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Chapter 1

Introduction

Lean thinking is an extensively studied subject, whereas especially lean manufacturing

and implementation is well known in the industry today. According to (F. Ballé 2007),

production represents only half of the manufacturing problems found in industry. Another

important source is found in the product development process. According to a National

Center for Manufacturing Science report, the Toyota product development projects uses

only half the time of US equivalents, with 4 times their productivity. To understand what

this development process entails, this thesis aims to map the Toyota development process

though a literature study. The study that is performed is mainly based on scientific papers

provided by Halvor Holtskog, which was then used to find additional sources based on

the reference literature of these papers. To find the reference papers, the database Oria

was utilized. To further support the information found, course literature in the study

program of Economics and Management at NTNU was utilized.

With the theoretical background of the Toyota development process in place, the thesis

further goes into an exploratory statistical study to investigate if there exists similarities

between the Toyota development process and the one found in the Norwegian automobile

industry. The qualitative data was based on an extensive survey performed by Geir Ringen

(NTNU) and Halvor Holtskog (NTNU) in 2008 on the Norwegian automobile industry

based on the theoretical background of the Toyota Lead Development Process (LDP) as

presented by Kennedy (2003). The survey covered several di↵erent topics within LDP,

including:

• Knowledge - utilization and development of an employees knowledge base

• Decision making process within the team

• Planning and control - definition of roles, plans, resources and costs are controlled

and managed

• Motivation and leadership - employees sense of project ownership and involvement

1



• Information flow - internal communication within the group

• Continuous learning - the incremental innovative process in the company based on

experiences

• Formal processes - quality management, routines, procedures and information storage

• Set based concurrent engineering

• Customer relation

Resulting from that exploratory analysis, the aim of this thesis is to investigate if there

exists a linear relationship between the above mentioned categories and the product

development process as defined by the ”set based concurrent engineering” category. Resulting

from the model that is found through this exploratory study, the di↵erent factors will then

be investigated in order to explore if there exists similarities and di↵erences between the

Toyota and Norwegian automobile product development process.

2



Chapter 2

Background of Toyota LDP

2.1 Lean Manufacturing and -Product Development

The ”Lean” terminology often refers to an operational approach, that was initially developed

by the Toyota Motor Corporation, to eliminate waste in all forms; defects that required

rework, unnecessary processing steps, unnecessary movement of materials or people,

waiting time, excess inventory and overproduction. The process in itself involves identifying

and eliminating non-value-added activities throughout the entire value chain to achieve

faster customer response, reduce inventories, higher quality and improve utilisation of

human resources. Simply put, the goal and philosophy of lean is ”getting more done with

less” (Evans 2016).

In a historical perspective, the assembly line production introduced in 1913 by Henry

Ford that culminated in the achievement of mass production of his motorized vehicles in

1926 were the building bricks for Lean production. However, the key to mass production

wasn’t the assembly line in itself. It was the complete and consistent interchangeability

of parts and the simplicity of attaching them to each other that made the assembly line

possible (Womack et al. 2007).

After World War II, Taiichi Ohno and his technical collaborators, concluded that the real

challenge was to create continuous flow in small-lot production. The reasoning behind

this was that human need is more well represented through humble streams, rather than

a few mighty rivers. At Toyota, they were able to achieved continuous flow in low-volume

production, in most cases even without assembly lines, by learning to quickly change over

tools from one product to the next and by “right-sizing” machines so that the production

could be conducted immediately adjacent to each other (Womack & Jones 2010). The

principles of Just-in-time (JIT) and pull production emerged, where customer demand

triggered the production instead of the traditional push production. The transformation
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performed at Toyota culminated in what was defined as the Toyota Production System,

or Lean Manufacturing as it is more commonly known today.

One of the most important building blocks of Lean thinking is the termonology ”muda”

meaning “waste”, and is more specifically defined as human activity which absorbs resources

but does not create any value, whereas the value can only be defined by the ultimate

customer (Womack & Jones 2010). However, the term value is only meaningful when

expressed in terms of a specific product, service or both at the same time, which meets

the customer’s needs at a specific price at a specific time. Through Lean thinking, the

goal is to eliminate waste throughout the entire value chain.

The value chain is the complete set of all business activities that increases the perceived

value of the product or service of the end-customer (Bø 2015). The value chain terminology

was first defined by Porter (Porter 1985) and is limited to the value adding processes taking

place within the frame of one specific company. As opposite to the supply chain, which

can consist of several di↵erent companies and thereby a line of di↵erent value chains (Bø

2015). The value chain of a company flows from the end-customer and back through the

production and backwards to the raw materials, i.e. part of the supply chain, and also

includes activities that you would not typically associate with a sypply chain, such as

product development. In the definition by Porter, the activities within the value chain

were separated into primary activities and supporting activities as seen in Figure 2.1.

Figure 2.1. The value chain of a company as defined by Porter (Porter 1985)
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Whilst ”Lean manufacturing” focuses on the method of planning, controlling and the

continuous flow of the day-to-day operations and is closely linked to the supply chain

aspects of the value chain (Slack et al. 2013), the Lean Product Development Process

(LPD) comprises of the activities beginning with the perception of a market opportunity

aligned to the company’s competitive strategy and technical capacity, and ending in the

production, sale, and delivery of a product, while considering all aspects that will evolve

and keep the product competitive in the market until its discontinuity as seen in Figure 2.2.

Even though the two terminologies are separated, they are both intertwined by the lean

thinking philosophy of being “a system for the absolute elimination of waste” (F. Ballé

2007).

Figure 2.2. Lean Product Development Process (F. Ballé 2007)

The LPD system can be separated into four di↵erent layers:

• Process layer: The product development process

• Practice layer: lean manufacturing with the Toyota Product Development Process

in production

• Organizational layer: platform centres

• Culture layer: the “knowledge-based” paradigm

5



The following sections within this chapter will further elaborate on these di↵erent layers.

2.2 Toyota’s product development process

At Toyota, one important step in the development process, is to make sure that all of the

engineers actually care about what customers think of their product. As a consequence,

a strong vision for the future product is made and also communicated across all players

in the development process (F. Ballé 2007). Secondly, the Toyota development process

mitigates the risk of late engineering changes, which plague any industrial development

process by creating chaos both in therms of rework and quality assurance. This is done

by having a firm line to where the design-loop is being closed by the ”perfect drawing”

or ”Zero EC” point (Kobe 2001). By setting such a firm line, Toyota aims to push the

development-mentality of ”If you think you will not have a chance to change it later,

you do your homework early and you speak up if there is any doubt”. The development

process is therefore heavily front-loaded, which enables Toyota to focus on a precise,

tightly scheduled production within the target cost.

The Lean Product Development process can be separated into four phases:

• A concept phase leading to the Chief Engineer’s (CE) concept paper

• A system-designed phase with concurrent engineering

• A detailed design phase with design standards

• A prototype and tooling phase with lean manufacturing

The following sub-chapters will further elaborate on these stages within the LDP process.

2.2.1 Chief Engineer

A practice which has its roots back to the 1950s in Toyota is the notion of a ”heavy-weight

project manager” (Clark 1991). This person holds the title of Chief Engineer (CE) in

Toyota and is responsible for the product all the way from the concept stage to the

market. The CE is first and foremost a technical expert. At an organizational level,

the CE has little formal authority, but is recognized for the experience, technical and

communication skills. The responsibilities of the CE is extensive and entails:
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• Coordinating responsibility in wide areas, not just engineering but also production

and sales.

• Take responsibility for the concept creation and concept championing.

• Maintain responsibility for specification, cost target, layout and major component

choices, making sure that product concept is accurately translated into technical

details of the product.

• Build direct and frequent communication with designers and engineers at work level

and can e↵ectively communicate with designers, engineers, testers, plant managers,

controllers, and so on.

• Establish direct contact with customers

• Walks around and advocates the product concept, rather than doing paperwork and

conducting formal meetings.

• Is mostly an engineer by training. Has broad, if not deep, knowledge of total

product- and process engineering. (Fujimoto 1999)

The CE has a very small dedicated team of experienced product engineers as well as

manufacturing engineers, while all the other resources are in the functional organization.

The CE summarizes the vision for the product in a “concept paper” which leads the

development process into the system design phase (Morgan 2002).

2.2.2 System Design with set-based concurrent engineering

To further elaborate on the system design phase, it is important to establish the definition

of ”Concurrent Engineering”; the simultaneous consideration of more than one aspect of

a system during its design phase, as seen in Figure 2.3 (Nielsen 2003).
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Figure 2.3. Concurrent Engineering at Toyota (Nielsen 2003)

As described in section 2.2, LDP is a front-loaded development process that aims to

decrease the innovation lead-time and increase product quality by identifying product-related

issues as early as possible. LDP identifies that core issues related to innovation are found

in the conflict of interest between the di↵erent functions in an organization. Through the

LDP process, these conflicts are then resolved through compromises where the customers

view of product value and ”customer satisfaction” is of greatest importance (F. Ballé

2007).

At Toyota, concurrent engineering has been further developed into ”set-based” concurrent

engineering (Sobek et al. 1999), where the process is described as follows:

1. The team defines a set of system level solutions (instead of one single solution).

2. Various possible solutions are defined for various sub-systems.

3. The di↵erent sub-system options are analyzed in parallel.

4. The analysis is used to gradually narrow the set of solutions, converging slowly

towards a single solution and determine the appropriate specifications.

5. When the single solution has been established for the design, it is not changed

unless absolutely necessary; In particular, the single solution is not changed to gain

improvements (i.e. to climb the optimality hill) (Sobek et al. 1999)

As part of the analysis of the di↵erent sub-systems, Toyota develops two series of prototypes
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to check their integration. The first series is very carefully and slowly built to check all

interfaces whilst using lean manufacturing techniques and the second series is fast built

to identify manufacturing and assembly issues. After these issues have been resolved this

stage is finalised by the production of design drawings with the objective to attain ”Zero

EC” upon its release (Morgan 2002).

In the second part of the development process, the focus lies on reducing variability of

the product by relying on standardization of skills, processes and design. This is done to

minimize the risk of waste and reworks which in turn opens up for capacity flexibility. In

this process, Toyota utilizes standardisation tools such as:

• Checklists (process checklists and product checklists)

– The engineering checklists contain detailed information concerning any number

of areas including: functionality, manufacturability, government regulation,

reliability, etc.

• Standardized process sheets

• Common construction sections.

The production of the engineering checklists of what can, or cannot be done as part of

the operational production phase, are considered to be a key ingredient to the success of

set-based concurrent engineering in Toyota (Sobek et al. 1999).

The LDP method is therefore not only front-loaded but also delaying key decisions by

exploring several di↵erent design options before reaching the single solutions. This results

in faster product development as it minimizes the amount of engineering changes and

re-work and emphasizes the philosophy of ”doing it right the first time”. Furthermore, by

segregating the ”noisy” development process from the execution phase, the downstream

process variation is minimized which is crucial to both speed and quality (F. Ballé 2007).

2.2.3 Continuous improvement

Resulting from the high degree of standardization of the product gained through the

set-based concurrent engineering, the grounds for continuous improvement for the development

process has been set. Through TPS, Toyota has introduced the concept of ”hansei”

(F. Ballé 2007) which translates to ”self-reflection”. As described in section 2.1 LDP and
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lean manufacturing has certain similarities, as they are both systems to eliminate waste.

”hansei” is also applied in Lean manufacturing, through the continuous incremental

improvement process known as ”kaizen”. At a Kaizen event, the engineers take a specific

area that is in need of improvement, e.g. a bottle-neck in production, and within a

limited time frame of 72-hours perform an analysis by utilizing di↵erent lean tools such as

value-stream-mapping to identify potential solutions to solve the issues in manufacturing

(Slack et al. 2013).

Similarly, through the ”hansei” process, the engineers work with the product development

team to challenge the activities that have been done, identify production issues and

perform an overall review of the emerging product. With this process, the product is

”certified” in a meticulous manner in order to minimize the risk of operational issues and

changes required after the production has started (F. Ballé 2007). Such ”hansei” meetings

can be performed at di↵erent stages of the development process and from the learning

outcomes the di↵erent check-lists and other standard documents are improved. Through

this procedure, TPS provieds not only an opportunity to learn and improve, but also

focus all involved parties on the common outcomes and the shared destiny of the team

(Morgan 2002).

2.3 Toyota Organizational Structure

From the beginning, Toyota was organized in a functional organizational structure (Clark

1991). In a functional structure, each of the major business functions within the company

is managed by a functional manager, i.e. a marketing manager leads the marketing

function who reports to one person who usually has the title as CEO (Barney 2014). In

time, this structure became unsustainable for Toyota due to its growth where one manager

had too many projects going in parallel within the functional department and the Chief

engineer had to coordinate too many people from di↵erent departments. Toyota therefore

went through a reorganization and shifted from a function-oriented to a multi-project-oriented

structure and introduced platform centers, as seen in Figure 2.4, that focused on developing

a specific product family, i.e. rear-wheel-drive platforms and vehicles. Each platform

center was managed by the General Manager, who was in charge of the functional managers

and chief engineers and the platform also has a separate planning division. In this manner,
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the structure of the company encourages coordination within the di↵erent projects, helps

optimize the utilization of human resources and product standardization (Nobeoka &

Cusumano 1995).

Figure 2.4. Platform centers at Toyota after the re-organization (Nobeoka & Cusumano

1995)

2.3.1 Information flow

In Toyota, the organization of the information flow within the company bears a resemblance

to the famous kanban just-in-time system in its factories. The Toyota principle is that the

participants in the design team should be able to obtain the information when they need

11



it and in the right amount i.e. a pull system of information flow (F. Ballé 2007). It is

therefore up to the downstream processes to retrieve the information from the upstream

ones. With this type of information flow it requires that anyone can and is able to talk to

anyone else in the company and that the relevant information is available at an identifiable

and known place. Furthermore, in case a decision involves a large number of people from

di↵erent functions in the organization the process follows three stages

1. Initiate one or more rounds of written exchange

2. If the problem persists, hold a face-to-face meeting

3. If there is still a problem, meet with the Chief Engineer

This information flow and established structure of communication aims to aid the decision

making processes, so that the decision makers may make a conclusion based on the correct

information and involve the correct people.

2.4 The Toyota Culture

Laying underneath the organizational structure is the Toyota culture. According to

Jacobsen (2019) a culture is defined as a set of common opinions amongst humans

in a community; a system of common values, symbols and opinions in a group and

forms the foundation of how individuals should behave in an organization. Culture

is based on learning and is maintained only as long as it is perceived as correct. To

understand the Toyota culture it is important to understand how deeply entrenched

”lean thinking” philosophy is and the fact that it is functioning almost as the ”DNA” of

Toyota (F. Ballé 2007). The philosophy can according to Morgan (2002) be described as

”customer satisfaction with lean manufacturing”. The lean approach to manufacturing

can be seen in every aspect of its product development process. In Toyota one can therefore

see practices that are not seen in an organizational chart, but are important in the LDP

process. One example of that is the ”genchi genbutsu” which can be translated to ”go

see for youself”, where the engineers in the concept phase go around the production area

and dealership to get a hands-on impression of the product they are developing. One can

therefore see how much of a vital role the people in the organization themselves play and

that the development of their skills is paramount. As described by the researchers Spear
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and Bowen:

“All the organizations we studied that are managed according to the Toyota production

System share an overarching belief that people are the most significant corporate asset

and that investment in their knowledge and skills are necessary to build competitiveness.

That’s why at these organizations all managers are expected to be able to do the jobs of

everyone they supervise and also teach their workers how to solved problems according to

the scientific method.” (Spear & Bowen 1999)

It is therefore not unexpected that Toyota’s engineers have a highly technical profile, as a

result of the strong focus on specialization within a function and that a career within the

company is built on several years of increasing technical and management responsibility.

2.4.1 Knowledge creation

With the strong technical focus both within the culture and the product development

process itself, Toyota as a company is more ”knowledge-based” rather than structure-based

and relies heavily on knowledge creation (F. Ballé 2007). In an organization, knowledge

functions as a renewable resource that accumulates and can be re-used (Jacobsen 2019). It

can be separated into two categories; tacit knowledge, that cannot be expressed in writing,

and explicit knowledge, that can be expressed, communicated and be discussed. After

studying the interaction between tacit- and explicit knowledge Nonaka et al. (1995) he

found that there exists four di↵erent components of knowledge creation in an organization:

1. socializing - knowledge is transferred without consciously being aware of it.

2. externalization - the tacit knowledge is made known (e.g a colleague informs others

of the secret behind the work that was done that led to the success)

3. combining - organizing the already known explicit knowledge into a system

4. internalization - the explicit knowledge is used in such a large extent within the

company that it is incorporated and adapted into tacit knowledge. (Jacobsen 2019)

Nonaka et al. (1995) argued that innovation is caused by the interaction between the

“knowledge spirals” between tacit and explicit knowledge (Nonaka et al. 1995).

As mentioned, in Toyota there exists a strong commitment to knowledge creation. This
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can be seen through the technical career paths that exists for the engineers, which

encourages specialization within their own fields. For the young engineers, Toyota in

addition assigns them to improvement projects to utilize their ability to question the

established methods and look for improvements Morgan (2002). With the pull-based

information flow in the company the exchange of information between di↵erent specialists

is supported. Coupled with the concept of ”Hansei” of continuous improvement, the

knowledge creation and human development can be considered as the very core of the

Toyota LDP process (F. Ballé 2007). This aspect is often overlooked when other companies

try to implement LDP according to TPS, as it is seemingly easier to try to launch the

utilisation of other Lean tools like kanban, heijunka and jidoka. According to Convis

(2001), ”For TPS to work e↵ectively, it needs to be adopted in its entirety, not piecemeal.

Each element of TPS will only fully blossom if grown in an environment that contains

and nourishes the philosophies and managerial practices needed to support it.”
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Chapter 3

Methodology

The work performed in this thesis is based on secondary statistical data that has retrieved

by Geir Ringen and Halvor Holtskog at the Norwegian University of Science and Technology.

The survey utilized LDP to map several di↵erent relations within three cornerstones

of LDP; product development, organization and the culture within di↵erent companies

based in the Industrial Park of Raufoss. The survey had in total 122 respondents out

of 150 from 18 di↵erent companies. The survey was sent to all Norwegian companies

that deliver products to the automobile industry, whereas only their employees in the

product development departments could become a respondent. In case of a no-return on

the survey, Holtskog reported that these were followed up with via phone calls or in person

to ensure that a response was provided. The professions of the di↵erent respondents were

mapped and can be seen in Figure 3.1. The majority of respondents are working within

the field of design and engineering, which is expected in project oriented organizations as

exemplified in the Toyota organization in Figure 2.4. In terms of evaluating phenomenons

within the field concurrent engineering, the di↵erent departments are represented in this

survey and the respondents are therefore considered as representative to provide statistic

validity of the analysis.
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Figure 3.1. Profession of survey respondents

The stochastic variables, which is a function that contains the values of the numerical

outcome of the phenomenon (Johannessen 2011), was then grouped into di↵erent categories

within the di↵erent aspects of LDP:

• Knowledge - utilization and development of an employees knowledge base

• Decision making process within the team

• Planning and control - definition of roles, plans, resources and costs are controlled

and managed

• Motivation and leadership - employees sense of project ownership and involvement

• Information flow - internal communication within the group

• Continuous learning - the incremental innovative process in the company based on

experiences

• Formal processes - quality management, routines, procedures and information storage

• Set based concurrent engineering

• Customer relation

The complete set of variables included into the database that was built in SPSS Statistics

version 26.0.0.0 is found in Appendix A. The data mainly consists of 5-point Likert scale
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items, where 1=small degree and 5=large degree. The variables were therefore coded

in the SPSS database accordingly and as ordinal variables. The nominal variables, i.e.

profession of the respondents, was only used to evaluate the level of representation of the

population. An analysis to find consistency between the variables within the di↵erent

categories were then performed, with the goal of establishing indicators for each category

which could be used to investigate in an exploratory manner if there exists statistically

significant correlations between these di↵erent categories.

3.1 Cronbach’s alpha

Within the field of psychometric statistics, which is concerned with the theory and

techniques of psychological measurements, Cronbach introduced in 1952 the coe�cient

alpha also known as Cronbach’s alpha. The coe�cient is an estimate of reliability, more

specifically an indicator of internal consistency reliability in the data. The coe�cient can

be used for both dichotomous (can take two values e.g. ”yes” and ”no”) and continuously

scored variables. The sample coe�cient alpha is defined by (Zhang & Yuan 2016):

↵̂ =
p

p� 1

 
1�

Pp
i=1 siiPp

i=1

Pp
j=1 sij

!
(3.1.1)

where p is the total number of indicators used in the analysis and sij is the sample

covariance matrix. The value is defined from 0-1, whereas 0.00 indicates no consistency in

the measurements, whilst 1.00 indicates perfect consistency in the measurements. In the

case where ↵=0.7 this means that 70% of the variance in the score is reliable variance,

whilst 30% is error variance. The coe�cient thereby indicates that there exists a certain

level of internal consistency in the composite scores, i.e. the sum (or average) of two or

more scores, whereas a fully consistent score would entail that if the data was unlimited it

would identify the underlying truth. The alpha value was therefore used to investigate if

the variables in the di↵erent categories of LDP could be summed into one index as long as

the alpha value is su�ciently high. The reported cuto↵ value of alpha that should be used

varies in litterature, according to Lance et al. (2006) the most cited reference is Nunnally

(1978) who concluded that the acceptable cut-o↵ value of alpha for exploratory research

should be 0.7. However, according to Sekaran (Sekaran & Bougie 2016) Cronbach alpha
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is considered as poor when it is below 0.6. In the analysis performed in this thesis the

cut-o↵ level has therefore been set to 0.6.

The most important assumption that the calculation of the alpha constant is unidimensionality

in the variables used for the analysis. According to (Sijtsma 2008) the alpha value is

persistently and incorrectly taken to be a measure of internal consistency and that the

items in the test ”measure the same thing”, i.e. unidimensional, however this is not

correct. Hayes & Coutts (2020) suggests that the McDonald’s Omega should be utilized

instead, however, this model is not available in SPSS and creating a macro for this was

considered as out of scope of this thesis. In order to ensure that the variables used in the

Alpha analysis are unidimensional, a factor analysis must be performed. This was done

for all categories of variables used in this thesis.

3.2 Multiple regression

In a multiple regression analysis one of the the variables is regarded as a random variable or

dependent variable, whilst the other are regarded as ordinary variables that can measure

without substantial error and is called independent variables. Through the analysis,

one can investigate if there exists a statistically significant dependency of the dependent

variable and the independent variables. In an ordinary regression analysis, where there

exists one dependent variable Y and one independent variable x, the mean µ of Y can be

expressed as a function of x, µ = µ(x) (Kreyszig 2006). This resulting curve is called the

regression line:

µ(x) = 0 + 1x (3.2.1)

whereas 0 is a constant, 1 is the gradient of the curve. By utilizing the least square

principle, where the straight line is fitted through the given point so that the sum of

the squares of the distance of thos two points from the straight line is minimum in the

y-direction, it is possible to determine the sample regression line:

y = k0 + k1x (3.2.2)

Whereas the coe�cients are defined as
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In a multiple regression, the model is specified as :

y = �0 + �1x1 + �2x2 + ...+ �mxm + " (3.2.5)

where y is the dependent variable, xj represents the 1-m number of di↵erent independent

variables, �0 is the intercept and �j the corresponding m regression coe�cient and " is

the random error assumed to be normally distributed with mean zero and variance �2. To

determine the strength of the linear relationship between the dependent and independent

variables the coe�cient of multiple correlation, R2 can be used (Freund 2006):

R
2 =

SSR

SST
(3.2.6)

Whereas SSR is the residual sum of squares and SST is the total sum of squared di↵erence

between the observation and the mean value of the dependent variable. The coe�cient

has a value of 0-1, where 1 indicates a ”perfect” linear relationship. There is no rule to

what value provides a ”good” regression, however, within the field of social and behavioral

science a determination of 0.3 or higher is considered quite ”good” (Freund 2006).

The multiple regression model with the least square principle is based on the assumptions

(Takezawa 2014) that:

• Statistically relevant variables have not been omitted

This is tested for by evaluation through the F-test, whereas the overall significance

of the multiple regression model is found. If the F-test proves to be statistically

significant it is probable to assume that there actually exists a linear relationship

between the variables. Furthermore, the R
2 value that indicates the di↵erence

between the observation and mean value of the dependent variable can be used

to indicate how well this linear relationship exists in the model. In addition,
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the resulting relationship will be discussed based on the theoretical background

in chapter 5.

• N(") - Multivariate Normality

Multiple regression assumes that the residuals are normally distributed. This can

be seen in a histogram of the residuals, as well as tested in SPSS via two tests of

normality, Kolmogrov-Smirov and Shapiro-Wilk.

• V ar(") = �
2
< 1 - Homoscedasticity

Multiple regression assumes that there exists a constant variance in the residuals.

To test for this, a scatter plot of the residuals vs the predicted values was generated

to see if there were any clearly identifiable pattern where the residuals increased

or decreased with the predicted values. Furthermore, a Breusch Pagan test was

performed, where the squared value of the residuals was used as a dependent variable

in a linear regression analysis. In this test, the H0 is that there does not exist a

relation between the residuals and the independent variables. A significance level

set to p>0.05 must be proven in the analysis of variance (ANOVA) to not discard

the H0.

• Cov("i, "j) = 0 - No autocorrelation

This means that the residuals must no be correlated with eachother in a time-series.

In order to test for this, the Durbin Watson value generated for the multiple

regression can be used to determine the autocorrelation. Since the data used in this

analysis is not a time-series, this is considered not to be relevant for this analysis.

• Cov(", X) = 0 - no multicollinearity

This means that there should not be a correlation between the di↵erent independent

variables. To detect the precense of multicollinearity, the Variance Inflation Factor

(VIF) can be used. The VIF is calculated based on the predictors in the model, i.e.

SPSS is used to run a multiple regression where one of the independent variables

are used as a dependent variable and the others are left as independent variables.

This is then done successively for all the independent variables, and if the VIF value

is below 3.0 for the predictors does not bring about multicollinearity.
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Chapter 4

Results

4.1 Independent variables

For each category defined based on the LDP process, the coe�cient alpha was calculated

in SPSS. in order to test for the assumption of unidimensionality, a factor analysis was

performed.

4.1.1 Index A: Knowledge Creation

For the first category, knowledge creation, the factor analysis results as seen in Table 4.1

suggests that the items fit onto a single theoretical construct as the other components

have an eigenvalue less than 1 and would account for more than 50% of the total variance.

All four variables can therefore be considered as unidimensional and Cronbach’s alpha can

be used.

Table 4.1. Factor analysis of the category A: knowledge

SPSS was then used to perform a reliability analysis of the variables, where ↵ was found

to be 0.674. Even though this would satisfy the cut-o↵ level as defined in section 3.1,

as seen in Table 4.2 if the first variable, relating to how well the respondent felt that

their knowledge was being utilized was removed in order to reach a level of ↵ = 0.766.

This means that 76.6% of the variance in the composite score of knowledge creation is

associated with the three remaining items and is reliable variance. This could be expected

as this variable is measuring the current level of knowledge usage whilst the other relate
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to the continuous learning process and knowledge creation. The first variable was then

removed before the index A was calculated by summation of the composite scores and

divided by the number of scores i.e. three in order to maximize the index reliability.

Table 4.2. Reliability analysis of the category A: knowledge, with a resulting coe�cient

↵ = 0.674

4.1.2 Index B: Decision Making

For category B, the decision making process, the factor analysis results as seen in Table 4.3

suggests that the items fit onto a single theoretical construct as only one component had an

eigenvalue higher than 1. All five variables can therefore be considered as unidimensional

and Cronbach’s alpha can be used.

Table 4.3. Factor analysis of the category B: decision making process

This resulted in an ↵ = 0.514, which does not reach above the cut-o↵ value of 0.6. As seen

in Table 4.4 if the last variable, seeking information to how decisions are made, was was

removed the alpha constant would reach a level of ↵ = 0.793. This result was expected

as the last variable was not originally based on the Likert scale, but was attempted to be

converted to this scale so that it would be consistent with the other stochastic variables

but this seems to be an insu�cient method of conversion, which is further supported by

the item-total correlation value being negative for this variable.

22



Table 4.4. Reliability analysis of the category B: decision making process, with a

resulting coe�cient alpha = 0.510

4.1.3 Index C: Planning and Control

For category C, planning and control, the factor analysis results as seen in Table 4.5

suggests that the variables fit into three components and they are therefore multidimensional.

The alpha coe�cient can therefore not be calculated based on all variables, but only on

the di↵erent components.

Table 4.5. Pattern matrix result of factor analysis of category C: planning and control,

which consists of three di↵erent components

For the first component, the factor analysis as seen in Table 4.6 shows that this component

accounts for more than 50% of the total variance.
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Table 4.6. Factor analysis of the first component of category C: planning and control

Cronbach’s alpha was used on the first component, and the results can be found in

Table 4.7, and the resulting alpha value for this category was found to be ↵=0.708.

As seen in the results, if any of the variables were deleted the alpha value would decrease.

The alpha coe�cient was also calculated for the two other components of this category,

whereas the 2nd component ↵=0.291 and third component ↵=0.121, which does not reach

the cut-o↵ level and they could not be used as additional indicators in the analysis. The

variables in the first component were therefore included into one single Index for category

C.

Table 4.7. Reliability analysis of the first component of category C: Planning and control,

with a resulting coe�cient alpha = 0.708

4.1.4 Index D: Motivation and Leadership

In the analysis of category D, motivation and leadership, the factor analysis results as

seen in Table 4.8 suggests that the variables fit into two components and the variables are

therefore multidimensional. The alpha coe�cient can therefore not be calculated based

on all variables, but only on the di↵erent components.
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Table 4.8. Pattern matrix result of factor analysis of category D: motivation and

leadership, which consists of two di↵erent components

For the first component, an ↵ = 0.578 was reached, and for the second component ↵=0.42

which does not reach the cut-o↵ level as defined in section 3.1. However, In Table 4.9,

one can see that the alpha value would increase to ↵=0.648 by removing the first variable

in the first component, which would be above the cut-o↵ value of 0.6. The remaining two

values were then summed into index D.

Table 4.9. Reliability analysis of the first component of category D: motivation and

leadership, with a resulting coe�cient alpha = 0.578

4.1.5 Index E: Information Flow

For category E, information flow, the factor analysis results as seen in Table 4.10 suggests

that the variables fit into two components and the variables are therefore multidimensional.

The alpha coe�cient can therefore not be calculated based on all variables, but only on
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the di↵erent components.

Table 4.10. Pattern matrix result of factor analysis of category E: motivation and

leadership, which consists of two di↵erent components

The alpha value was computed for the first component and found to be ↵=0.697, and

as seen in Table 4.11 removal of one of the variables would reduce the alpha coe�cient.

The second component, consisting of two variables, had an ↵=0.782. As both these

components made the cut-o↵ of alpha, the category E was split into two; IndexE1

consisting of component 1 variables and IndexE2 consisting of component 2 variables.

Table 4.11. Reliability analysis of the category E: information flow, with a resulting

coe�cient alpha = 0.697

4.1.6 Index F: Continuous Learning

For category F, continuous learning , the factor analysis results as seen in Table 4.12

suggests that the variables fit into two components and the variables are therefore multidimensional.
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The alpha coe�cient can therefore not be calculated based on all variables, but only on

the di↵erent components.

Table 4.12. Pattern matrix result of factor analysis of category F: continuous learning,

which consists of two di↵erent components

The alpha value was computed for the first component and found to be ↵=0.604, and as

seen in Table 4.13 removal of the last variable would increase the ↵=0.873. The second

component, consisting of three variables, had an ↵=0.751 and as seen in Table 4.14

removal of a variable would reduce the alpha coe�cient. As both these components

made the cut-o↵ of alpha>0.6, the category F was split into two; IndexF1 consisting of

component 1 variables except the last one, and IndexF2 consisting of all component 2

variables.
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Table 4.13. Reliability analysis of the first component of category F: continous learning,

with a resulting coe�cient alpha = 0.604

Table 4.14. Reliability analysis of the second component of category F: continous

learning, with a resulting coe�cient alpha = 0.751

4.1.7 Index G: Formal processes

For category G, formal processes, the factor analysis results as seen in Table 4.15 suggests

that the variables fit into two components and the variables are therefore multidimensional.

The alpha coe�cient can therefore not be calculated based on all variables, but only on

the di↵erent components.
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Table 4.15. Pattern matrix result of factor analysis of category G: formal processes,

which consists of two di↵erent components

The alpha value was computed for the first component and found to be ↵=0.726, and as

seen in Table 4.16 removal of the last variable would increase the ↵=0.751. The second

component, consisting of three variables, however, in the matrix one can see that in case

all were included there would exist a negative correlation between the items. This was

expected as that variable was nominal, instead of ordinal as the other variables. The last

variable was therefore removed and the issue of negative correlation was no longer present.

The two remaining variables reached an ↵=0.657. As both these components made the

cut-o↵ of alpha>0.6, the category G was split into two; IndexG1 consisting of component

1 variables except the last one to maximize the alpha coe�cient, and IndexG2 consisting

of the first two variables of component 2.
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Table 4.16. Reliability analysis of the first component of category G: formal processes,

with a resulting coe�cient alpha = 0.726

4.1.8 Index I: Customer Relation

For category I, customer relation, the factor analysis results as seen in Table 4.17 suggests

that the variables fit into two components and the variables are therefore multidimensional.

The alpha coe�cient can therefore not be calculated based on all variables, but only on

the di↵erent components.

Table 4.17. Pattern matrix result of factor analysis of category I: customer relation,

which consists of two di↵erent components

For the first component, an ↵=0.80 was reached and all variables were included into

the index as an exclusion would reduce the alpha coe�cient as seen in Table 4.18. For
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the second component, ↵=0.080, which does not reach the cut-o↵ at 0.6. Therefore, all

variables in the first component were added to the index of category I.

Table 4.18. Reliability analysis of the category I: customer relation, with a resulting

coe�cient alpha = 0.80

4.2 Dependent Variable

4.2.1 Index H: Set-based Concurrent Engineering

For category H, set-based concurrent engineering, the factor analysis results as seen in

Table 4.19 suggests that the variables fit into three components and the variables are

therefore multidimensional. The alpha coe�cient can therefore not be calculated based

on all variables, but only on the di↵erent components.
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Table 4.19. Pattern matrix result of factor analysis of category H: set-based concurrent

engineering, which consists of three di↵erent components

For the first component, an ↵=0.611 was reached, which is above the cut-o↵ value, and

an exclusion would reduce the alpha coe�cient as seen in Table 4.20. For the second

component, ↵=0.516, which does not reach the cut-o↵ at 0.6 and removing variables

would only reduce the alpha coe�cient as seen in Table 4.21. For the third component,

↵=0.099, which does not reach the cut-o↵ at 0.6 Therefore, all variables in the first

component were added to the index of category H.

Table 4.20. Reliability analysis of the first component of category H: set-based

concurrent engineering, with a resulting coe�cient alpha = 0.611
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Table 4.21. Reliability analysis of the second component of category H: set-based

concurrent engineering, with a resulting coe�cient alpha = 0.516

4.3 Multiple Regression Analysis

To find the most optimal solution, the multiple regression analysis was first performed

with a step-wise method with all independent variables included. With this method, the

independent variables are added to a regression model in a step-wise manner based on

the probability of F with entry at 0.05 and removal at 0.10. The analysis found seven

di↵erent models, the result can be found in Appendix B, and the seventh model was

added into a new regression analysis as it includes the most variables with the lowest

.sig value, p < 0.05 and has the highest R2 value. This time the analysis was performed

with the entry method, where all independent variables are added simultaneously and the

coe�cient matrix can be found in Table 4.22.

Table 4.22. Coe�cient matrix of the multiple regression analysis with the index of

Set-based concurrent engineering set as the dependent variable

As seen in Table 4.22, the independent with the highest p-value is Index D, Sig.=0.015,

which means that there is a 1.5% chance that there does not exist a linear relation with
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this particular independent variable and the dependent variable, i.e. the probability of

type I error which would be to discard the H0 null hypothesis.

4.3.1 Linear Relationship

From the results shown in Table 4.23, the R
2 of this model is 0.734, which is above the

desired level of 0.3 as defined in section 3.2. The model is thereby able to explain 73.4%

of the variance by the independent, or predictor, variables. Since the variables do not

include a time-series, the Durbin Watson result in Table 4.23 will not be further discussed.

Table 4.23. R
2 and the Durbin Watson results of the multiple regression analysis with

the index of Set-based concurrent engineering set as the dependent variable

From the results in Table 4.24, with the F-test values F(5,108)=25.202, p=0.000, the

model can be considered as a significant predictor of the Index H, as the significance level

is less than p=0.05.

Table 4.24. ANOVA, analysis of variances, in the multiple regression analysis with the

index of Set-based concurrent engineering set as the dependent variable
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4.3.2 Multivariate Normality

A histogram of the residual was generated in SPSS, and can be found in Figure 4.1.

From this figure it is possible to see somewhat of a similarity to a normal distribution

in the residuals. For further verification, a test for normality was run in SPSS. This

tests utilises a H0 that the data is normally distributed. If the significance level is higher

than p = 0.05 the null-hypothesis is accepted and the distribution can be assumed to be

normally distributed.

Figure 4.1. Histogram of the residuals in the multiple regression analysis with the index

of Set-based concurrent engineering set as the dependent variable

Resulting from the tests of normality, as seen in Table 4.25, the significance level of both

the Kolmogorov-Smirnov, p = 0.200, and the Shapiro-Wilk, p = 0.446, is higher than

p = 0.05. The residuals of the multiple regression with Index H as the dependent variable

are then normally distributed.
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Table 4.25. Normality tets, Kolmogorov-Smirnov and Shapiro-Wilk, of the residuals

4.3.3 Homoscedasticity

To investigate the existence of homoscedasticity or heteroscedasticity, a scatter plot was

generated for the residulas vs the predicted values and can be found in Figure 4.2. From

this graph, a linear line was inserted to the data points in SPSS and as seen the linear

line has a small slope. The R
2 value of this linear relationship is however stated to be

R
2 = 7.119 · 10�4 and it is therefore unlikely that this relationship exists. However, to

further evaluate this, a Breusch-Pagant test was performed.

Figure 4.2. Scatter plot of the residuals vs predicted value in the multiple regression

analysis with the index of Set-based concurrent engineering set as the dependent variable

In the Breusch-Pagant test, the squared value of the residual was defined as a dependent

variable and the predicting values in the regression model was added as independent

variables. As seen in Table 4.26, the F-test shows a p = 0.224 which is above the
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p = 0.05 level and the H0 hypothesis that there does not exist a linear relationship, i.e.

correlation, between the residual and the predicting values is accepted. In this manner,

the independent/predicting variables can therefore be considered as homoscedastic.

Table 4.26. Breusch-Pagan test of the squared value of residuals as the dependent

variable in multiple regression analysis with all independent variables included

4.3.4 Multicollinearity

To investigate for multicollinearity among the predicting/independent variables, the variables

were included in di↵erent multiple regression analysis whereas one of the independent

variables was set as the dependent variable. The resulting variance inflation factor, VIF,

for each of these analyses can be found in Table 4.27. As seen in this table, all values of

V IF < 3, which according to Takezawa (2014) states that it is probable to assume that

there does not exist multicollinearity between these predicting variables.

Table 4.27. Analysing the data for multi-collinearity by the VIF value when one of the

independent variables are defined as the dependent variable in a multiple regression model
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Chapter 5

Analysis and Discussion

To further analyze the results found in chapter 4, it is important to look at the essence

of the di↵erent indexes and what they entail. While looking at the variables that were

included into the Index H, subsection 4.2.1, they describe the willingness to try out new

technological solutions and if testing is performed prior to the design freeze, which can

be seen as an indication of how well the industry is able to define and try out di↵erent

solutions rather than just jumping on the first solution that pops up. It also describes if

risk analysis is utilized in the development process, which can be compared to the degree

of detailed investigation into the product being developed, and how well the hand-over

from the development process to manufacturing goes. As described in subsection 2.2.2

these are all elements of the LDP ”set-based” engineering process. The index is therefore

able to depict to what degree the Norwegian automobile has a front loaded the product

development process.

Since the group of respondents consisted of employees with di↵erent professions, this

could indicate that the index H would also include the aspect of concurrent engineering

and the involvement of all functions. However, since the majority of respondents were

from engineering and project management, it is reasonable to question whether the group

size of the other professions, such as sales and purchasing, were not high enough to be

representative for the whole population. In addition, there were no specific questions

related to the concurrent aspect of LDP in the survey. If this phenomenon had been

included in the survey, it could have been expected that information flow within the

department would have a significant impact on the model. Although, looking into the

Index of information flow, it focuses to a larger extent on the information between di↵erent

project, index E1, and the overall internal team communication, index E2. In this manner,

the questions themselves do not specifically relate to the flow of information between

di↵erent functions, which is the basis for concurrent engineering. In terms of the overall

LDP process, a weakness in this model would be that the concurrent aspect of the process
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may not be very well accounted for.

Although the index for information flow did not provide a statistically significant impact

in the model, certain aspects of the elements described in subsection 2.3.1 were still found

in the model through the index G2, formal processes. This index provides information to

how well meetings are performed, through meeting preparation and attendance. In the

LDP process meetings should be focused on solving current issues e�ciently and avoid

halting further development process. It is reasonable to claim that this would require

that the participants come prepared and do not waste the time allocated for the meeting.

In addition, the LDP process focuses on pull-communication, which is to a large extent

covered through the variables in index G1 in the formal process category. However,

this index did not have a significant impact on the development process. This could be

explained by the fact that the complexity of the information flow is not covered through

a formal process, and the information could still be exchanged in a pull-process, but via

more informal ways of communication such as an internal meeting. So instead of searching

through formal procedures and documents, people are called in for a meeting to gather

the relevant information within the department and at the same time provide information

flow between all meeting participants. In this case, although being the lowest contributing

factor to the overall model as seen in the coe�cient matrix Table 4.22, this would support

the rather large impact and significance of index G2 and explain why there is a di↵erence

between the Toyota LDP process and the process in Norwegian automobile industry.

Taking a further look into the index F1, continuous learning, the variables here contribute

to explaining the di↵erent aspects of how well the department work with, emphasize,

implement and formally document and evaluate the improvement potentials of the company

on a continuous basis. Although it is not clear if the Norwegian automobile industry

practices ”hansei”, as described in subsection 2.2.3, this method is merely a tool to push

the mentality of continuous improvement. It is therefore considered not to be necessary

to utilize this tool in exactly the same manner as Toyota to preserve the concept of

”self-reflection”. As seen in the coe�cient matrix of the overall model, Table 4.22,

continous learning is the next to highest contributing factor in the model. In the LDP

process, continuous learning is considered to be a key factor of incremental improvement

that contributes to product development. The significant impact of this correlation to

”set-based” engineering can therefore be expected to be part of the development process.
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With the presence of continuous improvement, Morgan (2002) argued that this would

contribute by focusing all involved parties on the common outcome and the shared

destiny of the team. This aspect can also be found through the contribution of index

D, motivation and leadership, to the overall model. The model does, on the other hand,

show that there is no inter-correlation between the two elements, index F1 and D, so in

the Norwegian automobile industry the ability to make the employee feel ownership, pride

and responsibility in the development is a separate factor and close to equally important

as following the concept of continuous learning.

In the LDP process, as described in subsection 2.2.2, it has also been emphasized that the

customers view of product value and ”customer satisfaction” is of highest importance in

case of conflicts in the development process, as it is only the ultimate customer that

actually defines value and consequently what can then be considered as wasteful, as

mentioned in section 2.1. It is therefore not unexpected that the customer relation,

which ultimately describes the customers ability to have an impact on the development

process, is the largest contributing predictor in the multiple regression found in section 4.3.

Within the index I, customer relations, the aspects which are covered concerns both the

communication and the actual understanding of the requirements that the customer has

and how well it is understood by all members of the team. So by focusing strongly on

understanding what the customer is expecting, this will have a positive impact on the

development process, which is highly in-line with the Toyota lean-thinking philosophy.

In addition to having the strong customer focus in the Toyota LDP process, at the very

core of the lean-philosophy is knowledge creation and human development, as described

in subsection 2.4.1. In the model for the Norwegian automobile industry, this has already

been manifested through the impact of index F1, continuous learning, which indicates that

there exists a positively correlated attitude towards learning in this industry. Furthermore,

the model also depicts the phenomenon of knowledge creation by the index A, knowledge.

This index describes the employees perception of how well his or her company focuses

on knowledge creation through further education and course attendance as well as the

feeling of being up-to-date in their field of work. It is clear that the focus on developing

peoples’ skills across all functions and providing proper challenges to the employees have

a significant impact on the development process. Furthermore, since culture is based

on learning, as mentioned in section 2.4, these factors also contribute to describing the
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culture in the Norwegian automobile industry. With the combined contribution from

both continuous learning and knowledge creation, the culture in this industry bares a

close resemblance to that of Toyota where people are considered as the most significant

corporate asset and that the investment in their knowledge and skills is paramount for

the product development process.

In Toyota, one of the responsibilities of the Chief Engineer, as described in subsection 2.2.1,

is to establish direct contact with the customer. As shown in Figure 3.1, the respondents

in the survey that the model is based on is representing all the di↵erent functions in

a product development team. By closer inspection of the customer relation index, one

of the variables within the index specifically points to the teams communication with

the customer. Although the specific organization structure of the di↵erent companies in

the Norwegian automobile industry is unknown in this survey, the contribution of this

predicting variable indicates that the role of the CE, is maintained by the whole team

instead of one specific person. The concept presented by Convis (2001) as mentioned in

subsection 2.4.1, that LDP has to be adopted in its entirety to work e↵ectively, seems

to be an even stronger requirement in the Norwegian automobile industry as the model

of cooperation and team organizing has an even stronger position in the organization

compared to the Toyota organization as described in section 2.3.
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Chapter 6

Conclusion

According to the findings in this thesis it is possible to find a model that is able to describe

the linear relationship between the di↵erent topics of Lean Product development in the

Norwegian automobile industry with statistical significance p < 0.05. Through further

investigation of the predicting values, it has been concluded that the model may not

completely cover the concurrent aspect of the Toyota lean product development process.

Conclusions on the similarities were not made on this specific topic and it is therefore

suggested as a field of further work in discovering di↵erences between the two industries.

Based on this model it has been made clear that there exists several similarities between

this industry and the Toyota Lean product development. The largest contributing factor

found in this model was customer relations, which strongly relates to the important area

of focus in the Toyota lean thinking philosophy.

A factor which was surprisingly not as well covered in this model was information flow,

as compared to that of Toyota. Based on the results it is therefore concluded that the

complexity of the information flow in this industry may not have been fully depicted

through this survey, as there could exist a di↵erence in degree of formal communication

based in the culture of these two separate industries.

According to the theoretical background in this thesis, it has been uncovered that at the

core of lean thinking and Toyota LDP, people and the companies ability to perform human

development and knowledge creation is paramount for the product development process.

Resulting from the model found in this thesis, it is clear that this philosophy has a strong

position in the Norwegian automobile industry as well as two of the contributing factors,

continuous learning and knowledge creation, which were significant as a predicting value

for product development.

Finally, compared to the organizational theory found in Toyota, the thesis model shows

that the role and responsibilities of the Chief Engineer are actually scattered throughout
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the product development team within the Norwegian automobile industry. Due to this

significant discrepancy, it is clear that in order to exploit the full e↵ectiveness and

e�ciency of the LDP process as done at Toyota, it is critical for companies to adopt

every aspect of the methods and philosophy throughout their entire organization. This

requires managerial support in order to have a positive impact on product development

in this industry.
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Appendix A

Survey and Categorization of

Questions
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# Question Category Index

40 To what degree do you make use of your

competence?

A Knowledge

41 To what degree do you feel up to date in your

profession?

A Knowledge A INDEX

42 To what degree do you think the company

focuses on further education?

A Knowledge A INDEX

43 To what degree does the company arrange so

you can attend courses?

A Knowledge A INDEX

44 To what degree do you experience that

problem solving is a cross functional

concern?

B Decision making B INDEX

45 To what degree do you feel involved in

teamwork?

B Decision making B INDEX

46 How well do you feel that the team work

together as a unit?

B Decision making B INDEX

47 To what degree do you feel involved in

decision making?

B Decision making B INDEX

49 To what degree do you feel that functions

and responsibilities are su�cient defined in

projects?

C Planning and control C INDEX

50 To what degree do you feel that project plans

and milestones are well-known?

C Planning and control C INDEX

51 To what degree is it focus on follow-up costs,

time schedules and resources in projects?

C Planning and control C INDEX

52 To what degree are you involved in planning

your own project activities?

C Planning and control C INDEX

53 To what degree do project plans and

milestones change during a project?

C Planning and control
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# Question Category Index

56 To what degree do you master the daily

challenges in your work?

D Motivation and

Leadership

57 How often do you get feedback regarding

your work?

D Motivation and

Leadership

58 To what degree does good performance

result in rewards like bonuses, o�ce parties,

flowers, cakes etc?

D Motivation and

Leadership

59 To what degree can you a↵ect the project

goals?

D Motivation and

Leadership

60 To what degree do you feel responsible for

the results from your work?

D Motivation and

Leadership

D INDEX

61 To what degree can you decide if the results

from your work are good or bad?

D Motivation and

Leadership

D INDEX

62 To what degree do you experience that other

teams communicate with your team in the

daily work?

E Information flow E2 INDEX

63 To what degree are information/results

received from other teams utilized by your

team?

E Information flow E2 INDEX

64 To what degree do you manage to get the

right information at the right time?

E Information flow E1 INDEX

65 To what degree are you sure that you find

the last updated information?

E Information flow E1 INDEX

66 To what degree do you experience that your

team communicates internally in the daily

work?

E Information flow E1 INDEX

67 To what degree are achieved

results/information available for the

organization?

E Information flow E1 INDEX
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# Question Category Index

68 To what degree do you feel that the

team/department work with continuous

improvements?

F Continous learning F1 INDEX

69 To what degree do you feel that systematic

continuous improvement is emphasized

across teams/departments?

F Continous learning F1 INDEX

70 To what degree do you feel that improvement

suggestions are systematic evaluated?

F Continous learning F1 INDEX

71 To what degree becomes accepted

improvement suggestions implemented

and followed up?

F Continous learning F1 INDEX

72 To what degree is lessons learned formally

documented in the team?

F Continous learning F1/F2

INDEX

73 To what degree are numbers and facts

returned from manufacturing as input to new

product development projects?

F Continous learning F2 INDEX

74 How accessible is documented experiences

from earlier projects?

F Continous learning F2 INDEX

75 How often does the company seek knowledge

from others?

F Continous learning
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# Question Category Index

76 To what degree do you follow routines in the

formal quality management system?

G Formal processes G1 INDEX

77 To what degree do you experience that other

in the organization follow routines in the

formal quality management system?

G Formal processes G1 INDEX

78 To what degree do you find the information

you are searching?

G Formal processes G1 INDEX

79 To what degree are you confident in finding

the last updated version of a document or

drawing?

G Formal processes G1 INDEX

81 To what degree do you experience that

meeting participants show up in time?

G Formal processes G2 INDEX

82 To what degree do you experience that

meeting participants are prepared for

meetings?

G Formal processes G2 INDEX

83 Where do you find the last updated

document/information?

84 To what degree are technical concepts tested

before design freeze?

H Set based concurrent

engineering

H INDEX

85 To what degree does the team search

for several technical concepts before design

freeze?

H Set based concurrent

engineering

86 To what degree becomes a product

or component designed for existing

manufacturing processes?

H Set based concurrent

engineering

52



# Question Category Index

87 To what degree is it necessary with many

design iterations before design freeze?

H Set based concurrent

engineering

88 To what degree are ”on-the-shelf solutions”

used when designing new products?

H Set based concurrent

engineering

89 How well do you experience that hand-over

from product development to production is

working in your company?

H Set based concurrent

engineering

H INDEX

90 To what degree are risk analysis performed

with regard to technical solutions?

H Set based concurrent

engineering

H INDEX

91 To what degree is the team willingly to try

new technical solutions?

H Set based concurrent

engineering

H INDEX

92 To what degree do you experience that

customer requirements are understood in

projects you take part in?

I Customer Relation I INDEX

93 To what degree are customer requirements

available?

I Customer Relation I INDEX

94 To what degree become customer change

orders systematic documented and

recalculated?

I Customer Relation I INDEX

95 To what degree are customer change orders

made known and understood by all project

members?

I Customer Relation I INDEX

96 How well do you experience that the team

communicates with the customer?

I Customer Relation I INDEX
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Appendix B

Step-wise Multiple Regression

Results

Table B.1. Coe�cient matrix from the step-wise multiple regression analysis with the

index of Set-based concurrent engineering set as the dependent variable
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Table B.2. R
2 values from the step-wise multiple regression analysis with the index of

Set-based concurrent engineering set as the dependent variable
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