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Työssäni tutkin hukattua aikaa sähkö- ja lvi-töissä luodakseni mahdollisuudet sekä ali-
urakoitsijoiden sekä pääurakoitsijoiden parannuksille. Tarkoituksena on selvittää huka-
tun ajan määrä ja sen juurisyyt. Tutkimuksessa selvitetään sekä arvo lisäävien, tukevien 
sekä arvoa lisäämättömien toimintojen osuudet suomalaisessa rakentamisessa. 
 
Työssä pyritään selvittämään ongelmakohtia suomalaisessa rakentamisessa seuraamalla 
ja haastattelemalla asentajia ja työryhmien etu- sekä kärkimiehiä. Asentajien seuraami-
nen tapahtuu kypäräkameroiden avulla ja tästä saatua materiaalia hyödynnetään myös 
haastatteluissa erilaisten ongelmien syiden sekä seurausten selvittämiseksi. Kypäräkame-
roista saatu data on sekä kvalitatiivista että kvantitatiivista, mikä tarjoaa jo itsessään hy-
vää tietoa ongelmista sekä hukatusta ajasta. Työssä seurataan ja haastatellaan työnteki-
jöitä neljältä eri työmaalta, jotta tilanteet käsittäisivät erilaiset rakennustyypit.  
 
Työ on tehty työntekijöiden näkökulmaa hyödyntäen, koska tämä voi helposti jäädä huo-
mioimatta. Työntekijöitä seuraamalla ja haastattelemalla työntekijöillä on mahdollisuus 
antaa omat ehdotuksensa toiminnan parantamiseksi. Tämän työn tarkoituksena on kui-
tenkin selvittää hukatun ajan osuus ja sen syitä. Ongelmiin voidaan tarjota työntekijöiden 
tarjoamia ratkaisuja mutta lopullisten korjauksien tulee lähteä pää- sekä aliurakoitsijoi-
den toimesta. 
 
Lopullinen työ tarjoaa siis hukatun ajan osuuksia sekä niiden syitä, mikä mahdollistaa 
kohdistettujen korjaustoimenpiteiden kohdistamisen merkittävimpiin hukkaosuuksiin 
ehkäisemällä niille tarjottuja syitä.  
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Abstract 
In this thesis I study the wasted time in electrical and HVAC work to create possibilities 
for improvements for sub- and main contractors. To goal is to find out the share of wasted 
time and it’s root causes. This thesis studies the share of the value adding,  value support-
ing and non-value-adding actions in Finnish construction. 

 
This thesis aims to find out problems in Finnish construction industry by tracking and 
interviewing workers and the foremen of the working crews. The tracking of the working 
was being done via helmet cameras and this data was being used also in the interviews to 
get better insight on different causes for problems and repercussions of these problems. 
The helmet cameras provide both qualitative and quantitative data, which gives insight to 
the wasted time and problems that occur. This thesis tracks and interviews workers from 
four different construction sites to provide vast information.  
 
This thesis study uses the workers point of view, as this might often get ignored. By track-
ing and interviewing the workers, the workers have possibility to point out improvement 
suggestions to enhance their work. In overall this study’s goal is to find out the share of 
wasted time and its reasons. This study brings out the workers improvement suggestions, 
but the final improvements should start from the sub- and main contractors actions. 
 
The final thesis offers the share of wasted time and it’s reasons with vast categorization, 
which allows focused improvements to be made to decrease the amount of wasted time 
by preventing the reasons behind them. 
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1 Introduction 
 
The productivity of construction industry is a widely discussed topic as it has not devel-
oped with the same rate as manufacturing for example. This is alarming information as 
construction industry is one of the largest industries in Finland. Construction industry is 
also one the largest employers in Finland by having around quarter of a million workers 
working in the industry (Rakennuslehti, 2019) and if we add the people who are affiliated 
with the industry this number will increase to over a half a million. According to the study 
which Rakennuslehti (2013) conducted, the gross revenue of the construction industry is 
around 29 billion euros.  
 
The development of costs in Finnish construction industry has been steadily increasing 
since the early 2000’s and accelerating in the recent years which can be seen in the figure 
1, which was provided by the statistic center of Finland (2020). The same increase can be 
seen also from the risen prices of new apartments as shown in the figure 2. (Official sta-
tistics of Finland, 2021)  
 
 

 
Figure 1. Construction cost index, long-term development 
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Figure 2. Development of prices of new dwellings in housing companies quarterly , index 2015=100 
 
These rising costs forces the construction companies to be more efficient with the given 
time and money. Therefore, the effectiveness of work plays a big role in the success of 
the project and is there for the be savored. The lead time of the construction project is 
often the defining factor with any developer, so it is a very crucial factor for the main 
contractors to upkeep. It has been pointed out that shorter lead times are being pursued 
which requires an improved production efficiency. This requires that the non-value-add-
ing actions should be removed from the processes. It should be an industry default to 
remove the actions that are not bringing any value to the customer, but it is not often 
executed properly. (Junnonen and Kankainen, 2007).  
 
The constant state of construction industry of have been studied and these studies shed 
some light to the slow growth of productivity. Koskenvesa and Koskela (2012) found out 
that in the Finnish construction industry, even if new positive effects of new tools or 
methods were introduced the industry still had big issues in implementing them to their 
own work as they state that people are too comfortable in their own situations and feel no 
need to improve or change. This finding was backed up by Junnonen and Kankainen 
(2007) as they stated that even if companies bring in new policies, there is still resistance 
in the implementation of them. Some insight to this can be found from a news article from 
Helsingin Sanomat (2, 2017) as they wrote statement which was given by professor of 
industrial engineering and management of university of Oulu, Harri Haapasalo. The state-
ment tells that the development of the industry in a big picture is not seen as important 
because the customers always pay the price that the contractor or developer sets for them. 
This means that there is not enough pressure towards the industry which would force it 
to improve drastically.  
 
A new wave of improvement is pushed to the industry in the form of lean production. 
Lean production which was developed by Taiichi Ohno in the 1950’s aided by others such 
as Shigeo Shingo and Hiroyuki Hirano (Santos et al. 2006) is also known as Just-In-Time 
(JIT) -production which was originally developed for the manufacturing industry. Later 
on the lean production has spread across multiple industries and it has also landed to the 
construction industry with Lauri Koskela paving the way for lean philosophy in the 1992 
(Alarcón, 1997). The focus with lean production is to produce well-working flow of op-
erations by removing all non-value-adding excess actions which can be identified as 
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waste or Muda, from the production increasing the soundness of the flow. The lean pro-
duction does not only focus on the flow of the operations as it also strives towards a 
effective flow of operation to pursue towards perfected processes. Lean is a production 
method that strives to accomplish the customer’s needs with the minimal use of every-
thing. (Aziz and Hafez, 2013). 
 
To point out incredibly low development of productivity of construction industry it is 
good to compare it to other big industries. The comparison shows that in Finland the 
development of productivity in construction has been lacking behind other big industries 
for over 40 years now as can be seen from the Figure 3, which shows the productivity 
development of three major industries: Manufacturing, construction and commercial. 
(Official Statistics of Finland, 2018) Even with the introduction of lean production in the 
early 1990’s there has not been almost any development in the industry. The point from 
Koskenvesa and Koskela introduced earlier in the text can give us some light why the 
situation is the way it is as even though the introduction of lean production gave a small 
“peak” in the productivity the productivity has decreases almost to the starting point as 
can be seen from the figure 3. Even though there has been many efforts have been made 
in the construction industry to increase the productivity there has been no real improve-
ment (Aziz and Hafez 2013).   
 

 
Figure 3. Productivity index of three different industries in Finland in 2015 
 
As construction industry is a labor-intensive industry it is important to have the workers 
productivity or effectiveness to be as good as possible. There for it is important to find 
out how much of the workers time is spent on the actual work and other actions. This has 
been done by work-sampling which can be described as “snap-shots” of the actions that 
are performed. This method will be introduced later in more detail. The labor productivity 
level in the construction industry has been generally recognized to be relatively low and 
the often-reported productivity number is around 30-40 percent of productive time (Sara 
Hajikazemi, Bjørn Andersen, Jan Alexander Langlo, 2017). Jenkins and Orth (2003) 
stated that the used time by the workers for productive work was 30 percent of the avail-
able time on the working day. There has been few studies that actually documented the 
true productivity levels of workers. The studies that Hajikazemi and others (2017) have 
reviewed together are listed in the following. Borcherding and Sebastian (1980) found 
out in a study of nuclear plant projects that the direct work constitutes of 32 percent, 28 
percent on supportive work and 40 percent of the total working time. After that several 
Canadian studies have been undertaken from the 1990’s to early 2000’s and found the 
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actual working time to be around 55-60 percent (Dozzi and AbouRizk (1993, Canadian 
data); Olomolaige, Jayawardane, and Harris (1998, UK data); McTague and Jergeas 
(2003, Canadian data). Similar numbers were discovered by Christian and Hackey (1995) 
who studied the work distribution in concrete placement. They found out that direct work 
and supporting actions summed to 61 percent. As for the field of this study a Swedish 
study which analyzed the work distribution of HVAC work found out considerably lower 
productivity rates compared to other studies resulting with average of only 13.2 percent 
of productive time. On comparison Hajikazemi and others (2017) resulted with 61.1 per-
cent of installation work during working days as they analyzed eight different projects. 
These studies will work as a great comparison for this study to see the major differences 
in the productivity. 
 
The goal of this study was to inspect and study the electrical and HVAC workers to find 
out how much of their time is wasted to unnecessary actions by utilizing both quantitative 
and qualitative data. The goal for the study was to have quantitative methods of video 
tracking and on-site questionnaires and qualitative method of interviews with the workers. 
Even though the video tracking is listed as quantitative data it still provides both qualita-
tive and quantitative data. The aim for the interviews was to include the workers 
knowledge and expertise to the analysis and validation of the analysis. This will be done 
via revision of the recorded footage of their working week. This also includes the possible 
improvement suggestions that the workers might have for the waste causes. The method 
of video tracking was chosen because it provides accurate data of the actions the workers 
perform and as Kalsaas (2011) stated, the presence of the observers could affect the work-
ers actions. The portfolio of projects consists of four different projects which have differ-
ent kind of characteristics to get a better view of the overall situation in the industry. In 
total the target was to have four workers per site, but this was not possible with few sites 
as the workers resistant in participating. The aim is to analyze the waste and the root 
causes for them from the “eyes of the worker” to dig deeper to the grass-level view of the 
waste. The target in the study was not to analyze how fast are the workers performing a 
specific installation action as it is more personal issue that might vary from the age and 
experience of the worker. The aim of the study was to categorize all the actions that the 
workers perform during the day and analyze it using more accurate classification of the 
work, waste and missing preconditions than in studies before to provide more accurate 
data from this study. This thesis aims to answer questions like, how much wasted time 
does the electrical and HVAC work contain and what are the root causes for them? The 
aim of this thesis is also to find methods to decrease the wasted time in the electrical and 
HVAC work. As this is only an analysis of the wasted time that occur in the workers 
working days, the implementation of the possible improvement suggestions is left to be 
done by the construction industry companies. 
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The concept of waste 
The concept of waste can be considered to be the other half of actions with operations 
that are generally divided into two categories; with or without additional value to the 
product (Shingo 1984). This gets us to the basic definition of waste which was given by 
Hiroyuki Hirano (Santos et al. 2006), who defined waste as “everything that is not abso-
lutely essential” and work as “any task that adds value to the product.” This is a clear 
division which deems everything with no additional value as a waste. In addition to this 
Hirano (2010) brings out the fact that different people can have different descriptions 
and views of waste which makes the definition of waste difficult to be done in a mutual 
way. As the Different observers can have different views of the waste it might also com-
plicate the process of identifying the value and waste. Hirano (2010) had another view 
of waste as he separated all the so-called useful activities of a process from the one that 
can be identified as waste or completely useless. This view enables us to divide the ac-
tions performed into value-adding or non-value-adding actions. Hirano (2010) created a 
division of different categories for waste which are: Management, Man (People-related 
waste), Material, machine, quality, method, and safety related waste. In the division the 
main category is the Management waste as this is the category which has all the other 
categories related to it as can be seen in the figure 1 (Hirano 2010). The figure Hirano 
(2010) created was for industrial manufacturing, but it still gives good insight in waste 
categories and how to form them for construction process. 
 

 
Figure 4 Sources of waste Hirano (2010) 
 
Shingo (1985) took the waste category thinking towards the way it is known today by 
dividing the waste into seven different categories. All of the seven categories have their 
own individual characteristics which are based on the form of the waste. The original 
division of waste causes by Shingo (1985) was: 
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• Overproduction  
• Inventory 
• Transportation 
• Defects 
• Processes 
• Operations 
• Inactivities 

 
Shingo (1984) considered the waste of inventory to be the most important type of waste 
in the factories and it would be the best way to recognize a poorly working factory. In 
the construction industry inventory is something that can be seen as a sign of a well-
functioning project where the future tasks and work phases have been recognized and 
prepared for. At the same time the inventory on construction projects can be seen as 
waste. It is often a practice to lift the materials to the floors beforehand even though 
they might not be used immediately after the lift. This is often a sign of preparation but 
can still cause issues as the materials might block work phases that are performed in the 
near future. (Santos et al. 2006) 
 
Another way to describe the waste is to consider the delays in the conducted work, 
shortcomings in work safety upkeep, the excess cost caused so that the desired/required 
quality level could be achieved, unnecessary and excess movement of people and mate-
rials, unsuitable methods of working, poor managerial actions, faulty or bad equipment 
or tools or just the poor constructability of the project itself as a waste (Lee et al. 1999). 
This is a vast description of the waste, but it includes very good insight to the possible 
waste categories. On the other hand, waste can have another description which was 
given by Serpell (1995), in this description waste is caused by the deviation from the 
steady process flow. This means that the waste is generally generated because of lacks 
in the managerial or conversational actions or just by mistakes that have occurred. The 
poor flow management of materials and equipment is considered a deviating factor also. 
In Serpell’s (1995) description the waste is divided into two forms: re-work and inactiv-
ity.  
 
Another view to the division of waste comes from Kalsaas (2010), who divides the 
wasted time to two separate categories based on their sources. The sources have been 
divided in a way that considers if the mistakes have been done by the project group or 
others. The mistakes done by the project group themselves contain deficiencies in coor-
dinating or planning or mistakes during the performed work. The mistakes performed 
by others consist of already occupied working spaces or lack of information, materials 
or tools. Kalsaas (2010) also brings out that waste is generated differently between dif-
ferent work forms and trades, as different trades report problems as their main causes 
for the waste. The reasons behind these causes could be decreased with proper and thor-
ough managerial actions. 
 
The implementation of lean philosophy into the construction industry makes it possible 
to have great improvements but it also contains big challenges regarding the identifica-
tion of waste and the causes for it (Lee et al 1999). The measurement methods of waste 
in the construction industry has changed into a way that barely measures the material 
waste anymore. There was a notion made by Formoso et al. (1999), which states that 
before the turn of the millennium the waste control was more focused on measuring the 
material waste. The excess use of materials and unnecessary costs were considered as 
causes for waste and to further the objective of the matter at hand. The material waste 
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was studied much as for example Garas et al. (2002). But the thing that was forgotten 
was the fact that there are more ways to generate waste in addition to the waste caused 
by the bad use of materials. The widened awareness of the concept of the waste has later 
on shifted the studies to research other causes for the waste also.  
 
The battle against waste in the construction industry should be a continuous improve-
ment process that involves the different parties of the industry to identify the different 
causes for waste and to tackle them together. To have the different parties and trades of 
the construction industry involved, they should be introduced to the benefits which can 
be obtained from the processes when the waste is decreased or removed. The right way 
to approach the problems is to have all the parties understand that not all of the waste 
types have the same effect on productivity and some of them should be prioritized. 
(Alarcon and Serpell 1996). Zhao and Chua (2003) had a proposition to solve these 
problems, which was to have the available resources focused on solving the most signif-
icant causes for waste on the construction site.  
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2 Productivity of work 
Good productivity of work is a combination of multiple factors, and the success is 
highly dependable of functioning flow of work, material and information. On top of this 
it is required to have comprehensive supervision of work and as an important factor, 
commitment from all of the trades. As Aziz & Hafez (2013) stated that the processes of 
between different parties should be in harmony. This means that they should provide 
each other the tools to gain the best possible outcome in every situation and to minimize 
all the non-value-adding actions, as in construction it is important to aim for a situation 
in which value is created with minimal losses, in minimal time and with minimal costs 
as possible and for every trade. There are ways to improve the productivity of processes 
and Arora (2004) has listed some of these ways. Even though these ways were created 
for the manufacturing industry, some of them can still be applied to the construction in-
dustry and these Arora’s listings are as follows: 
 

1. Elimination of waste 
2. Use of improved technology 
3. Better production designs 
4. Better management efforts 
5. Better utilization of resources 
6. Decreasing the inventory size 
7. Improved leadership management 
8. Decreasing wastevity 

 

2.1 Measurement of productivity 
Alarcon & Serpell (1996) noted that one major problem for the new improvements in the 
construction industry is the lack of suitable measurement methods. To have a continuous 
improvement process the construction industry needs new improved measurement meth-
ods in addition to the familiar ones, Costs, and schedules. Alarcon & Serpell (1996) ex-
plain that the costs is not capable of measuring losses in productivity and lack of quality. 
Lee et al. (1999) made similar findings as they specified in their study the lack of proper 
measurement methods for waste and the value of a certain process. The noted that the 
present tools were not sufficient to distinguish value-adding and non-value-adding ac-
tions. Zhao and Chua (2003) also note that in productivity measurements and non-value-
adding values might be correlated with the experienced management.  
 
Kalsaas (2010) points out that a rough view of the managerial and organizational skills 
of construction projects can be obtained by inspecting and analyzing the work and time 
consumption habits of experienced workers. Alarcon and Serpell (1996) listed the most 
commonly used measurement parameters in construction, of which most are being used 
periodically during construction process as well as at completion. These parameters have 
a problem as these cannot be used to monitor the progress in real time or in a such way 
that represents the situation of a single process at any given time. These parameters are 
the following: 

• Actual cost/ budgeted cost 
• Actual man hours/ budgeted man hours 
• Actual duration/planned duration 
• Labor and equipment productivity 
• Project profits 
• Progress measurements 
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• Accident frequency rates 
Alarcon and Serpell (1996) proposed a list of different kind of measurement parameters, 
which could provide better measurement of different aspects of processes as a set of tools. 
These parameters consisted of, among others, the study of schedule variation, cost varia-
tion, labor hours, the productivity analysis and amount of rework performed in the pro-
cess. These parameters are there to create vast databases of information which could be 
analyzed later with improved accuracy and to generate improved models. All this infor-
mation would enable the study of successful and failed sectors of different construction 
processes. Lee et al. (1999) introduces manufacturing-oriented process called Construc-
tion Process Analysis or CPA to study and define the reasons for problems in a process. 
In the CPA method, a process chart worksheet is used along with a plan view of the flow 
diagram. Despite CPA is manufacturing-oriented it can be adapted to serve the visualiza-
tion of a construction process also.  
 
Formoso et al. (1999) studied waste and productivity in the building industry. They stud-
ied different processes within multiple construction projects. The study focused on brick-
laying, concrete pouring, plastering and ceramic tiling on walls and floors. The study was 
conducted with the help of the companies observed and the observation data was collected 
by the companies with the help of the research team. The data has been provided to the 
research team weekly via different charts containing the information about productivity 
and the usage of the materials and man-hours. The study also monitored the physical 
quantity of the inventories and productivity-, production- and waste rates. Either Foreman 
or civil engineer trainee was in the charge of gathering the observations for each assigned 
chart. For the waste rate analysis Formoso et al. (1999) used a classification for waste 
which was based on Shingo’s seven wastes (Shingo, 1989) and on the analysis of some 
Brazilian building sites. The classification is the following: 
 

• Overproduction 
• Substitution 
• Waiting time 
• Transportation 
• Processing  
• Inventories 
• Movement 
• Production of defective products 
• Others 

The biggest change in the Formoso et al. (1999) classification is the category substitution 
as it has been introduced as a new category. Substitution has been defined as “momentary 
waste caused by the substitution of material by a more expensive one (with an unneces-
sary better performance); the execution of simple tasks by an over-qualified worker; or 
the use of highly sophisticated equipment where a much simpler one would be enough” 
by Formoso et al. (1999).  
 
Formoso et al. (1999) pointed out some problems that occurred during their study of 
which, the lack of perception from managers of variability in production and productivity 
rates was identified as a major problem as this pointed out the lack of transparency on the 
data regularly collected on the site. Another problem occurred in the variation of the 
productivity rates which was caused because of the change in the way of the data collect-
ing and not the change in process variability. 
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Kalsaas (2013) has studied productivity and waste within multiple projects via different 
methods. These methods consisted of observation-based time studies of activities and 
questionnaire self-reports from different work teams. The observation of activities was 
the method for gathering data of six different construction projects. During the observa-
tions, the sample data was handled with templates of activity categories. The observations 
of the participants were made with a time interval of 5 minutes. This sample data was 
later aggregated into a total of six categories listed as following:  
 

• Direct work: Direct work, inspection/control, crane operation and sim-
ilar 

• Observable waste: Direct work – remediation of mistake, direct work – 
remediation of mistake from a different team/trade, waiting/downtime, 
other personal time. 

• Planning, coordination and HSE: Safety work (HSE), Planning meet-
ings, coordination and problem solving on site, HSE – meetings 

• Indirect work, logistics: Reception of materials and procedures con-
nected to this, unpacking of materials, collecting materials to work site 
with trolley etc. collection with materials within ca. 12 meters, carrying 
waste to container, displacement between work sites, moving and col-
lecting tools, moving to/from saw bench in container or similar situa-
tion,  

• Indirect work, other: Rig up and take down, clearing to gain access to 
the work site, cleanup after work and general clearance. 

• Necessary personal time: Coffee and lunch breaks and other personal 
time. 

Kalsaas (2013) pointed out that the observation template developed for a bit during the 
study and therefore for the comparison of the results some of the categories are aggregated 
to have consistency. For example, value adding demolition and necessary waiting was 
included in the direct work category. With the same purpose the weather-related rigging 
was merged with rig up and takedowns. Other categories were modified and merged also.  
 
Kalsaas (2013) concluded that the category Direct work aggregated on the construction 
projects amounted to by between 41 % and 59,4 % with an average of 49,6 %. As the 
categories were modified this amount was added with 2,1 % crane operation and similar 
and 1,1 % inspection/control. Kalsaas (2013) points out that this is above the amount, 
which was presented in the literature, which is in the region of 18-61 %. The results of 
Kalsaas (2013) can be seen in the following Figure 5. 
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Figure 5 Overview of aggregated results on different projects (Kalsaas, 2013) 
 
In the Kalsaas (2013) study the amount of Observable waste measured in amount of 9,9% 
on average but it varied from 4,6 to 15%, in which only one project resulted with higher 
waste than 8,3 %. This project was the Shopping center project which listed with the 
smallest amount of direct work of 41% and the highest amount of Observable waste of 
15 %.  
 
Han & Lee (2013) point out that it is more effective to study the workers situational 
awareness, safety and productivity from the workers perspective by using cameras at-
tached to the workers gear or to the surroundings. Helmet cameras can capture dynamic 
moving and behavior according to the construction schedule and in the constantly chang-
ing environment. Görsch et al. (2020) back up this by noting that the locations of work, 
used materials, equipment and tools according to the planned tasks will become visible 
and could be compared more easily. 
 
There are also other ways to gather similar data about productivity and waste. One method 
to measure waste and productivity is via on-site observations (Kalsaas 2013, Gouett et al. 
2011, Ward & McElwee 2007), but this method might pose a risk that the observer itself 
might affect the data collection trough presence on-site (among others Kalsaas 2013). 
Salerto (2019) presents another way to capture progress or safety of the construction site 
which is to install cameras for example to the crane or to certain rooms. This way the 
whole site or specific location can be tracked but the downside to this method is that the 
general footage from bird eye perspective does not show detailed footage of the individual 
workers tasks and the video scope can be limited to certain areas or floors. 
 
From this one can make a conclusion that integrated helmet cameras enable better cap-
turing of detailed information about the workers actions and tasks. This also provides 
more information about the missing preconditions than observer or crane-based captur-
ing. Even though the integrated helmet cameras give better perspective to the workers 
actions and missing preconditions they have some disadvantages also which are to be 
defined and explained in the methods of the study.  
 
Pasila (2019) studied the productivity of carpenters with integrated helmet cameras. 
Pasila had a vast categorization for his study. The categories were divided into value-
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adding, contributory and non-value-adding work, which has formed to be the usual 
method for assessing the productivity in construction projects. Compared to earlier work 
of for example Kalsaas (2013), Pasila (2019) created more specific categorization for 
work in his study, which is the following: 
 

1. Actual work 
2. Inspections 
3. Measurement 
4. Work preparations 
5. Working with materials 
6. Planning 
7. Work related discussions 
8. Installations 
9. Cleaning 
10. Movement 
11. Maintenance 
12. Re-work 
13. Searching and handling 
14. Non-work -related (excluding break times) 

It could be pointed out that Pasila (2019) was enabled to do more precise categorization 
for his study as the study was conducted via helmet cameras which enabled the more 
detailed information assessment compared to the observer-based studies which others 
conducted before (Kalsaas and others). The first results Pasila (2019) acquired were 22% 
of value-adding work, 56% of contributory work and 23% of non-value-adding work.  
 
 

3 Methods 
The goal of the study was to collect and analyze both quantitative and qualitative data to 
have better insight of the wasted time in the electrical and HVAC work. In order to ac-
complish this goal, the methods could not be restricted to only one. Therefore, the meth-
ods consist of three different steps: video tracking, on-site questionnaire and interviews 
with the workers. The study method used was time and motion study combined with in-
terviews which differs from most of the earlier studies which were studied with work 
sampling method like the ones like Kalsaas (2013,2010) has used. Kalsaas (2013) pointed 
out that the presence of the observer might affect the results of the study, so the use of 
helmet cameras is to minimize the presence of the research team so the workers would 
work as normally as possible.  
 
Demirkesen et al. (2020) tells that the time and motion study is a lean based study method 
to track productivity. Groover (2007) gives a simple explanation for time and motion 
study which states that time and motion studies are an examination of processes directly 
and constantly using video recorders or stopwatches to define the time spent on each 
activity. 
 

4 Research plan for the study 

4.1 Overview of the research steps 
The research project was early on set to include a few major steps, which were the hel-
met camera sessions, on-site questionnaire, and interviews with the tracked workers. 
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The helmet camera sessions were set to be a week-long session as there were multiple 
sites to be recorded and interviewed throughout the research project. The research pro-
ject conducted the data collection with helmet cameras and interviews during the spring-
time of 2021. The interval with the video recordings and interviews was one month at 
maximum as the analysis of the videos took longer than expected. 
 

4.2 Helmet camera sessions 
This thesis used Helmet camera sessions as the tool for the time and motion study. Hel-
met camera sessions were week-long tracking sessions where the workers would be 
tracked via cameras attached to their helmets to provide both qualitative and quantita-
tive data about the workers days. The cameras would record everything except the break 
times giving the research team very detailed visual information about the tasks the 
workers performed. The camera angle and the equipment was been tested before the 
video tracking sessions to ensure that the camera would show the actions workers per-
formed. To ensure the efficient lighting in all kinds of situations the helmets were 
equipped with flashlights. The helmet camera data was transferred to a safe external 
hard drive after the working days to ensure that no data would get into the hands of out-
siders of the project if the camera was lost or stolen.  
 
The research managed to have four construction sites with four workers on most of the 
sites (14 workers total), divided to electricians and HVAC workers evenly. Before the 
helmet camera sessions could start, our research team had an introduction session for 
the possible voluntary participants of the MEP contractors. In this session we introduced 
the workers to the goal and methods of the research. The workers participating in the 
session were informed of study’s methods, privacy aspects and the usage of collected 
data and their questions were answered.  Also, in this session we had a member of the 
research team on the site so the workers could get familiar with the helmet cameras they 
would be wearing throughout the research week. The workers would wear the helmets 
all the time during their working day excluding the break times when the cameras 
would be switched off so it was important to have the workers feel comfortable with the 
equipment. At the same session members of the research team distributed the consent 
forms for the workers so they could assess the risks and see what they are participating 
in in written form. The introduction session was normally held a few weeks before the 
planned research week so the workers could consider their own participation in the re-
search. When the research week came closer the research team had to go through a 
safety introduction session to the site, so we could enter the construction site. This was 
the perfect time for us to check that we have enough voluntary participants and if the 
workers had new questions, we could answer them.  
 
Finally, when the helmet camera week came, research team set up a meeting with the 
workers before their workday started so we could distribute the camera helmets and fit 
them to the workers. The research crew then proceeded to guide the workers about the 
practical steps of the week, for example where will they be staying if any problems oc-
cur and how are the cameras handed over when the workers go to their breaks. Also, we 
double checked that the cameras were working and had battery and memory. We also 
gave a brief guide on how to check that the camera has the right mode on, and it is re-
cording if the workers spot out that the camera has switched off.  
 
It is important to note that the helmet camera sessions and the analysis of the video ma-
terial was done by the whole research crew to speed up the process. This means that the 
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research crew received guidance and help with their work and analysis so the analysis 
and methods would match throughout the project and would be uniform.  
 

4.3  On-site questionnaire 
The videos did not contain any sound to preserve the privacy of the workers as it was 
decided in the ethical review of the study. Therefore, it was decided that the study con-
tains on-site questionnaire which the workers fill two times a day. This enables the re-
search team to get insight of the worker’s idea of their problems or missing preconditions 
which will be explained in more detail later. The questionnaire consisted of multiple-
answer-questions regarding the working day; for example, what kind of issues the work-
ers have faced and are they missing some prerequisites. This was done in order to gather 
information that would specify unclear situations which were visible in the videos but 
were missing something for the analysis. The questionnaire was conducted via webropol 
as it was easy to access with smartphone with the link provided to the workers. If this was 
not possible for the worker due to lack of internet, the questionnaire was provided for 
them in paper version and then it was transferred to webropol to focus the answers in one 
place for better conclusion and analysis. The workers identified themselves in the ques-
tionnaire by their helmet number so the problems which occurred during the week could 
be discussed in the interview later on.  
 

4.4 The interviews 
The goal for the study was to collect both quantitative and qualitative data. The qualitative 
data has been collected to have better insight to the waste that occurs in the workers work-
ing days. The data from the video material provided both qualitative and quantitative data 
but the focus with videos was to calculate the wasted time. The qualitative data was been 
collected via semi-structured interviews with the workers after the video tracking week. 
The interview consisted of two parts: In the first part the worker was been interviewed 
about the situations in the video tracking week, and in the second part the worker was 
been interviewed about the current situation of the trade in question and the problems that 
occur most often.  
 
The first part consisted of viewing two different clips from the video capturing week. The 
videos consisted of 1- to 3-minute-long videos (some videos were up to 6 minutes long 
but sped up in to 2x speed) of different already analyzed situations to validate the analysis 
of the research team. The clips were being selected to represent various situations which 
included wasted time from the research crew’s perspective. The target was to include 
different kind of situations to be assessed by the workers to get insight on different prob-
lems that occur in their working days. The task for the worker was to describe the situation 
from their point of view and then they were asked few more accurate questions about the 
situations and how could this be prevented in the future. The first part of the interview 
regarding the clips consisted of questions like: 

• What was your planned action to be performed? 
• Did the situation go as planned? If not, what happened and why?  
• How could this situation be prevented in the future?  
• What actions did you have to take in this situation? Did this cause over-processing 

or under-processing? 
 
The first part of the interview also included the verification of the analysis of the research 
team by presenting the chosen waste category and work classification to the worker and 
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having them to correct the analysis if it went wrong from their point of view. This was 
been done to both reviewed clips. As the interviews consisted of clips that were not longer 
than 3 minutes (6minutes maximum in 2x speed), the situations used in the clips were 
quite restricted. This was a decision to have more precise opinions on situations as longer 
videos could potentially consist of multiple different situations and this might cause con-
fusion in the analysis with the worker. For the diversity of the situations the video clips 
could have been chosen to be longer but with this decision the number of videos would 
have been decreased so the validation for the analysis would have decreased also.  
 
As the second part of the interview was performed in open format it included only few 
guiding questions to get the worker explaining the state of the trade. These questions were 
following: 

• What were the most affecting difficulties this project contained? Were there some 
difficulties that are different compared to other projects? 

• What are the major issues regarding the worker’s trade? 
 
It is important to note that these were just questions to get the workers to talk about the 
issues in their trade. The workers could express the issues that they think are the most 
affecting ones. The interviewer’s job here was to ask questions that would get the worker 
to introduce the issues and the causes for them with more insight.  
 

4.5 Ethical review 
As the research, this thesis is part of, tracks workers in great detail via video cameras it is 
important to ensure the privacy and the safety of the workers. Therefore, the ethical board 
of Aalto University reviewed the research before it could be conducted. This included the 
analysis of the research methods and data handling. To protect the tracked workers and 
other workers at site it was important to censor the video material so that no personal data 
could be identified from it. The construction sites where the study was conducted were 
also equipped with signs that tell other workers about the video tracking and how the 
video material is been censored. This included blurring of faces and license plates. Also, 
the analyzed video could not contain sound because of the workers privacy. To ensure 
the privacy of the workers the video material would not be stored in the cameras, and it 
was transferred of the cameras to an external hard drive after the day and further onto 
secure Aalto server where only the research group could access it. As the data transfer 
was restricted the cameras ended up containing maximum of two days’ worth of material 
as only 3 out 4 cameras could be emptied after the day and be prepared for next working 
day. The cameras were handled in a secure way as they were never left unsupervised in 
unlocked spaces, so the helmet cameras were either filming the workers, under the super-
vision of observer or behind locks to ensure that the material could not be accessed by 
anyone who was not part of the research crew. The risks, if the material could be accessed 
by outsider than the people of the research project, were noted. These risks contained the 
possible loss of reputation or in extreme causes a loss of job and therefore the procedures 
to keep the data safe were assessed multiple times. Also, to prevent the identification of 
workers all the data which could give information about the participants were merged and 
presented with all the overall data collected in this study. Therefore, the results of this 
study will be presented by trades and overall results to prevent any further privacy issues. 
The risks of the participation to the study were being presented to the workers and it was 
required that they sign consent form which allows the video tracking of the workers.  
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5 Equipment 
The equipment for this study got good a good example by a Finnish study conducted by 
Hans Pasila (2019), who studied the work of carpenters by using helmet cameras. The 
helmet camera idea transferred to this project also and the work sampling was decided to 
be done with the helmet cameras. The research crew got good insight from Pasila’s (2019) 
work on how to choose a right camera and what it required to be used properly in the 
study.  
 
The requirements for the cameras were that they would be able to record the normal day 
of a worker, that is around 8 hours. This possibility was not provided with cameras that 
were available so the team had to find a camera that could record and to be charged at the 
same time to ensure that the camera did not run out of battery during the workdays. The 
cameras had to be resistant against moisture, dust and small hits to be able to withstand 
the construction site conditions. Camera that had these features was the GoPro hero 7 
black and it was chosen to be used in the study. To mount the cameras to the helmets 
required sufficient attachment gadget for the instalment of the cameras and this has been 
provided with the camera. As the cameras required extra power, as the GoPro’s battery 
only lasted for 90 minutes of filming, the helmets were equipped with power banks that 
were lightweight so they would not strain the workers during their working days. The 
power banks were installed to the helmets with scotch tape to keep them in places during 
the work.  
 
The cameras were equipped with SD-memory cards which enabled the continuous film-
ing for 15 hours. This had enabled us to film for two days if the data transfer to external 
hard drive during the night failed and the data would still be stuck in the camera. The 
point of the data transfer to a external hard drive was to minimize the material that would 
be in the camera if the camera would be stolen or would fall into wrong hands. As said 
this transfer was done between working days to prepare the camera for the next day. The 
external hard drive was chosen to store 2TB of data so it could store at least a week worth 
data if the situation did not enable uploading the data to the Aalto server. The helmet was 
also equipped with normal attachments like flashlight and ear protection as these are the 
common equipment the workers need during their work. The final setup of the helmet 
camera can be seen in the figure 6. The final list of the equipment is presented in detail 
below: 
 

• Helmets and ear protection (Skylotec inseptor GRX) 
• Helmet cameras (GoPro Hero 7 Black) 
• Power banks (Zendure SuperMini Powerbank 10 000mAh) 
• SD-memory cards (Kingston Canvas Micro SD 256 GB) 
• External hard drive (Seagate Expansion Portable 2TB Hard drive) 
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Figure 6. Helmet camera setup 

6 Categorization of gathered information 
To assess the gathered video material, it is very important to divide the data into differ-
ent categories like the previous studies has done (Pasila 2019, Kalsaas 2010 etc.). This 
helps the data analysis very much as the clear categories are comparable throughout the 
whole research. The categories should be vast enough so that they represent every ac-
tion that the workers could perform. 
 
The collected data should be analyzed carefully within these categories. This was done 
via excel, where the videos were analyzed with time stamps and categories. The catego-
ries were not in full compliance with lean philosophy but sufficient enough for this 
study as complete analysis via lean philosophy would require a huge amount of time to 
be completed. This is the reason why the categorization was dialed down to be still ac-
curate for the scope of the thesis but to fit the workload. This would also fit the lean phi-
losophy in a sufficient manner. The categories contain different types of information 
about the tasks or operations that the workers perform. The categories include work 
classification, waste classification and the type of missing preconditions if there is any 
regarding the situation which has been analyzed.  
 
The work classification is quite vast so the performed task could be analyzed accurately 
enough. The work classifications consist of a total of 21 categories. These categories are 
either value-adding, value-supporting or non-value-adding. These categories are based 
on Pasila’s (2019) and Kalsaas (2010) work and were modified to fit this thesis. The 
modifications were related to the number of categories and how specific the categories 
are. Some categories were divided to match the work classification categories chosen 
for this thesis are the following: 
 
 

1. Actual work 
2. Inspections 
3. Planning  
4. Work preparation  
5. Measurement 
6. Hauling, short distance 
7. Hauling, long distance 
8. Movement 
9. Working with material 
10. Searching 
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11. Discussions 
12. Re-work 
13. Maintenance 
14. Cleaning 
15. Non-work-related actions 
16. Research project related actions 
17. Coordinating 
18. Break time 
19. Unclear 

 
The categories for work classifications are quite accurate but could still contain minor 
actions in them. These include small motion, stopping, small operations/adjustments 
etc. The minor actions that went unwritten were very minor and so this fit the scope of 
the thesis and the research. Minor actions could be for example a small glance into a 
room when walking to a working station. Another reason for not writing down every 
minor move is the workload of the study as the number of participants and projects was 
large and the amount of data was great. The point was to find the major action that the 
worker performs and if it is interrupted by something. The specific categories are intro-
duced in the following chapters.  
 

6.1 Direct work 
The direct work category can be described in many ways. Normally in the construction 
industry the performed operations are assessed the same way as Shingo (1984) does. 
The operations are divided into two categories. The first category is considered as the 
value-adding category where the perceived actions contribute to the transformation of 
materials into something that can be held in value in any way. In the construction indus-
try the considered value-adding actions add value to the end-product which normally is 
a building, bridge, or some sort of structure. The second category on the other hand con-
tains basically everything else; all the actions that do not contribute to the value adding. 
The first category of these two is considered to be the valuable one, which means that it 
should be prioritized decreasing the rest which does not contribute to the value adding. 
This does not increase the value adding actions, but the wasteful actions are decreased. 
This is the reason why it is important to strive towards a situation where the wasteful 
actions are decreased to the minimum. 
 
There are also more harsh interpretations of the value adding actions performed on the 
constructions site, like Hirano (2010) explains. Hirano gives an example of fastening a 
screw, where the only value-adding part is considered to be the last turn that tightens the 
screw into place, everything else is considered as waste. This viewpoint is very accurate 
and does not fit the scope of this thesis. Therefore, it required some adjustment as the 
category is “direct work”. This category is set to contain value-adding actions as their 
own topic. This enables the research crew to collect all the value-adding actions and ac-
tions that can be viewed as such to a single category. This broadens the interpretation of 
Hirano and creates a wider frame for assessment of actual work.  
 
In this thesis the category of direct work is set to contain actions that increase the value 
of the structure or building the workers are working on. It was not feasible in the scope 
of the thesis to preset certain actions to be value-adding as the research was about elec-
trical and HVAC work which contains multiple actions from multiple trades. But over-
all, all the installation work was included in the “direct work” category excluding waste 
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in making-do and re-work. Also, the actions which would be counted as material prepa-
rations or handling were excluded to get a better understanding of the division of the 
worker’s time. 
 

6.2 Inspections 
The inspections were set to be their own category as they affect the overall productivity 
of the workers. In this thesis inspections are considered as actions that ensure the quality 
of the end product and decrease the amount of re-work, so they are considered a value 
adding category. This does not necessarily increase productivity, but it decreases the 
wasteful actions that would be performed without the inspections, keeping the produc-
tivity stable. There can be also different assessments of inspections like Josephson & 
Saukkoriipi (2007) had, as they defined checks and inspections as waste, but their study 
differed from this on slightly. In addition to decreasing risk of rework and ensuring the 
quality of the end product, the inspections have other benefits also. For example, the 
workers are going through a continuous learning cycle via inspections. This is a positive 
effect of the inspections even though these results might not show immediately like the 
decrease in the risk of re-work. The inspections also ensure that when the supervisors of 
the company working or main contractor do their own inspections to approve the work-
ing area ready, there is less risk of failure and re-work. Most of the time these approval 
inspections are part of the contract between the main contractor and the sub-contractor 
delivering the work. 
 
As it is quite difficult to analyze when the worker is doing an inspection, the inspections 
are considered to be done when the worker has clearly finished his task and reviews the 
end result of his work before moving onto next tasks. With foremen the inspections hap-
pen more often and are easier to be assessed as it is part of their weekly or daily rou-
tines.  
 

6.3 Planning  
In this thesis the planning category consists of all the planning a worker does on site, 
based on the given schedules, plans, documents and task assignments. Planning is a 
very important category in decreasing extra work done by the workers as the planning 
enables the worker to prepare better for the task ahead regarding the materials, compo-
nents and tools. In this thesis planning is considered as value supporting as it decreases 
the risk of re-work. Planning can be seen in the videos through intention. Normally this 
can be seen as reviewing plans and the work spot and making sketches and markings so 
the preparations for the task and work are easier. Reviewing plans alone cannot be seen 
as planning as this is only checking the plans. 

6.4 Work preparations 
Work preparations category contains all required preparations needed to allow the work-
ers to start their work properly. Work preparations include all tool gatherings and material 
handling in the immediate vicinity of the work location (radius < 5 m around assigned 
work location). This also includes reviewing plans to execute the work properly. The plan 
reviewing can be seen from the videos as double checking the plans for measures. 
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6.5 Measurement 
It was required to have a category beyond actual work, work preparations and material 
work. Measurements are their own topic and are required for the earlier topics to suc-
ceed according to the plans. Measurements from the structures are necessary actions 
that workers must perform before their material preparations. Normally measurements 
are done via measurement tape or with more advanced devices like the laser measuring 
device which projects measuring lines to surfaces. Sometimes measurements are done 
from reference points which the main contractor's measurement worker marks down. It 
is important to exclude measurements from the planning categories as it is a completely 
different category in itself. The separation of planning and measurement was to be seen 
in the videos clearly enough through the intent of the worker. Often measuring an object 
was so clear that it was easy to separate the two categories. This accuracy fits the scope 
of the thesis as the intention is visible. Measurements were set to be value supporting 
category in this thesis 
 
Measurements as a category also contain necessary writings which are needed for mate-
rial preparations or for assembly of parts. These markings are often needed in the ac-
tions that follow the actual measurement actions. Measurement category is also set to 
contain the needed small movements to perform the measurements properly to deny 
chance of measurement risks. (Pasila 2019).  
 

6.6 Hauling, short distance 
In this thesis the category hauling is split into two different categories to describe the 
nature of the action performed by the worker. The information about the length of the 
hauling action is important and useful for the future as it gives a good insight into the 
material logistics and site planning. Even though hauling could be implemented to the 
movement category, we wanted to be more specific with the description of the action as 
hauling happens with material, equipment, or tools. First of these categories is “Haul-
ing, short distance”. This means the hauling of materials, equipment, and tools in a 
smaller area (5m < radius < 30m). This had to be adjusted with every construction site 
separately as some of the buildings were multistory buildings so the radius or the length 
of the route worker takes is not too easy to define. Therefore, at some of the sites we 
used floors as a border to define the radius for short hauling. Of course, this depended 
on a lot from the layout of the site and the structure that was built. We did our best to 
keep the categories within the limits that were set for the two different hauling catego-
ries. 
 
In this thesis hauling is considered to be value supporting as the worker is carrying all 
the necessary equipment, tools and materials to the workstation. At the same time as the 
hauling was set to be value supporting, it caused a lot of interruptions to the worker, and 
these were to be assessed as waste. As hauling causes interruptions to the work as the 
worker might forget the necessary materials, equipment, or tools, it was important to an-
alyze the intentions and capabilities of the worker. Sometimes hauling required multiple 
trips but this was due to the fact that the worker could not carry more items at the same 
time. Therefore, the decision to categorize the action as waste was to look for interrup-
tions and not work preparation related hauling. The decision to divide the hauling into 
two different categories is also based on the fact that is separated in the Finnish collec-
tive agreements for HVAC and electrical workers. Depending on the length of the haul 
the actions is either being paid to the worker or not.  
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6.7 Hauling, long distance 
The second category of hauling consists of hauling that exceeds the radius of 30 meters, 
and this is called “Hauling, long distance”. Longer distance hauling only differs with the 
distance from the shorter distance hauling, so it had the same difficulties with the waste 
assessments. Even Though longer distance hauling is not desired, it cannot be avoided 
all the time as some of the equipment, materials or tools require storage room in a fur-
ther space or outdoors.  

6.8 Movement 
Movement category was constructed to consist of all the movements the workers per-
form without equipment, tools, or materials as we had already set the hauling categories 
to separate the movement with items to their own categories. Movement category was 
set to exclude the minor movements that the workers perform at their working stations 
(radius < 5 meters). These minor movements do not include the worker changing a 
working station even though the distance could be minimal.  
 
Movement in this thesis was set to be non-value adding as we have separate categories 
for the hauling. As movement is also a waste category in this thesis it could have been 
deemed as waste very quickly in the analysis, but this depended completely on the in-
tentions of the workers and the situations had to be analyzed as a whole. The purpose of 
the movement was the main indicator as movement happens in many forms. Also, 
movement is necessary for many actions within the site so it cannot be assessed as 
waste all the time. For example, the movement from the breakrooms to working stations 
could not be assessed as waste because that was necessary to get to the working stations 
as the breakroom cannot normally be within the site for safety reasons.  
 
 

6.9 Working with materials 
Working with materials category was set to contain all the work done on materials to 
prepare them to be ready for installation. This category is considered as value support-
ing as it is required for the actual value adding actions like installation. As the workers 
did not get pre-assembled parts and materials for the installations as most of the time the 
planning and design of the parts and systems were lacking behind, the workload in ma-
terial preparation was quite big. And for some actions like cable installations the materi-
als could not be prepared in the factory as they come in bulk shipments. This category 
has the same issue of predefining the tasks that are included in the category like in the 
“Actual work” category as the participants were from multiple trades and the material 
handling had multiple actions in them.  
 
Working with materials category is very vast and consists of multiple actions, like cut-
ting, welding, packing etc., even though it could have been divided further to sub-cate-
gories, but this would not serve the purpose of this thesis. The scope was to compare the 
amount of work done to material versus the actual installation work. This is good infor-
mation about the current situation and the possibilities of pre-assembly.  
 

6.10 Searching 
Searching is a category that consists of all searching actions that exceed short-term 
tools, equipment or material gathering. This is a non-value adding category which often 
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consists of wasteful actions. Searching is very often caused by poor management of lo-
gistics and materials. This can happen due to managerial issues by the main contractor 
or sub-contractor themselves. Also, the distribution of tools, materials and equipment 
between the working crew often causes excess searching as the tools might not be in the 
assigned place or there might not be enough of the certain type of item for every 
worker. Searching can be seen from the videos through longer period of time as the 
workers have to move around to finally find and grab the item they were looking for. 
This is the reason this should not be mixed with movement only as it includes the inten-
tion of finding an item.  

6.11 Discussions 
Discussions category contains all the discussions between workers and other stakehold-
ers on- and off-site concerning anything related to work at hand or unrelated. This cate-
gory is very vague and very difficult to analyze as we had no voice in the videos be-
cause of the ethical rules and privacy of the workers. This led us to a situation where we 
could not give a straight value classification to this category as we cannot make too 
many assumptions about the discussion. If we could not validate the discussion to be 
value-supporting or waste, we kept it at non-value-adding action. Even Though this cat-
egory was not the easiest to analyze we included in the thesis to see how much the 
workers, especially the foremen spend their time on discussion with other workers. Dis-
cussions could be seen from the videos as the workers are facing each other and gestur-
ing (nodding, hand-signs etc.) 
 

6.12 Re-work 
The Re-work category contains actions that have been repeated due to mistake-based 
causes from the workers, general managers, subcontractors or other stakeholders. As we 
had our data-collection only for a week we could not always assess actions as rework as 
we did not know the original situation if it had happened in the weeks earlier. Re-work 
is considered to be the most unwanted type of wasteful action. As in re-work all the al-
ready completed actions have to be repeated and sometimes there are even more actions 
to be done, for example disassembly of the old work. 

6.13 Maintenance 
Maintenance as a category was set to be excluded from work preparations and other cat-
egories to see how much the workers have to use their time on various maintenance acts 
like changing batteries on electric devices or repairing some equipment. This category 
will show the effects of using battery powered devices and the lifetime of tools. In over-
all the tools that were provided to the workers were from the company they worked 
from and were of good quality. This still does not prevent all the malfunctions as most 
of the tools require daily maintenance like cleaning as dust and temperature can cause 
problems. 

6.14 Cleaning 
Cleaning as a category was separated to see how much time the workers use in cleaning 
actions. Cleaning was classified as a value supporting category because cleaning does 
not directly generate value, but the clean working station and storage areas decrease the 
searching time and enables the workers to perform their work more effectively. Clean-
ing of the working stations is almost always included into the sub-contractor’s contract, 
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so it is mandatory for the workers. Cleanliness is also a category in a Finnish construc-
tion site safety assessment tour, so the main contractors tend to pay attention to it very 
much. 

6.15 Non-work-related actions 
Non-work-related actions consist of actions that were not included in the other catego-
ries and often included actions that were considered as workers' own private time. This 
category excludes discussions as it is already a separate category. 

6.16 Research project related 
Research project related category was excluded from the rest of the categories to see 
how much time is spent with the research project assistants in various actions. We de-
cided to have this category during the first project as the guidance of the workers re-
quired some time and the occasional checks of the cameras interrupted the workers. 
Also, if the workers had some difficulties with the camera and they had to return to the 
social spaces for a check of the equipment, we could assess this as a research project re-
lated action. Most of the time these actions consisted of discussion with the workers 
about the purposes of the project. Also, as there was another research project during two 
of the sites, we had to help the other research by guiding the workers about his work. 

6.17 Break time 
Break time category is pretty self-explaining as it consisted of the breaks that the work-
ers took from their work. During most of the breaks the workers handed over the camera 
helmets to be held by the research assistants but during few projects the workers had 
their social spaces within the site, so they kept the helmets for themselves. 

6.18 Unclear 
Unclear category was set to contain actions that were impossible to analyze because of 
the angle of the camera or for some other reason that prevented us from analyzing the 
material. This category was also used in the analyzing process of the videos as the vid-
eos were analyzed by multiple people so if a person analyzing faced a problem or an un-
clear situation, we could assess it together for better insight of the situation. Most of the 
time this category was just temporarily used if the video was not corrupted. 
 

7 The waste categories and missing preconditions 
The analysis of the wasteful actions is the main point of this thesis. So, to have a clear 
analysis of the waste, it is required to create a vast enough categorization for the waste 
to get better insight to the reasons that cause them. The categories should be described 
accurately enough to please the scope of the thesis and to keep the analysis precise.  
 
The basis for this thesis’ chosen waste categories come from Koskela and others’ (2013) 
analysis of the seven wastes presented by Taiichi Ohno. These waste types consisted of 
overproduction, time on hand, transportation, processing itself, stock on hand, move-
ment and making defective products. Ohno sees the overproduction as the most impact-
ful waste of these seven wastes. Later on, Shigeo Shingo made a division between oper-
ations and processes. Shingo further analyzed the manufacturing processes to have four 
phases: processing, storage, transportation, and inspection. The first notion made by 
Shingo divided the seven waste categories further on into two classifications which 
were operational and process waste. The operational wastes consisted of waiting or 
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movement of people or machines which were idle or moving unnecessarily. The other 
five wastes would be classified as process wastes, and four of which can be understood 
related to Shingo’s four different phases. The last and fifth of the process wastes is the 
overproduction. Overproduction is a process waste which relates to the whole produc-
tion process. (Koskela et al. 2013) 
 
These basics that Ohno and Shingo provided have been used and modified by many 
people like Bush (2007) who modified the waste categories to fit the health care, where 
time on hand considered the waiting of both the staff and the patient. Another example 
comes from Bicheno and Holweg (2009) who had a more radical view on the overpro-
duction as they assessed that service was consumed as soon as it was produced making 
it impossible to have overproduction. (Koskela et al. 2013). These studies show that the 
waste categories need some tweaking to fit the industry that is assessed and that has 
been done in this thesis. The reason to tweak the waste categories is simple; to have bet-
ter insight on the older waste categories and maybe even discover new impactful waste 
categories.  
 
Koskela and al. (2013) paved the way for this thesis with assessment of new possible 
waste categories which would fit the construction industry as the original seven waste 
categories were made to fit the car industry. The construction industry has been de-
scribed as a one-of-a-kind product industry which is a big difference to the mass pro-
duction of cars. Construction industry often has a specific need for a specific customer 
which makes the project a one-of-a-kind product. This causes big differences regarding 
the waste categories like overproduction. In car manufacturing the overproduction was 
identified as the major waste category but this does not apply to the construction indus-
try on the same level as the earlier completion of the project may result in the facility 
opening earlier than it was planned. This is the reason why the claim that overproduc-
tion is the primary waste category does not apply to the construction industry. (Koskela 
et al. 2013) 
 
The design stage has its problems also as the seven wastes can be interpreted to apply 
also to design but there might be some aspects that are not assessed like the failure in 
achieving the best possible solution which is waste for the client. This is not a pin-
pointed and covered issue. Another difference in manufacturing and construction is the 
fact that in manufacturing the resources or the product move all the time from the sup-
plier to the production location, through it as an intermediate product and finally to the 
customer.  In construction this kind of transportation stops to the point when the re-
sources arrive at the production location as the intermediate and end products stay in the 
same place. (Koskela et al. 2013) 
 
As discussed, not everything in the construction industry is comparable to car manufac-
turing. Therefore, it was important to have vast enough waste categorization to be able 
to analyze the waste correctly. To have better approach for the research the waste cate-
gories were set to contain from total of 12 different categories which are the following:  

• Transportation 
• Time on hand (Waiting) 
• Motion 
• Extra-processing 
• Overproduction 
• Defects 
• Inventory (Stock/storage waste) 
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• Un Utilized talent 
• Waste of making-do 
• Zero waste 
• Other 
• Unknown 

As from the list can be seen there are quite a few new categorizations for the waste 
compared to the original seven that Ohno introduced. This gives us a better chance to 
separate the different kinds of waste types to avoid getting too narrow results. The waste 
categorization was also set to have the category “other” to have the possibility to find 
new types of waste. This division of waste categories has been assembled based on the 
studies of Koskela and others (2013) and Ansah and others (2016). This includes the an-
alyzed studies done by others.  
 

7.1 Transportation 
Transportation as a waste category consists of unnecessary movement of products, 
tools, equipment, and materials. This category is often a sign of a poor working environ-
ment layout or of absence of process flow which causes numerous stops and starts in the 
cycle of production. Poor working environment of construction sites can fundamentally 
be the primary reason for the unnecessary transportation. (Ansah et al. 2016). 

7.2 Time on hand (waiting) 
Time on hand or waiting category can be identified with idleness which is most often 
caused by bad synchronization and poor material flow leveling, and also the pace of 
work by distinctive equipment or groups. Waiting occurs often when products are not 
being moved or processed. The reasons for waiting are vast and can consist of waiting 
for engineering, quality assurance results, maintenance, materials, design, confirmation 
orders, inspections and the list goes on. The waiting type of waste can be decreased by 
much by connecting the different processes together and enabling a good flow of the 
processes. (Ansah et al. 2016) 
 

7.3 Motion 
Motion category includes all the unnecessary movement performed by the workers. 
This may be caused by poor working methods, lack of equipment, poor work area ar-
rangements or by mistakes made by the worker. Motion is a sign of fractionated work-
flow, and it should be minimized. The arrangement of workers' tasks can have a big im-
pact on the amount of motion performed by the workers. The workers' preparation for 
their tasks can have a huge impact on the motion they perform, as they might not pre-
pare with the right equipment or materials, and they have to move excessively to get the 
missing tools, materials, or equipment. (Ansah et al. 2016) 
 

7.4 Extra-processing 
Extra-processing as a category consists of more or inappropriate work or of work which 
is higher quality than is required by the customer. The time which a worker spends on 
performing actions that exceed the requirements of the task delay other tasks that could 
have been started earlier causing this time to be wasted. The extra-processing category 
is a very difficult category to analyze as the requirements are not often known to the ob-
server, so the judgement is based on the observer's experience and knowledge. (Ansah 
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et al. 2016). The analysis of extra-processing is based on the experience and knowledge 
of the observer and possible quality documents provided for the research crew. 

7.5 Overproduction 
Overproduction is a category that consists of producing more than required or produc-
ing earlier than should. This leads to quality and quantity issues as a company realizes 
that it would lose various units in the process of production so they will compensate 
with delivering addition to fulfill the requests of the client. This often leads to misuse of 
worker hours, materials and the use of tools and equipment. Like earlier mentioned, 
overproduction is a waste category which needs to be assessed as a bigger picture of the 
whole project process. (Ansah et al. 2016). The analysis of overproduction is based on 
the experience and knowledge of the observer and possible quality documents provided 
for the research crew. 

7.6 Defects 
Defects is a category which contains the actions that could be identified as making de-
fective products. The defective products can be rejected, unacceptable or unnecessary 
work which occurs when the finished work or intermediate products do not meet quality 
requirements set for them. Defects are a common waste caused in the construction in-
dustry as segments and products are not produced to meet the requirements. Defects of-
ten cause rework or the use of poor or unnecessary materials to complete the tasks for 
example excess use of plaster to meet the requirements for a wall plastering. In addition, 
defects can cause numerous costs connected with that make this and especially impera-
tive classification to minimize. Defects can be a result from multiple reasons for exam-
ple, poor design and specifications, inadequate planning and control, inadequate qualifi-
cation of the project/work group, bad integration of design and the production and the 
list goes on. (Ansah et al. 2016) Defects can be seen in the videos as work done to 
faulty or damaged components and materials. 
 

7.7 Inventory 
Inventory is a waste category which consists of excess products and materials processed 
and/or stored. Excess inventory occupies space and causes insufficient stock conditions. 
Handling excess inventory can be seen as waste. The excess amount of materials also 
causes the searching times to be longer. (Ansah et al. 2016). This can be seen from the 
videos as excess amount of moving and handling of materials, tools etc. in the storing 
area. 

7.8 Un utilized talent 
Un utilized talent category consists of failures to utilize one’s abilities to perform tasks 
that are within the workers abilities but for some reason left unassigned for the worker. 
This also includes the underutilization of the knowledge, talents, and skills. The workers 
could often be included in the planning part of the project to get better insight on how 
the actions are actually performed. Sometimes just a missed email could cause unex-
pected costs that could have been avoided by being active with the workers and other 
colleagues. Also, at the same time as ignorance may cause underutilization of the work-
ers talents, the absence of communication from the workers side may lead to waste. 
This is often because of fear of being resigned. This category is vague and is highly de-
pendable on the observer's experience and knowledge. (Macomber and Howell 2004) 
 



31 
 

7.9  Waste of making-do 
Waste of making-do is a category which is defined by Koskela and others (2013) as “a 
practice of compensating for incomplete upstream operations through improvisation…”. 
To be more precise the waste of making-do refers to situations where the workers start 
tasks before the preconditions are ready. This is normally done to keep the workers uti-
lization of capacity rates high for the sake of the schedule. (Koskela 2004). Waste of 
making do could be seen from the videos when the main contractors and sub-contractors 
have provided their schedules which show the tasks they should be doing. If the workers 
cannot perform these tasks and have to work on something else, the workers are per-
forming waste of making-do. 

7.10 Unspecified 
Unspecified category was given to activities, where none of the given waste categories 
were identified precisely, meaning no observable waste. This was often associated with 
value-adding and value-supporting actions that the workers performed. 

7.11 Missing preconditions 
It is important to look also beyond the waste categories to ensure the soundness of the 
actions. It is important to remove the constraints that cause delays. Koskela (1999) iden-
tified that the soundness is dependable on seven preconditions. The planned activities 
cannot be performed if even one of these preconditions is not fulfilled. Therefore, it is 
extremely important to meet all of these preconditions before the task is performed. Ko-
skela (1999) named the seven constraints as following: 

• Construction design: correct plans, drafts and specifications are present 
• Components and materials are present 
• Workers are present 
• Equipment and machinery are present 
• Sufficient space to execute the task 
• Connecting works; previous activities must be completed 
• External conditions must be in order 

 
Later on, this view was expanded by Lindhard and Wandahl (2012). They continued the 
division by splitting the “external conditions” into three categories. These more precise 
sub-categories increase the awareness and attention of the preconditions. This helps to 
trace any remaining constraints. These new sub-categories consisted of climatic condi-
tions (rain, wind, snow, heat and cold… etc.), Safe working conditions must be present, 
and the surrounding conditions must be known. For this thesis we did not use this divi-
sion completely as the two of the sub-categories related to working conditions were 
merged and the external conditions were kept as climatic conditions.  
 
The final list of preconditions used in the thesis were very similar to the Koskela’s 
(1999) preconditions list with the expanded division by Lindhard and Wandahl (2012). 
The list was modified with a few extra categories and modifications of the original con-
straints. The final list of constraints is the following:  

• Construction Design & management 
• Directives 
• Components and materials 
• Workers 
• Equipment and machinery 
• Sufficient space 
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• Connecting works 
• External conditions must be in order 
• Working conditions 
• Unspecified 

As it can be seen from the list, it is very similar to the ones that were provided earlier. 
There are some exceptions like management which was added to the construction de-
sign as management is often the key role to provide the correct plans. Directives is a 
completely new constraint as it was not listed earlier, and it is to provide information 
about the constraints and delays that happen because of lack of directives. This includes 
the lack of guidance in the form of agreements, clear assignments, instructions, or deci-
sions. Also, the list was expanded with precondition “other” as there might be con-
straints that are not listed above but still cause waste. This category is to provide new 
information about possible new preconditions which could cause waste. The “None” 
category is in the list to describe a situation where all the preconditions are fulfilled, and 
the task can be executed normally. The “unknown” category was included as some of 
the video footage may be poor, so there needs to be a category to put these situations 
in. The on-site questionnaire was being used also to find out missing preconditions as it 
provided information about the things that prevented the workers from performing their 
tasks during their working days.  
 

8 The analysis process 
The analysis of the video process was very detailed task as there was multiple sections 
that the observer needed to analyze and mark to the excel as can be seen in the figure 7. 
The first task of the video analysis was to mark the correct video details so that the situa-
tions could be reviewed afterwards. At first the observer had to identify the action that 
the worker was performing by choosing a work classification from predefined list and 
write down a brief description for the action containing information about the methods, 
components, and materials the worker was using. Next step was to choose a waste clas-
sification from a predefined list which represents the actions performed if waste occurs, 
if no waste occurs the observer chooses “unspecified” category which includes the actions 
that do not contain any observable waste. After choosing the waste classification the ob-
server assessed if the worker was missing some preconditions to perform their task cor-
rectly and marked this to excel. To help the analysis of missing preconditions, the observ-
ers used the workers answers to the on-site questionnaire as the answers included more 
detail to the events of the workers days, like what kind of missing preconditions the work-
ers needed or what prevented them to perform the assigned tasks correctly or at all. The 
analysis was being done by the whole research crew as it was time consuming. If the 
observers faced problems with analysis, the unclear situations were analyzed together to 
avoid problems with the analysis and unclear situations. Sometimes the analysis of certain 
action required the observers to watch and analyze the material even further to find out 
the causes or purpose for the performed action. The analysis process became more easier 
as most of the actions performed were repetitive, which enabled the observer to copy and 
paste work descriptions from earlier situations. 
 
 

Figure 7. Excel-sheet for analysis 
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9 Information about the participating projects (generalizations) 
As the research project was conducted in a way which does not personalize the workers 
with the exception of profession and role (foremen or not), the construction sites cannot 
be described or introduced too accurately to keep the companies and workers infor-
mation private. This prevents anybody from ill-mannered actions like sabotage of the 
businesses or loss of jobs. The sites are being introduced using generalizations and 
overall introduction of the characteristics of the projects. The order of the projects is 
also mixed to prevent further actions towards the sites and the companies.  
 
The plan for the research project was to have different kinds of construction projects to 
be assessed to have vast insight into typical problems and waste causes for certain pro-
ject types. Therefore, the original plan was to have residential buildings, a shopping 
center, high rise building and some sort of commercial building like hotel or office. The 
research crew succeeded in choosing different kinds of projects that the research project 
needed. This chapter will be just an introduction to the project types we had and later on 
we will have more analysis based on the collected data.  
 

9.1 Project A, hotel and office complex 
Project A was a hotel and office complex which was located in the capitol area of Fin-
land. These two buildings which were constructed had their indoor working phase al-
ready started even though the hotel building had still floors to be built. These two build-
ings were quite high, rising as high as 7 and 8 floors plus two basement floors and 
HVAC rooms at the top. The two buildings were located next to an already existing of-
fice so the basement floors had to be connected and the use of the existing office pre-
served. This could be seen in the layout of the construction site as it was quite narrow. 
The overall look of the site was clean, and it did not have any random piles of materials 
laying around. The storage containers were located on the outside of the buildings in the 
edge of the site but as the site was narrow, they were located quite close to the build-
ings. 
 
As both of the buildings were quite high, they had construction elevators installed to 
them as the normal elevators were not yet installed to the buildings. As the buildings 
were high and the indoor elevators were not in use the possible bottleneck would be the 
vertical logistics of materials and equipment. To conclude the project A’s main charac-
teristics were a high rise building and narrow construction site with two separate build-
ings to be worked on. 
 

9.2 Project B, Residential building 
Project B was a residential building project in the capitol area of Finland. The residen-
tial building in progress consisted of multiple buildings but only the first one of the 
buildings was up and in the indoor phase. This building is a residential building with 
commercial space in the ground floor and consisting of 7 floors. The building had two 
separate sections with their own stairwells. The different sections and floors were iden-
tical which increased the chance of repetition in work and the possibility of checking the 



34 
 

earlier work and the decisions done there. The site was good sized but did not have most 
of the social spaces within the site. The social spaces and the “office” for the electric 
and the HVAC workers was located in the building next to the site.  
 
The overall look of the project B’s site was clean and in order. The elevators were not 
installed in this project either and this site did not have any construction elevators either. 
But as the building was not very high the construction elevator was not mandatory. The 
main characteristics of this project were: Residential building, repetition possibility, no 
elevator and two similar sections. 
 

9.3 Project C, Shopping center 
Project C was a shopping center project located in the capitol area of Finland. The shop-
ping center is supposed to be part of a large complex which consists of bus-terminal, 
subway station, residential housing, and a shopping center. The shopping center is very 
large compared to the other projects in this research. The shopping center is very vast as 
it is around 500 meters long and consists of around 44,000 square meters of rentable 
spaces. The shopping center had been designed to have around 100 rentable spaces. The 
social spaces were located outdoors but within the construction site. 
 
As the building was very large it had many of the storage spots located indoors. These 
storage spots were very fragmented which could pose a risk to cause excess movement. 
Even without the fractionated storage areas the vastness of the building may cause a lot 
of movement even though it would be with good cause for example walking to the 
working spot from the social spaces. There was no possibility to drive through the 
building with larger vehicles which made the material logistics more difficult as the or-
ders had to be picked up from the outside and hauled to the associated storage spots. 
The construction site had a separate logistics company which could be utilized but it 
was not included in the sub-contractor contract which meant that it cost to use the lo-
gistic company, and this is not preferable for the sub-contractors. The logistic company 
was mostly used to move other contractors’ equipment or materials out of the way as 
the construction site had a practise where one contractor could make a petition to the 
main contractor about materials which are in the way and the main contractor requested 
the correct sub-contractor to move them within three days or otherwise the logistics 
company will move them, and the costs are taken from the sub-contractor that did not 
move their equipment. The use of logistics company will be assessed later on from the 
view of the workers. The main characteristics of this project were the vastness of it and 
fractionated storage areas. 
 

9.4 Project D, residential building 
Project D is a residential building project located outside the capital area of Finland but 
still in one of the major cities. The project D was a residential building and parking hall 
complex with one completed building, one in progress and one to be constructed later 
on. The building in progress was a block of flats but not a very tall building consisting 
of five floors and a basement floor. The construction project was quite a bit smaller 
compared to the other projects in the size of the crews of main contractor and the sub-
contractors. The main contractor did not have any workmen besides the supervisors of 
the construction site. This construction site had already operational elevators within the 
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building and some of the social spaces were located within the building. The main char-
acteristics of the project were: smaller crews, access to elevators and the smaller size of 
the project overall. 
 

10 General information about the participants 
As the research was to be conducted about electrical and HVAC work, the participants 
should be spread evenly across both trades. The HVAC work includes multiple jobs, so 
our team tried to involve all kinds of workers from the HVAC companies. The only is-
sue was that the participation was voluntary, and some of the workers from different 
trades that we would have preferred turned down our offer for personal reasons. In over-
all it was difficult to get workers to participate as they would be monitored via helmet 
cameras through the week except for the break times. For most of the workers the issues 
were about their privacy. Most of the questions arose about the usage of the data and 
who has access to it. The workers were worried that their supervisors could see the vid-
eos we collected. Some workers were also a bit worried about the analysis of the data as 
they thought that the analysis would include us assessing their working/installation 
speed. Some also thought that we would time their breaks and share that information. 
But with thorough conversation in the introduction session for the construction sites we 
could answer the workers questions about the research and its purpose. The conversa-
tions eased the minds of the workers about their privacy and even lifted their motivation 
about the research. Even Though we faced some difficulties in the recruiting sessions 
we still had few workers who were very keen to participate. After the idea of the re-
search was explained to the workers, they understood that there is no reason to change 
their ways of working to show the real working days and the problems which the days 
include. They understood that it is for the best for them and the whole construction busi-
ness.  
 
Our target was set to have four construction sites with four workers on each site. The 
participants would be divided in a way that we would have half of the workers to be 
electricians and half of them would be HVAC workers. This was the best-case scenario 
but as the participants would be voluntary, we had to go with the ones who consent to 
the study. Overall, we had very good diversity with the workers as we had seven electri-
cians and seven HVAC workers with only two workers missing from the original target 
of 16 workers in total. This is a great result regarding the original worries of the work-
ers. The HVAC workers included 6 plumbers and 1 ventilation workers and 3 of these 
were foremen. The workers also included foremen which gives better insight to differ-
ent tasks that the workers perform. Also, the role of foreman contains more than just 
normal work. One major difference is coordinating with normal workers and inspecting 
their work.  
 

11 Results and analysis 
These results include all the projects and workers from the research project with the ex-
ception that these results do not represent 100% of the data as the amount of data was too 
large to be handled in the schedule of this thesis. In total the study collected 411 hours of 
footage of which the classified amount is 160 hours (39%), and these results represent 
that amount which is suitable within the scope of this thesis. To analyze the results, it is 
good to show the overall stats which were observed and then divide the data to different 
trades and projects. With the division of waste between trades and projects we can get 
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more insight to the waste causes. As the Figure 8. Shows, the value adding share of work-
days was 22 percent, non-value adding 26 percent, value supporting 47 percent and un-
classified 13% percent.  
 

 
Figure 8. Overall share of value classification in all projects 
 
 
The amount of value adding work was very constant between the projects averaging in 
22% with the highest being 26 and lowest 17 percent. The share of waste varied between 
from 15 to 31 percent and averaging in 26 percent. This shows a quite big variations in 
the results, but the analysis should be done in more accurate way to have better insight on 
the numbers provided before. The overall share of the value supporting work is 47 percent 
varying in between 54-37, which also shows a great variability in the results. 
 

11.1 Results by trades 
As the study included different trades and roles within the projects it is important to look 
at the results within each of the trades to find out the differences they might contain. The 
most comparable trades in this thesis are the electricians and the plumbers as we have 
almost the same amount of data for these trades. HVAC work in this thesis had only one 
worker so the results are not giving too much insight for the whole HVAC-trade but can 
be still analyzed. 
 
As can be seen from the figure 9, the share of electricians’ value adding and value sup-
porting actions are above the measured average. The value supporting actions cover al-
most half of the actions performed by electricians, which can be seen as a good thing 
because both value adding and supporting actions have larger share of the overall distri-
bution of actions. Also, when we compare the results to plumbing and HVAC workers in 

22%

47%

26%

13%

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

Value Adding Value Supporting Non-Value Adding Unclassified

Overall Share of Value Classification

Value Adding Value Supporting Non-Value Adding Unclassified



37 
 

the figure 9. We can see the amount of non-value adding actions or the waste is consid-
erably higher and the value adding and supporting actions’ shares to be smaller; especially 
the value adding actions.  
 

 
 
 
It could be presented that the value supporting actions have an impact on the amount of 
waste and value adding actions based on this numbers, but this gives out too shallow 
interpretation and so forth we need to look into the actions performed during the video 
tracking more accurately. In the following figure 10, we have the work classifications 
which does not include the share of waste and waste types that will be analyzed later but 
this will give us a comparison on the tasks the workers have been performing within dif-
ferent trades.  
 
From the figure 10. we can see that the electricians used most of their time (23,5%) on 
direct work which is a positive sign to see. Electricians also used a lot of time on work 
preparation (19,4%) and working with materials (15,1%) having the rest of the categories 
on quite minimal and comparable numbers with the exceptions of non-work-related ac-
tions (8,6%) and discussions (7,9%).  
 
The Plumbers and HVAC workers also used most of their time on direct work (15,1%) 
but the gap to the next two top categories which are the work preparation (14,8%) and 
discussions (14%) as the figure 10. shows. Not far behind is non-work-related actions and 
working with materials (11,3%). It can be pointed out that with plumbers and HVAC 
workers the share of different work classifications is quite diverse compared to the elec-
tricians who had very stable share of different work classifications except the few peaks  
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If we compare the different trades, we can see that there are few distinct differences like 
the share of discussions, long distance hauling, searching and non-work-related actions 
as the figure 10 shows. The assessment of discussions in this thesis was very difficult 
because of the privacy of the workers had to be preserved so the videos were mute. These 
shares of time used with discussions were much higher compared to the result Pasila 
(2019) had which was only 3,2 percent with carpenters.  
 
The second major difference in the work classifications can be found in the hauling clas-
sifications, which shows that plumbers and HVAC workers use more time in the longer 
distance hauling and electricians on the short distance hauling. This difference can be 
found in the difference of the trades as electricians tend to work with cables reels that can 
be distributed in multiple locations of the building under construction to cut down the 
time used to haul the new materials to the working spot. Also, in overall the electricians 
tend work with smaller materials and components compared to the plumbers and HVAC 
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workers who use larger assemblies of components and materials like large pipes. This 
difference in the trades can also point out the small gap in measurements as electricians 
use continuous cables that are cut after cable pulling to get the right amount of material 
without measuring it beforehand. HVAC workers and plumbers on the other hand have 
to cut, bend, weld and assemble components within premeasured or on-site measured 
measures to have the final assembly to fit. When considering the earlier, it is interesting 
to find out that the plumbers and HVAC workers still use less time in work preparation 
and material handling, but this does not give us the whole picture as plumbers and HVAC 
workers also had larger share of waste in their work which might decrease the amount of 
value supporting work and of course the value adding work. 
 
The amount of searching and movement is also greater with plumbers and HVAC workers 
than electricians, but these often go hand in hand as the workers often have to move to 
storage area or between different storage areas to search the items, materials or compo-
nents they are looking for. As mentioned in the work classification definitions, movement 
is a necessary action to be performed but it is very often a sign of fragmented work, which 
is caused by poor work planning and preparation, which can be a managerial issue or just 
an issue the worker has enabled.  
 
The share of discussions is also quite high with all the trades. This brings out questions 
about the topics of these discussions. As the videos did not include sound, the topics of 
discussions are difficult to be assessed without visual indication of the topic. In overall 
the large share of discussions is often an indicator of solving problems or coordinating to 
prevent them. With the foremen the share of coordinating is higher as they need to be 
aware of the workers’ schedule and quality of their work. Of course, discussions that the 
workers have also include non-work-related conversations. These non-work-related con-
versations often help the workers to keep their morale higher, even though these are non-
value adding actions and should be minimized. 

11.2 The occurred waste and the missing preconditions 
The most occurred waste for the electricians was motion with 47,2% share of the overall 
waste that was identified as the figure 11 shows. Next top waste shares for the electricians 
are the time on hand (16,1%), transportation (12,9%) and defects (11,4%). It was expected 
that motion would be the top waste in this study as movement is required for multiple 
actions like walking to different working spot, storage area or to get information from 
other workers or supervisors. Also, motion is the easiest waste type to be identified from 
the video material compared to other classifications like unutilized talent or overproduc-
tion as these categories need that the observer has in depth knowledge of the requirements 
for the tasks that are performed and the knowledge of the skills of the workers.  
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Figure 11. Occurred waste (electricians)

The plumbers and HVAC workers have a similar situation as the electricians, as their top 
occurring waste is motion with 54,6% as the figure 12 shows. The other top waste cate-
gories are also the same with time on hand (16,1%), transportation (12,9%) and defects 
(11,4%). It was as expected as with electricians to have this high amount of waste in 
motion, as motion is required to perform multiple actions and also it is easy to be identi-
fied. 

Figure 12. Occurred waste (HVAC & plumbers)
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To analyze the wasted time, it is important to know the reasons behind them as best as 
possible and therefore it is crucial to analyze the data of missing preconditions. The miss-
ing preconditions indicate and show which things the workers are missing to perform 
their work properly. The missing preconditions that the workers are missing have been 
analyzed via the on-site questionnaire and the video material. Most of the time the missing 
preconditions are very difficult to be identified from the material as we did not have the 
sound to give us information about the things that are missing. Large amounts of move-
ment often tells about the fragmentation of the work and it often happens because the 
workers are missing tools, equipment, material or information. This is approved by Kal-
saas (2010), who explains that the lack of materials, tools and equipment is the largest 
cause of the fragmentation in work. 

As the figure 13 shows, from the identified missing preconditions for electricians the 
dominating one is the components and materials precondition with the share of 32,3%, 
which was not expected in the beginning of the study. The next top categories of missing 
preconditions were connecting works (20,8%), sufficient space (12,3%) and equipment 
and machinery (12,1%). The construction design and management which was the one 
expected to be the top missing precondition fell behind as it only had the share of 7,6%.
But there is a reason behind this as already explained, the preconditions were quite diffi-
cult to be identified as often they are not visible to the observer. 

The different missing preconditions and their shares of the waste for the HVAC workers 
and plumbers can be seen in the figure 14. The largest share for the missing preconditions 
is the components and materials with 51,7%. The following top missing preconditions are 
the connecting works (18,6%) and equipment and machinery (15%). The share of other 
missing preconditions was quite small, which means that these preconditions were in de-
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cent shape. The major differences in the missing preconditions are in the share of suffi-
cient space (3,4%) and in the construction design and management (2,3%) which happen 
to have smaller share with HVAC and plumbers compared to the electricians (12,3% and 
7,6%). It was not expected that the components and the materials would be the top miss-
ing preconditions, but as the video material showed the storage areas were very frag-
mented and the missing materials and components caused a lot of movement, and this can 
be seen from the previous charts. This also shows the problems with planning and pre-
paring for the work as the workers were missing some components and materials. This is 
a problem which the workers can affect with their own actions and preparation but also 
the plans play their part in this as the plans do not contain all the information regarding 
the task ahead. The plans do not always contain all the necessary information of the re-
quired components but still the waste caused by these falls under the missing precondition 
of materials and components. 

Very often electricians faced a problem where the planned work location was filled with 
other contractors’ materials and components and had to use their time to move these 
things away. This is a sign of poor logistics planning as the assigned workspaces are being 
occupied with materials. The main contractors should be aware of the work that is going 
to arrange the spaces to be free. 

11.3On-site questionnaire
The on-site questionnaire provided good information which the videos could not provide 
fully without the sound. The data from the questionnaire worked as a verification to the 
data from the videos as well as the interviews. If we look at the figure 15, which shows 
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the missing information that the workers faced during their days. We can see that the top 
missing information or preconditions were machinery and equipment (21%), Occupancy 
of work location (17%) and sufficient space (17%). These are very similar to the missing 
preconditions that the observers analyzed from the videos. This is good validation for the 
results from the video tracking, but it needs to be noted also that on-site questionnaire 
results were been used them in analysis of the video material as supportive material. From 
the results we can see that the “other information” had overall share of 12%. This con-
sisted of workers own answers which were not included in the provided answer possibil-
ities.  Most of the answers could have been answered with the provided options but it 
seems that the workers wanted to provide more information about the situations at hand. 
The things that workers listed as “other information” consisted of missing holes that 
should have been prepared for them as discussed with the main contractor before leading 
to waiting. Also, the missing plans and problems with the planned working spot being 
reserved were pointed out. The electricians also pointed out that the cable piping was 
plucked.  
 

 
Figure 15. Missing information in percentage overall (on-site questionnaire) 

11.4  Interviews 
The interviews provided good insight to the problems that occur in the construction sites. 
As earlier mentioned, the interviews were to have better information and validation to the 
analysis of the video material. In overall the validation of the clips by the workers was 
good as only two clips out of 28 clips were not analyzed correctly as Table 1 shows. In 
these situations, the workers had to make holes in the drywalls to perform wire installa-
tions and this has been thought as waste as the observers thought that holes were to be 
prepared by others. This has been corrected by the workers as the holes to the drywall 
were part of their contract. In the other situations the workers agreed about the occurring 
waste and the missing preconditions and validated the results of the observers. This is a 
good sign of the accuracy of the analysis and overall results.  
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Table 1. Clips used in the interviews and the validation 

 
 
The clips reviewed in the interviews varied quite much including searching, re-work, in-
terruptions at work to solve problems, improvisation, connecting works, occupied work 
locations, phone usage and confusion of the current work situation. The searching clips 
consisted of situations where the workers were missing components, materials, or tools. 
In most cases the missing precondition of equipment was the lack of workers preparation 
for the task, but in these situations, it must be noted that not all of the components and 
materials required for the task are to be figured from the plans. The workers pointed out 
that the preparation is not always the best as possible, but the waste is increased when the 
route to the storage room/area is longer. Also, the fragmentation of the storage areas and 
the storage possibilities affect the time wasted in searching and retrieving of the needed 
items. The storage areas did not always have the possibility to store the items, smaller 
components, and materials especially, in proper manner with the help of shelves. Workers 
also pointed out that when material and component shipments come in, they come in as 
large batches where all the material is in a lump of boxes, and this requires more attention 
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than should be needed as the components could have been separated in the shipment by 
different sections or parts of the building.  
 
The occupied working locations has been pointed out in the interviews workers also and 
this can be verified with the results of the video tracking. Like the video tracking results 
also shows, the occupancy of work location was a bigger issue for the electricians. Elec-
tricians pointed out that they often must haul other contractors’ equipment or materials 
out of the way before they could perform the actions they were planned to. Workers also 
pointed out the issues with noting main contractor about the occupied workspaces in order 
to get the space free for them as this would lead to waiting or to improvisation. Because 
of this the workers often did not wait for the space to be freed by the contractor whose 
items were in there and hauled the items aside by themselves. The occupancy of the work 
locations could be the result of poor managerial actions like scheduling and work plan-
ning, as the main contractor should provide the spaces ready for work for the contractors. 
This includes the inspections of previous work. This is not just the main contractor’s issue 
as the subcontractor’s supervisors should also know the situation of their upcoming work-
ing areas so that they can request the needed actions to be performed in time. This happens 
also with the connecting works, as they have not always been prepared in time even 
though the workers and foremen have requested for it. These situations often consisted of 
holes that needs to be done before the installments or work could be started.  
 
The video clips and interviews gave us some insight to the interruptions the workers face 
during their work. These situations consisted of fixing and solving problems with variety 
of machinery and equipment like power distributors and water heaters that were installed 
by other company and would be on that company’s responsibility. These fixes and prob-
lems assessments help the whole construction site but also interrupt the work of the op-
erators. These situations are not often included in the contract of the subcontractor so the 
compensation might not be as it should be. These situations did not happen too often but 
are still a sign of not understanding the work and contracts of the subcontractors.  
 
The improvisation and confusion clips consisted of situations where the workers faced 
plan changes, schedule changes or faulty connecting works. For example, there were mul-
tiple situations where the piping for the electrical cables were faulty, broken or blocked 
and the workers had to improvise and create another path for the cables or clear the debris 
from the pipes. The improvisation could be decreased with early checks on the working 
areas and requests to prepare them. But it has to be remembered that not all problems are 
caused by the main contractor. For example, the cable pipes could be plugged thoroughly 
in the concrete element factory so that they would be clear in the time of the installation. 
The workers also pointed that the planned holes and cable pipes have not been prepared 
as planned and this requires demolition to reveal the pipes for example in the stairways.  
 
In the second part of the interview the workers pointed out that the communication be-
tween subcontractors and main contractor should be better. For example, the lack or poor 
quality of weekly contractor meetings were being brought up as a factor that increases the 
time spent on solving problems with scheduling and connecting works.  The weekly meet-
ing with the contractors increases the knowledge of the subcontractors and via their own 
meetings the workers knowledge. The knowledge helps the workers to adapt to the current 
situation and also to plan their assigned tasks accordingly. These meeting are also a way 
to request the required preconditions to complete their future tasks. The meeting are also 
a way to discuss the priorities of the tasks on the site. This helps in decreasing the chance 
for wasteful actions such as waiting. If the foremen and the workers know about possible 
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delays in the connecting works, they can prepare themselves and use the time to other 
value adding tasks. As workers and foremen pointed out in the interviews that the sched-
ule changes are not always informed to the subcontractors in time or clearly enough, so 
the meetings with the contractors could help to avoid these kinds of problems. 
 
As the second part also included questions about the most common problems that the 
trade in question faces the most during their work, the workers identified problems such 
as the planning lacking behind work, occupied spaces, excess material handling and miss-
ing holes from the assigned installation spot. Most of these problems have been assessed 
already but the problems with design keeping up with the work has not been discussed 
yet. The normal trend nowadays is to have the design overlapping the work done in the 
site. This might be good way to cut down the overall duration of the project, but as the 
installation work normally consists of design changes, this does not necessarily give time 
to adjust to the changes. If the designs are ready earlier the issues or problems, they con-
tain can be identified and fixed earlier. This would decrease the amount of improvisation 
and possibly the amount of rework that must be done in order to fix the work that was 
being done without the proper information. This would also enable to cooperation of dif-
ferent trades to arrange the fitting of components together to solve future issues. 
 
The workers also approved the use of separate logistics company which does the hauling 
for the shipments that come in and for the larger components that are required to be in 
certain location for the work. The workers said that within their working history they have 
seen good examples of the use of separate logistic company. The workers pointed out that 
they had more time to focus on the value-adding actions rather than hauling the materials 
and components around the construction site. The workers also told that when the use of 
logistics company was not included in the sub-contractors contract the benefits of it were 
minimal as every haul the logistics company would perform would cost the sub-contrac-
tor. 
 
The workers and the foremen pointed out that the reactions to their requests, for example 
the preparation of holes for the installations is often very slow even though it has been 
requested multiple times. The workers said that they have to mark and show the insuffi-
cient connecting works multiple times to have them done. The workers said that this 
causes unwanted waiting time and difficulties with their work planning as they cannot 
perform the tasks they intended. The workers and the foremen also pointed out that this 
could be prevented with consisted and reliable communication. They approved the use of 
contractor meetings to arrange the work and request for connecting works to be done in 
time. They pointed out that this is a good situation to fit the different contractors schedules 
together and to inform about the changes, as this enables problems solving together on 
weekly basis for example. 
 

12 Discussion 
In this study it was surprising that the missing precondition of planning did not have large 
share in the quantitative part of the study, but it was being brought up by the workers in 
the interviews much more than components and materials which was the top missing pre-
condition in the quantitative part of the study. This might be due to the fact that the miss-
ing precondition of planning could not have been seen in the videos so easily as with 
materials you can see the worker walking to the storage to get the items. With plans the 
observer cannot see the missing plans as they do not exist so they cannot be fetched. This 
means that the observer received their information mostly from the on-site questionnaire. 
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The problems occurring with missing or faulty plans could be prevented with earlier plan 
delivery to enable notion of errors or missing details and correction to these matters.  
 
The overall share of the value adding work in this thesis is similar to the result Pasila 
(2019) had (21,6%) with similar method used with carpenters. This might be due to the 
fact that the method was similar (helmet cameras) and the categorization of this study was 
based on the categorization of Pasila’s (2019) study. Other studies resulted with much 
higher shares (30-40%) of value adding actions (Sara Hajikazemi, Bjørn Andersen, Jan 
Alexander Langlo, 2017). Kalsaas’ (2013) study resulted with even higher shares of direct 
work averaging with 49,6% and Hajikazemi et al. (2017) with 61,1 percent of installation 
work. The difference with the latter studies is the fact that the method was different as 
these studies were observer-based studies done with certain intervals for notes of the ac-
tions performed. The categorization of these studies (except Kalsaas) was also simpler 
which might affect the results and the differences in them. 
 
 
The categorization of work and waste in this study was vast and diverse to describe all 
the situations the workers might face during their working days. In theory all of these 
classifications have purpose and explanation but some of these categories were difficult 
to be assessed. For example, overproduction, waste of making do and unutilized talent 
are categories that have difficulties in their assessment. The problems with overproduc-
tion and waste of making do had large influence from the main contractor and the sub-
contractor which was being analyzed as they were asked to submit schedules that explain 
the tasks and assignments the workers would be working on, but these were often not 
submitted or did not contain specific enough information to give details about the situa-
tion. Also, the quality details of the work were not submitted to research crew so the 
analysis of work which exceeds the quality levels could not be assessed properly. This 
required trade specific experience of the quality levels which are most used as these were 
not provided. It is possible that this influenced the result regarding waste of making do 
and overproduction.  
 
Another category with issues is unutilized talent as it relies heavily on the experience and 
expertise of the analyzer. This was also affected by the fact that the capabilities of the 
workers and their tasks were not specified for us to be used in the analysis. Unutilized 
talent would be better analyzed via interviews with the focus of getting insight to the 
workers talents and the usage of it. In this thesis the scope was wider so finding infor-
mation regarding unutilized talent specifically would decrease the information that would 
be available of other maybe more critical areas of interest.  
 
It was positive to discover that the workers approve the use of separate logistics company 
to handle the hauling on site. Koivumäki (2020) studied the use of different types of lo-
gistics solutions and pointed out that the use of separate logistics company can increase 
the productivity. On the other hand, Elfving et al. (2010) pointed out that reliable produc-
tion system is mandatory for effective logistics. Even though Koivumäki (2020) and the 
workers approved the use of separate logistics company, Koivumäki (2020) pointed that 
the use of separate logistics company is situational and had best outcome when the logis-
tics company was in charge of the logistics. This also enables the main contractor to focus 
on value increasing actions. But as long as the use of logistics company is not included 
in the subcontract the subcontractors cut out the extra cost that this might cause for them, 
by not using it and hauling by themselves.  
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The assessment of discussions in this thesis was very difficult because of the privacy of 
the workers had to be preserved so the videos were mute. But in overall the discussions 
that the workers have are a sign that everything might not be as they should be. If the 
work has been planned and executed properly with the right prerequisites there is no need 
for discussion. Also, it can be pointed out that the discussions take time from the value 
adding and supporting actions as it retains the workers from performing their planned 
work. Sometimes the discussions can solve problems and sometimes the discussions can 
be waste and as the videos did not contain sound this classification adds up to the unclas-
sified share of the overall work classification. Pasila (2019) had enabled sound on his 
recordings, and he pointed out that this would bring out more insight and detail to the 
assessed situations. For this thesis this would have been great additions as the study fo-
cused also to the missing preconditions to find out the root causes for waste. 
 

13 Conclusion 
The share of wasted time in this study was in average x and with electricians having lower 
share of waste time compared to the plumbers and HVAC workers with x share of wasted 
time. The largest identified waste type was motion with the most common missing pre-
condition of missing components and materials. This was expected to be a large propor-
tion of the waste, as motion is needed to perform multiple actions for example searching 
or walking to the office or to other workers to solve a problem. As motion has been iden-
tified as the major waste type, the logistics of the site must be planned in a manner to 
decrease the excess motion by decreasing the amount of fractioned storage areas and en-
abling the movement in the site to be as easy as possible. Also, the workers should have 
better preparation for their assigned tasks to decrease the excess motion from their side. 
This could be done by having tool and material carriers or tool bags that enable the work-
ers to prepare for their work with better variety of tools and components like Pasila (2019) 
suggested in his work.  
 
The amount of insufficient space or delayed connecting works clearly affected the amount 
of waste which had the second largest share of wasted time in the workers day. These are 
a sign of poor scheduling and communication. The required conditions for the work 
should be requested in time so that they could be performed also in time. Also, it is very 
important that the main contractor reacts to these requests to minimize the risk of waiting 
or improvisation. Also, the changes in the schedule and the failure to inform the contrac-
tors about the changes often causes difficulties in work preparations and in work planning 
causing excess confusion in the assigned tasks. So as a learning point from this, the com-
munication and information exchange between the main contractor and the subcontractors 
needs improvement. The weekly contractor meetings were pointed out as a working cus-
tom to keep the subcontractors and the main contractor informed about the changes and 
new requirements for the work. This is also a method to discuss the most efficient ways 
to perform the assigned tasks that overlap. The weekly meetings also help the main con-
tractor to have good awareness of what is happening in the site and how fast is the pro-
duction going. Good communication will give different trades the tools to perform better 
and more efficiently but this requires constant communication and reaction to it. 
 
The lack of plans did not have a large share in the missing preconditions in the video 
tracking, but it was brought up in the interviews very often. The workers pointed out 
issues with the plans regarding the MEP crossings, as these were often designed very 
poorly. The workers told that often they had to improvise with different trades to fit all 
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the installations to these locations. The workers also pointed out that after the workers 
had done the installation came the designs that were drawn based on their work.  
 
As the reasons for the wasted time are vast and depend on multiple factors, the easiest 
way to decrease the wasted time is to involve the different trades in communication to 
increase the awareness of the workers and supervisors to tackle the problems before they 
occur. Also, the work preparation by the workers should be more thorough to decrease 
the number of excess trips to storage areas. The main contractor on the other hand should 
try to create good logistics for the construction site to minimize the wasted time that is 
spent on the motion when issues in the work occur. The storage areas and logistics con-
tribute greatly to the amount of motion which is performed by the workers. By enabling 
good logistics, the subcontractors save time from the wasteful motion that is performed 
by the workers and further enable faster construction time of the project.  

14 Suggestions for future research 
This thesis was carried out in multiple methods with the video tracking, on-site ques-
tionnaire, and interviews. With these methods, the most restrictive one was the handling 
and analysis of the video material as it was been recorded with the quality of 1080p and 
the size of the video’s got pretty big. This led to situation where even the video transfer 
via USB-cable was very slow. Also, the video transfer to the secure server was even 
slower as it was done via internet connection and VPN. Faster data transfer or extra set 
of equipment would make it faster to get the data for the assessment of the research 
team and this should be noted in future research via similar method. 
 
The fact that the videos did not contain any sound made the analysis of the videos more 
difficult as the intentions of the workers had to base solely on the motion and gestures 
of the workers. The sound would give more insight to the situation at hand if problems 
occur. This would be especially crucial when the workers are discussing with each 
other. Therefore, in the future studies it would be suggested that the voice of the videos 
would be included if the ethical review does not reject it and the workers agree to it.  
 
The issues with certain categories like over-production, overprocessing, waste of mak-
ing-do and unutilized talent need attention. If these categories are desired to be used it is 
crucial to request more initial information from the main contractors and subcontractors 
to enable the accurate analysis. Also, to make the analysis fluent it would be suggested 
to use minimum times for analyzed actions. The use of artificial intelligence could also 
prove to be efficient in this kind of analysis in the future.  
 
The accuracy of the research could be modified by changing the targets of the study. If 
the accuracy of the research is desired to be even more accurate it is suggested to nar-
row the target work phase and trade. This would enable better comparison between dif-
ferent projects and their characteristics. Wider targets on the other hand enables the pos-
sibility to find out the largest and most crucial problems of the industry. 
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