishment  of  beneficial  social 

interactions  (Gomes  and  Tzortzopoulos  2020b).  From  a  system  flow 

perspective the intention of collaboration is to create information flows 

that support  the  flows of  the  transforming and  transformed resources. 

Individuals’  flow  can  be  seen  as  supporting,  hindering  or mediating 

collaboration. The constructs of  individuals’  flow also provide specific 

suggestions  to  stimulate  collaborative  interactions  and  associated 

information  flows  by  considering  individual  flow  constructs,  such  as 

goals,  feedback,  control,  as  well  as  challenge‐skill  balances,  thereby 



Discussion 

61 

acting  as  mediating  factors  between  individual  and  system  level 

activities and processes. 

Comparison of the analysed cases shows that the focus on system flows 

differs between them. The type of improvement considered in Case 2 is 

more  balanced  in  terms  of  equally  addressing  all  four  (Flow  of 

transformed resources, Flow of  transforming resources, Portfolio  flow, 

Information  flow)  system  flows  (Table  14), while  those  considered  in 

Cases 1 and 3 largely address flows related to the resources (Table 13) and 

information  flow  (Table  15),  respectively. These  foci  on  specific  flows 

might be case‐dependent, because the improvement initiatives fostered 

a focus on specific system flows. In Case 1,  it could be argued that the 

main idea of an off‐site production system is to restructure management 

of  transformed and  transforming resources (Paper 2), so  the associated 

flows  should  receive most  attention. Similarly,  the  implementation of 

digital  technologies  in  Case  3  will  inevitably  lead  to  a  focus  on 

information flow, because digital technologies are fundamentally based 

on transforming analogue information into digital data (Rachinger et al. 

2018). However, as argued in Paper 4, this would limit the scope of the 

initiative  to  utilization  of  digital  technologies  in  ICT  applications, 

(Rachinger et al. 2018, Gobble 2018). Such restricted digitization (sharing 

and communication of  information digitally)  is  regarded as  immature 

(Paper  4),  focusing  solely  on  information  flow  neglects  the  massive 

possible  effects  of  digital  technology  on  operational  processes 

(digitalization),  business models  and  overall  supply  chain  structures 

(digital transformation) (Rachinger et al. 2018, Gobble 2018). Applying 

this argumentation to Case 3, the high focus on information flow in, for 

example,  the  archival  study  (Table  12)  indicates  that  possibilities  to 

improve  other  system  flows may  receive  too  little  attention  and  are 

missed. As argued in Paper 4, objectives of change initiatives may have 

low  levels of digital maturity  for contextual reasons related  to specific 

projects or sites and associated organizations, support from central IT‐

departments, or levels of digital maturity achieved in recent projects that 
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limit  the scope  for setting higher digital maturity  targets. However,  if 

higher digital maturity  is  targeted,  the  focus on operational processes 

needs  to rise, with associated  increases  in attention  to system  flows of 

transforming and transformed resources. As also argued in Paper 4, the 

highest  digital maturity  level  in  construction  settings  is  achieved  by 

clearly  addressing  project  portfolio  level  phenomena,  particularly 

strategies to upscale or implement digital technologies in larger numbers 

of  projects. Change  initiatives  targeting  such  a  digital maturity  level 

would clearly entail efforts to address the portfolio flow and the  long‐

term perspective. 

One of the main contributions of this thesis, supported by this discussion 

in addition to the empirical findings and analysis, is recognition of the 

importance of considering the diversity of system flows and individuals’ 

flow, as visualized in Figure 7. Consideration of system flows is needed 

to secure positive effects on production processes in house building, and 

individuals’  flow  must  be  considered  to  secure  engagement  and 

empowerment of participating individuals, collaboration, and successful 

change management. Acknowledgement of the diversity of flow should 

help  practitioners who want  to  establish  beneficial  relations  between 

individuals’  flow  and  system  flows  in  improvement  initiatives.  The 

implications, suggested through the developed flow framework (Table 1), 

may inspire practitioners to assess how the diverse flows are addressed 

in  ongoing  improvement  initiatives  and  what  other  potential  flows 

should be addressed in future improvements. Candidates can be found 

by  considering  how  flow  constructs  that  have  received  little  or  no 

attention  and  the  relations  between  individual  and  system  flow 

constructs can be addressed in further improvement initiatives. 
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Figure 7. Contributions of the thesis 

5.2 Theoretical implications 

Theoretically,  this  thesis  contributes  to  understanding  of  the  flow 

concept in construction management (Kenley 2019, Sacks 2016, Perez et 

al. 2014, Kalsaas and Bølviken 2010). The system constructs of the flow 

framework developed in this thesis are based on concepts drawn from 

operations management,  supply  chain management,  lean  production, 

and  construction management  literature.  These  constructs  of  system 

flows in production settings in house building are mainly derived from 

Sacks’ (2016) portfolio‐process‐operations‐model, Lessing’s (2015) view 

on  project  portfolios  in  industrialized  house  building,  and 

Erikshammar’s  (2014)  supply  chain  model  for  construction  settings. 

Although Sacks (2016) excluded material and information flows from the 

portfolio‐process‐operations‐model, the definitions in this thesis include 

material and information flows in accordance with general supply chain 
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and  operations  management  understanding  of  flows  (Modig  and 

Åhlström 2015, Mentzer et al. 2001, Schmenner and Swink 1998). All of 

the applied theoretical flow constructs have recognized, complementary 

(rather  than conflicting) relevance  for analysing data  from  the various 

qualitative sources and elucidating the focal processes. 

In addition  to  system  flows,  the  flow  framework  includes concepts of 

individuals’  flow  drawn  from  positive  psychology, which  also  have 

important  complementary  relevance  in  construction management.  In 

none of  the researched cases, all  individual  flow constructs have been 

traced. This finding is in line with e.g. Quinn (2005) who noted that the 

number of individual flow constructs addressed depends on the specific 

activities concerned. Whether a general correlation between individual 

flow elements and system flows exists (Fullagar et al. 2017, Salanova et 

al.  2006,  Nakamura  and  Csikszentmihalyi  2002)  is  not  explicitly 

addressed in this thesis. However, as previously mentioned, due to the 

diversity of both perspectives of  flow,  it seems  likely  that mixtures of 

both  negative  and  positive  correlations  between  elements  of  the  two 

perspectives of flow occur simultaneously in many contexts. 

5.3 Implications for future research 

Previous authors, e.g. Fullagar et al.  (2017), Salanova et al.  (2006), and 

Nakamura and Csikszentmihalyi (2002) have suggested that individuals’ 

flow positively correlates with organizational development. The findings 

and analysis presented here, as summarized in the preceding paragraph, 

suggest that the relationships may be much more complex, and have the 

following implications for future research. 

 Consideration  of  both  system  flows  and  individuals’  flow  can  be 

expressed as a manifestation of organizational maturity  to manage 

both  system  and  individual  level  activities  and  processes 

simultaneously. Thus,  initiatives  intended to  improve system flows 

should consider aspects of individuals’ flow, and initiatives intended 
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to improve individuals’ flow should be closely linked to system flow 

objectives.  Efforts  should  also  be made  to  design  and  validate  a 

maturity model that captures the diverse understanding of flow. 

 In the context of improvement initiatives, positive individuals’ flow 

may potentially  facilitate  improvement  implementations  at  system 

flow  level  and  individuals may  play  active  roles  in  improvement 

processes by,  for  example,  initiating  and  supporting  improvement 

initiatives,  or  rejecting  and  resisting  them  if  they  have  ‘low’  or 

‘negative’ individual flow. Thus, positive individuals’ flow might lead 

to  increased  system  flows,  but  this  hypothesis warrants  rigorous 

scientific  evaluation  because  individuals’  flow  is  a  multi‐faceted 

construct and there are diverse system flows, so the relationships are 

probably complex. 

 System  flows  in  production  in  house  building  are  not  always 

measurable either for practical reasons (related to safety, cost, and/or 

interrupting work) or methodological reasons (difficulties in defining 

relevant units and/or acquiring relevant measurements). Individuals’ 

flow can potentially be measured and provide indications of system 

flows, assuming that they are sufficiently correlated. However, such 

potential correlation requires rigorous scientific evaluation due to the 

mentioned complexities. 

 Broader generalization of the flow framework as utilized in this thesis 

requires  evaluation  in  international  and  other  construction 

environments, evaluation of the temporal stability of results, and tests 

of  statistical  significance.  In  addition,  a  potential  inclusion  of  the 

financial flow could be considered. 

5.4 Reliability and validity 

To  create  robust,  reliable  knowledge,  research  must  be  based  upon 

logical sets of statements and readers of published studies must be able 

to  assess  its  quality.  Yin  (2009)  suggests  four  criteria  for  quality 
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assessment  of  empirical  social  research:  construct  validity,  internal 

validity, external validity, and reliability. 

Construct validity refers to the degree to which appropriate operational 

measures for the concepts have been applied, and a potential approach 

to maximize  it  in  case  study  research  is  to  use multiple  sources  of 

evidence  (Yin  2009).  Accordingly,  multiple  sources  of  evidence  and 

qualitative data  collection methods  (interviews, observations, archival 

study, questionnaires  including open questions and workshops) were 

used in studies reported in the appended papers and the acquired data 

underpin  this  thesis.  The  following  observations  support  the  general 

construct validity of this thesis: 

 Most of the flow constructs were identified in content analyses of data 

acquired in several of the empirical studies (Mayring 2014). 

 The  data  regarding Case  1  that were  used  in  Papers  1  and  2 were 

collected  in  spring  2016  and  October  2016,  respectively.  Similar 

constructs and patterns were  identified  in both sets of data, which 

supports the temporal stability of the empirical findings. 

 Different patterns were detected in the three cases, with reasonable 

case‐dependent  explanations,  as  discussed  in  the  ‘Practical 

implications’ chapter, e.g. a stronger  focus on  information  flow was 

detected in Case 3. 

However, some concerns regarding construct validity emerged during 

the research and preparation of this thesis: 

 The patterns detected  in  the analysis do not describe  the character, 

strength, or direction (positive or negative) of the relations between 

individuals’ and system flows. This concern  is rooted  in the aim of 

the  research  to  focus  on  describing  the  flow  relations  without 

necessarily quantifying them. 
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 The  individual  flow  concept  was  initially  based  on  performers’ 

subjective  perceptions  of  their  states  and  performance  in  specific 

activities, and thus dependent on their personal history in relation to 

both  those  activities  and  specific  circumstances  (Nakamura  and 

Csikszentmihalyi  2002).  Therefore,  individuals’  flow  depends  on 

various personal factors, and specific circumstances of participants in 

each of  the  cases were defined  in  terms of  constructs  that  seemed 

relevant  for  their  roles. For example,  the  individual  flow construct 

‘Sense of control’ seemed  important  for  the  individual  in  the role of 

planner  in Case 3. Accordingly, other constructs of  individual  flow 

will be important for individuals engaged in other activities, roles, or 

departments.  Individuals  are  even  probably  unaware  of  some 

important  elements  of  individual  flow,  as  defined  in  positive 

psychology.  Thus,  applying  such  a  psychological  concept  in 

improvement  initiatives  in house building production settings, and 

assessing likely results, may be far from straightforward. 

 Based on  the  theoretical  framework and  the design of  the research 

underpinning this thesis, it is not possible to evaluate the dependence 

(if  any)  of  the  results  on  the  research  design  and  associated  data 

collection processes, the analytical procedures, me (as the analyst), or 

the contextual settings of the three cases. 

Internal  validity  refers  to  the  strength  of  relationships  between 

observations  and  researchers’  interpretations,  and  a  transparent  data 

analysis approach is required to enable its verification (Yin 2009). In this 

thesis, the model of analysis is based on the theoretical framework, thus 

a deductive approach was applied to support the extraction of content‐

bearing components from the collected qualitative data (Mayring 2014). 

In  addition,  analytical  iterations  were  performed  (Mayring  2014)  in 

attempts to check that the data sources supported relevant findings and 

minimize potential bias. Moreover, all of the steps involved have been 

reported as faithfully as possible to enable independent verification. 
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The external validity, which refers to the generalizability of the results, 

can be  increased by using theory and/or replication  logic  in multi‐case 

studies (Yin 2009). Both approaches were applied in this thesis and the 

underlying  studies.  The  appended  papers  are  structured  and 

deductively analysed  in multi‐cases and finally synthesized supported 

by the model of analysis (Mayring 2014). However, broad generalization 

was not the goal of the research. The empirical data collected concern a 

limited  number  of  Swedish  construction  firms,  and  largely  the 

production  phase,  although  connections  to  other  construction  phases 

(design,  procurement)  have  been  considered  to  varying  degrees 

(especially  in  Case  2).  Nevertheless,  assessment  of  the  results’ 

generalizability  is  required,  and  thus  their  evaluation  in  international 

and other construction environments, together with  further evaluation 

of  their  temporal  stability,  judgement  of  the  data  samples’ 

representativeness, and tests of statistical significance. In addition, some 

data collection methods only contributed a few empirical findings (e.g. 

the open questions in the questionnaire used in the study of Case 3), thus 

any quantification of findings should be viewed as indicative. However, 

those indications support the assertion that the research underlying this 

thesis met the aim of at least partially describing how system flows and 

individuals’  flow are related  in  initiatives  intended  to  improve system 

flows of production in house building. 

Reliability  of  research  refers  to  findings’  consistency,  reasonableness, 

and stability over time and across researchers and methods (Miles and 

Huberman  1994).  Its  verification  requires detailed descriptions  of  the 

operational  steps  of  the  research  and  data  analysis  to  enable  other 

researchers to repeat them (Yin 2009). Thus, strenuous efforts were made 

in  both  writing  of  the  thesis  and  appended  papers  to  enable  such 

repetition and verification. The overall goal of attending to reliability is 

to minimize a study´s errors and biases (Yin 2009). For these purposes in 

the studies reported in Papers 1, 3, and 4, several authors independently 

analysed the data then the findings were synthesized. This process was 



Discussion 

69 

intended  to maximize  the  reliability  of  the  analyses  in  the  appended 

papers, by enabling other researchers  to evaluate potential differences 

with their results, discuss possible causes and assess weaknesses of the 

research  procedures  applied  including  the  analytical models.  Such  a 

research design provides higher objectivity and hence higher reliability 

than  analyses  by  single  researchers. However,  the  author was  solely 

responsible  for  analyses  presented  in  this  thesis,  which  impairs  the 

reliability but maximizes the responsibility for any bias or error. Thus, 

risks  of  confirmation  bias,  especially  of  erroneously  finding  certain 

expected flow constructs in the collected data are inevitably present and 

could potentially have been reduced by other researchers’ cross analysis. 

However, the aim of the research was not to find all flow constructs, and 

the results and conclusions are not dependent on identifying all relevant 

constructs  in  the  empirical  data.  In  addition,  all  data  protocols  are 

available and the analysis procedure could be repeated. However, due to 

the high number of analytical constructs (four types of system flows and 

nine  elements  of  individuals’  flow)  there  is  clear  risk  that  different 

researchers or  repeated analysis by  the same  researcher might  lead  to 

different results (and still potentially provide insufficient indications of 

the complexities). This risk is particularly applicable to the individuals’ 

flow  because  of  relationships  between  associated  constructs  (e.g. 

between  awareness  and  concentration),  and  the  subjectivity  of 

understanding  of  the  constructs  (Quinn  2005, Engeser  and Rheinberg 

2008, Fullagar and Kelloway 2009, Fullagar et al. 2017, Nakamura and 

Csikszentmihalyi 2002). 

5.5 Methodological review 

To some extent, this thesis follows calls from construction management 

researchers  to  apply  theory  from  social  science  and  organizational 

research  in  construction management  research by moving  away  from 

technically oriented engineering issues and introducing human concepts 

(Chan 2020, Harty and Leiringer 2017, Koch et al. 2019). It can be seen as 
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an  incremental step  towards applying  theory  from outside  the  field  in 

construction management  research, which has historically  focused  on 

engineering  issues  (Harty  and  Leiringer  2017).  This  is  potentially 

important because human  interactions are  inevitably  involved  in, and 

thus affect the outcome of, construction activities. Another reason that 

theory from outside the field can be applied in the construction context 

is that objectivistic understandings can be acquired and applied in both 

social  science  and  engineering,  as  exemplified  by  use  of  quantitative 

methods such as questionnaire‐based surveys  in psychological studies 

(Koch et al. 2019). Thus, humanistic research does not necessarily depend 

on  subjective,  i.e.,  hermeneutical  or  interpretive  approaches,  and  the 

distinction between quantitative and qualitative research is not the same 

as  the distinction between positivistic and  interpretive  research  (Chan 

2020). Moreover,  combinations  of  both  objectivistic  and  subjectivistic 

approaches and an appropriate balance between theoretical rigour and 

practical  relevance  may  be  particularly  important  in  practice‐based 

(applied)  research  (Koch  et  al.  2019,  Chan  2020).  Construction 

management  is  seen here as an applied  research  field  (e.g. Harty and 

Leiringer 2017) of operations management  in  the construction context. 

The field is inspired by insights from other applied fields, such as lean 

production  (Koskela 2020, Rooke 2020, Simu and Lidelöw 2019, Sacks 

2016),  which  exemplifies  the  inclusion  in  construction  management 

research  of  concepts  that  originated  outside  the  field  and  address 

individual aspects (Liker 2004). Similarly, concepts such as collaboration 

and change management have been applied in attempts, for instance, to 

establish  interactions  between  project  participants  and  client  value 

generation (Gomes and Tzortzopoulos 2020a, Koskela 2020, Matthews et 

al. 2018). 

Qualitative content analysis, which was applied as analysis method  in 

this  thesis,  supports  both  hermeneutical  and  positivistic  research 

(Mayring 2014). According  to hermeneutical views, all qualitative  text 

analysis  reflects,  to  some  extent,  the  interpreter’s preconceptions  and 
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pre‐knowledge of the topic. Thus, it is always subjective to some extent 

(Neuendorf  2002, Mayring  2014). This  is particularly  relevant here  in 

understanding of the individual flow constructs. As debated in the field 

of positive psychology,  the nine considered constructs of  flow are not 

necessarily  independent  and  may  be  experienced  differently  by 

individuals in the same activities or situations (Quinn 2005, Engeser and 

Rheinberg  2008,  Fullagar  and  Kelloway  2009,  Fullagar  et  al.  2017). 

Therefore, dissonance  in  the understanding of  the nine constructs and 

how  they might  be  interrelated  in  specific  contextual  settings might 

depend  on  the  interpreter’s  understanding.  I  have  experienced  such 

dissonance  between  interpreter  and  respondent  during  research 

underlying Paper 5, confirming the inevitable subjectivity of individual 

flow constructs. A consequence is that a descriptive research design was 

chosen  to  research  the  occurrence  of  the  deductive  (flow)  categories, 

without  seeking  more  definitive  or  quantitative  relationships,  i.e. 

correlations (Mayring 2014). The hermeneutical element of the research 

is acknowledged  in  this  thesis by accepting  its  interpretational nature, 

even  though analytical rules and a model of analysis were established 

and applied. This inevitably influences the nature of the conclusions. 

The  positivistic  research  position  was  established  by  creating  a 

framework of content‐analytical rules, including the model of analysis, 

to  secure  a  level  of  objectivity  and  allow  systematic  quantitative 

analytical  steps,  e.g.  counting  frequencies  of  construct  occurrence 

(Mayring 2014) as shown in the tables of results (e.g. Table 16). In content 

analysis  research, different  epistemological positions may be  adopted 

(Mayring 2014). Neuendorf (2002) advocates a rather positivistic position 

by stating that “content analysis has as its goal a numerically based summary 

of a chosen massage set” (p. 14) and “intercoder reliability”, i.e. a “high level 

of agreement among two or more coders”, is critical for the meaningfulness 

of content analysis (p. 12). Such a view was partly applied in this research 

because  findings were quantified and  the quantification had apparent 

relevance.  In  addition,  the  model  of  analysis  was  defined  with  the 
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intention  to  enable  objective  theory‐based  data  analysis. However,  a 

hermeneutical approach was also applied, because ‘intercoder reliability’ 

was  not  tested  and  the model  of  analysis might  allow  interpretative 

coder freedom, especially for the individual flow constructs. 

Elements of quantitative and qualitative research methods were applied 

in the research in a mixed methods approach (Flick 2014, Dainty 2008), 

regarding  them not  as  rivals, but as having  complementary  strengths 

that can compensate for their respective weaknesses or ‘blind spots’ (Flick 

2014). The  quantification  of  qualitative data  in,  for  example, patterns 

generates meaning in the research by allowing counting, contrasting, or 

comparison of results (Miles and Huberman 1994), which are important 

issues in applied research. “In this respect, the Qualitative Content Analysis 

is a mixed methods approach: assignment of categories to text as qualitative step, 

working through many text passages and analysis of frequencies of categories as 

quantitative step” (Mayring 2014, p. 10). 

This is a compilation thesis (article dissertation), and thus structured as 

an independent report of scientific research with appended papers, each 

of which  had  a  specific  aim  or  purpose.  Combining  them  does  not 

automatically provide a coherent scientific contribution. However,  the 

appended papers describe a sequence of research activities, which has 

been  reviewed  to  clarify  the  main  themes  explored  in  my  doctoral 

research  regarding  improvement  initiatives  in  house  building.  In 

addition,  different  methods  have  been  utilized  in  accordance  with 

recommendations by case study  researchers such as Eisenhardt  (1989) 

and Yin (2009). They strongly advocate combinations of quantitative and 

qualitative  data  collection  methods  to  address  complex  research 

questions, enhance understanding of  the dynamics of a context, allow 

method  triangulation,  and  enable  collection  of  richer  and  stronger 

evidence  than  any  single method  can  provide  alone.  The  purpose  of 

triangulation  is  to confirm  findings and  it  can be performed by using 

different data  sources  (in  terms  of  respondents,  times  and/or places), 
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methods (direct observations, interviews and/or documents), researchers 

(different  investigators),  theories,  and  data  types  (qualitative  and 

quantitative)  (Miles and Huberman 1994). Moreover, biases associated 

with  a  single method  can be  countered by  combining qualitative and 

quantitative methods and using different methods with complementary 

strengths (Flick 2014, Miles and Huberman 1994). Both approaches were 

utilized in the research underlying this thesis, and the results regarding 

Cases  1  and  3  show  that  the  findings do not  rely  on  a  single method 

although  the  amount  of  data  they  provided  varies.  This  thesis  is 

primarily based on the qualitative data collected in studies reported in 

the appended papers. However, in the studies described in Papers 2 and 

5 quantitative measurements were the starting points for qualitative data 

collection  in  interviews and workshops, and  the possibility  to discuss 

quantitative results contributed to deeper discussions and questions than 

if they had been solely based on qualitative methods. 

My  research  is  based  on  my  personal  background  (e.g.  education, 

professional) but even impacted by my colleagues at the research subject 

‘Construction Management and Building Technology’, research projects, and 

existing  research  from  the  fields  that  inspired my  PhD  journey. My 

personal  background  also  very  likely  impacted  my  methodological 

choices.  I have  a MSc  in  industrial  engineering with  specialization  in 

production technology and production economics, and around 12 years’ 

experience  in  sales  &  operations  planning,  production  planning  & 

control,  and  product  &  process  development  in  the  industry. 

Philosophically, such a background could classify me in the ‘positivistic 

research  category’.  In  addition, my  research  subject  focuses  on  applied 

research,  thus  research  is  frequently  questioned  towards  its  practical 

contribution  in  a  field  with  unlimited  engineering  issues.  In  such 

conditions, it is hardly surprising that I both performed quantitative flow 

measurements  (Paper  2)  and  can  find  quantitative  flow  research 

contributing both practically and theoretically e.g. the ‘Construction flow 

index’ as presented by Sacks et al. (2017). However, my experience as a 
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product  and  process  development  project  manager  at  a  supplier  of 

construction components (wooden floors) has contributed to a broader 

research approach. Half of  the project management  trainee program  I 

participated  in  focused  on  leadership  issues,  including  psychological 

models,  and my practical  experience  left no doubt  that psychological 

issues  matter.  Thus,  addressing  both  system  and  individual  flow 

perspectives in this thesis was a logical personnel development for me. 

My research  journey can also be explained in terms of development of 

flow constructs. Papers 1 and 2 contextually addressed the two efficiency 

concepts  ‘flow  efficiency’ and  ‘resources  efficiency’  (Modig and Åhlström 

2015),  which  refer  to  the  ‘Flow  of  transformed  resources’  and  ‘Flow  of 

transforming resources’ in this thesis. Papers 1 and 2 focus specifically on 

the off‐site production system of a contractor. Paper 3 addresses different 

system flows and their dependencies from a more general management 

perspective. Paper 4 addresses both individual and system flow aspects, 

while  Paper  5  focuses  on  the  individual  flow  perspective.  This  thesis 

combines some of the flow perspectives of the appended papers within 

the model  of  analysis.  The  aim  to  describe  and  exemplify  relations 

between  system  flows  and  individuals’  flow  in  improvements within 

house building settings called for a qualitative data collection approach 

(Yin 2009). Hence, several qualitative datasets were collected by various 

methods  in  studies  reported  in  the  appended  papers  and  judged  to 

contain  relevant  raw  information. The utilization of different  types of 

qualitative  data  collection  methods,  which  provided  consistent  and 

complementary evidence, contributes to the validity of the thesis (Miles 

and Huberman 1994).   
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6. Conclusions 

The aim of this thesis is to describe how system flows and individuals’ 

flow are related in initiatives intended to improve production in house 

building. It exemplifies with qualitative data how flow relations occur in 

three improvement initiatives in researched settings (Appendices 1‐8) and 

summarizes  findings  in  quantitative  patterns  of  traced  flow  relations 

(Tables 5‐16). Based on the traced flow patterns, this thesis concludes that 

system flows and individuals’ flow in improvement initiatives in house 

building production settings are related. However, individual flow is a 

complex, multi‐faceted concept with strongly subjective elements, and 

system  flows  are  also  complex  as  they  involve  passages  of multiple 

entities  through  a  process.  Thus,  there  is  strong  diversity  of  flow  in 

production  improvements  in house building, and  the  relations among 

them  are  likely  to  be  correspondingly  complex.  Recognition  of  the 

diversity of flow, illustrated in the developed flow framework (Table 1), 

may  inspire  practitioners  to  assess  in more  detail  how  the  flows  are 

addressed in ongoing improvement initiatives and what other potential 

flows could be addressed in future improvements. 

The rationale of the thesis is based on several theoretical sources (Figure 

1) that indicate the relevance of the system flows, individuals’ flow and 

relations among them in the studied context. Conflicts to that indications 

have  not  been  found  in  this  thesis,  but  the  design  of  the  underlying 

research does not provide clear evidence of specific correlations, e.g. that 

system  flows  and  individuals’  flow  are  consistently  and  positively 

correlated,  or  that  consideration  of  individuals’  flow  is  essential  for 

successful improvement initiatives on system flow level. However, this 

is probably a gross simplification as both system flows and individuals’ 

flow are highly complex and multi‐faceted. Thus, there may be complex 

mixtures of both positive and negative correlations in any given setting, 
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and the diversity of flow  in  improvement  initiatives  in house building 

production warrants much more detailed attention.   
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p
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ro
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h
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ro
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h
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b
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d
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p
u
t 

en
er
g
y
 i
n
to
 w

ro
n
g
 t
h
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b
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in
k
 a
b
o
u
t 
th
is
 a
n
d
 w

h
at
 c
an
 w

e 
d
o
 b
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at
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p
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d
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w
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at
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b
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k
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g
in
g
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C
h
al
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n
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il
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b
al
an

ce
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ee
d
b
ac
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at
io
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fl
o
w
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cr
ea
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 a
ct
io
n
‐a
w
ar
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in
g
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p
ro
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ct
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ra
n
sf
o
rm
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o
u
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an
d
 i
m
p
ro
v
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en
ts
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p
o
rt
fo
li
o
 

(p
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tf
o
rm
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T
h
e 
te
ch
n
ic
al
 p
la
tf
o
rm
 c
o
n
si
st
s 
o
f 
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u
r 
p
ar
ts
: c
u
st
o
m
er
 o
p
ti
o
n
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d
es
ig
n
 i
n
st
ru
ct
io
n
s 
(e
.g
. f
o
r 
ar
ch
it
ec
ts
 w

it
h
 l
o
n
g
‐t
er
m
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re
em

en
ts
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 p
ro
ce
ss
 d
es
cr
ip
ti
o
n
s 
e.
g
. f
o
r 
h
o
w
 t
o
 i
n
se
rt
 t
h
e 

w
in
d
o
w
s 
an

d
 h
o
w
 w

e 
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se
m
b
ly
 t
h
e 
w
al
ls
, a
n
d
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h
e 
p
ro
d
u
ct
 

d
ef
in
it
io
n
 e
.g
. w

al
l 
ty
p
es
. W

e 
al
w
ay
s 
h
av
e 
a 
ce
rt
ai
n
 f
lo
o
r 
h
ei
g
h
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an
d
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lw

ay
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th
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ta
ir
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o
lu
ti
o
n
. W
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h
av
e 
o
u
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re
fe
re
n
ce
 h
o
u
se
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an
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o
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n
in
g
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h
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h
o
u
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it
h
 

co
n
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p
re
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b
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o
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o
n
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h
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b
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d
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b
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b
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at
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 p
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p
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w
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h
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p
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b
ei
n
g
 a
 t
o
ta
l 
co
n
tr
ac
to
r 
in
cl
u
d
in
g
 d
es
ig
n
 a
n
d
 p
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ro
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b
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n
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b
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b
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b
ra
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b
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b
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ra
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p
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h
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d
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g
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b
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b
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k
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p
ro
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ct
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n
d
 s
u
p
p
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t 

w
it
h
 r
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o
u
rc
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n
d
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h
en
 t
h
e 
n
ex
t 
p
ro
je
ct
. T

h
er
e 
w
il
l 
b
e 
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n
 

p
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je
ct
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al
le
l 
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h
e 
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f 
th
e 
y
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r.
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u
t 
w
e 
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e 
n
o
t 
h
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o
 

m
an

y
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al
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l 
p
ro
je
ct
s 
b
ef
o
re
. W

e 
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e 
d
is
cu
ss
in
g
 t
o
 s
ee
 i
t 
fr
o
m
 a
 

fl
o
w
 p
er
sp
ec
ti
v
e 
to
 s
u
p
p
ly
 t
h
e 
p
ro
je
ct
s 
in
te
g
ra
te
d
. S
u
p
p
o
rt
 

fu
n
ct
io
n
s 
w
o
rk
 i
n
 p
ar
al
le
l 
b
u
t 
p
ro
je
ct
 r
es
o
u
rc
es
 a
re
 v
er
y
 p
ro
je
ct
‐

fo
cu
se
d
.

P
o
rt
fo
li
o
 

fl
o
w
, F
lo
w
 o
f 

tr
an

sf
o
rm
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b
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ro
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o
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h
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ra
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ar
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fl
o
w

W
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e 
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o
 e
ff
ic
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n
cy
 m

ea
su
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s.
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n
e 
is
 t
o
 u
n
d
er
st
an

d
 w

h
at
 i
t 

w
il
l 
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st
 w

h
en
 w

e 
b
u
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an

d
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ro
d
u
ct
io
n
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ro
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n
 i
n
 t
h
is
 c
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e 
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 b
e 
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 p
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se
 a
s 
p
o
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 i
n
 t
h
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m
en
t.
 T
h
e 
p
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d
u
ct
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n
 

m
u
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 s
ta
y
 w

it
h
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%
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o
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ra
n
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 w
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h
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 t
h
e 
b
u
d
g
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. T

h
en
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e 
h
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e 

an
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ff
ic
ie
n
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 m

ea
su
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 b
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n
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h
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p
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o
rm
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h
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o
u
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im
p
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v
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an

n
u
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 w
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h
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u
m
b
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f 
p
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ce
n
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(e
.g
. s
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et
y
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o
u
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r 
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fo
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o
m
p
o
n
en
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u
n
d
at
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n
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tr
u
ct
u
re
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n
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la
ti
o
n
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e.
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n
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%
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p
er
, 

ac
ti
o
n
s 
an

d
 k
ey
 f
ig
u
re
s 
ar
e 
d
et
er
m
in
ed

, e
.g
. n

u
m
b
er
 o
f 
w
o
rk
in
g
 

h
o
u
rs
 p
er
 a
p
ar
tm

en
t.
 I
t 
is
 a
  l
o
t 
o
f 
w
o
rk
 t
o
 c
le
ar
 t
h
e 
fi
g
u
re
s 
to
 t
ry
 

to
 g
et
 t
h
em
 c
o
m
p
ar
ab
le
.

P
o
rt
fo
li
o
 

fl
o
w
, F
lo
w
 o
f 

tr
an

sf
o
rm

ed
 

re
so
u
rc
es
, 

In
fo
rm

at
io
n
 

fl
o
w

A
ct
io
n
‐

aw
ar
en
es
s 

m
er
g
in
g
, S
en
se
 

o
f 
co
n
tr
o
l,
 

U
n
am

b
ig
u
o
u
s 

fe
ed

b
ac
k
, 

C
h
al
le
n
g
e‐
sk
il
l 

b
al
an

ce
, C

le
ar
 

g
o
al
s

D
ef
in
ed
 g
o
al
s 
to
 c
re
at
e 
aw

ar
en
es
s 

an
d
 a
ct
io
n
, f
ee
d
b
ac
k
, f
ro
m
 s
in
g
le
 

p
ro
je
ct
s 
(t
ra
n
sf
o
rm

ed
 r
es
o
u
rc
es
) 

to
 c
o
n
tr
o
l 
th
e 
p
la
tf
o
rm
 

d
ev
el
o
p
m
en
t 
fo
r 
th
e 
p
o
rt
fo
li
o
, 

ev
en
 t
h
o
u
g
h
 c
h
al
le
n
g
es
 o
cc
u
r



E
m
p
ir
ic
al
 f
in
d
in
g

T
ra
ce
d
 

sy
st
em
 f
lo
w
 

co
n
st
ru
ct

T
ra
ce
d
 

in
d
iv
id
u
al
 f
lo
w
 

co
n
st
ru
ct

C
o
n
te
n
t 
an

al
y
si
s 
m
o
ti
v
at
io
n

W
e 
h
av
e 
a 
p
er
so
n
 r
es
p
o
n
si
b
le
 f
o
r 
th
e 
te
ch
n
ic
al
 p
la
tf
o
rm
 a
n
d
 a
 

re
la
te
d
 w

o
rk
in
g
 g
ro
u
p
. A

ll
 p
ro
je
ct
s 
se
n
d
 t
h
ei
r 
in
p
u
ts
 (
p
ro
je
ct
 

m
an

ag
er
s,
 s
it
e 
m
an

ag
er
s,
 c
ar
p
en
te
rs
),
 e
.g
. t
h
is
 i
s 
th
e 
fo
u
rt
h
 t
im

e 
a 

p
ro
je
ct
 d
o
 n
o
t 
w
an

t 
a 
ro
o
f 
o
v
er
 t
h
e 
b
al
co
n
ie
s,
 t
h
u
s 
w
e 
n
ee
d
 t
o
 

u
p
d
at
e 
o
u
r 
p
la
tf
o
rm

. T
h
is
 f
o
rm
 o
f 
ex
p
er
ie
n
ce
 f
ee
d
b
ac
k
 d
ri
v
es
 a
n
d
 

ef
fe
ct
s 
th
e 
p
la
tf
o
rm
 a
n
d
 t
h
er
e 
is
 a
 h
u
g
e 
co
m
m
it
m
en
t 
th
at
 t
h
is
 i
s 

th
e 
ri
g
h
t 
th
in
g
 t
o
 d
o
 a
n
d
 e
v
er
y
o
n
e 
is
 w

o
rk
in
g
 f
o
r 
it
. W

e 
b
u
y
 a
n
d
 

v
al
u
e 
la
n
d
 b
as
ed
 o
n
 o
u
r 
h
o
u
se
 m

o
d
el
s 
an

d
 o
p
p
o
rt
u
n
it
ie
s 
th
at
  w

e 

ca
n
 w

o
rk
 w

it
h
 e
v
en
 t
h
o
u
g
h
 t
h
at
 d
o
es
 n
o
t 
w
o
rk
 1
00
%
. W

e 

se
ar
ch
in
g
 p
re
re
q
u
is
it
es
 f
o
r 
m
ak
in
g
 t
h
e 
p
la
tf
o
rm
 m

an
ag
ea
b
le
 w

it
h
 

th
e 
fl
ex
ib
il
it
y
 w

e 
n
ee
d
 t
o
 c
re
at
e 
u
n
iq
u
e 
p
ro
d
u
ct
s.
 T
h
e 
la
rg
er
 t
h
e 

m
ar
k
et
 s
co
p
e 
y
o
u
 h
av
e,
 t
h
e 
h
ar
d
er
 i
t 
w
il
l 
b
e 
to
 h
av
e 
a 
te
ch
n
ic
al
 

p
la
tf
o
rm

. W
e 
h
av
e 
a 
cl
ea
r 
m
ar
k
et
 p
o
si
ti
o
n
 a
n
d
 d
el
iv
er
 s
u
rf
ac
e 

ef
fi
ci
en
t 
ap

ar
tm

en
ts
 t
o
 t
h
e 
m
ar
k
et
, w

h
ic
h
 m

ea
n
s 
th
at
 w

e 
ca
n
 t
ak
e 

a 
lo
w
er
 p
ri
ce
. W

e 
h
av
e 
a 
g
ro
w
th
 p
la
n
 w

it
h
 d
o
u
b
le
d
 v
o
lu
m
es
 i
n
 

fi
v
e 
y
ea
rs
. I
t 
is
 r
ea
li
st
ic
 a
n
d
 c
re
d
ib
le
 d
u
e 
to
 t
h
e 
p
la
tf
o
rm
 w

e 
h
av
e 

w
h
ic
h
 s
u
p
p
o
rt
s 
an

d
 i
s 
su
p
p
o
rt
ed
 b
y
 o
u
r 
st
ra
te
g
y
 w

e 
ch
o
se
n
 t
o
 

d
ef
in
e 
p
ro
d
u
ct
s 
an

d
 a
 p
la
tf
o
rm
 t
h
at
 c
an
 b
e 
m
ad

e 
m
o
re
 e
ff
ic
ie
n
t 

su
p
p
o
rt
ed
 b
y
 l
o
n
g
‐t
er
m
 c
o
ll
ab
o
ra
ti
o
n
 a
n
d
 g
ro
w
in
g
 v
o
lu
m
es
.

P
o
rt
fo
li
o
 

fl
o
w
, 

In
fo
rm

at
io
n
 

fl
o
w

U
n
am

b
ig
u
o
u
s 

fe
ed

b
ac
k
, A

ct
io
n
‐

aw
ar
en
es
s 

m
er
g
in
g
, 

C
h
al
le
n
g
e‐
sk
il
l 

b
al
an

ce
, C

le
ar
 

g
o
al
s

In
fo
rm

at
io
n
 f
lo
w
 f
ro
m
 i
n
d
iv
id
u
al
 

p
ro
je
ct
s 
d
ri
v
es
 p
la
tf
o
rm
 

d
ev
el
o
p
m
en
t 
fo
r 
p
o
rt
fo
li
o
 f
lo
w
, 

ch
al
le
n
g
e‐
sk
il
l 
b
al
an

ce
 s
u
p
p
o
rt
ed
 

b
y
 f
ee
d
b
ac
k
 a
n
d
 g
o
al
s,
 

co
m
m
it
m
en
t 
ad

d
re
ss
es
 a
ct
io
n
‐

aw
ar
en
es
s



E
m
p
ir
ic
al
 f
in
d
in
g

T
ra
ce
d
 

sy
st
em
 f
lo
w
 

co
n
st
ru
ct

T
ra
ce
d
 

in
d
iv
id
u
al
 f
lo
w
 

co
n
st
ru
ct

C
o
n
te
n
t 
an

al
y
si
s 
m
o
ti
v
at
io
n

W
e 
g
o
 f
ro
m
 g
en
er
al
 t
o
 t
o
ta
l 
co
n
tr
ac
ti
n
g
 d
u
e 
to
 t
h
e 
in
d
u
st
ry
 

cu
lt
u
re
 a
n
d
 d
o
 m

o
re
 i
n
 h
o
u
se
. W

e 
ca
n
 t
ak
e 
th
e 
en
ti
re
 v
al
u
e 
ch
ai
n
. 

It
 i
s 
d
em

an
d
in
g
, b
ec
au

se
 t
h
er
e 
is
 n
o
 o
n
e 
to
 b
la
m
e.
 W

e 
o
w
n
 i
t.
 B
u
t 

le
tʹ
s  
b
u
il
d
 i
t,
 t
ak
e 
re
sp
o
n
si
b
il
it
y
, a
n
d
 r
u
n
 i
t 
th
at
 w

ay
. I
t 
is
 a
n
 

ad
v
an

ta
g
e 
to
 h
av
e 
o
u
r 
o
w
n
er
s,
 w

h
er
e 
y
o
u
 a
re
 n
o
t 
af
ra
id
 t
o
 t
ry
 

o
th
er
 w

ay
s 
as
 l
o
n
g
 a
s 
th
er
e 
is
 a
 l
o
g
ic
 b
eh
in
d
 i
t.

P
o
rt
fo
li
o
 

fl
o
w
, F
lo
w
 o
f 

tr
an

sf
o
rm

in
g
 

re
so
u
rc
es

A
ct
io
n
‐

aw
ar
en
es
s 

m
er
g
in
g
, S
en
se
 

o
f 
co
n
tr
o
l,
 

C
h
al
le
n
g
e‐
sk
il
l 

b
al
an

ce

C
h
al
le
n
g
in
g
 p
ro
ce
ss
 a
im

ed
 t
o
 

in
cr
ea
se
 c
o
n
tr
o
l 
an

d
 c
re
at
e 
ac
ti
o
n
 

an
d
 a
w
ar
en
es
s 

W
e 
h
av
e 
th
e 
ad

v
an

ta
g
e 
o
f 
n
o
t 
b
ei
n
g
 l
is
te
d
 o
n
 t
h
e 
st
o
ck
 e
x
ch
an

g
e 

an
d
 n
o
t 
b
ei
n
g
 e
x
p
o
se
d
 t
o
 q
u
ar
te
rl
y
 r
ep

o
rt
s 
an

d
 t
h
e 
ec
o
n
o
m
ic
 

si
tu
at
io
n
 a
ro
u
n
d
. W

e 
h
av
e 
th
e 
o
p
p
o
rt
u
n
it
y
 t
o
 s
w
it
ch
 b
et
w
ee
n
 

te
n
an

ci
es
 a
n
d
 c
o
n
d
o
m
in
iu
m
s.
 W

e 
b
u
il
d
 c
o
n
d
o
m
in
iu
m
s 
if
 w

e 

th
in
k
 w

e 
m
ak
e 
m
o
re
 m

o
n
ey
 f
ro
m
 i
t.
 W

e 
al
so
 b
u
il
d
 r
en
ta
l 

ap
ar
tm

en
ts
 f
o
r 
o
w
n
er
sh
ip
. W

e 
ca
n
 s
ta
rt
 a
 p
ro
je
ct
 t
h
at
 w

e 
th
in
k
 i
s 

q
u
es
ti
o
n
ab
le
 i
n
 t
er
m
s 
o
f 
sa
le
s 
an

d
 t
ry
 t
o
 s
el
l 
it
. I
f 
w
e 
se
ll
 i
t,
 i
t 
w
il
l 

b
e 
a 
co
n
d
o
m
in
iu
m
 p
ro
je
ct
. T

h
is
 i
s 
co
n
ce
iv
ab
le
 i
n
 r
ec
es
si
o
n
. W

e 

m
ai
n
ly
 s
et
 g
o
al
s 
o
u
rs
el
v
es
.  O

u
r 
o
w
n
er
s 
ar
e 
n
o
t 
in
 a
n
d
 p
u
sh
. I
t 
is
 

th
e 
C
E
O
 a
n
d
 t
h
e 
b
o
ar
d
 w

h
o
 d
ec
id
e 
h
o
w
 w

e 
p
ro
d
u
ce
 a
n
d
 d
el
iv
er
 

b
as
ed
 o
n
 s
o
m
e 
k
ey
 f
ig
u
re
s.
 I
 f
ee
l 
th
at
 t
h
er
e 
is
 a
 b
o
tt
o
m
‐u
p
 

b
u
d
g
et
in
g
. W

e 
ar
e 
th
e 
o
n
es
 w

h
o
 t
el
l 
w
h
at
 w

e 
th
in
k
 a
n
d
 d
el
iv
er
.

P
o
rt
fo
li
o
 

fl
o
w
, 

In
fo
rm

at
io
n
 

fl
o
w

S
en
se
  o
f 
co
n
tr
o
l,
 

C
le
ar
 g
o
al
s,
 L
o
ss
 

o
f 
se
lf
‐

co
n
sc
io
u
sn
es
s

C
o
n
tr
o
l 
o
f 
g
o
al
 d
ef
in
it
io
n
 p
ro
ce
ss
 

w
it
h
 i
ts
 b
o
tt
o
m
‐u
p
 i
n
fo
rm

at
io
n
 

fl
o
w
 t
o
 m

an
ag
e 
th
e 
p
o
rt
fo
li
o
, 

le
ad

s 
to
 l
o
ss
 o
f 
se
lf
‐c
o
n
sc
io
u
sn
es
s



A
p
p
en
d
ix
 4
. E

m
p
ir
ic
al
 f
in
d
in
g
s 
an

d
 a
n
al
y
si
s 
o
f 
in
te
rv
ie
w
 w

it
h
 r
es
p
o
n
d
en
t 
F
 i
n
 C
as
e 
2 
(P
ap

er
 3
).

E
m
p
ir
ic
al
 f
in
d
in
g

T
ra
ce
d
 

sy
st
em
 f
lo
w
 

co
n
st
ru
ct

T
ra
ce
d
 

in
d
iv
id
u
al
 f
lo
w
 

co
n
st
ru
ct

C
o
n
te
n
t 
an

al
y
si
s 
m
o
ti
v
at
io
n

W
e 
h
av
e 
a 
p
ro
je
ct
 m

an
ag
em

en
t 
p
la
tf
o
rm

, s
ta
n
d
ar
d
iz
ed
 w

o
rk
in
g
 

m
et
h
o
d
s 
in
 t
h
e 
fa
ct
o
ry
, a
n
d
 p
la
n
n
in
g
 t
o
o
ls
 o
n
 t
h
e 
co
n
st
ru
ct
io
n
 

si
te
 a
n
d
 r
eq
u
es
te
d
 t
h
em
 t
o
 b
e 
u
se
d
. W

e 
b
u
il
d
 v
o
lu
m
et
ri
c 
el
em

en
ts
 

in
 t
h
e 
fa
ct
o
ry
. W

e 
w
er
e 
o
n
e 
o
f 
th
e 
fi
rs
t 
to
 d
ev
el
o
p
 t
h
is
 a
ft
er
 

re
g
u
la
ti
o
n
 c
h
an

g
es
 w

h
ic
h
 a
ll
o
w
 t
im

b
er
 f
ra
m
e 
b
u
il
d
in
g
s 
w
it
h
 

m
o
re
 t
h
an
 t
w
o
 f
lo
o
rs
. B

u
t 
it
 h
as
 r
eq
u
ir
ed
 a
 d
ev
el
o
p
m
en
t.
 N

o
b
o
d
y
 

w
an

te
d
 t
o
 b
u
il
d
 i
n
 t
h
at
 w

ay
 f
ro
m
 t
h
e 
b
eg
in
n
in
g
, e
v
er
y
o
n
e 
w
an

te
d
 

to
 h
av
e 
o
n
‐s
it
e 
b
u
il
t 
b
ac
k
 t
h
en
. B

u
t 
n
o
w
 o
u
r 
en
d
 p
ro
d
u
ct
 l
o
o
k
s 
as
 

g
o
o
d
 a
s 
a 
si
te
‐ b
u
il
t.

P
o
rt
fo
li
o
 f
lo
w

C
h
al
le
n
g
e‐
sk
il
l 

b
al
an

ce

C
h
al
le
n
g
es
 c
o
n
n
ec
te
d
 t
o
 p
la
tf
o
rm
 

d
ev
el
o
p
m
en
t 
u
ti
li
ze
d
 o
n
 p
o
rt
fo
li
o

W
it
h
in
 d
es
ig
n
, p

u
rc
h
as
in
g
, o
ff
‐s
it
e,
 a
n
d
 o
n
‐s
it
e 
co
n
st
ru
ct
io
n
 w

e 

h
av
e 
d
es
cr
ib
ed
 o
u
r 
o
p
er
at
io
n
al
 m

et
h
o
d
s.
 A
 y
ea
r 
ag
o
 w

e 
re
al
iz
ed
 

th
at
 t
h
is
 i
s 
n
o
t 
en
o
u
g
h
, e
v
en
 i
f 
w
e 
h
av
e 
m
et
h
o
d
s,
 t
h
er
e 
ar
e 
le
ad

er
s 

w
h
o
 m

ak
e 
d
ec
is
io
n
s 
o
n
 d
if
fe
re
n
t 
g
ro
u
n
d
s.
  E
m
p
lo
y
ee
s 
w
an

t 
to
 f
ee
l 

sa
fe
. I
f 
y
o
u
 a
sk
 s
o
m
et
h
in
g
, y
o
u
 s
h
o
u
ld
 g
et
 t
h
e 
sa
m
e 
m
es
sa
g
e 

re
g
ar
d
le
ss
 l
ea
d
er
. T

h
is
 w

as
 n
o
t 
th
e 
ca
se
 a
n
d
 d
ec
is
io
n
s 
m
ad

e 
o
n
 

th
o
u
g
h
ts
. W

e 
ar
e 
tr
y
in
g
 t
o
 c
h
an

g
e 
th
is
 b
y
 c
re
at
in
g
 o
rg
an

iz
at
io
n
al
 

v
al
u
es
 a
n
d
 g
u
id
in
g
 p
ri
n
ci
p
le
s 
o
f 
h
o
w
 w

e 
sh
o
u
ld
 t
h
in
k
 i
n
 d
ec
is
io
n
‐

m
ak
in
g
 a
n
d
 p
ri
o
ri
ti
za
ti
o
n
s.

In
fo
rm

at
io
n
 

fl
o
w

C
h
al
le
n
g
e‐
sk
il
l 

b
al
an

ce
, S
en
se
 o
f 

co
n
tr
o
l

C
h
al
le
n
g
es
 o
f 
cr
ea
ti
n
g
 a
 

co
n
tr
o
ll
ed
 i
n
fo
rm

at
io
n
 f
lo
w
 f
ro
m
 

le
ad

er
s 
to
 s
ta
ff



E
m
p
ir
ic
al
 f
in
d
in
g

T
ra
ce
d
 

sy
st
em
 f
lo
w
 

co
n
st
ru
ct

T
ra
ce
d
 

in
d
iv
id
u
al
 f
lo
w
 

co
n
st
ru
ct

C
o
n
te
n
t 
an

al
y
si
s 
m
o
ti
v
at
io
n

W
e 
h
av
e 
a 
la
rg
e 
in
cr
ea
se
 o
f 
p
ro
d
u
ct
io
n
 v
o
lu
m
es
 b
y
 a
b
o
u
t 
te
n
 

p
er
ce
n
t.
 T
h
is
 i
s 
g
o
o
d
 b
ec
au

se
 w

e 
g
et
 a
 p
u
rp
o
se
. N

o
t 
o
n
ly
 t
o
 

su
rv
iv
e 
in
 l
o
n
g
‐t
er
m
s,
 w

e 
g
et
 a
 p
u
rp
o
se
 t
o
 r
ea
ll
y
 w

o
rk
 h
ar
d
er
 

w
it
h
 t
h
e 
m
et
h
o
d
s 
an

d
 b
e  
m
o
re
 a
cc
u
ra
te
.

P
o
rt
fo
li
o
 f
lo
w

C
le
ar
 g
o
al
s,
 

A
ct
io
n
‐

aw
ar
en
es
s 

m
er
g
in
g

C
le
ar
 g
o
al
s 
o
n
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o
rt
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li
o
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ev
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su
p
p
o
rt
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ct
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n
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w
ar
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es
s 

m
er
g
in
g
 i
n
 p
la
tf
o
rm
 

im
p
ro
v
em

en
ts

U
n
d
er
st
an

d
in
g
 h
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 i
n
cr
ea
se
d
 i
n
 r
ec
en
t 
y
ea
rs
 b
ec
au

se
 o
f 
th
e 

le
ad

er
sh
ip
 t
ra
in
in
g
. O

ft
en
 w

h
en
 t
h
in
g
s 
fl
o
w
 s
lo
w
ly
, t
h
e 
te
am
 

le
ad

er
 g
o
es
 i
n
 a
n
d
 h
el
p
s 
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 t
h
at
 i
t 
g
o
es
 f
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te
r 
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 t
h
e 
b
o
tt
le
n
ec
k
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A
lt
h
o
u
g
h
 h
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sh
o
u
ld
 t
ak
e 
th
e 
st
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 b
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k
 a
n
d
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o
o
k
 a
t 
th
e 
w
h
o
le
 f
lo
w
 

in
st
ea
d
 a
n
d
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sk
 w

h
y
 i
t 
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 s
lo
w
 a
n
d
 w

h
at
 c
an
 b
e 
d
o
n
e 
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m
p
lo
y
 

o
p
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at
o
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 m
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re
 e
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v
e 
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st
ea
d
 o
f 
g
o
in
g
 i
n
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n
d
 w

o
rk
in
g
 h
ar
d
. I
t 
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 d
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cu
lt
 t
o
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h
an

g
e 
th
at
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u
lt
u
re
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f 
w
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ld
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se
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.g
. p
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u
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u
d
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b
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 t
h
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o
w
 c
o
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ld
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n
ti
n
u
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n
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n
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h
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m
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h
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es
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o
r 
n
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n
g
 a
n
d
 t
h
ey
 s
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n
d
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ll
 

so
m
et
im

es
. W

e 
h
av
e 
th
e 
m
o
st
 v
ar
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d
 f
lo
w
s 
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 o
u
r 
fa
ct
o
ry
 w
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h
 

m
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h
in
es
 i
n
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o
lv
ed
 d
u
e 
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o
w
n
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m
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ro
u
b
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h
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p
le
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n
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an
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d
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h
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n
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d
ic
ta
b
le
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b
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C
h
al
le
n
g
es
 t
o
 c
re
at
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u
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o
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an

al
y
si
s 
m
o
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v
at
io
n

W
e 
h
av
e 
re
p
et
it
iv
e 
p
ro
je
ct
s,
 b
u
t 
w
e 
b
u
il
d
 e
v
er
y
th
in
g
 f
ro
m
 

st
u
d
en
t 
ap

ar
tm

en
ts
 t
o
 c
o
n
d
o
m
in
iu
m
s.
 T
h
e 
w
o
rk
 c
o
n
te
n
t 
is
 

re
p
et
it
iv
e 
ab
o
u
t 
90
%
. S
o
 w

e 
h
av
e 
10
%
 t
h
at
 v
ar
ie
s 
d
ep

en
d
in
g
 o
n
 

th
e 
p
ro
je
ct
. T

h
is
 i
s 
u
su
al
ly
 t
h
e 
te
n
 p
er
ce
n
t 
y
o
u
 w

an
t 
to
 f
o
cu
s  
o
n
. 

Y
o
u
 o
ft
en
 h
ea
r 
in
 t
h
e 
fa
ct
o
ry
, t
h
at
 i
t 
is
 b
ec
au

se
 o
f 
th
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 1
0%
 n
o
t 

p
o
ss
ib
le
 t
o
 b
al
an

ce
 a
 s
p
ec
if
ic
 p
ro
ce
ss
 b
et
w
ee
n
 t
h
e 
d
if
fe
re
n
t 

p
ro
je
ct
s.
 T
h
ey
 a
re
 r
ig
h
t 
so
m
eh
o
w
, b
u
t 
it
 i
s 
im

p
o
rt
an

t 
to
 f
o
cu
s 
th
at
 

w
e 
ca
n
 s
ta
n
d
ar
d
iz
e 
th
e 
90
%
. T

h
es
e 
th
in
g
s 
th
at
 d
ev
ia
te
, w

e 
h
av
e 
to
 

le
ar
n
 t
o
  d
ea
l 
w
it
h
 t
h
em

. W
e 
ar
e 
g
et
ti
n
g
 b
et
te
r 
an

d
 b
et
te
r 
at
 i
t,
 b
u
t 

th
e 
re
al
 b
o
tt
le
n
ec
k
 a
n
d
 l
im

it
at
io
n
s 
ar
e 
th
e 
le
ad

er
s 
th
at
 d
o
 n
o
t 

re
al
ly
 d
ar
e 
to
 t
ak
e 
th
e 
st
ep
 t
o
 a
ct
io
n
 i
n
 a
ll
 s
it
u
at
io
n
s.

P
o
rt
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li
o
 

fl
o
w
, F
lo
w
 o
f 

tr
an

sf
o
rm

ed
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so
u
rc
es
, 

F
lo
w
 o
f 

tr
an

sf
o
rm

in
g
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so
u
rc
es

C
h
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le
n
g
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sk
il
l 

b
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an

ce
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‐
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n
g
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  c
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m
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g
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g

T
h
e 
si
te
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h
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e 
d
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re
n
t 
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n
d
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io
n
s.
 O
n
 s
o
m
e 
th
er
e 
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 l
ar
g
e 
sp
ac
e 

fo
r 
m
at
er
ia
ls
 a
n
d
 o
th
er
 t
h
in
g
s.
 O
n
 s
o
m
e 
it
 i
s 
a 
sm

al
l 
o
v
er
cr
o
w
d
ed
 

y
ar
d
 t
h
at
 h
as
 b
ec
o
m
e 
v
ac
an

t 
b
et
w
ee
n
 t
w
o
 e
x
is
ti
n
g
 h
ig
h
‐r
is
e 

b
u
il
d
in
g
s.
 S
o
 l
o
g
is
ti
cs
 a
n
d
 p
la
n
n
in
g
 a
re
 m

o
re
 i
m
p
o
rt
an

t 
th
er
e.

P
o
rt
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li
o
 

fl
o
w
, F
lo
w
 o
f 

tr
an

sf
o
rm

ed
 

re
so
u
rc
es

C
h
al
le
n
g
e‐
sk
il
l 

b
al
an

ce
, S
en
se
 o
f 

co
n
tr
o
l

C
h
al
le
n
g
es
 o
f 
cr
ea
ti
n
g
 a
n
d
 n
ee
d
 

fo
r 
a 
co
n
tr
o
ll
ed
 f
lo
w
 o
f 

tr
an

sf
o
rm

ed
 r
es
o
u
rc
es
 i
n
 t
h
e 

p
o
rt
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li
o
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u
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 f
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w
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n
st
ru
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C
o
n
te
n
t 
an

al
y
si
s 
m
o
ti
v
at
io
n

T
h
e 
si
te
s 
ta
k
e 
ca
re
 o
f 
th
e 
v
o
lu
m
et
ri
c 
el
em

en
ts
 a
n
d
 a
ss
em

b
le
 t
h
e 

h
o
u
se
. I
t 
is
 i
m
p
o
rt
an

t 
th
at
 t
h
ey
 a
ls
o
 h
av
e 
a 
g
o
o
d
 f
lo
w
 i
n
 t
h
ei
r 

w
o
rk
. W

e 
h
av
e 
re
ce
n
tl
y
 s
ta
rt
ed
 w

it
h
 L
ea
n
 o
n
 t
h
e 
si
te
s 
as
 w

el
l.
 

H
er
e 
o
ff
‐s
it
e 
w
e  
h
av
e 
d
ai
ly
 p
la
n
n
in
g
 a
n
d
 c
o
n
tr
o
l 
m
ee
ti
n
g
s 
tw

ic
e 
a 

d
ay
. B

u
t 
o
n
 t
h
e 
co
n
st
ru
ct
io
n
 s
it
e,
 w

e 
tr
y
 t
o
 g
et
 t
h
em
 t
o
 r
u
n
 w

ee
k
ly
 

p
la
n
n
in
g
. W

e 
tr
y
 t
o
 b
ri
n
g
 t
h
e 
w
h
o
le
 c
re
w
 g
at
h
er
ed
 t
o
 p
la
n
 t
h
e 

n
ex
t 
w
ee
k
 i
n
 d
et
ai
l,
 b
u
t 
th
at
 i
s 
n
o
t 
th
e 
ca
se
 y
et
. A

ll
 s
it
es
 a
re
 

m
an

ag
ed
 d
if
fe
re
n
tl
y
  b
as
ed
 o
n
 d
if
fe
re
n
t 
ex
p
er
ie
n
ce
 a
n
d
 

k
n
o
w
le
d
g
e.
 W

e 
n
o
ti
ce
 t
h
at
 i
t 
d
o
es
 n
o
t 
w
o
rk
 p
ro
p
er
ly
. W

e 
st
ar
te
d
 

to
 u
n
it
e 
si
te
s 
an

d
 g
et
 t
h
em
 m

an
ag
ed
 i
n
 t
h
e 
sa
m
e 
w
ay
. I
f 
a 
si
te
 

m
an

ag
er
 o
r 
p
ro
je
ct
 m

an
ag
er
 w

an
ts
 t
h
e 
d
el
iv
er
ie
s 
in
 o
n
e 
w
ay
, 

th
er
e 
is
 s
o
m
eo
n
e 
el
se
 w

h
o
 t
h
in
k
s 
th
ey
 s
h
o
u
ld
 c
o
m
e 
in
 a
 d
if
fe
re
n
t 

w
ay
. T

h
er
e 
w
il
l 
b
e 
ch
ao
s 
h
er
e 
in
 t
h
e 
fa
ct
o
ry
 t
o
 a
d
ap

t 
th
e 

d
el
iv
er
ie
s 
d
ep

en
d
in
g
 o
n
 t
h
e 
si
te
 m

an
ag
er
. N

o
w
 t
h
ey
 m

u
st
 r
ea
ch
 

an
 a
g
re
em

en
t 
o
n
 h
o
w
 i
t 
sh
o
u
ld
 b
e 
d
el
iv
er
ed

, e
x
tr
em

el
y
 i
m
p
o
rt
an

t 

to
 s
u
p
p
o
rt
 f
u
rt
h
er
 p
ro
ce
ss
 i
m
p
ro
v
em

en
ts
.
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o
rt
fo
li
o
 

fl
o
w
, F
lo
w
 o
f 

tr
an

sf
o
rm

ed
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so
u
rc
es
, 
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fo
rm

at
io
n
 

fl
o
w

C
le
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s,
 

A
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io
n
‐

aw
ar
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es
s 

m
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in
g
, 

C
h
al
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n
g
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il
l 

b
al
an
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, S
en
se
 o
f 
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n
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o
l

C
le
ar
 g
o
al
s 
fo
r 
m
an
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em

en
t 
o
f 
th
e 

tr
an

sf
o
rm

ed
 r
es
o
u
rc
es
 a
n
d
 

in
fo
rm

at
io
n
 f
lo
w
 o
n
 p
o
rt
fo
li
o
 

le
v
el
 t
o
 i
n
cr
ea
se
 c
o
n
tr
o
l 
an

d
 

su
p
p
o
rt
 a
ct
io
n
‐a
w
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s 

m
er
g
in
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o
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 p
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T
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ra
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d
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u
al
 f
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w
 

co
n
st
ru
ct

C
o
n
te
n
t 
an

al
y
si
s 
m
o
ti
v
at
io
n

W
e 
al
so
 t
ry
 t
o
 s
ta
n
d
ar
d
iz
e 
o
p
er
at
o
rs
 t
ra
in
in
g
 e
.g
. h

o
w
 t
o
 i
n
st
al
l 
a 

w
in
d
o
w
 d
es
cr
ib
ed
 i
n
 d
et
ai
le
d
 i
n
st
ru
ct
io
n
s.
 I
t 
is
 i
m
p
o
rt
an

t 
th
at
 

y
o
u
 u
n
d
er
st
an

d
 h
o
w
 t
o
 d
o
 t
h
e 
jo
b
. T

h
e 
p
ro
d
u
ct
io
n
 m

an
ag
er
s 
an

d
 

te
am
 l
ea
d
er
s 
m
ak
e 
m
o
n
th
ly
 a
u
d
it
s 
o
f 
th
e 
in
st
ru
ct
io
n
s  
in
 t
h
e 

fa
ct
o
ry
. T

h
ey
 c
h
ec
k
 o
rd
er
 a
n
d
 p
er
fo
rm
 jo
b
 o
b
se
rv
at
io
n
s 
to
 s
ee
 i
f 

w
e 
fo
ll
o
w
 i
n
st
ru
ct
io
n
s 
an

d
 i
f 
w
e 
ca
n
 f
in
d
 i
m
p
ro
v
em

en
ts
. T

h
e 

in
st
ru
ct
io
n
s 
ar
e 
m
ea
n
t 
to
 s
ec
u
re
 t
h
e 
b
as
e 
le
v
el
 a
n
d
 a
ll
o
w
 f
o
r 

im
p
ro
v
em

en
ts
 a
n
d
 d
ev
el
o
p
m
en
t 
o
p
p
o
rt
u
n
it
ie
s.
 N

o
w
 w

e 
h
av
e 

b
u
il
t 
u
p
 a
n
 o
rg
an

iz
at
io
n
 t
o
 m

ee
t 
th
e 
d
em

an
d
 a
n
d
  t
h
e 
tr
ai
n
in
g
. 

F
o
u
r 
y
ea
rs
 a
g
o
 w

e 
w
o
rk
ed
 w

it
h
 p
ie
ce
 r
at
e 
w
ag
es
 l
ea
d
in
g
 t
o
 a
 

fo
cu
s 
o
f 
m
ak
in
g
 a
s 
m
u
ch
 a
s 
p
o
ss
ib
le
 a
n
d
 e
ar
n
in
g
 m

o
n
ey
. T

o
d
ay
 

w
e 
fo
ll
o
w
 a
 p
ac
e 
o
r 
ta
k
t.

F
lo
w
 o
f 

tr
an

sf
o
rm

in
g
 

re
so
u
rc
es

C
le
ar
 g
o
al
s,
 

A
ct
io
n
‐

aw
ar
en
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s 

m
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g
in
g
, S
en
se
 

o
f 
co
n
tr
o
l

G
o
al
s 
(q
u
al
it
y
, t
ak
t,
 

im
p
ro
v
em

en
ts
) 
an

d
 p
ro
ce
ss
 t
o
 

co
n
tr
o
l 
co
n
ti
n
u
o
u
s 
im

p
ro
v
em

en
t 

an
d
 a
ct
io
n
‐a
w
ar
en
es
s

T
h
e 
p
ro
je
ct
 m

an
ag
er
 s
et
s 
u
p
 a
 v
is
u
al
 p
la
n
 f
o
r 
th
e 
p
ro
je
ct
 a
n
d
 i
ts
 

d
if
fe
re
n
t 
d
el
iv
er
ie
s.
 T
h
es
e 
ar
e 
fo
ll
o
w
ed
 u
p
 a
t 
th
e 
st
ag
e 
g
at
e 

m
ee
ti
n
g
s 
th
at
 y
o
u
 d
o
 n
o
t 
m
is
s 
an

y
th
in
g
.
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lo
w
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at
io
n
 

fl
o
w
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n
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s 

m
er
g
in
g
, S
en
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o
f 
co
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tr
o
l,
 

U
n
am

b
ig
u
o
u
s 

fe
ed

b
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k

V
is
u
al
 p
la
n
n
in
g
 t
o
 i
n
fo
rm
 a
n
d
 

co
n
tr
o
l 
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ti
o
n
s,
 f
ee
d
b
ac
k
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n
d
 

g
o
al
s 
re
la
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d
 t
o
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ra
n
sf
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ed
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d
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u
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 f
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w
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n
st
ru
ct

C
o
n
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n
t 
an

al
y
si
s 
m
o
ti
v
at
io
n

If
 w

e 
w
o
rk
 c
o
rr
ec
tl
y
 w

it
h
 i
m
p
ro
v
em

en
ts
, w

e 
se
e 
th
e 
b
o
tt
le
n
ec
k
s 

re
g
ar
d
le
ss
 t
h
ey
 o
cc
u
r 
in
 d
es
ig
n
 o
r 
p
ro
d
u
ct
io
n
 a
n
d
 w

e 
p
ro
ce
ss
 

n
ew
 c
u
st
o
m
er
 r
eq
u
ir
em

en
ts
 (
in
te
rn
al
 a
n
d
 e
x
te
rn
al
).
 W

e 
w
o
rk
 

w
it
h
 b
o
tt
le
n
ec
k
s 
in
 o
u
r 
p
ro
ce
ss
es
 a
n
d
 p
ro
g
re
ss
 d
ev
ia
ti
o
n
s 
[n
o
te
s 

d
es
cr
ib
in
g
 o
cc
u
rr
ed
 p
ro
b
le
m
s  
in
 r
el
at
io
n
 t
o
 p
la
n
 o
r 
fu
tu
re
 s
ta
te
].
 

S
o
 i
n
 t
h
e 
d
ai
ly
 m

ee
ti
n
g
s 
w
e 
g
et
 t
o
 k
n
o
w
 w

h
at
 d
es
ig
n
 a
n
d
 

p
ro
cu
re
m
en
t 
er
ro
rs
 t
h
at
 a
p
p
ea
re
d
 i
n
 p
ro
d
u
ct
io
n
 (
m
at
er
ia
l 
er
ro
rs
, 

d
ra
w
in
g
 e
rr
o
rs
, l
at
e 
m
at
er
ia
l)
. T

h
es
e 
is
su
es
 m

u
st
 b
e 
in
cl
u
d
ed
 i
n
 

th
e 
im

p
ro
v
em

en
t 
w
o
rk
. T

h
e 
si
te
s 
se
n
d
 d
ev
ia
ti
o
n
s 
so
 t
h
at
 t
h
e 

fa
ct
o
ry
 k
n
o
w
s 
ab
o
u
t 
d
el
iv
er
ed
 f
au

lt
s.
 I
t 
is
 a
 g
re
at
 s
o
u
rc
e 
o
f 

im
p
ro
v
em

en
t.

In
fo
rm

at
io
n
 

fl
o
w

C
le
ar
 g
o
al
s,
 

A
ct
io
n
‐

aw
ar
en
es
s 

m
er
g
in
g
, S
en
se
 

o
f 
co
n
tr
o
l,
 

U
n
am

b
ig
u
o
u
s 

fe
ed

b
ac
k

F
ee
d
b
ac
k
 p
ro
g
re
ss
 r
el
at
ed
 t
o
 g
o
al
s 

th
at
 c
o
n
tr
o
ls
 t
h
e 
co
n
ti
n
u
o
u
s 

im
p
ro
v
em

en
t 
p
ro
ce
ss
 a
n
d
 c
re
at
e 

ac
ti
o
n
‐a
w
ar
en
es
s 
in
 t
h
e 

o
rg
an

iz
at
io
n

O
u
r 
st
an

d
ar
d
iz
ed
 w

ay
 o
f 
w
o
rk
in
g
 n
ee
d
s 
to
 b
e 
fo
ll
o
w
ed
 u
p
 e
.g
. i
n
 

ca
se
 o
f  
d
ev
ia
ti
o
n
s.
 T
h
e 
im

p
ro
v
em

en
ts
 n
ee
d
 t
o
 b
e 
an

ch
o
re
d
 a
n
d
 

ch
ec
k
ed
 t
h
at
 w

e 
d
o
 a
s 
w
e 
ag
re
ed

. I
t 
is
 u
p
 t
o
 t
h
e 
le
ad

er
 t
o
 d
o
 s
o
. 

W
e 
d
ev
el
o
p
ed
 o
u
r 
st
an

d
ar
d
s 
b
as
ed
 o
n
 d
ev
ia
ti
o
n
s.
 T
h
en
 w

e 
se
cu
re
 

th
e 
le
v
el
 a
n
d
 t
h
en
 w

e 
ch
al
le
n
g
e 
th
e 
le
v
el
 e
.g
. q
u
al
it
y
 a
n
d
 s
p
ee
d
. 

T
h
e 
ri
g
h
t 
fo
cu
s 
in
  t
h
e 
im

p
ro
v
em

en
t 
w
o
rk
 i
s 
ab
o
u
t 
g
o
al
s.
 T
h
e 
b
as
ic
 

p
h
il
o
so
p
h
y
 i
s 
th
at
 i
m
p
ro
v
em

en
t 
w
o
rk
 s
h
o
u
ld
 l
ea
d
 t
o
 s
at
is
fi
ed
 

cu
st
o
m
er
s 
ei
th
er
 t
h
ro
u
g
h
 a
 b
et
te
r 
o
r 
m
o
re
 r
el
ia
b
le
 p
ro
d
u
ct
 w

h
ic
h
 

in
cl
u
d
es
 t
h
at
 y
o
u
 c
h
ec
k
ed
 i
t 
y
o
u
rs
el
f 
b
as
ed
 o
n
 o
u
r 
st
an

d
ar
d
s 

b
ef
o
re
 d
el
iv
er
y
.

In
fo
rm

at
io
n
 

fl
o
w

C
le
ar
 g
o
al
s,
 

A
ct
io
n
‐

aw
ar
en
es
s 

m
er
g
in
g
, S
en
se
 

o
f 
co
n
tr
o
l,
 

U
n
am

b
ig
u
o
u
s 

fe
ed

b
ac
k

F
ee
d
b
ac
k
  a
n
d
 c
o
n
tr
o
l 
m
ec
h
an

is
m
 

b
as
ed
 o
n
 g
o
al
s 
to
 c
re
at
e 
ac
ti
o
n
‐

aw
ar
en
es
s 
in
 t
h
e 
co
n
ti
n
u
o
u
s 

im
p
ro
v
em

en
t 
p
ro
ce
ss



E
m
p
ir
ic
al
 f
in
d
in
g

T
ra
ce
d
 

sy
st
em
 f
lo
w
 

co
n
st
ru
ct

T
ra
ce
d
 

in
d
iv
id
u
al
 f
lo
w
 

co
n
st
ru
ct

C
o
n
te
n
t 
an

al
y
si
s 
m
o
ti
v
at
io
n

W
e 
w
o
rk
 c
u
st
o
m
er
 o
rd
er
 d
ri
v
en
 a
n
d
 t
ry
 t
o
 g
et
 i
n
to
 t
h
e 
ea
rl
y
 

st
ag
es
. W

e 
m
ak
e 
ar
ch
it
ec
t‐
d
es
ig
n
ed
 h
o
u
se
s 
an

d
 t
h
e 
ea
rl
ie
r 
w
e 
ca
n
 

b
e 
in
v
o
lv
ed
 a
n
d
 i
n
fl
u
en
ce
, t
h
e 
le
ss
 a
d
ap

ta
ti
o
n
s 
w
e 
n
ee
d
 l
at
er
. 

E
ac
h
 p
ro
je
ct
 i
s 
d
if
fe
re
n
t 
in
 a
p
p
ea
ra
n
ce
 b
u
t  
al
ik
e 
in
 t
er
m
s 
o
f 

p
ro
ce
ss
. T

h
at
 i
s 
p
ro
b
ab
ly
 o
u
r 
st
re
n
g
th
 t
o
 b
u
il
d
 c
u
st
o
m
er
‐d
es
ig
n
ed
 

h
o
u
se
s 
w
it
h
 s
ta
n
d
ar
d
iz
ed
 w

o
rk
in
g
 m

et
h
o
d
s.
 E
.g
, a
t 
th
e 

co
m
p
o
n
en
t 
le
v
el
, w

e 
h
av
e 
a 
si
n
g
le
 s
ta
n
d
ar
d
 s
u
p
p
li
er
 f
o
r 

w
in
d
o
w
s.
 I
t 
is
 a
 b
ra
n
d
 t
h
at
 c
u
st
o
m
er
s 
k
n
o
w
 a
n
d
 a
re
 c
o
n
fi
d
en
t 

w
it
h
. W

e 
k
n
o
w
 t
h
at
 t
h
er
e 
w
il
l 
b
e 
p
ro
p
er
ly
  i
n
st
al
le
d
 w

in
d
o
w
s.
 W

e 

h
av
e 
a 
g
o
o
d
 a
g
re
em

en
t 
an

d
 g
et
 g
o
o
d
 p
ri
ce
s.
 B
u
t 
th
e 
cu
st
o
m
er
 c
an
 

ch
o
o
se
 a
n
o
th
er
 b
ra
n
d
 a
n
d
 c
an
 g
et
 i
t.
 I
t 
w
il
l 
b
e 
m
o
re
 e
x
p
en
si
v
e 

an
d
 w

e 
w
il
l 
n
o
t 
b
e 
as
 s
u
re
 o
f 
d
el
iv
er
in
g
 a
 g
o
o
d
 p
ro
d
u
ct
. T

h
e 

cu
st
o
m
er
 o
ft
en
 c
h
o
o
se
s 
th
e 
st
an

d
ar
d
 s
u
p
p
li
er
 i
f 
w
e 
re
co
m
m
en
d
 i
t 

an
d
 t
h
e 
cu
st
o
m
er
 h
as
 f
u
ll
 f
re
ed

o
m
 o
f 
ch
o
ic
e 
w
it
h
in
 t
h
e 
ra
n
g
e.
 T
h
e 

co
m
p
o
n
en
t 
le
v
el
 s
ec
u
re
s 
te
ch
n
ic
al
 d
et
ai
ls
 a
n
d
 w

e 
ca
n
 s
ta
n
d
ar
d
iz
e 

w
o
rk
. T

h
u
s,
 i
t 
w
il
l 
b
e 
ch
ea
p
er
 b
ec
au

se
 w

e 
ca
n
 r
u
n
 s
im

il
ar
 

p
ro
ce
ss
es
, b
ec
o
m
e 
sa
fe
r 
an

d
 f
as
te
r.
 M

an
y
 h
av
e 
a 
n
eg
at
iv
e 
v
ie
w
 o
f 

st
an

d
ar
d
s 
an

d
 s
ee
 i
d
en
ti
ca
l 
co
n
cr
et
e 
h
o
u
se
s 
in
 f
ro
n
t 
o
f 
th
em

. B
u
t 

y
o
u
 h
av
e 
to
 b
re
ak
 i
t 
d
o
w
n
 a
t 
th
e 
le
v
el
 o
f 
d
et
ai
l 
an

d
 u
n
d
er
st
an

d
 

th
at
 i
t 
lo
o
k
s 
d
if
fe
re
n
t,
 b
u
t 
at
 t
h
e 
co
m
p
o
n
en
t 
le
v
el
 (
sc
re
w
, n

u
t,
 

g
lu
e)
 i
t 
ca
n
 b
e 
ex
ac
tl
y
 t
h
e 
sa
m
e.
 W

h
en
 y
o
u
 p
u
t 
it
 t
o
g
et
h
er
, y
o
u
 

ca
n
 g
et
 a
n
y
 e
n
d
 p
ro
d
u
ct
.

P
o
rt
fo
li
o
 

fl
o
w
, F
lo
w
 o
f 

tr
an

sf
o
rm

ed
 

re
so
u
rc
es

C
h
al
le
n
g
e ‐
sk
il
l 

b
al
an

ce
, C

le
ar
 

g
o
al
s,
 A
ct
io
n
‐

aw
ar
en
es
s 

m
er
g
in
g

S
p
ec
if
ic
 g
o
al
s 
to
 c
re
at
e 
ac
ti
o
n
‐

aw
ar
en
es
s 
in
 t
h
e 
ch
al
le
n
g
in
g
 

p
ro
ce
ss
 o
f 
al
ig
n
in
g
 a
 p
la
tf
o
rm
 

w
it
h
 t
h
e 
cu
st
o
m
er
 o
rd
er
 d
ri
v
en
 

b
u
si
n
es
s 
m
o
d
el
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d
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n
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n
 C
as
e 
3 
(P
ap
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E
m
p
ir
ic
al
 f
in
d
in
g

T
ra
ce
d
 

sy
st
em
 f
lo
w
 

co
n
st
ru
ct

T
ra
ce
d
 

in
d
iv
id
u
al
 f
lo
w
 

co
n
st
ru
ct

C
o
n
te
n
t 
an

al
y
si
s 
m
o
ti
v
at
io
n

H
o
w
 d
o
es
 a
 g
o
o
d
 o
r 
b
ad
 d
ay
 l
o
o
k
s 
li
k
e 
o
n
 t
h
e 
p
ro
je
ct
?

G
o
o
d
 d
ay
 ‐
 i
t 
fl
o
w
s 
o
n
 w

it
h
o
u
t 
in
te
rr
u
p
ti
o
n
. I
 c
an
 c
o
n
ce
n
tr
at
e 
o
n
 

m
y
 t
as
k
s,
 h
av
e 
p
la
n
n
ed
 a
n
d
 p
re
p
ar
ed
 s
o
 m

u
ch
 t
o
 a
v
o
id
 

in
te
rr
u
p
ti
o
n
s.

B
ad
 d
ay
 ‐
 g
et
 n
o
th
in
g
 d
o
n
e,
 a
s 
so
o
n
  a
s 
I 
si
t 
d
o
w
n
 t
o
 d
o
 

so
m
et
h
in
g
, a
 n
ew
 q
u
es
ti
o
n
 c
o
m
es
 o
r 
a 
n
ew
 p
ro
b
le
m
 t
h
at
 m

u
st
 b
e 

so
lv
ed
 i
m
m
ed

ia
te
l y

In
fo
rm

at
io
n
 

fl
o
w

T
o
ta
l 

co
n
ce
n
tr
at
io
n

T
h
e 
in
fo
rm

at
io
n
 f
lo
w
 i
n
te
rr
u
p
ti
n
g
 

co
n
ce
n
tr
at
io
n

W
h
at
 c
re
at
es
 f
lo
w
 o
r 
st
re
ss
 i
n
 y
o
u
r 
w
o
rk
?

H
av
in
g
 p
la
n
n
ed
 t
h
e 
d
ay
 a
n
d
 t
h
e 
d
el
iv
er
ie
s.
 I
 d
ea
l 
a 
lo
t 
w
it
h
 

lo
g
is
ti
cs
 a
n
d
 a
im
 t
o
 p
la
n
 c
o
rr
ec
tl
y
 a
n
d
 d
o
 n
o
t 
w
an

t 
to
 g
et
 

su
rp
ri
se
s,
 o
b
st
ac
le
s,
  a
n
d
 q
u
es
ti
o
n
s.
 A
t 
a 
n
ig
h
tm

ar
e 
d
ay
, a
 l
o
t 

o
cc
u
rs
 u
n
fo
re
se
en
.

F
lo
w
 o
f 

tr
an

sf
o
rm

ed
 

re
so
u
rc
es
, 

F
lo
w
 o
f 

tr
an

sf
o
rm

in
g
 

re
so
u
rc
es
, 

In
fo
rm

at
io
n
 

fl
o
w

S
en
se
 o
f 
co
n
tr
o
l

L
o
g
is
ti
cs
 d
ea
l 
w
it
h
 r
es
o
u
rc
es
 a
n
d
 

in
fo
rm

at
io
n
 f
lo
w
, t
h
e 
se
n
se
 o
f 

co
n
tr
o
l 

T
h
e 
co
n
d
it
io
n
s 
ar
e 
g
iv
en
, t
h
is
 i
s 
w
h
at
 w

e 
ar
e 
g
o
in
g
 t
o
 d
o
. W

e 
w
il
l 

d
el
iv
er
 a
t 
th
is
 t
im

e,
 e
v
en
 i
f 
it
 i
s 
sh
o
rt
 o
f 
ti
m
e,
 l
it
tl
e 
m
o
n
ey
, b
u
t 
it
 

w
il
l 
b
e 
d
o
n
e.

F
lo
w
 o
f 

tr
an

sf
o
rm

ed
 

re
so
u
rc
es

C
le
ar
 g
o
al
s

G
o
al
 c
la
ri
ty
 a
b
o
u
t 
w
h
at
 t
o
 

p
er
fo
rm
 (
tr
an

sf
o
rm

ed
 r
es
o
u
rc
es
) 

se
am

s 
to
 e
as
e 
ch
al
le
n
g
es



E
m
p
ir
ic
al
 f
in
d
in
g

T
ra
ce
d
 

sy
st
em
 f
lo
w
 

co
n
st
ru
ct

T
ra
ce
d
 

in
d
iv
id
u
al
 f
lo
w
 

co
n
st
ru
ct

C
o
n
te
n
t 
an

al
y
si
s 
m
o
ti
v
at
io
n

T
im

e 
al
w
ay
s 
ru
n
s,
 c
o
u
ld
 a
lw

ay
s 
st
ay
 f
o
u
r 
m
o
re
 h
o
u
rs
 a
 d
ay
, t
h
en
 

if
 i
t 
is
 t
im

e 
th
at
 g
o
es
 f
as
t 
o
r 
b
ec
au

se
 y
o
u
 h
av
e 
to
o
 m

u
ch
 w

o
rk
lo
ad

, 

I 
d
o
 n
o
t 
k
n
o
w
. I
f 
y
o
u
 a
re
 s
o
m
eo
n
e 
li
k
e 
m
e,
 i
tʹ
s 
n
ic
e 
th
at
 t
im

e 
ru
n
s 

al
l 
th
e 
ti
m
e.
 I
 t
u
rn
 e
v
er
y
th
in
g
 o
ff
 w

h
en
 I
 g
o
 h
o
m
e 
an

d
 o
n
ly
 c
ar
e 

th
e 
n
ex
t 
d
ay
 d
u
ri
n
g
 w

o
rk
in
g
 h
o
u
rs
. I
f 
y
o
u
 c
an
 n
o
t 
tu
rn
 i
t 
o
ff
 a
n
d
 

fe
el
 f
o
rc
ed
 t
o
 s
it
 w

it
h
 a
 m

o
b
il
e 
o
r 
co
m
p
u
te
r 
an

d
 t
h
e 
em

ai
l 
fl
o
w
s 

in
, i
t 
g
et
s 
h
ar
d
.

In
fo
rm

at
io
n
 

fl
o
w

C
h
al
le
n
g
e‐
sk
il
l 

b
al
an

ce

T
h
e 
in
fo
rm

at
io
n
 f
lo
w
 a
s 
a 

ch
al
le
n
g
e 
as
 s
u
ch
 t
o
 h
an

d
le

T
o
 s
av
e 
n
o
te
s 
an

d
 m

ee
ti
n
g
 m

in
u
te
s 
so
 t
h
at
 t
h
e 
in
fo
rm

at
io
n
 w

e 

n
ee
d
 i
n
 t
h
e 
p
ro
je
ct
 i
s 
av
ai
la
b
le
 a
n
d
 n
o
t 
p
er
so
n
al
, a
ll
 d
ig
it
al
 t
o
o
ls
 

h
el
p
 u
s 
to
 g
et
 b
et
te
r 
at
 i
t 
e.
g
. i
f 
so
m
eo
n
e 
is
 a
w
ay
, a
n
o
th
er
 c
an
 t
ak
e 

th
e 
p
la
ce
 s
o
 t
h
at
 y
o
u
 d
o
 n
o
t 
h
av
e 
to
 i
n
v
en
t 
th
e 
w
h
ee
l 
ev
er
y
 t
im

e.

In
fo
rm

at
io
n
 

fl
o
w
, F
lo
w
 o
f 

tr
an

sf
o
rm

in
g
 

re
so
u
rc
es

C
h
al
le
n
g
e‐
sk
il
l 

b
al
an

ce

D
ig
it
al
 t
o
o
ls
 t
h
at
 s
u
p
p
o
rt
 

in
fo
rm

at
io
n
 f
lo
w
 b
et
w
ee
n
 

tr
an

sf
o
rm

in
g
 r
es
o
u
rc
es
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 i
n
te
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n
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(P
ap

er
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E
m
p
ir
ic
al
 f
in
d
in
g

T
ra
ce
d
 

sy
st
em
 f
lo
w
 

co
n
st
ru
ct

T
ra
ce
d
 

in
d
iv
id
u
al
 f
lo
w
 

co
n
st
ru
ct

C
o
n
te
n
t 
an

al
y
si
s 
m
o
ti
v
at
io
n

H
o
w
 d
o
 y
o
u
 d
es
cr
ib
e 
a 
g
o
o
d
 w

o
rk
in
g
 d
ay
:

In
fo
rm

at
io
n
 c
o
m
es
 a
n
d
 g
o
es
 a
ll
 t
h
e 
ti
m
e.
 C
o
m
m
u
n
ic
at
io
n
 i
s 
v
er
y
 

im
p
o
rt
an

t 
fo
r 
m
y
 r
o
le
 b
ec
au

se
 c
h
an

g
es
 o
cc
u
r 
al
l 
th
e 
ti
m
e 
e.
g
. d

u
e 

to
 d
el
iv
er
y
 i
ss
u
es
 o
r 
in
co
rr
ec
t 
p
la
n
s.
 A
n
d
 i
t 
is
 n
o
t 
w
ro
n
g
 t
o
 d
o
 s
o
, 

b
u
t 
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ABSTRACT 
 

Construction companies traditionally try to optimize their resource efficiency to 
minimize costs. Today’s demand for value stream optimization along the whole supply 
chain cannot be resolved by that approach. To be able to strengthen the performance 
of the fragmented construction supply chain measuring flow efficiency is essential to 
meet the customer’s demand of shorter lead times. A literature study and an 
exploratory case study on a construction company and its supplier have been done to 
map existing key performance indicators (KPIs) for measuring both resource and flow 
efficiency. The outcomes from the literature study show possible KPIs and the 
connections between them. Results from the case study indicate that basic data for 
flow efficiency measurements exist in companies but these are underutilized. 
Balancing resource and flow efficiency is a challenge for all companies. Decisions 
made on how to manage production and construction affect this balance thus creating 
a dynamic situation where the balance is different between building projects. 
 
INTRODUCTION 
 

Traditionally construction companies try to optimize their resource efficiency to 
minimize the costs. It is a rational approach to use the resources as efficient as possible. 
But other important factors for companies as high delivery performance, low tied-up 
capital or short lead times might contradict strict resource efficiency focus. Today’s 
demand for value stream optimization along the whole supply chain cannot be resolved 
by the resource efficiency approach due to drawbacks as delivery delays and storage 
demand. The flow efficiency approach focuses on the time factor to achieve a secured 
timetable, reduced variation and create a flow from the customer order to delivery. 
Companies as Toyota have managed this by working according to the lean philosophy 
(Liker 2004; Womack et al. 1990). 

Industrial construction companies try to improve their processes by working with 
a platform (Robertson and Ulrich 1998) where known technical solutions, 
manufacturing processes, cooperation agreements, and knowledge are preserved and 
repeated between projects. By using known solutions the variation can be reduced and 

mailto:brian.wernicke@ltu.se
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the flow efficiency increases. The aim of this paper is to define a foundation for 
balancing resource and flow efficiency in industrialized construction including 
definitions and needed measures. The findings from the literature study are compared 
to results from a case study to investigate the relevance of the model in practice, find 
additional factors to take into consideration and map the type and quality of available 
measures. 
 
THEORETICAL FRAMEWORK 
 

Efficiency is commonly defined as the minimum resource level that is 
theoretically required to run the desired operations in a given system compared to how 
much resources that are actually used and can be based on time, money or other units 
(Tangen 2005). Different researches have been done to relate efficiency to productivity, 
performance and effectiveness (Almström and Kinnander 2011; Tangen 2005). 
Resource efficiency is the traditional form of efficiency and focus on using resources 
as well as possible. That approach has been a base in the industrial development during 
the last centuries and enabled a dramatic reduction of unit production costs. Resource 
efficiency or utilization rate measures how much we use a resource under a certain 
time (Modig and Åhlström 2015). The utilization of a workstation can even be the 
fraction of time it is not idle for lack of parts. This includes the fraction of time the 
workstation is working on parts or has parts waiting and is unable to work on them 
because of a machine failure, setup, or other detractor (Hopp and Spearman 2008). 
Resource efficiency can be calculated as follows (Modig and Åhlström 2015): 
 

Resource efficiency =  
Usage of resource

Certain time
          (1)  

 
It´s unit will be percent because of two time units being divided. The usage of the 
resource can even be seen as the value transformation from the resources to the flow 
unit or product. Resource efficiency then focuses on the time for value-transmission 
under a certain time (Modig and Åhlström 2015): 
 

Resource efficiency =  
Time the resource adds value to a flow unit

Certain time
 (2) 

 
The certain time can be divided in setup, maintenance, waiting and processing time.  
The processing time will in most cases be the time the resource adds value to a flow 
unit and can even be seen as the transformations equate to the work. Transformation, 
as defined in economics, is a relationship between input and output. Both input and 
output are usually understood as things or matter (Koskela et al. 2007). Production is 
a flow of material and/or information from raw material to the end product. A 
production flow can be characterized by the cycle time, which refers to the time 
required for a particular piece of material to traverse the flow. There are often several 
flows which unite or diverge in the total production process. However, it is generally 
possible to recognize the main flow and side flows, which have to be assessed 
separately. In this flow, the material is processed (converted), inspected, waiting or it 
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is moving. These activities are inherently different. Processing represents the 
conversion aspect of production; inspecting, moving and waiting represent the flow 
aspect of production. The cycle time can be represented as (Koskela 1992):  
 
Cycle time = Processing time + Inspection time + Wait time + Move time      (3) 
 
Hopp and Spearman (2008) state: “The cycle time, which is also called variously 
average cycle time, flow time, throughput time, and sojourn time, of a given routing is 
the average time from release of a job at the beginning of the routing until it reaches 
an inventory point at the end of the routing or the time the part spends as WIP (work 
in progress, the inventory between the start and the end points of a routing)”. The 
process times need to be seen as "average" under a certain planning horizon (ibid.). 
Flow processes can be characterized by time, cost and value. Value refers to the 
fulfillment of customer requirements. In most cases, only processing activities are 
value-adding activities (Koskela 1992). Value-added time as percent of total elapsed 
time is the definition of flow efficiency (Modig and Åhlström 2015) and can be 
expressed as:  
 

Flow Efficiency =  
∑Value added times

Cycle time
           (4) 

 
By explaining the cycle time as a sum of value-added times and non-value-added times 
the formula transforms to: 
 

Flow Efficiency =  
∑Value added times

∑Value added times + ∑Non Value added times
  (5) 

 
Flow efficiency is about creating as much valuable time as possible in relation to the 
total time spent to fulfill client needs. It is not necessary to increase the speed of doing 
the value creating activities – it is the time that does not create value that needs to be 
shortened (Simu and Lidelöw 2014). Flow efficiency could even be defined as the 
density of value adding from the resources to the flow unit (Modig and Åhlström 2015). 
Value added can be explained as the difference in price that an economically rational 
buyer would pay for a work product before, and after, the activity is performed 
(Reinertsen 2009). Alternative approaches to explain flow efficiency are presented. 
Simu and Lidelöw (2014) point out the key to flow-efficient operations by finding the 
single unit for flow. Some of the requisites that need to be in place are the measurement 
method, to focus on reduction of products in work and reduction in throughput time. 
Kalsaas underline the different kind of flows beside material and information – the 
flow of components, people, tools, equipment and flow of available space. He even 
explains the flow concept with the two dimensions throughput volume and throughput 
uniformity. By uniformity is meant the degree of throughput volume stability per time 
unit (Kalsaas 2011). Stability is in contrast to variation, variability or variance. 
Variation has a major influence on the process performance, its throughput, flow 
efficiency and cycle time (Simu and Lidelöw 2014). Both resources and flow 
efficiency measure the value transfer from the resources to the flow unit. The 



Wernicke B., and Lidelöw H. (2016). “Foundation for Balancing Resource and Flow Efficiency in Industrialized Construction” 
In: Conf. proc. of International Conference on Construction and Real Estate Management (ICCREM) 

4 
 

difference is the perspective. While resource efficiency measurement focuses on 
resources adding as much value as possible (high resource utilization), flow efficiency 
measure the degree of value-receiving from the flow unit perspective (Modig and 
Åhlström 2015). Due to the same parameters being involved there is a dependency 
between resources and flow efficiency. The differences between them are the 
objectives to achieve. Organizations which are satisfied with resources efficiency 
focus on minimizing production costs, while organizations which want to add flow 
efficiency even try to solve customer demands for shorter delivery times or reduce 
costs related to inventory. Both measurements are important for companies acting in 
global competitive markets. To summarize the findings from the literature review a 
model to describe flow and resource efficiency should include the following data: 
 
Table 1.Data model for flow and resource efficiency. 

Main object  Subordinate object 

Flow efficiency 

Cycle time 
Processing time 
Inspection time 
Wait time 
Move time 
Value added time 
Non-value added time 

Resource efficiency 

Processing time 
Setup time 
Maintenance time 
Waiting time 
Value added time 

 
Using the data in Table 1, equations 1-5 were used to construct a spreadsheet where 
real-life data could be filled in. 
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RESEARCH DESIGN 
 

An exploratory case study (Yin 2009) involving two companies (table 2) has been 
completed to compare the model built from the literature study with real data. The 
companies are connected by a supplier/customer relationship. The supplier feeds the 
customers process with previous work and material according to the “True Process 
Model” presented in Construction Physics (Bertelsen et al. 2007). 

 
Table 2.Case study design. 

Company Size Business  Interviewee Interview 
length 

A Medium Construction Production leader 90 min 

B Small Composite 
components 

Chief Technical Officer,  
Chief Executive Officer, 

Production leader 

90 min 
30 min 
30 min 

 
Company A is a construction contractor producing multi-storey buildings using 
modular construction. Company B is a manufacturer of composite products and 
delivers a component to company A in different variants. Three interviewees have been 
interviewed at company B because the main interviewee (Chief Technical Officer) 
referred some questions towards the other interviewees and both had the possibility to 
participate in the case study.  
For both cases the data collection methods have been on site observations and 
interviews. The interviews were semi-structured (Björklund 2014) with partly 
prepared questions and partly follow-up questions in response to the interviewee´s 
answers. The interviews started more structured in a conference room and continued 
during the observation tour in production. The interview questions have an open 
formulation to let the interviewees describe how they work with resource efficiency, 
flow efficiency and the balance in between. The character of the case study has been 
deductive and exploratory to investigate the relevance of the model (table 1) in practice, 
find additional factors to take into consideration and map the kind and quality of 
available measures. 
The observations were made by visiting the factories of companies A and B and 
observing their production lines during the production sequence. Measurements of the 
cycle times for different work tasks were taken by using a stop watch. A simple 
protocol was used to take notes of the measurements. The analysis of the case study 
was made through entering the case study data into a spreadsheet built using the 
measures displayed in table 1. Equations 1 and 4 were used for constructing the 
spreadsheet. The intention was to make a first test of how the definitions of flow and 
resource efficiency could be used in the industrialized construction setting. 
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EMPIRICAL FINDINGS 
 
The production system for company A can roughly be described as three flat 

element lines (floor, wall and roof), a module assembly line, three parallel final 
assembly lines and a wrapping line. The layout is visualized in figure 1. 
 

FIFO
Wall line

FIFO
Roof line

FIFO
Floor line

Buffer

Buffer

Finished goods
storage

Raw material
storage

FIFO
Wrapping line

FIFO
Final assembly line

FIFO
Final assembly line

FIFO
Final assembly line

FIFO
Module assembly

line

FIFO
First in first out lineBuffer/ storage

Legend:

 
Figure 1.Work flow layout company A. 
 

The following empirical findings were documented at company A: 
• Project data is used for resource demand planning  
• Resource consumption follow-up is performed on project level 
• The production bottleneck is shifting, but normally estimated from project data 

and handled through daily meetings and solved with the help of moving 
operators between stations if possible 

• Operators are organized in teams responsible for different working tasks, but 
the work position in the final assembly lines shifts depending on other teams 
work progress and the production priority list 

• Operator time spent per module or element is not measured 
• Curing times up to 24 h are needed, some processes are moved outside the 

assembly lines 
• Daily scheduling and results follow-up per team is performed by planning and 

measuring the tact (modules or elements / day) of all teams 
• Resource demand for operators is shifting between projects 
• Number of modules in the flow is not measured as a key performance indicator 

but could be calculated from the tact schedule 
• Buffers are used between floor and wall element lines and the module assembly 

line 
• To balance the flow the three parallel assembly lines are used interchangeably 

and module variants shift on a line i.e. one complex module followed by two 
simpler modules 

• Flow is an important target but in follow-up monitoring the operator times 
spent are more important 

Test measurements have been done in company A in the floor line on workplace three 
out of five. That is the workplace where the part delivered from company B is installed 
in the floor element. Only tasks related to that part on workplace three have been 
measured.  
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The spreadsheet with equations 1 and 4 has been used to calculate flow and resource 
efficiency (table 3). 
 
Table 3.Measurement results and calculations. 

∑ Value 
added times 

Cycle 
time 

Flow 
efficiency 

Usage of 
resource 

Certain 
time 

Resource 
efficiency 

[min] [min] [%] [min] [min] [%] 
16 60 27 19 60 32 

 
The production system for company B can roughly be described as a workshop. The 
observations have been focused on the part were components delivered to company A 
are produced. This part of the production is the main part of the production and 
company A is the main customer of two companies buying components produced in 
that part.  
The following empirical findings were documented at company B: 

• Process and cycle times are estimated but regularly not measured 
• Demand peaks on top of average delivering tact are solved by production 

before demand and storage before delivery 
• The production bottleneck can shift between different variants, to avoid 

problems a strategy of even tact between stations is attempted 
• Project data is used for resource demand planning  
• 10-12 weeks lead time/ order horizon combined with short term 

communication regarding exact delivery schedule 
• Curing times up to 24 h are needed in the process 
• Number of modules in the flow is not measured as a key performance indicator 

but the tact of started and finished components is followed 
• Buffers are used before casting and as finished gods before delivery 
• Work of producing a new component variant is ongoing and the idea to 

organize the work flow with a tact line has been discussed, but there is 
uncertainty if that could work 
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ANALYSIS 
 
The empirical findings for company A and B have been analyzed by connecting 

them to each other and to the data model for flow and resource efficiency.  
 
Table 4.Analysis of empirical findings. 

Empirical findings  
company A 

Empirical findings  
company B 

Relevance in data 
model for flow and 
resource efficiency 

Project data used for resource 
demand planning 

Project data used for resource 
demand planning Resource efficiency 

Resource consumption follow-
up performed on project level   Resource efficiency 

Production bottleneck shifts Production bottleneck shifts Resource and flow 
efficiency, variation 

Work position in the final 
assembly lines shifts    Flow efficiency 

Operator time spent per 
element not measured 

Process and cycle times are 
estimated but not measured 

Resource and flow 
efficiency 

Curing times up to 24 h Curing times up to 24 h Flow efficiency 
Daily scheduling and results 
follow-up per team performed 
by planning and measuring the 
tact 

10-12 weeks lead time 
combined with short term 
communication regarding 
exact delivery schedule 

Flow efficiency 

Resource demand for 
operators is shifting between 
projects 

  Flow efficiency, 
variation 

Number of modules in the 
flow not measured but could 
be calculated from the tact 
schedule 

Number of modules in the 
flow is not measured, tact of 
started and finished 
components is followed 

Balancing resource 
and flow efficiency 

Buffers are used Buffers are used Balancing resource 
and flow efficiency 

To balance the flow parallel 
assembly lines are used 
interchangeably, module 
variants shift on a line 

Demand peaks on top of 
average delivering tact are 
solved by production before 
demand and storage 

Flow efficiency, 
variation 

Flow is an important target but 
in follow-up monitoring the 
operator times spent are more 
important 

Work of producing a new 
component variant, idea of 
work flow with a tact line 

Balancing resource 
and flow efficiency 
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The measurement results and calculations from table 3 do not give any obvious 
conclusion. The main reason is that the investigated part of the floor line did not match 
the production flow unit i.e. different flow units were active, which violates 
comparisons using equation 4. Operators left the line for preparing coming tasks and 
moved between different workplaces inside the line depending on the work situation. 
Both circumstances made the measurement of resource usage complicated. 
 
CONCLUSION 

 
The case study showed that both flow and resource efficiency are important 

measures, resource efficiency for cost control reasons and flow efficiency to solve 
delivery performance and to keep the work in progress material on a manageable level. 
Balancing is a logic conclusion. The data from the literature study can be used to create 
a model for measuring resource and flow efficiency. But the flow unit and the resources 
must be distinct. By analyzing both resource and flow efficiency for a certain flow unit 
in a production system, this model could give interesting opportunities to balancing 
them. 
 
FUTURE RESEARCH 
 

The following questions have not been answered during this study but need to be 
addressed for further work: 

• How can the definition of the flow unit be made clear and distinct? 
• Can variation in its different appearances be quantified and connected to the 

flow and resource efficiency measurement and can the results be used for 
modeling of production process key factors? 

• How should curing processes be handled in the model? 
• Could the concept contribute to the supply chain collaboration of the 

companies? 
• What is the best way to visualize the results from the model? 
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FLOW AND RESOURCE EFFICIENCY 
MEASUREMENT METHOD IN OFF-SITE 

PRODUCTION 

Brian Wernicke1, Helena Lidelöw2, and Lars Stehn3 

Abstract: Although the focus remains primarily on high resource efficiency, the 
significance of flow efficiency in construction is continuously increasing. Flow and 
resource efficiency describe two competing target viewpoints, which focus on 
reducing non-value adding activities and maximizing resource utilization, 
respectively. Recent research has shown that balancing both perspectives provides a 
viable solution. However, the exact measurement of flow and resource efficiency in 
construction remains unclear. Therefore, the aim of this work is to evaluate a possible 
flow and resource efficiency measurement method in the off-site production context 
of volumetric element construction, and assess the industrial relevance thereof. Work 
sampling has been used to collect data from a building project flowing through the 
off-site production system. The validity of the method has been checked statistically, 
through a focus-group workshop and with calculation figures from the case company. 
Work sampling allows flow and resource efficiency measurements in an off-site 
production system. The method delivers current status figures of companies, yielding 
a balance between flow and resource efficiency. 

Keywords: House building, Industrialized construction, Performance measurement, 
Volumetric element, Work sampling. 

1 INTRODUCTION 
Traditionally, construction companies have tried to minimize production costs by 
maximizing their resource utilization, which represents a rational approach to using 
resources as efficiently as possible. However, to satisfy customers and stakeholders, 
factors (such as customer value, high delivery performance, short delivery times, or low 
tied-up capital) must be considered, which may contradict a strict resource efficiency 
focus. The flow efficiency approach focuses on the creation of a consistent flow from the 
customer order stage to the delivery stage. Companies, such as Toyota, have managed 
this by operating in accordance with the Lean philosophy (Liker 2004; Womack et al. 
1990). 

Industrialized construction companies try to improve their processes by working with 
platforms (Robertson and Ulrich 1998), where known technical solutions, manufacturing 
processes, cooperation agreements, and knowledge are preserved and repeated between 
projects. A successful platform addresses both resource and flow efficiency perspectives. 
If both approaches are essential, can they be combined in an off-site production context 
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of industrialized construction? This work seeks to address that gap, by evaluating a 
possible flow and resource efficiency measurement method in the off-site production 
context of volumetric element construction, and assessing the industrial relevance thereof. 

2 THEORETICAL FRAMEWORK 
2.1 Resource efficiency 
Resource efficiency is the traditional form of efficiency and focuses on using resources 
in the best manner possible. This approach has formed the basis of industrial development 
in the previous two centuries and enabled a significant reduction in production costs. 
Resource efficiency or utilization rate measures the amount of resources we use in a 
certain time interval (Modig and Åhlström 2015). The utilization of process resources 
refers to the fraction of available time that the resources perform useful work (Slack et al. 
2013). Furthermore, the utilization of a workstation may even refer to the fraction of time 
it is not idle for lack of parts. This includes the fraction of time the workstation is working 
on parts or has parts waiting and is unable to work on these parts, because of a machine 
failure, setup, or some other detractor (Hopp and Spearman 2008). Resource efficiency 
can be calculated as: 

Resource efficiency =  
Usage of resource

Available time interval
(1) 

The available time can be defined as the sum of the setup, maintenance, waiting, and 
processing times. The processing time will, in most cases, be the time the resource adds 
value (Koskela 1992) to a flow unit and can be considered the time required for 
transformation of the work (Modig and Åhlström 2015). 

2.2 Flow efficiency 
Production refers to the flow of material and/or information from the raw-material stage 
to the end-product stage. The production flow can be described by the cycle time, which 
refers to the time required for a piece of material to traverse the flow. The cycle time, 
flow time, or throughput time, is the average time from the release of a job at the 
beginning of the flow to arrival of the job at an inventory point at the end (Hopp and 
Spearman 2008). The cycle time may even refer to the frequency with which a process 
completes a part or product (Rother and Shook 2009). Therefore, the authors will use the 
throughput time to express the time required for a piece of material to traverse the flow. 
During this flow, the material is processed (converted), inspected, waiting or moving. 
Processing represents the conversion aspect of production; inspecting, moving, and 
waiting represent the flow aspect (Koskela 1992). Obtaining a single unit of flow is 
essential for flow efficient operations (Simu and Lidelöw 2014). The flow efficiency is 
defined as the sum of times a flow unit receives value from the resources divided by the 
throughput time (Jones and Womack 2002; Modig and Åhlström 2015), and in this work 
is defined as:  

Flow Efficiency =  
∑Value-adding times

Throughput time
(2) 

2.3 Balancing resource and flow efficiency 
Resource and flow efficiency both measure value transfer from the resources to the flow 
unit, albeit from different viewpoints. While the resource perspective focuses on 
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maximizing the value added by the resources (high resource utilization), flow efficiency 
refers to the degree of value received from the flow unit perspective (Modig and Åhlström 
2015). The resource perspective drives companies toward production cost minimization, 
whereas the flow perspective pushes companies toward a customer-value focus, short 
delivery times, and reduced inventory. These perspectives should either be combined 
(Modig and Åhlström 2015) or balanced (Wernicke and Lidelöw 2016). This study is 
theoretically based in operations management. It is an operational principle, that process 
flow objectives should include interrelated parameters such as the throughput rate, 
throughput time, work-in-progress, and resource utilization (Slack et al. 2013). 

3 RESEARCH DESIGN 
3.1 The case 
A single case study was performed with a medium-size construction contractor, 
producing multi-storey buildings using prefabricated volumetric elements delivered from 
the company´s off-site production system. This system can roughly be described as four 
planar element production lines for floors, walls and ceilings, one volumetric element 
assembly line, three parallel final assembly lines (for completion of electricity, pipes, tiles, 
wall paints, wardrobes, bathroom, and kitchen interior), and a wrapping line. The 
production lines are divided into workstations. In this study, the flow unit consists of 
planar floor elements before and volumetric elements after the volumetric element 
assembly. The flow units move through all lines, in accordance with the “first in first out” 
principle. The resources of the study are the operators who process the flow units on the 
workstations, without being permanently linked to a workstation. These operators move 
between different workstations and are organized in different teams depending on the 
volume of work and the corresponding tasks (e.g., assembly, electricity, piping, and final 
inspection), respectively. 

Lean has been influencing the company since 2006 and became the foundation of the 
company´s philosophy in 2010. The company is a Lean-award winning organization and 
is known as a strong performer in that field. Flow-related questions have increased in 
recent years and many ideas and improvements have been tested, but a method for 
quantifying the complex effects on the production system remains elusive. Production 
proceedings and operator times spent in production are reported daily. The company’s 
calculation system delivers estimated figures for operator work load planning on a project 
basis. However, resource or flow efficiency cannot be calculated from the available data. 

3.2 Data collection method 
The study was limited to a project consisting of two buildings with eight apartments each, 
prefabricated as 42 volumetric elements in the company´s off-site production system. 
Data collection in this system was limited to the following observation zone: floor line 
(five workstations), volumetric element assembly line (four workstations), all three final 
assembly lines (44 workstations), and a safety stock between the floor and the assembly 
line. The following had to be accounted for during the design of the data collection 
method: (i) the size of the project and the observation zone and (ii) at a certain time during 
collection, all 42 flow units could be located inside the observation zone. 

According to Freivalds and Niebel (2009), work sampling is effective for determining 
personnel utilization and production standards, yielding the same information as time 
studies, but requires less time and is considerably more cost-effective. Work sampling, a 
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statistical technique for work studies, is based on the law of probability, where random 
objects are studied at fixed time intervals or fixed object sequences are studied at random 
time intervals (Almström and Kinnander 2011). For this study, the workstations and the 
safety stock were designated as the fixed objects, while the flow units and the operators 
were defined as random objects. Compared to time studies, data collection via work 
sampling is based on momentary observations, without the intention of observing all the 
activities. The results are derived from several observations with the time interval as a 
steering parameter for the number of evaluable observations.  

In this study, the time interval between the observations (∼15 min) is considered 
random due to observer breaks, unsteady time for the observation cycles through the 
observation zone, and the difference between observation and production times. The 
observations (for 11 days between ca. 7:30 am and 4:00 pm) begin with the production 
start of the first flow unit and lasts until the last flow unit leaves the observation zone. 
Production occurs in three different shifts from 5:45 am to 1:00 am, with most operators 
working between 7 am and 4 pm. With more than 20 flow units in the observation zone, 
the number of observers is increased to ensure an observation cycle of ∼15 min. On those 
days, the observation zone is divided among three observers, with the intention that they 
are all able to observe their allocated part within a measurement cycle time of 15 min. 
The results of the observations are either directly input into an Excel spreadsheet or first 
notated on paper spreadsheets, following the flow units, before transmission (by the 
observers) to the Excel spreadsheet.  

Each observation yields a data notation consisting of the date, time, observer, flow 
unit number, workstation or stock, number of operators inside or around the flow unit, 
and an operator activity classification. The activities are simplified, i.e., all operators are 
considered busy with activities that are classified as follows: a) value-adding activities or 
processing tasks with direct value transfer from operators to a flow unit, b) supporting 
activities e.g., planning, material handling, cleaning, maintenance or setup, c) waiting 
including disturbance and personal time, and d) unclear for the observer. The 
classification is further used in table 2. The details provided are obtained from measuring 
the group, rather than individual workers.  

3.3 Data analysis method 
To enable data analysis supplementary to both the overall project and individual flow unit 
levels, all flow units are divided into six similarly designed flow unit types (table 1). The 
case study is analyzed using an Excel database. Equations 1 and 2 are modified for 
applicability to the case data, and are therefore based on time units, rather than discrete 
numbers. Jones and Womack (2002) employed the particular value-creating steps and 
related them to the total number of supply chain steps. Therefore, the flow efficiency is 
redefined as: 

Flow Efficiency =  
∑Value-adding flow unit type observations

∑ Flow unit type observations
 % (3) 

The observed operator activity categories are used to describe resource utilization. All 
value-adding and supporting activities are labelled as utilization, whereas waiting and 
unclear activities are not and, hence, the resource efficiency is redefined as: 

Resource efficiency =  
∑Value-adding + Supporting operator activities

∑Operator activities
 % (4) 
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4 EMPIRICAL FINDINGS 
The empirical results obtained from the Excel database are used to calculate the flow and 
resource efficiency. Table 1 shows the observation data aggregated at the flow unit type 
level. Each flow unit observation contains a discrete number of operators ranging from 
zero to seven. The observed activities per flow unit type and for the overall project are 
shown in table 2. 

Table 1: Number of flow unit observations from a 15-min observation cycle. 

Flow unit type Kitchen 
& Bath 
type 1 

Kitchen 
& Bath 
type 2 

Two 
Bed-

rooms 

Stair-
well 

Living 
room 

Living 
& Bed-
room 

Number in project 8 8 6 4 6 10 

Number of observations 1069 1070 799 536 776 1310 

Number of value-adding 
observations 

501 512 249 119 147 369 

Table 2: Number of categorized operator activities (see section 3.2). 

Flow unit 
type 

Kitchen 
& Bath 
type 1 

Kitchen 
& Bath 
type 2 

Two 
Bed-

rooms 

Stair-
well 

Living 
room 

Living& 
Bed-
room 

Total 
project 
(No.) 

Total 
project 

(%) 

Value-
adding 

822 919 397 196 224 591 3149 64 

Supporting 347 241 165 99 95 229 1176 24 

Waiting 141 152 50 59 15 65 482 10 

Unclear 25 57 13 11 12 7 125 2 

5 ANALYSIS & DISCUSSION 
Using the data from tables 1 and 2 and equations 3 and 4, flow and resource efficiency 
(see figure 1) can be calculated on the flow unit type level. This figure shows the number 
of observations (in terms of a percentage) with at least one operator that adds value to the 
flow unit type. For example, the living room accounts for 19% of the observations. This 
is realized by the operators who can be described by the resource efficiency, e.g., 94% of 
the operators perform value-adding or supporting activities when attendant to the living 
room. According to the operational principle, the process flow objectives should include 
interrelated parameters such as the throughput rate, throughput time, work-in-progress, 
and resource utilization (Slack et al. 2013). Therefore, the flow efficiency of a flow unit 
type is realized through a certain set, and use, of resources. 
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Figure 1: Flow and resource efficiency per flow unit type. 

The combined visualization of flow and resource efficiency has been discussed by Modig 
and Åhlström (2015). They describe the difficulty organizations face in increasing their 
flow efficiency, while focusing mainly on high resource efficiency, and the possibility of 
simultaneously achieving high flow and resource efficiency. Furthermore, according to 
these authors, the potential for maximizing both types of efficiencies is affected by 
variations in the flow unit. Figure 1 shows that, except for the stairwell, the flow unit 
types with the highest flow efficiency (Kitchen & Bath) have relatively low resource 
efficiency. This may have resulted from the fact that this flow unit type (i.e., the stairwell) 
accounts for the lowest number of flow units and observations in the dataset. Therefore, 
the corresponding statistical uncertainty is higher than that associated with the other flow 
unit types. However, the figures enable discussion of the differences in the flow of the 
units through the off-site production system, effect of flow unit type variation on the 
involved resources, and potential operational strategies for managing both.  

5.1 External validity 
A workshop together with two production managers (one first line manager, one head of 
production management) from the case company has been completed to discuss the 
figures. The first line production manager pointed out that visualizing flow and resource 
efficiency in one diagram is quite challenging, because (i) on the one hand, meeting 
requests of meeting flow efficiency targets as short throughput time or takt and (ii) 
resource efficiency targets as minimizing operator times spent on the other hand. The fact 
that competitive targets occur represents the generalizable part of this study. Although 
the figures are case specific, the methodology can be applied to other cases. 

5.2 Internal validity  
The validity of using work sampling as a method is debatable (Kalsaas 2011). For 
example, the observers review only a part of the observation zone and the observations 
are accidental. In the present study, an observation interval of ∼15 min yields 5560 single 
observation points, creating a consistent dataset that enables correlation between the 
discrete number of observations and the time units associated with throughput and 
activities. An average of 132 observations with a standard deviation of 6.4 per flow unit 
is obtained. The number of observations and its even deviation create a stable base for 
calculating the flow unit or flow unit type level. Owing to the targeted observation interval, 
the number of observers had to be increased to ensure a stable high-quality observation 
cycle, when the project accounted for more than half of the observation zone. However, 
the internal validity is negatively affected by the increasing number of observers. The 
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first author of the article was the main observer and was always present at the case 
company during the observations. Depending on the number of objects in the flow, 
additional observers were present at the final assembly lines. They were introduced by 
the main observer with prepared examples and a test notation run prior to the real 
observations. Between the observation cycles, the observers discussed the encountered 
scenarios and possible methods for notating hesitant observations. The number of unclear 
observations (table 2) is considered a quality indicator of the measurement method. A 
significant share could be interpreted as unsure observers or a method uncertainty, but the 
figure has been on a low level with ∼2%.  

To further validate the measurement method, the observed number of operators per 
flow unit type is compared with the estimated figures for operator work load, as 
determined via the company’s calculation system (figure 2). Both data series equals 100% 
each. The company’s calculation system classifies the work load in terms of the different 
flow unit types, whereas the data denoted as observed correspond to the total number of 
operator activities shown in table 2. The level of uncertainty of the estimated figures stems 
from equal distribution, among the flow unit types, of some of the tasks associated with 
the operator work load. In addition, some of the tasks were excluded and the production 
managers (head of production management) explained that the company’s calculation 
system is only sometimes updated with the current figures corresponding to the 
production activities. Nevertheless, the comparison indicates that the results of the 
measurement method and the estimated figures are correlated and enables an evaluation 
of the company’s calculation figures. 

 
Figure 2: Comparison of estimated and observed operator work load.  

6 CONCLUSION 
Combined measurements of flow and resource efficiency are possible in the off-site 
production context of volumetric element construction, and work sampling can be used 
as a data collection method. The results indicate that discrete observations are correlated 
with the physical production flow for the chosen observation interval, but work sampling 
remains a time consuming method for the observation object considered. The question of 
balancing flow and resource efficiency is an important issue for the case company. 
Strategic targets of improving flow (expressed by takt or reduced throughput time) meet 
operational goals of using minimum resources (expressed as operator times spent).  

7 FUTURE RESEARCH 
The measurement method has the potential to help companies with their decision making 
process by showing the current status figures of how companies balance flow and 



Flow and Resource Efficiency Measurement Method in Off-site Production 

8 | Proceedings LC3, July 2017 | Heraklion, Greece 

resource efficiency. This method should be evaluated in different case companies and 
contexts, e.g., during on-site production. Moreover, the validity thereof could be 
determined via statistical methods that answer legitimate questions (such as required 
observation interval, demand for time interval stability, and the measurement method 
confidence interval). 

8 ACKNOWLEDGMENTS 
The authors gratefully acknowledge the financial support of TräCentrum Norr through 
the European Regional Development Fund. Furthermore, the company representatives are 
gratefully acknowledged for their time, openness, and insights. 

9 REFERENCES 
Almström, P. and Kinnander, A. (2011). The productivity potential assessment method, 

International Journal of Productivity and Performance Management, 60(7), 758–770. 
Hopp, W.J. and Spearman, M.L. (2008). Factory physics. (International 3. ed.), McGraw-

Hill Publishing, Boston. 
Jones, D.T. & Womack, J.P. (2002). Seeing the whole: mapping the extended value 

stream. Brookline, MA.: Lean Enterprise Inst. 
Kalsaas, B.T. (2011). On the discourse of measuring work flow efficiency in construction. 

A detailed work sampling method. 19th Annual Conference of the International Group 
for Lean Construction (IGLC). 

Koskela, L. (1992). Application of the new production philosophy to construction. 
Technical report number 72. Stanford University. 

Liker, J.K. (2004). The Toyota way: 14 management principles from the world's greatest 
manufacturer. McGraw-Hill, New York.  

Modig, N. & Åhlström, P. (2015). This is lean: resolving the efficiency paradox. 
Stockholm: Rheologica publishing. 

Freivalds, A. & Niebel, B.W. (2009). Niebel's Methods, standards, and work design. (12. 
ed.) New York: McGraw-Hill Higher Education. 

Robertson, D. and Ulrich, K. (1998). Planning for product platforms. Sloan Management 
Review, 39(4), 19–31. 

Rother, M. & Shook, J. (2009[1999]). Learning to see: value stream mapping to create 
value and eliminate muda. Cambridge, Mass.: Lean Enterprise Institute. 

Simu K. and Lidelöw H. (2014). The effect of economic variation in construction projects 
on contractor firms. 22nd Annual Conference of the International Group for Lean 
Construction (IGLC). 

Slack, N., Brandon-Jones, A. & Johnston, R. (2013). Operations management. (7. ed.) 
Harlow: Pearson. 

Wernicke, B. and Lidelöw H. (2016). Foundation for Balancing Resource and Flow 
Efficiency in Industrialized Construction. ICCREM 2016 – International Conference 
on Construction & Real Estate Management. 

Womack, J.P., Jones, D.T. and Roos, D. (1990). The machine that changed the world. 
Rawson Associates, New York. 



 

 

 

 

Paper 3 

  





 

 

Lean Construction Journal 2019 
http://creativecommons.org/licenses/by-nc-nd/4.0/ 

page 24 www.leanconstructionjournal.org 

 

Brian Wernicke, Helena Lidelöw, and Kajsa Simu (2019) 
Flow dimensions at Swedish Construction Contractors. 
Lean Construction Journal 2019 pp 24-46 (submitted 
25Feb2019; Accepted 02Jun2019) 
www.leanconstructionjournal.org  

Flow Dimensions at Swedish Construction Contractors 

Brian Wernicke1, Helena Lidelöw2, and Kajsa Simu3  

Abstract 
Research Question: How do different flow dimensions and their interrelations appear in 

Swedish construction settings? 

Purpose: To contribute to the ongoing discussion on flow in construction by providing 

empirical data to a proposed flow model and widening the current understanding 

within Lean Construction with theory from industrialized construction and operations 

management. 

Research Design: Transcriptions of nine in-depth interviews with managers at different 

Swedish contractors were utilized to identify different flow dimensions. 

Findings: Results show different patterns which describe contractors’ focus on different 

flow dimensions. 

Limitations: The study is performed in Swedish construction companies with limited 

generalizability to construction in general.  Data collection based on interviews 

might struggle with objectivity and multi-case studies do not coincide with in-depth 

research in each single case. 

Implications: Different flow dimensions are relevant within construction contractors and 

should be addressed by either management activities or an operations strategy. 

Value for practitioners: Increased understanding of flow in construction based on 

empirical data enables management of different flow dimensions to evolve 

contractors’ operations strategies towards Lean Construction or industrialized 

construction.  
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Introduction 
Many things flow in business – material, information, manpower, money, and 

equipment (Forrester 1958). Ford’s manufacturing system and Toyota’s production system 

(TPS) are two approaches from the car industry to improve production flow (Krafcik 1988). 

Lean principles as a result from TPS (Womack and Jones 2003, Liker 2004) have influenced 

the construction industry through Lean Construction (Koskela 2000). However, the concept 

of production flow is not well understood in the construction context (Sacks 2016). 

Construction is production organized in projects (Ballard 2000). Construction 

contractors are project-based organizations managing a portfolio of projects (Lessing 

2015). All construction projects contain a series of operations that create a flow (Lidelöw 

and Simu 2016). Shingo and Dillon (1989) suggested a two-dimensional structure of 

production, which consists of process and operations flow. Sacks (2016) presented the 

portfolios-processes-operations model (PPO) and identified the need to understand distinct 

flows of projects, locations and trades. The PPO-model is based on the common 

understanding of production theory in Lean Construction (Ballard 2000, Koskela 2000), but 

is not empirically tested. In contrast to general construction settings, the Swedish 

construction context (Lessing et al. 2015, Lidelöw et al. 2015) can contain empirical data 

due to an ongoing industrialization process that offers the possibility to study portfolios, 

processes, and operations in empirical multi-case data. 

The concept of flow is applied in areas as operations management (OM, Slack et al. 

2016), Lean production (LP, Womack and Jones 2003, Liker 2004), Lean Construction (LC, 

Koskela 2000), and supply chain management (SCM, Mentzer et al. 2001). Nevertheless, its 

understanding is subjective and personal (Sacks 2016) and not easily defined due to its use 

in different operational conditions (Kalsaas and Bølviken 2010). So far, the concept of flow 

is generally used in industrialized construction publications (e.g. Jansson 2013, 

Erikshammar 2014, Lessing 2015) often combined with other words, e.g., material, 

information, or production but not defined in terms of clarifying whether the context 

implicates movement, transformation or value creation. Additionally, the portfolio flow 

dimension as termed by Sacks (2016) is not mentioned, even though projects flowing 

through industrialized construction companies portfolios are described in the field by, 

e.g., Lessing (2015) and Jansson et al. (2014). The Swedish construction settings can 

create theoretical and practical knowledge because industrialized construction companies 

have a need to improve the flow of projects in their portfolio to utilize their investments 

in standardization, long-term relations, and production systems as well as their niche 

market specializations (Lessing et al. 2015).  

Traditional construction practices are criticized for supporting activity centered 

operating systems with specialized sub-contractors (Howell et al. 2011), which potentially 

lead to a strong operations flow focused business (Bertelsen and Sacks 2007) without 

creating reliable work flow in the complex and chaotic construction environments 

(Abdelhamid 2004). In contrast, a lean or industrialized construction based business 

approach would even address process and portfolio flows. To address this assumption, the 

aim of this study is to investigate the traceability of different flow dimensions exemplified 

in Swedish construction settings. This research contributes to the understanding of flow in 

construction, which is necessary for evolving contractors’ operations strategies towards 

Lean Construction or industrialized construction.  
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Theoretical framework 
The concept of flow in business processes is not new. Already Forrester (1958) 

stated: “Management is on the verge of a major breakthrough in understanding how 

industrial company success depends on the interactions between the flows of information, 

materials, money, manpower, and capital equipment. The way these five flow systems 

interlock to amplify one another and to cause change and fluctuation will form the basis 

for anticipating the effects of decisions, policies, organizational forms, and investment 

choices.” Flow is applied in areas as OM (Slack et al. 2016), LP (Womack and Jones 2003, 

Liker 2004), LC (Koskela 2000), and SCM (Mentzer et al. 2001), often without clear 

definition but combined with other words to create a term in a specific context. Pfohl and 

Gomm (2009) for example, distinguish between flow of goods, flow of information and 

financial flow. Mentzer et al. (2001) differentiate flow of goods to be products or services 

and flow of information to be separated in forecast, demand and information. Even though 

both sources frequently use flow, the authors do not exactly define it. Their focus seems 

to be on the movement of things (products, services, finances, and/or information) 

between different organizations (e.g. company, supplier, and customer) involved in a 

network of upstream and/or downstream institutions.  

Flow in operations management 

Every organization uses resources to maintain a process of creating something with 

the objective of making profit or serving the society (Slack et al. 2016). To let items flow 

rapidly and smoothly through the process is one of the main objectives of Lean (Slack et 

al. 2016). Schmenner and Swink (1998, p. 102) theorized this in OM as the theory of swift 

and even flow and stated that: “the more swift and even the flow of material through a 

process, the more productive that process is.” Schmenner (2001) empirically validated the 

theory with historical data, and showed that the theory was grounded far before Ford’s 

manufacturing system or LP, i.e., during the 1st industrial revolution (Chrystal Palace) or 

at the Arsenal in Venice, where the galleys for the powerful Venetian navy were built and 

equipped between the 12th and 18th centuries.  

Later on, Liker (2004) defined 14 fundamental management principles behind TPS. 

His second principle refers to creating a continuous process flow to bring problems to the 

surface. The process flow within this principle is different from the material flow of 

movement as it refers to overall transformation from raw material to finished goods or 

services - and has been termed production flow by Rother and Shook (2009), who use 

production and manufacturing synonymously and state that “Toyota people learn about 

three flows in manufacturing: the flows of material, information, and people”. Their 

value-stream mapping method focuses on measuring and visualizing the flows of material 

and information in a production system. Using value-stream mapping, flow is identified as 

all actions required to bring: 1) the product from raw material to the customer in the 

production flow or 2) a concept to launch in a design flow. The focus is on visualizing the 

value-creating flow to improve the whole instead of individual single-processes as a part of 

the value-stream (Rother and Shook 2009). The value-stream (production flow) in this 

method consists of processes, which implies that the process dimension is on a different 

level compared to Liker (2004) who focuses on overall processes.  
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The importance of jointly considering flow and value is emphasized in the Lean 

principles defined by Womack and Jones (2003) as they point out that continuous flow of 

the value-creating steps from the product point of view is the objective for efficiency 

instead of internal focus on organization or equipment. Flow is defined as “the progressive 

achievement of tasks along the value stream so that a product proceeds from the design 

to launch, order to delivery, and raw material into the hands of the customer with no 

stoppages, scrap, or backflows” (Womack and Jones 2003, p. 348). 

Modig and Åhlström (2015) define flow units to be the critical element in processes 

because they are the units to be processed. Even though the word process comes from the 

Latin word processus or procedere and means ‘to move forward’, Modig and Åhlström 

(2015) point out the importance of moving forward in the transformation process by 

activities e.g. machines and assembly or analysis in healthcare, which is something 

different from movement in terms of transport, which they classify as waste. 

Flow in construction 

In construction, the concept of flow has been widely discussed during the last two 

decades e.g. within the ‘International Group of Lean Construction’ (Rooke et al. 2007, 

Kalsaas and Bølviken 2010, Lidelöw and Simu 2016). Koskela (2000, p. 90) introduced 

‘flow’ to the construction context by defining the transformation-flow-value generation 

model, termed the TFV theory of production and argued that all three parts in the model 

should be operated simultaneously in production management, product design and 

development, to extend “attention to modelling, designing, controlling, and improving 

production from all these three points of view”. The distinction of the three parts of the 

TFV theory lies in their main objectives. While task management focuses on transformation 

and related costs, the main objective for flow management is to minimize the non-value-

adding activities between the transformation activities while the customer-related goals 

are captured by value management. Flow in the TFV theory are the non-transformational 

parts of production; waiting, inspection, and moving stages, a definition contrasting the 

ideas from Lean literature who see the main objective of flow to be the transforming or 

value-adding activities as discussed above (Womack and Jones 2003, Liker 2004, Rother 

and Shook 2009, Modig and Åhlström 2015). 

According to Sacks (2016), the flow in manufacturing “is understood as a path 

through which a product progresses as it is processed from raw material to finished 

product (taking flow as a noun) or as the physical movement of the product along the path 

(as a verb).” Kalsaas and Bølviken (2010) stated that the term flow is popular among both 

practitioners and academics but not precisely defined - “to flow” as verb means to “move 

freely and continuously” and “flow” as noun is “the flowing movement/ continuous 

stream of something”. They conclude however, that value should be included in the 

concept of flow and moreover extended with “Shingo’s flow concept with the dimensions 

of process and operation, which include processing, inspection, delay, 

transport/movement and supportive work”. Shingo and Dillon (1989) suggested a two-

dimensional structure of production which consist of processes to be “a flow of material in 

time and space; its transformation from raw material to semi-processed component to 

finished product” on one hand, and on the other hand operations to be “the interaction 

[with the flow of material] and flow of equipment and operators in time and space”. 
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Shingo and Dillon’s two-dimensional structure is formulated for manufacturing settings 

within TPS. 

Kalsaas and Bølviken (2010) applied Shingo and Dillon’s structure of production to 

construction and concluded “that the process can be conceived of as the progress of the 

project, while the work undertaken by the different trades constitutes the operations. A 

construction project is seen as a process of aggregated sub-processes; however, not 

primarily comprising sequential but also reciprocal interdependencies. Operations in 

construction can be split into more or less aggregated work-packages, each of which has 

its own internal flow that includes processing, inspection, transport/movement and 

delay.” The process dimension describes the product flow (Sacks 2016) while the 

operations dimension refers to the work flow (Kalsaas and Bølviken 2010) of workers and 

machines. The differentiation in two dimensions leads to the conclusion that 

improvements in operations do not automatically improve the process flow of the products 

(Shingo and Dillon 1989). The value-stream mapping method as mentioned above do not 

include the flow of people (operations dimension) which Rother and Shook (2009) referred 

to be on a lower “vantage point to see”. 

To fit Shingo and Dillon’s model to construction settings, Sacks (2016) applied the 

concept of location flow (as introduced by Koskela 2000) to be part of the process 

dimension (comparable to products in a manufacturing line) while trade flow refers to 

operations. This definition is in line with Bølviken et al. (2014) who distinguished product 

flow to represent the production process and work flow, which refers to the flow of work 

to be carried out by the workers (operations). In addition, Sacks (2016) noted, that the 

“term construction work flow appears to be used by different authors, and presumably 

also by practitioners, for what are two distinct flows: ‘work’ as product and ‘work’ as 

task. A preferable approach is to define work flow distinctly according to the two axes of 

operations and process as location flow (process) and trade flow (operations), 

respectively”. Locations in this contexts are not only geographical places, they refer to 

divided sections of the construction objects, e.g., building (Jongeling and Olofsson 2007) 

resulting in a project’s location breakdown structure for labor flow planning to minimize 

waiting times both for work to wait for workers and workers wait for work (Seppänen et al. 

2010). 

Construction is generally seen as project-based production with a high degree of 

subcontracting (Sacks 2016), which forces project management to use contractual 

techniques to manage the risk (Howell and Koskela 2000). This contracting practice 

towards trade contractors pushes project management to mainly focus operations and 

project managers primarily towards contracts instead of projects (Bertelsen and Sacks 

2007). Following Shingo and Dillon (1989), construction is managed as a series of 

operations with low focus on the process dimension and risks to overlook the flow 

perspective of the products and projects. Variability in the production capacity of 

upstream trades impacts negatively the productivity of downstream trades and the 

performance of entire system in terms of project duration, lost capacity, and inventory 

buffers (Javanmardi et al. 2016). To prevent this, the line-of-balance chart as a two-

dimensional representation of processes and operations of single projects can be utilized in 

construction (Jongeling and Olofsson 2007; Seppänen et al. 2010; Sacks 2016). 

Alternatively, the Last Planner System (Ballard 2000) has been suggested to improve 

productivity by creating a predictable work flow (Liu et al. 2011). 
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Sacks (2016) proposed to extend the two-dimensional structure of production as 

suggested by Shingo and Dillon (1989) with a third dimension, representing the “flow of 

work from project to project in a portfolio” (Figure 1).  

  
Figure 1: Cyclical view of the PPO-model (Sacks 2016) 

The project portfolio dimension in the PPO-model is crucial to explain the peculiarity 

between construction and manufacturing in addition to size and immobility of the product 

with workforce and equipment executing different operations at diverse locations around 

the product (Bertelsen et al. 2007). Sacks (2016) summarized his three-dimensional model 

by stating that: “construction work flow can be understood as functioning on three 

interrelated axes: portfolio, process and operation. In this model, trade crews are 

considered to flow not only from location to location within a project, but also from 

location to location across projects. Operations can extend across projects, reflecting an 

interdependence between projects.” The logic of the “project portfolio axis reflects the 

fact that design and construction occur simultaneously across many projects in any given 

regional economy” and “subcontractors balance their workload across projects, creating a 

flow of labor between the operations of different projects”. 

Flow in industrialized house-building 

Beside the presence of LC, flow related issues have been driven in the Swedish 

construction by what we refer to as industrialized house-building (IHB). Lessing (2006) 

describes IHB in his licentiate thesis as “a thoroughly developed building process with a 

well-suited organization for efficient management, preparation and control of the 

included activities, flows, resources and results for which highly developed components 

are used in order to create maximum customer value.” The frame of his concept consists 

of characteristic areas that are linkable to different flow concepts. Information flow is 

represented through the areas ‘Use of information and communication technology’ or 

‘Performance measurement and re-use of experience’ while material flow is characterized 

through ‘Off-site manufacture’ and ‘Logistics integrated in the building process’ (Lessing 

2006). Lidelöw et al. (2015) further developed the IHB-concept by connecting the 

characteristic areas to a business model construct and to the platform concept (Figure 2). 

They define the logic of IHB companies to make money as the main target of the business 

model by utilizing a platform referred to as the resource base in the business model. The 

platform consists of four parts - technology, process, suppliers and knowledge – with 

continuous improvements of all parts around the central business model. 
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Figure 2: Definition of industrialized house-building (adapted by Lidelöw et al. 2015 

from Lessing et al. 2015)  

Lessing (2015) connected the platform concept that supports the execution of 

building projects with a structured flow of information from the platform level to the 

individual projects in the portfolio and from the individual projects back to platform 

development process (Figure 3). Both the platform development process and the portfolio 

of projects are visualized as flowing objects.  

  
Figure 3: Platform development process that supports the flow of projects in the 

portfolio (adapted from Lessing 2015 and Jansson et al. 2014) 



Wernicke, Lidelöw, and Simu: Flow dimensions at Swedish Construction Contractors 

 

Lean Construction Journal 2019 
http://creativecommons.org/licenses/by-nc-nd/4.0/ 

page 31 www.leanconstructionjournal.org 

 

IHB companies utilize a platform to re-use experience and knowledge between 

projects (Lidelöw et al. 2015). Platform initiated standardization intended to reduce the 

costs in the design phase, in the procurement work, and in the production phase by 

narrowing down the number of possible choices while at the same time allowing for local 

variation and individual creativity (Styhre and Gluch 2010). The intention of the platform is 

to create a continuous flow of output from the portfolio by an effective flow of resources 

and information back and forth from the platform to the single projects.  

The continuous improvement process that includes all parts of the platform (Figure 

2) is organized to enable an ongoing flow of individual housing projects and simultaneously 

a flow of continuous improvement of the platform (figure 3, Lessing 2015, Meiling et al. 

2014). The parallel processes makes IHB an interesting research subject for the PPO-model 

because IHB companies invest in their platforms, off-site production systems, long-term 

relationships with suppliers and customers, integrated logistics, and focus on niche market 

specialization (Lessing 2015). These investments must be utilized in a project portfolio; 

otherwise, the IHB-companies find themselves in an economical risk situation of higher 

costs compared to traditional competitors due to their investments and with a low 

utilization of self-owned resources. To summarize, IHB companies should have methods, 

tools or processes to control the flow of projects in their portfolio, making the Swedish 

construction context an interesting research objective for the PPO-model. 

Summary of literature review 

Even though this paper is not aimed to be a complete literature review about flow, 

we summarize our most relevant findings in Table 1 ordered by their year of publication. 
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Table 1: Summary of relevant flow definitions 

Flow concept Definition Reference 

Flows of information, 

materials, money, 
manpower, and capital 
equipment 

Movement of flow objectives in industrial systems Forrester 
1958 

Process flow Flow of material in time and space; its 
transformation from raw material to components or 
finished product 

Shingo and 
Dillon 1989 

Operations flow Interaction with the process flow and flow of 
equipment and operators in time and space 

Shingo and 
Dillon 1989 

Flow of material Process of material to product through value-adding 
(transforming) work 

Schmenner 
and Swink 
1998 

Flow Non-transformational parts of production (waiting, 
inspection, and moving) 

Koskela 2000 

Flow of products, services, 
information, financial 
resources, demand, and 
forecast 

Movement of flow objectives in supply chains Mentzer et al. 
2001 

Flow Progressive achievement of tasks along the value 
stream so that a product proceeds from the design 
to launch, order to delivery, and raw material into 
the hands of the customer 

Womack and 
Jones 2003 

Process flow  Overall transformation from raw material to finished 
goods or services 

Liker 2004 

Production flow, design flow All actions required to bring a product from raw 
material to the customer or a concept to launch 

Rother and 
Shook 2009 

Flow Flow as verb means to move freely and continuously 

and flow as noun is the flowing movement/ 
continuous stream of something; chain of events to 
add value 

Kalsaas and 
Bølviken 2010 

Work flow Carried out by the workers (operations) Bølviken et 
al. 2014 

Flow unit Critical element in processes to move forward by 
the transformation activities 

Modig and 
Åhlström 2015 

Flow in manufacturing Path through which a product progresses as it is 
processed from raw material to finished product 
(taking flow as a noun) or as the physical movement 
of the product along the path (as a verb) 

Sacks 2016 

Location flow Represents the process flow in construction Sacks 2016 

Trade flow  Represents the operations flow in construction Sacks 2016 

Flow of projects Representing the flow of work from project to 
project in a portfolio because design and 
construction occur simultaneously across many 
projects  

Sacks 2016 
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Model of analysis 

The PPO-model (Figure 1) consists of the three main flows - portfolio, process, and 

operations and the arrows in between. Shingo and Dillon introduced the distinction 

between processes and operations to production theory, which has been adopted in LC by 

e.g. Sacks (2016), Bertelsen and Bonke (2011), and Koskela (2000). Even though many 

researchers in LC seem to agree on this distinction between processes and operations, the 

authors choose a terminology from OM theory instead (Slack et al. 2016). This allows a 

distinction of transformed and transforming resources. The flow of a project in a portfolio 

from customer request to delivery is a process as well as the transport of equipment or the 

movement of an operator from one location to the next, but both are not classified as 

‘Processes’ in the PPO-model as they are parts of ‘Portfolio’ and ‘Operations’ 

respectively.  

The distinction between transformed and transforming resources (Slack et al. 2016) 

does not contradict the TFV Theory (Koskela 2000), as we include flow and value in the 

analysis constructs in the relevant construct definitions. Our terminology allows for 

inclusion of the flow of material, resources (equipment and labor), and information in the 

analysis model, even though Sacks (2016) exclude these from the original PPO-model. 

Additionally, we consider the portfolio dimension to allow both a single company portfolio 

interpretation as well as a regional construction economy understanding.  

To the authors, flow refers to the evenness and speed of processes within OM, either 

in transforming events to create a continuous value transmission from transforming 

resources to transformed resources or in movement events to create a continuous 

transport of the resources to the transforming events or to the customer. 

Sacks (2016) does not explicitly define the arrows in the PPO-model; he uses 

‘interdependency’ as an explanation and states that the “interdependence of the flows 

means that improving location flow can positively affect both project flow and trade 

flow.” Dubois and Gadde (2002) point out that “every single industrial activity is to some 

extent interdependent with a number of other activities: they are coupled in various 

ways” with some of these “couplings are ‘tight’ while others are ‘loose’”. A rigid 

sequence between operations of a production process in construction is a classic case of 

sequential interdependence of work (Winch 1989). The degree of coupling between two 

units depends on the activity that the two units share and how they influence each other 

i.e. a weak coupling results in strong independence of two units (Dubois and Gadde 2002). 

We follow Sacks’ (2016) interdependence terminology for further use in the model of 

analysis which in summary consists of six constructs based on the PPO-model as described 

in detail in Table 2. 
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Table 2: Model of analysis 

Analysis model construct Main indicator for construct Main references for construct 

Portfolio flow Multiple project management 
Flow of projects in portfolio 

Sacks (2016) 

Lessing (2015) 

Bertelsen and Bonke (2011) 

Process flow Transformed resources as materials, 
information, locations, or single 
projects move, wait, or receive value  

Shingo and Dillon (1989) 

Womack and Jones (2003) 

Bertelsen and Sacks (2007) 

Sacks (2016)  

Operations flow Transforming resources as trades, 
operators, or equipment move, wait, 
or add value to transformed 
resources 

Shingo and Dillon (1989) 

Sacks (2016)  

Slack et al. (2016) 

Interdependency between 
portfolio and process flow 

Transformed resources (e.g. 
material, information, location, 
single project and product) within 
the multiple project management 

Sacks (2016)  

Modig and Åhlström (2015) 

Interdependency between 
portfolio and operations 
flow 

Transforming resources (e.g. 
operators and equipment) 
management within multiple project 
management 

Bertelsen and Sacks (2007) 

Sacks (2016) 

Interdependency between 
process and operations 
flow 

Interaction of transforming resources 
(e.g. operators and equipment) with 
transformed resources (e.g. material, 
information, location, single project 
and product) 

Shingo and Dillon (1989) 

Rother and Shook (2009) 

Seppänen et al. (2010) 

Sacks et al. (2013) 

Modig and Åhlström (2015)  

Slack et al. (2016) 

Method 

Data collection 

Nine managers on top or middle level from different construction contractors in 

Sweden were interviewed for about one hour. The selection of respondents was based on 

their position in the contractor and due to their long-term experience in construction 

(Table 3). The interviews were semi-structured and refer to the contractors’ organization, 

standardization and variation within and between projects and processes, relations to 

subcontractors, experience feedback, competitive advantage, and how resources are 

balanced between projects. All interviews were recorded, fully transcribed and sent to the 

respondents for approval. The contractors inherit the same abbreviation as the 

respondents in the following chapters. Their business varies from apartment house-

building, commercial house-building, and infrastructure. 
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Table 3: Respondents 

Respondent Respondent’s position at contractor 

A Platform manager, part of top management, joint liable for a turnover of 45 M€ 

B Middle manager, reporting directly to top management, liable for a turnover of 50 M€ 

C CEO and cofounder, liable for a turnover of 3.5 M€ 

D 
Top manager, responsible for one third of the total business, liable for a turnover of 
35 M€ 

E Platform manager, part of top management, joint liable for a turnover of 1,300 M€ 

F 
Lean manager, reporting directly to top management, liable for improvements of 10 
M€ 

G 
Middle manager, reporting directly to top management, liable for a turnover of 100 
M€ 

H CEO, liable for a turnover of 110 M€ 

I Middle manager, reporting directly to top management, liable for a turnover of 30 M€ 

Data analysis 

The unit of analysis in this research are the contractors, the appearance and 

importance of different flows and their potential interdependencies. The analysis was 

performed according to the following procedure: 

A) Coding 

The analysis model constructs (portfolio, process, and operations flows and the three 

interdependencies portfolio-process, portfolio-operations, and process-operations) are 

utilized as labels in the coding. The interview raw data transcribed in nine different word-

files (one per contractor) has been read and findings in the text have been colored (each 

label a different color) when identifying one of the labels according to their definitions as 

described in the model of analysis (Table 2). The identification of the labels follows the 

logic of coding as described by Miles and Huberman (1994) i.e. the raw data is tagged with 

the label when the respondent express something meaningful relatable to a label’s 

definition. All interviews have been coded in sequence in randomized order by the first 

author of this research.  

B) Grouping 

In this step, all identified findings have been copied to an excel-file (one sheet per 

contractor) and compiled within the different labels. Miles and Huberman (1994) refer to 

this step as data reduction and clustering to abstract and group relevant data out of a 

larger amount of raw data before further analysis. 

C) Positioning of contractors in model of analysis 

The grouped findings have been reread, further reduced to remove doublets and 

vague findings, counted, and compiled in a spreadsheet (Table 4) with the intention to 

assess prioritized flow dimensions at each contractor. Table 4 might lead to the 

assumption that the grouped findings have been quantified and the contractors’ position in 

the model of analysis is mathematically calculated as the center of all six quantities 

representing the constructs. This would be possible, but undermine the depth of the 
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qualitative data. Instead, all authors read the reduced findings, weighted against each 

other and concluded in individually suggested contractor positions in the model of analysis. 

A more central position implicates a balance between the flow dimensions. With increased 

distance from the center, one or two flow dimensions or their interdependencies increase 

in significance. In a final analysis meeting with all authors participating, the findings have 

been discussed and resulted in an agreed position of the contractors in the model of 

analysis as visualized in Figure 4. Consequently, the quantities as presented in Table 4 are 

one assessment aspect for the contractor positions in the model of analysis beside the 

reduced findings’ judgment of all authors based on the model of analysis (Table 2). 

Additionally, the final analysis meeting led to the grouping of contractors in three groups 

with comparable flow appearances.  

Reliability and validity 

To create knowledge, research needs a logical set of statements and its quality must 

be controllable for readers. Yin (2009) suggests four criteria for empirical social research 

quality assessment: construct validity, internal validity, external validity, and reliability. 

Construct validity refers to identifying correct operational measures for the concepts 

and one possible tactic within case study research is the use of multiple sources of 

evidence (ibid). Within this research’s analysis, most of the constructs have been 

identified in several empirical findings within the coding process (Table 4). The 

researchers individually positioned the same contractor differently in the model of 

analysis. This is reasonable, due to the large amount of qualitative data. Additionally, the 

model of analysis has not been chosen for its mathematical accuracy, e.g., it lacks 

orthogonality and quantification precision. It has been chosen to visualize qualitative data, 

i.e., differences in appearances of flow dimensions between diverse contractors. 

Consequently, the exact position of contractors in the model of analysis is not purpose of 

this research and the quantification is not meant to be in exact figures. 

The internal validity in terms of establishing a causal relationship between 

observations and researchers interpretation can be reached by a transparent and logical 

data analysis tactic (Yin 2009). The methodology of this study has been setup to create this 

relationship through a theory-based analysis model and an objective analysis approach. 

However, the multi-case approach causes weaknesses because the number of cases limits 

the possibility of deep research in each single case. One must respect that the results 

might depend on interviewee’s background, experience, and role at the contractor. The 

selection of interviewees was based on their position in the contractor firm (top or middle 

management level) and due to their long-term experience in construction, but must be 

seen in its temporary context as always in qualitative case study research (ibid).  

Therefore, interviewees’ opinions might be unstable over time. To increase internal 

validity, the interviews were semi-structured with questions regarding contractors’ 

organization, project and process management, and their relations to subcontractors to 

assess company level but limit personnel opinions.  

The external validity which refers to the domain of generalizability of the results can 

be increased by the use of theory and/or replication logic in multi-case studies (Yin 2009). 

Both opportunities have been utilized in this research; it has been based on previous 

theory and the high number of cases creates a potential for generalizability in the Swedish 

context, e.g., all contractor groups consist of several cases. 
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Reliability in terms of a research process to be consistent, reasonable, stable over 

time and across researchers (Miles and Huberman 1994) has been accomplished by data 

protocols and detailed descriptions of the methodology (Yin 2009). The goal of reliability is 

to minimize a study’s errors and biases (ibid). A confirmation bias risk to find certain 

labels in the empirical findings is present and has been decreased with cross analysis by 

multiple researchers. The empirical findings have been analyzed by all authors 

independently and jointly discussed before the final positioning of the contractors in the 

model of analysis was accomplished. This analysis steps create higher objectivity within 

the analysis process and consequently higher reliability compared to single researcher 

analysis (ibid). Additionally, the aim of this research has not been to trace all labels in the 

data material, discussions and conclusions have been independent on the exact number of 

labels to be traced in the empirical data. 

Empirical findings and analysis 
Table 4 visualizes the quantities of traced analysis model constructs (Table 2) for 

each contractor. Empty fields indicate that the respective construct could not be traced at 

the contractor. This might not be critically because flow dimensions could be represented 

through related interdependencies instead. 

Table 4: Quantities of traced analysis model constructs per contractor 

Analysis model construct             \           Contractor A B C D E F G H I 

Portfolio flow 2  2  1 5  2 1 

Process flow 1  2   4 2   

Operations flow   3      3 

Interdependency between portfolio and process flow 3 1   5 1 2   

Interdependency between portfolio and operations flow 6 13 2 4   1 2 3 

Interdependency between process and operations flow 3 3 7 5 3 10 4 3 3 

Figure 4 visualizes the results of the data analysis as a position of the contractors in 

the model of analysis. They can be interpreted as a pattern which describes the 

contractors’ focus on different flow dimensions. A more central position implicates a 

balance between the flow dimensions. With increased distance from the center, one or 

two flow dimensions or their interdependencies increase in significance. The contractors’ 

position allows grouping based on a similar pattern. This logic is utilized to describe the 

contractors in terms of their flow focus in three separate groups: a) Group AEF with the 

main focus on portfolios and processes; b) Group BDI with the main focus on operations; 

and c) Group CGH with a balanced flow focus.  
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Figure 4: Contractors’ position in model of analysis 

Group AEF – Contractors focusing mainly on portfolios and processes  

The general characteristics of this group are: 

 Platform development process 

 Product, process, and project management standardization 

 Demand leveling or takt time planning 

 Repetition in portfolio 

In detail, contractor A established its business on the multi-family house market in 

2005 in the Stockholm region by utilizing pre-engineered type houses with prepared 

production planning. To enable further growth in the following years, the product platform 

was extended but started to diverge in a negative sense. Consequently, contractor A 

streamlined its product platform by launching reference houses supported by standard 

design instructions. This finding symbolizes how the product platform develops during its 

use in the portfolio flow and can be exploited in single projects within the portfolio. To 

create a stable project flow within its portfolio, contractor A balances fluctuations in 

demand on the condominium market with rental house projects.  

On the process dimension, contractor A divides its projects using stairwells as a unit 

of locations for planning purposes with repetitive character and combines them with 

different but repetitive apartment layouts depending on the project. Stairwells and 

apartments are repeated within the portfolio in terms of production processes, the houses 

are unique from a customer point of view.  

Nevertheless, contractor A focuses mainly on portfolios and processes, the operations 

dimension is noticeable.  Contractor A follows up how many hours are spent on each 

apartment, tries to build up long-term relations with architects and subcontractors or hire 

own design specialists instead of contracting them for each project.  
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Within its project portfolio, contractor E compares production costs to close the gap 

between the best and worst performing projects. This has decreased the number of 

unprofitable projects, increased customer satisfaction, and created an economic space to 

invest in project independent product development, e.g., low-energy houses, standardized 

working methods for production activities, purchase and project management. As a 

consequence, the freedom of how project leaders can run a single project has decreased 

to allow process management to be more equal between projects and how customers are 

met.  

Within its multi-story house segment, contractor E does not offer catalogue houses. 

They run a standardization strategy for components and technical solutions as window 

fastenings, electrical installations, plumbing, wall and ceiling elements to enable process 

and method development while allowing customization choices for layout, claddings, or 

other local requirements. This platform is a solution range for alternatives available within 

single projects and the base for production planning in terms of steering takt times for 

predefined activities which consider local proportions and safety issues. The interviewee 

highlights that the main focus is on overall project process and not on pushing craftsmen 

to work faster on single activities.  

The standardization strategy within contractor E impacts even the operations 

because it “requires some kind of industrialized construction” and asks for “uniformity” 

because it is “easier to implement improvements in the entire group”.   

Contractor F offers customized architect-designed buildings produced with 

standardized components and work methods. On its portfolio dimension, contractor F 

focuses on repetition instead of uniqueness. Even though the market offer spreads from 

student apartments to hotels and multi-family houses to both commercial and private 

clients, 90 % of the work content is repetitive. This rate is connected to the companies 

building system which is based on prefabrication of volumetric elements in an off-site 

system and on-site assembly and finishing activities. The volumetric elements are utilized 

as the flow unit through the entire process to create a takted production from sales to the 

customer and the interviewee describes the overall portfolio performance in terms of their 

“increased takt of 10 to 20 % this year”. Even though the prefabrication degree is high, 

the main focus is on the work flow on-site due to the project unique site characteristics. 

The regional managers meet once a month to synchronize actual projects to define 

uniform requirements from the different projects towards the off-site system and to 

minimize the effect of personal experience and background of the site managers.  

In recent years, the process flow has been improved by stock reduction as well as 

just in time activities (product flow) and involvement of design activities in improvements 

by visual planning and follow up of sub-deliveries (internal) and sub-contractors (external) 

to secure an on-time delivery to the customer.  

Within contractor F, the process flow dimension is more important compared to 

operations flow. The interviewee explains that a forklift driver should not be utilized 100% 

because this situation most likely indicates that some operator or machine is waiting for 

material. Instead, the main focus is meant to be on the process dimension in terms of 

adding value to the volumetric elements which might result in some underutilized 

transforming resources. Another example is the role of group leaders who naturally work 

hard to support bottleneck operations while they should step out and try to overview the 



Wernicke, Lidelöw, and Simu: Flow dimensions at Swedish Construction Contractors 

 

Lean Construction Journal 2019 
http://creativecommons.org/licenses/by-nc-nd/4.0/ 

page 40 www.leanconstructionjournal.org 

 

overall process flow and ask questions of why the bottleneck emerged and how to secure 

operators utilization?  

Although, contractor F focuses mainly on portfolios and processes, the operations 

dimension and the interdependency between operations and process dimension is 

noticeable. They follow up how many hours they spend on each volumetric element, 

maintain operation sheets that explain how operators proceed to create the process flow, 

and perform work studies to secure the takt and improve current methods. 

Group BDI – Contractors focusing mainly on operations 

The general characteristics of this group are: 

 Unique projects 

 Single-project sub-contracting and specialists 

 Supply levelling 

In depth, contractor B has divided its business in three divisions 1) housebuilding and 

industry, 2) infrastructure, and 3) landscaping. This separation is motivated because 

operators are supposed to have equal competences and can be easily moved between 

projects in each division. The divisions for landscaping and housebuilding and industry are 

subdivided in three different regions because operators are normally linked to a certain 

part of the total business region. In contrast, within infrastructure the operators are 

further specialized on, e.g., groundwork or concrete and work over the entire region due 

to the spread and number of projects. One subdivision within infrastructure is specialized 

on mining areas with smaller equipment compared to similar equipment for infrastructure 

projects as road work so the equipment is not shared between the subdivisions. The 

business managers, however, are in charge of regions as they do not need special 

competences for different products. They are in charge of what projects to bid for 

depending on the status of resources’ utilization.  

B sees itself as part of a regional construction process and do not want to tie 

potential sub-contractors with long-term agreements as this would risk increasing prices. 

To monitor prices consistently, B prefers project-oriented sub-contracting but opens up for 

an alternative strategy within its housebuilding division which partly offers standardized 

product solutions to customers. These concept houses increase efficiency because 

operators gain experience in repeating the same tasks during several years; a logic that 

could be transformed to sub-contractors. Within this subdivision, expert operators have 

been relocated between regions to share experiences to less experienced operators.  

On the project management side, different administrative specialists (e.g. 

purchasers) are dedicated to single projects, their number and profession depends on the 

project size. The number of operators is agreed between regional and site manager for 

each project, both discuss even adjustments during project execution. The site manager is 

named to be an important factor for project success.  

B focuses mainly on operations. One reason might be that the portfolio is very wide 

in terms of project spread which includes different contractor roles and uniqueness on the 

product. Just within housebuilding the portfolio-process-interdependency is noticeable due 

to a utilization of concept houses with partly pre-engineered solutions and reuse in the 

portfolio. 
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Historically, the three partners in Contractor D run the company both strategically in 

terms of what projects to work on and in daily operations on-site. This scenario has 

changed due to increased business and young white collar workers entering the company 

and demanding interesting working conditions with own tools and resources to create 

effective building sites. Both facts lead to a need for an alternative system of steering and 

controlling the company e.g. regional managers who overlook the market portfolio and 

cover project type, size, place, and suitable production engineers to estimate potential 

differences between operators demand and supply. The production engineers are central 

in project management as they follow the projects from calculation, planning, 

procurement all the way to the site and have often a better overview over the project 

compared to site managers. Depending on project size and work load, they work 

simultaneously with several projects.  

Normally, D acts as either general or main contractor, but prefers design-build 

contracting to enable control over the design phase while design-bid-build projects often 

struggles in the interphase between sub-contractors for technical design solutions, e.g. 

electrical installations and plumbing. To improve overall construction performance, the 

interviewee at D highlights the importance of production planning to link design and 

calculation to the planning and steering of resources in the single project.  

One example within D which shows some process flow dimension is a partnering 

project with shared risk logic with the customer. The project is performed in joint 

execution together with the client with more focus on product-related solutions instead of 

blaming each other for mistakes. 

The interviewee at contractor I describes the company’s portfolio as unique projects, 

which are almost always subject to change that needs to be handled. The involved 

resources are divided in material, machines and humans with the human factor struggling 

most calling for highest demand for planning. The regional management group meets 

regularly and check the process of all running projects and the available operators at the 

different sites to take reallocation decisions or suggestions of rescheduling of activities 

(dynamically for activities and blue collars while more static for white collars).  

During the latest recession in 2008-2009, I reduced its own staff dramatically. In the 

following market recovery phase, I chose a higher share of subcontracting instead of 

rehiring own staff (e.g. bricklayers) even though the interviewee admits that this 

development is critical for the company in some competence areas and white collars 

cannot be hired in direct proportion to the company’s turnover.  

Focus on operations flow at I is exemplified by its attempt to separate moving zones 

for human workforces and equipment at the building sites. The portfolio and process flow 

dimensions are noticeable at I through the utilization of standard components and process 

descriptions as well as trade-off decisions between safety and productivity which are 

handled on the project portfolio level. 

Group CGH – Contractors with a balanced flow focus 

The general characteristics of this group are: 

  Continuous improvements of site activities 

 Long-term relations 

 Demand and supply levelling 
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Thoroughly, contractor C is organized in three divisions: new-build, re-build, and 

facility services. To achieve portfolio flow, the execution of several projects is handled 

with a phase offset in between them, especially groundwork is concentrated on one 

construction site at the same time. The resource demand is smoothed out in the overall 

portfolio by starting maintenance projects when new-build projects do not ask for the 

total resource supply.  

The process flow dimension is represented because C tries to integrate several 

elements of a construction process and building life-cycle: land development, design, 

production, and facility management.  

The operations flow in C is concentrated on humans who are meant to have high 

resource utilization while machines have lower utilization in average. The operations flow 

outside the company is intended to create collaboration with external long-term partners 

(e.g. for architectural design) and sub-contractors who are integrated in planning and 

follow-up activities. Towards its clients, C prefers partnering contracts. 

C is working with continuous improvement activities especially within the process-

operations interdependency, e.g., standardization of technical solutions for electrical 

connectors, distinct structure off construction sites to create effective logistics, design 

phase locations with visual planning boards to integrate consultants and sub-contractors, 

and integrated BIM-GPS-solutions for groundwork applications. In addition, the facility 

service teams are setup with competences, material and tools to enable direct problem 

solving. Two mind-sets describe C’s process-operations focus; there is a difference in 

operators’ utilization and how much value they create within a project and problems 

within a project should be solved before construction instead of reacting on-site.  

Contractor G has worked with standardization in two areas. Within production, three 

steps are necessary: 1) securing quality but not in terms good or bad because it must be 

seen digital in either meeting the standard or not, 2) utilize repetition within the project 

portfolio to generate learning curves , and 3) find solution to increase productivity, e.g., 

automation. The standardization is meant to decrease the direct dependency from 

individual's skill or ability and secure that knowledge is available in the company when 

people leave. Standardization has even been adopted on administrative processes to 

visualize ongoing work, systemize working procedures, and define outlines. One example is 

the design phase steering model mentioned to keep control over the design work and to 

create a takted design process. This standardization work has impact on operations as 

structural engineers who normally leave the projects after their design currently follow 

the project even under the building phase to get direct feedback on their drawings from 

the operators and the possibility to discuss alternative solutions with them for 

improvement in future projects. Even purchasers and calculation responsibles do not leave 

their projects in advance.  

Continuous improvement activities at G impacts the process-operations 

interdependency, exemplified in prefabricated walls to reduce setup times, transport and 

inventory achieving increased productivity in terms of spend operator working hours per 

square meter wall.  

Within its project portfolio, Contractor H works with local experiences and product 

development and try to distribute the best solutions to the entire company through 

repetition, e.g., offering the same product type in locally adopted projects. The 
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distribution is affected by H’s business structure consisting of local subsidiaries, so inter-

organizational groups for different trades and administrative specialists are organized and 

the different subsidiaries are expected to cooperate with resources to balance regional 

demand peaks. Despite the standardization efforts, the interviewee at H highlights the 

importance of flexibility for unpredicted events and local requirements in single projects.  

Notwithstanding that H tries to create long-term relations with clients, it does not 

have the ambition to become the client’s only choice as this scenario would cause trouble 

when clients request for project delivery demands does not meet H’s supply of resources. 

Towards its sub-contractors, H chooses to standardize only the material while leaving the 

production technique choice unspecified.  

Conclusions 
Different flow dimensions are traceable at contractors in the Swedish construction 

settings. Their appearance differ between contractors, verified as flow pattern in the PPO-

model (Sacks 2016). Contractors in the same PPO-area focus and similar on the different 

flow dimensions were visualized as three distinct groups in the results. Single-project and 

sub-contracting oriented contractors focus more evident on operations flow, production 

oriented contractors focus on operations and process flow while industrialized contractors 

with implemented platforms, standardization approaches and stronger repetition between 

projects consider the portfolio flow. 

Contractors who focus very strongly on just one flow dimension (portfolio, process, 

or operations) have not been found in this research. These kind of contractors might exist, 

but earlier research that distinguish between different flows (e.g. Sacks 2016, Lessing 

2015, Rooke et al. 2007, Mentzer et al. 2001, Shingo and Dillon 1989) and findings from 

this research lead to the conclusion that different flow dimensions must be taken into 

consideration simultaneously for construction contractors. Thus, interdependencies 

between flow dimensions are important to consider and practitioners should ask how the 

different flow dimensions are addressed and balanced within their operations strategy. 

Contractors with a balanced flow focus address all three flow dimensions 

simultaneously. However, conclusions about potential performance advantages cannot be 

drawn from this study and might be related to more complex business settings. This 

research is theoretically based on flow concepts from both LC, OM and IHB without causing 

direct conflicts between the concepts. Consequently, the understanding of flow within LC 

can be broadened with concepts outside the field. 

Future research 
Case studies with a reduced amount of contractors but a higher amount of 

interviewees within each company would enable conclusions about the impact of 

interviewee’s role, their experience and position in the organization on their 

understandings and awareness of different flow perspectives. A very disparate flow 

perception of different interviewees in the same company could potentially rise questions 

about strategy implementation processes (Höök and Stehn 2008). Research could study the 

link between focus on different flow dimensions and companies’ level of LC maturity 

(Nesensohn et al. 2016), their approaches to increase industrialization, e.g., prefabrication 
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(Lessing et al. 2015), or potential expressions in operations strategy (Lidelöw and Simu 

2016). Moreover, future research might quantify a contractor’s flow focus with achieved 

business performance and different approaches to act in its supply chain. 
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