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Abstract
This thesis studies the impact of learning-by-doing on the efficiency of employees. It
signifies the necessity of using the findings of the behavioural and human performance
sciences in the operation research studies, specifically in the area of task allocation. A
simulation model is developed to assess different allocation policies taking into account
learning rates of employees and the impact of spill-over effect. The simulation model
supports the suggestion that considering the given learning rates estimates, allocating
beginning employees to tasks in which they are not experienced is a better option for the
analyzed department, then allocating them only to tasks that they already perform efficiently.
The research emphasizes the importance of the further researches for the determination of
actual learning rates and spill-over effects concerning the highly complex and "knowledge
intensive" tasks.
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Summary
ASML develops, produces and services advanced microlithography systems that are used for
the production of integrated circuits all over the world. The mission of ASML is to provide
leading edge solutions to continuously improve customer's global competitiveness.

The Supply Chain Engineering Department of ASML was formed in 2005 in order to
improve control over suppliers and ensure high quality of delivered parts. Engineers in the
SCe Department are grouped based on their discipline and expertise, where each group has a
Group Leader. The SCe Department consists of an Electrical, Mechanical and Optical group.

The motivation for the research is a rising number of projects and more complex products in
the future. This trend will require the SCe Department to acquire more skills and
competencies to perform complex tasks. Given the capacity and skills level, choices need to
be made regarding the skills to be enhanced or acquired; as well as plan to get to the required
skills level and possibility of reaching it

It was found that all tasks at the SCe Department at ASML are "knowledge-intensive"
(requires broad level of different skills and knowledge). High level of technical knowledge
determines the character of the SCe department, and also implies that employees are highly
educated and experienced engineers. Since such tasks require employees to have an extensive
"knowledge stock", the acquisition process must be phased into multiple stages and can be
described by a learning curve.

Learning-by-doing is the main learning approach at the SCe Department. Since different
employees have different learning rates and initial states of knowledge, it is necessary to
determine allocation policy which allows to reach the required competency level in a short
time.

Allocating tasks to employees is a very important and difficult issue. Mistakes made in such
allocations can have serious consequences, such as reduced efficiency, lack of job
satisfaction, formal grievances, and generally deteriorating labor relations. In this research
we will mainly deal with reduced efficiency and will look for solutions to improve efficiency
in a task allocation.

This research was performed on the edge of two disciplines: operational research and human
performance. The limitations of the operational research methods is that models proposed for
scheduling or task allocation do not consider the dynamic nature of human resources and are
over simplified. In its turn the human performance research is based mainly on subjective
data gathered by surveys and interviews which might be subjected to numerous response
biases, which are difficult to avoid or remedy. In this research we tried to embrace the
opportunities given by the both academic disciplines and exclude some limitations. Thus, we
combined the methods of human performance researches such as interviews and the statistical
survey analysis with the methods of operations research, such as the simulation.

The methods of human performance researches were used to analyze tasks at the SCe
Department, skills of employees and connection between skills level and performance. This
analysis leads to the conclusion that at the SCe Department performance in task execution
depends not only on skills but could also be dependent on specific task complexity factors.
This research made a first step in identification of these factors.

7



The operations research model was applied to a conceptual model of learning at the SCe
Department. The goal of the simulation studies was to give implications of task allocation
policy taking into account different initial efficiency of employees and learning rates which
depends on a task and employee type. The issue of employee flexibility was also assessed in
the research.

The main conclusion of the simulation studies is that allocation policies are affected by the
learning effect. Inflexible allocation might promote the policy of specialization. Such policy
can be very beneficial if a spillover effect is not significant. In its tum, flexible allocation can
be considered as a policy of cross-training and this policy might be very beneficial in case of
huge spill-over effect and lead to a long tum advantages, because efficiency of employees is
growing faster.

Since the learning effect can affect the allocation policy, it was found that the SCe
Department performance may be improved by learning-aware allocation policy, as an
addition to skill-based allocation and as a complement to good coaching strategy.

8



1. Introduction
This report is organized in the following way. Chapter 1 gives an introduction of the
environment in which the research was performed; it consists of the description of the
industry, the company and the department. Also Chapter 1 describes the area of the research,
the project assignment and the research methodology. Chapter 2 deals with the description of
data collection and features the qualitative methods used in the research. In Chapter 3 the
analysis of the survey and interviews results are given. On the base of this analysis, the
conceptualization of the situation is developed in the Chapter 4. Based on the
conceptualization, it was concluded that there is enough data to conduct further research
using operational research methods and the Chapter 5 is devoted to the operation research
part of the report. In the Chapter 5 the simulation studies are described in sufficient details.
The last Chapter assesses the overall results of the research; describe sets of implications and
recommendations and gives directions for future researches. All information which is
necessary for understanding the research but due to the different reasons was not included in
the main report is given in the appendixes.

1. 1 Description of the research environment

1.1.1 Semiconductor Industry

The semiconductor industry is the business engaged in the design and fabrication of
semiconductor devices. History of semiconductor industry started around 1960, following the
first laboratory transistors and had rapid technological advances.

The global semiconductor industry is dominated by Japan, USA, South Korea and the ED.

Based on KPMG report it will be a $260 billion market by 2009. Major players in this sector
are Intel, Toshiba, NEC, Sony, IBM, Samsung, Texas Instruments and ST Microelectronics.

Features of the semiconductor industry:

• Very high intensity of research and development
• The role of the industry as technology enabler
• Maximal exposure to international competition
• Continuous growth but in a cyclical pattern with high volatility
• The need for high degrees of flexibility and innovation in order to constantly adjust to

the rapid pace of change in the market

1.1.2 Description of the company
ASML was founded in 1984. It develops, produces and services advanced microlithography
systems that are used for the production of integrated circuits allover the world. The mission
of ASML is to provide leading edge solutions to continuously improve customer's global
competitiveness (reference - ASML website).

Asia dominates market sales, accounting for 70 percent of ASML's total sales. The United
States (approximately 20 percent) and Europe (approximately 10 percent) are the other
markets. Japan has historically been dominated by competitors; however, in 2004, ASML
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began a long-term market development strategy and now has five customers In Japan
(reference - ASML website and documentation).

Being a part of the semiconductor manufacturing industry, ASML is a subject to:
o rapid change towards more complex technologies
o frequent new product introductions and enhancements
o evolving industry standards
o changes in customer requirements
o continuous shortening of product life cycles.

The above mentioned factors shape the style of work of the company. ASML is continuously
shortening its time-to-market, enhancing new product development and implement changes
according to its customers' specifications.

The hectic character of the semiconductor industry emphasizes importance of a dynamic
work and quick reactions on external challenges.

ASML derives most of their revenues from the sale of a relatively small number of
lithography equipment systems (260 units in 2007; 266 units in 2006), with an average
selling price in 2007 of EUR 13.0 million. As a result, the timing of obtained revenue from a
small number of product sales may have a significant impact on their net sales and other
operating results for a particular reporting period. Specifically, the failures to receive
anticipated orders or delays in shipments near the end of a particular reporting period, due,
for example, to:

o a downturn in the highly cyclical semiconductor business industry
o unanticipated shipment rescheduling
o cancellation or order push back by customers
o unexpected manufacturing difficulties
o delays in deliveries by suppliers (reference - ASML business report 2007)

All these factors may cause net sales in a particular reporting period to fall significantly
below net sales in previous periods or the expected net sales, thus it might have a material
adverse effect on ASML operating results for that period.

The infonnation above was taken from the ASML business report for 2007. In that report at
least two reasons of a negative impact are connected with suppliers: 1) unexpected
manufacturing difficulties which can be caused by problems with parts and 2) delays in
deliveries by suppliers.

Therefore, the work of supply chain engineers can be divided into two major streams:
1) maintain quality and delivery standards of the company
2) develop suppliers and control their activities.

Evolving industry standards emphasize the importance of the high quality of ASML's
products.

ASML outsources the design and manufacturing of the majorIty of components and
subassemblies that make up its lithography products. Up to 90% of the total system costs are
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due to items supplied externally. This allows for more focus on its core competences: design
and integration of its systems.

ASML has several hundred suppliers, including leading high tech companies such as Agilent,
Carl Zeiss SMT, Cymer and VDL Groep.

ASML does not directly control 2-and 3- tier suppliers. It advises to its first tier suppliers,
how to control their own suppliers and what procedure to follow to ensure high quality. Not
controlling 2- and 3 - tier suppliers might lead to unexpected problems with quality and
delivery which cannot be anticipated and directly influenced

1.1.3 Description of the Supply Chain Engineering Department

The Supply Chain Engineering (further SCe) Department was formed in 2005 in order to
improve control over suppliers and ensure high quality of delivered parts. In the beginning
the SCe Department was staffed with engineers who worked earlier at Procurement, Quality,
Manufacturing and other ASML departments. Nowadays new engineers are employed mainly
from outside of the company. Therefore, trainings focused on transferring the specifics of
ASML and its SCe Department "way of working" will be more important.

The mission of SCe Department is stated as "Enabling and Optimizing Manufacturing
Capabilities at ASML Suppliers".

Engineers in the SCe Department are grouped based on their discipline and expertise, where
each group has a Group Leader. The SCe Department consists of an Electrical, Mechanical
and Optical group.

Groups are divided according to their expertise. Within expertise there is an additional
gradation on narrower specialization. Within expertise engineers are rather flexible and after
short trainings can move from one specialization to another. Engineers are allocated to the
same specialization for a long time. This can be explained by the fact that they are allocated
to certain suppliers. Therefore, the allocation within specialization is maintained for a long
time.

Responsibilities and activities of the See Department as defined by the experts:

• Cycle time reduction at suppliers
• Managing New Product Introductions and Engineering Changes in the Supply

Chain
• Securing Design for Manufacturing requirements in System Engineering within

the product and Supply Chain
• Secure early supplier involvement in development projects from a supply chain

perspective
• Secure quality after NPI in Volume phase

Engineers at the SCe Department perform all types of tasks. They are not divided into
generalists and specialists. All SCe tasks require high level of technical knowledge. High
level of technical knowledge determines the character of the SCe department, and also
implies that employees are highly educated and experienced engineers. The average age of
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SCe engineers is around 35 years. The most common educational level is HBO - ing. and
experience is around 7.5 years (at ASML).

2 Area of the research - literature overview
Allocating tasks to employees is a very important and difficult issue. Mistakes made in such
allocations can have serious consequences, such as reduced efficiency, lack of job
satisfaction, formal grievances, and generally deteriorating labor relations. In this research
we will mainly deal with reduced efficiency and will look for solutions to improve efficiency
in a task allocation. In this report efficiency will be referred as ability to do a task in least
possible time with required quality.

One of the main cause of reduced efficiency is mis-assignment of employees to jobs. In other
words, given the employees available within an organization, tasks may have been (and
frequently are) assigned to individuals who are either not qualified to do the job, or have
personal reasons to perform the job in a non-efficient manner (Eiselt H.A., Marianov V.,
2008).

To overcome this problem we will consider the possibility to allocate employees to the tasks
based on a skills-concept. The concept of skills and the capabilities of individuals are basic to
human resource practice. It plays an important role in job-centered approaches, top-down,
strategic approaches and it is particularly important in the competency-based approaches to
strategy (Lawler E., Ledford G, 1992). However, the most common approach to human
resource management is based on job descriptions. Perhaps the most serious problem human
resource management systems based on job descriptions lies in their focus on jobs rather than
on individuals. The model basically tries to find and shape individuals who fit job
descriptions. All too often, these descriptions reflect how organizations have operated in the
past and, thus, are not capable of anticipating future needs of the organization. They also fail
to focus on an individual's ability to contribute to the organization's success in ways that go
beyond their present job and how it is described. Flexibility in skills is not rewarded, and
career development and competency have to be managed within the boundaries of job
descriptions and the overall job orientation of the human resource management systems.
These obvious weaknesses with the traditional job description based systems have led to the
development of a skills based approach that give an opportunity to focus on the strategic
directions that an organization is taking (Lawler E., Ledford G, 1992).

In general workload allocation and scheduling problems are not new, but skill-based
allocation was not considered extensively. We will name the most interesting research in this
area. Roberts and Escudero (1983) assign employees with different skills to tasks so as to
minimize employees' idle time. A sample of applications includes nurse schedules (Maier
Rothe C,Wolfe, 1973), maintenance workers (Duffuaa S, AI-Sultan K., 1999), Navy
personnel (LiangT, Buclatin B.,1988), and employees of a power station (Eitzen G. et al.,
2004). Each of these studies includes different abilities and skill requirements of jobs.
Solution methods of allocation are column generation, Lagrangean relaxation, network
models, general integer programming, and heuristics (Kroon L. et al., 1997). It should be
noted that the researches mentioned above covered relatively easy tasks at a shop floor level,
whereas this research will consider tasks which require high level of soft skills and
knowledge, and are highly dependent on external environment (for example, additional
information might change actions which are required to conduct a task, or will change budget
necessary and so on).
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Skills-based approach to personnel allocation provides a structured approach for developing
individual and collective skills, and gives a common vocabulary for discussing skills. Well
implemented skills management should identify the skills that job roles require, the skills of
individual employees, and any gap between the two. As a result of skills management,
employees should be aware of the skills their job requires, and any skills gaps that they have.
Depending on their employer, it may also result in a personal development plan of training to
bridge some or all of those skills gaps over a given period. Skills management enables
managers to know the skill strengths and weaknesses of employees reporting to them. It can
also enable them to search for employees with particular skill sets (e.g. to fill a role on a
particular project). A rolled-up view of skills and skills gaps across an organization can
enable its executives to see areas of skill strength and weakness. This enables them to plan
for the future against the current and future abilities of staff, as well as to prioritize areas for
skills development (Lawler E., Ledford G, 1992).

This research will be focused on identifying the most appropriate mix of personnel according
to the skill sets and dependence between efficiency and performance indicators. What
distinguish this research from the research done in the past is the high level of complexity and
uncertainty in tasks which requiring employees to learn faster and acquire additional skills
which will allow them to cope with stressful and uncertain situations. High level of
uncertainty and complexity can be caused by internal and external reasons. Due to changes in
customers' preferences and upcoming technology, new work packages can appear which
need to be allocated to engineers. Under high time pressure allocation decision should be fast
and precise (Kum-Khiong Yang, Chee-Chuong Sum, 1997).

The problem will be considered from an operational perspective: an efficient level of skills
development will minimize time of performing a task and cost.

Human resources are heterogeneous; it means that they vary in their skills. From an
operational perspective it is interesting to consider multi-skilled employees and their
influence on efficiency of an organization. Nowadays firms have been cross-training their
employees so that each one is capable of performing a variety of tasks. There is more demand
for personnel who possess a variety of skills and are able to adapt to the fast pace of change
in technology than those who have a single developed skill. As a result, more and more
companies are establishing and maintaining an employee skill proficiency database (Wang et
aI., 2002). In these databases, skills are itemized and performance criteria are quantified,
allowing companies to approximate individual employee knowledge and experience. The
resource allocation task, then, involves determining which of a number of possible resources
who are capable to perform a task, but differ in the rate at which they perform that task,
should be allocated to it.

Based on research findings (Yiyo Kuo, Taho Yang, 2007; Siskos Y. et al., 2007; Ernst A. T.
et al., Wang et al., 2002) it can be assumed that efficiency of an organization will increase if
employees have multiple skills and are flexible enough to perform different kinds of tasks.

Skills flexibility can be generated in two different ways (Neuman & Wright, 1999). First,
firms may have employees who possess a set of multi-skills and are capable of using them
under different demand conditions. Multi-skills are valuable because they generate output
streams for existing requirements and are also capable of producing output for possible
alternative requirements. Skills possessed by employees but not currently used may open up
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new opportumtIes of business for a firm, and indeed, may influence strategic choices.
Second, firms may employ a wide variety of "specialist" employees who provide flexibility
by allowing a firm to reconfigure skill profiles to meet changing needs. With this flexibility,
when the need arises, a firm may reorganize its employees (e.g., through project teams) to
achieve the desired skill profile to fit with the changed demand (Neuman and Wright, 1999).
Thus, a wide range of employee skills contribute to flexibility. This wide range can be gained
by having a smaller number of employees with multi-skills or a larger number of employees
with more narrow, specialist skills.

Multi-skills are complex and difficult to imitate because these refer to a wider array of skills
generated by a larger number of diverse experiences (Kroon et al., 1997). Therefore,
complexity of multi-skills can be explained by the fact that these skills were acquired due to
different types of experience and they were used in different environments, thus they
acquired unique features which are difficult to copy; as well it is difficult to develop same
type of skills, because they are highly environment and situation dependent. At the
organizational level, firms develop their own combination of skills with the variety of human
resource applications they implement over a number of years. A firm may develop skill
flexibility through processes such as a job rotation, cross-functional teams, and project-based
work arrangements, all of which generate multi-skills configurations specific to the firm that
are not easily replicable. This suggests that the higher the level of a firm's skill flexibility, the
more likely employees are to exhibit higher performance (Yiyo Kuo and Taho Yang, 2007).

1.3 Project assignment
The current research is the continuation of Elcke Jansen research "Task valuation and
resource allocation to optimize value delivered in product and process improvement
projects". Elcke Jansen research was focused on value delivered by tasks, whereas this
research is dealing with the concept of skill based task allocation.

The motivation for this research is the increasing number of projects and more complex
products now and in the future. This trend will probably require the SCe Department to
acquire more skills and competencies. Given the capacity and skills level, choices need to be
made regarding the skills to be enhanced or acquired; as well as planning to get to the
required skills level and possibility of reaching it.

The initial aim of the research was to optimize staffing strategy concerning optimal
mixture of skills and develop a plan of enhancing the skills.

The initial research objectives were set as the following:

1) identify a competency model of the SCe Department

2) analyze what skills are necessary for a high efficiency and how to reach the required
efficiency

3) develop an allocation policy which will increase the efficiency of SCe engineers and
the whole department

4) define a coaching strategy

In short this research analyses the tactical perspectives of staffing and skills development.
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The conceptual model underlying this research is below.

Graph 1.1 - Initial research model

Performance
Indicators

ba An employee's
1-----+1 ability to perform a1-------+1

task
Skills

As shown on graph 1, path a (skills - an employee's ability to perform a task) shows that
skills induce higher ability to perform a task, which in turn affects task performance
indicators, such as a process time of task and a quality of task (path b - efficiency 
performance indicators).

In conclusion, we can say that the research objectives of the research are to give answers to
the four above mentioned questions.

1.4 Research Methodology

We distinguished 5 steps in the research methodology.

1. Previous researches of human resources allocation are analyzed to identify common
practices and investigate whether they can be applicable to New Product
Development projects.

2. The research problem will be studied at ASML and identified factors that are
influencing inefficiency of human resource allocation. At this step it will be analyzed
whether inefficiency of human resource allocation might be solved by skill-based
approach. To identify factors that influence inefficiency, several methods are
proposed, such as interviews, surveys, studying company documentation etc.

3. Classify engineers according to their competences and skills. Needed skills can be
discovered by analyzing the jobs in the organization. To identify skills, competences
and critical tasks several methods are proposed, such as interviews, surveys, studying
company documentation etc.

4. A formal model to estimate optimal mixture of skills in the organizations is
developed. It is desired that this method can be generalized and used in different
organizations.

5. Conclusions and managerial implications will be given. It is assumed that clearly
defined competences and skills will not only maximize the efficiency in problem
solving but will also improve process of hiring employees, since all necessary
competences will be known. As well identifying skills will improve process of
training, due to clear criteria what skills should be developed.
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1.5 Summary
In this Chapter the description of the research environment and the overview of the research
area were given. Additionally, the initial research proposal was introduced and the conceptual
model underlying the research proposal was given. Additionally, it was stated that this
research combining methods of human performance and operation research studies. We
believe that such setting of the research will allow us to consider the problem of allocation
deeply and develop plausible solutions.

Chapter 3 and Chapter 4 are devoted to the human performance part of the research. In the
Chapter 3 the method of data collection will be described and in Chapter 4 we will analyse
the results of the survey which provide implications for the further steps of the research.
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2 Method

2. 1 Method of data collection
To build a competency model, the McBer method was used. This method was chosen
because it is regarded as the most well-known and validated approach to ajob analysis. It was
developed by the American psychologist David McCleland at the consulting firm McBer and
Company (Spencer, 1993).

The McBer Method to a Job Analysis consists of several phases. The phases are described in
the table 2.1. The end result is a competency model for the analyzed unit of the company.

Table 2.1 Phases of the McBer method

Steps of the McBer approach Data collection method
1. Analyze Purpose of the Department / Interviews
Company
2. Identify tasks and conduct Job Task Interviews
Analysis
3. Identify competencies and required Questionnaire
competency level
4. Assess Individual Competences Questionnaire
5. Validate Assessment Questionnaire
6. Establish Competency Gap Statistical assessment
7. Identify Training Programs

One of the most important steps of the McBer method is conducting so called Behavioral
interviews (another name "Critical Events Interviews"). This method of identifying
competences was neglected due to its highly time-consuming nature. Necessary inputs for
such interviews are

1) identified superior and average performers (such information is not available
at SCe Department at this moment);

2) conducting interviews with superior and average performers about the critical
events in their work that were solved successfully and not;

3) on the base of the interview analysis identify necessary competences for
superior performance and their differences from the average performers).

Such method is rather objective but time-consuming. Therefore, it was impossible to perform
it taking into consideration the time limit of this Master Thesis Research.

Researchers like Sparrow (2007) and Spenser (1993) who used the McBer method stated
that it is possible to create a good competency model without performing "Critical Events
Interviews" by using the generic competency dictionary and a questionnaire to find how
employees assess their skills and knowledge and what skills and knowledge are perceived as
necessary for their work.

Therefore, as the starting point of building the competency model we used the generic
competency dictionary (McBer). Such dictionary might be useful in categorizing initial ideas
about job requirements. The framework of the generic competency dictionary was modified,
necessary skills were added and definitions of skills were amended.
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The skills from the generic competency dictionary have several levels of validation:

1) skills which were obviously unrelated to the work of an average SCe engineer were
deleted (for example, in analysis and research sector such skill as "understand
demographic analysis")

2) the pre-selection was discussed with an expert
3) selected skills were given to the experienced SCe engineers (one expert from each

sub-group: Mechanical, Optical, Electrical) in order to mark relevant and irrelevant
skills

4) the rate of agreement among experienced engineers was calculated. Experts judged 41
skills, they agreed about 33 skills. Consequently, the rate of agreement is 80.49%.

5) competences which were marked as relevant by all experts were added to the
questionnaire, competences which were selected as irrelevant by all engineers were
not added, and the competences about which engineers disagreed were added to the
questionnaire in order to assess opinion of other engineers. Competences which were
deleted from the competency list due to their irrelevance to the work in the SCe
Department are: Self awareness and Self regulation, Risk taking, Group awareness
and empathy, Cultural sensitivity/valuing diversity.

Required Competency Level can be determined only in consultation and discussion with the
Group Leaders but unfortunately, due to the short history of the SCe Department, the
competence levels are not defined yet. Also there are no specific standards for performing
each task. But such standards and clear performance indicators might be developed.

In the first stage of the research for analyzing the situation we have conducted 15 interviews:
with group leaders (3 interviews), experts in NPI tasks (3 interviews), SCe engineers (3
interviews), experts from Manufacturing and Development Departments (3 interviews),
expert in Project management (l interview) and with experts in Human Performance about
Learning Management Systems (2 interviews). These interviews allowed us to understand
problems of the SCe Department more clearly and deeply.

2.2 Conducting the survey research
To find necessary skills and knowledge as well as performance characteristics connected with
this skills and knowledge, a questionnaire was used.

The questionnaire is given in Appendix 1. The skills included into the research were related
to different aspects of a SCe engineer work. For example, we considered such skills as
negotiation, analytical and conceptual thinking, helicopter view, planning and organizing,
flexibility and many others. A full description of the skills is in Appendix 2.

Preliminary information about the tasks of the SCe Department and the skills required were
derived from SCe presentations and a Skill Matrix. The Skill Matrix was developed at the
SCe Department and serves as a tool for identification of an employee's competence level in
different tasks. It should be mentioned that the questionnaire was built on information about
typical tasks mentioned in the Skill Matrix.

The objectives of the questionnaire are given in table 2.1
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Table 2.1 The objectives of the questionnaire

Objective Questions in the Relation to a research question or expected
Questionnaire outcome

1) Identify background Question 1- 6 To find relations between personal
and experience of See characteristics (education, experience,
engineers specialization) and skills available and/or

efficiency
2) Identify perceived task Question 7-8 To assess perceived task importance and
difficulty, importance difficulty in order to distinguish a value of a
and time spent task.
3) Identify skills Question 9 What are the essential skills of supply chain
necessary for the tasks engineers
4) Identify skills available Question 10 To find skills gap

5) Identify time spent per Questions 12 - 19 To find relations between available skills (or
tasks and number of skills perceived as required) and efficiency
times task is performed To find relations between available skills and

task performed

This questionnaire is measuring the level of skills and performance indicators. Since both
measures are assessed in one questionnaire by same respondents, the responses could be
prone to cornmon method bias in addition to other response biases. To minimize negative
impact of these biases the following remedies were used:

1) separation of both measurements in the questionnaire
2) respondents are not aware about the underlying model of the research
3) the questionnaire is anonymous (Podsakoff et al, 2003)

Three groups of the SCe Department (Electrical, Optical and Mechanical) took part in the
survey.

The survey was focused on typical tasks of the SCe Department mentioned in the Skill
Matrix. Therefore, only employees that carried out typical tasks took part in the survey. Thus,
the total amount of employees who might take part in the survey is different from the total
amount of people in the SCe Department.

The total amount of people who perform typical tasks of SCe engineers are as follows:
o Optical - 15 people
o Electrical - 15 people
o Mechanical - 18 people
o Total - 48 people

The overall response rate is 62.5 % (30 responses out of 48 possible)
The response rates of the groups are the following:
o Optical - 60 % (9 responses out of 15 possible)
o Mechanical- 56 % (10 responses out of 18 possible)
o Electrical-73.3 % (11 responses out of 15 possible)

In our case the response rate of 62.5 % is regarded acceptable, taking into account difficulty
of the survey and time needed for filling it out. Since the respondents are not different in their
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characteristics, it can be expected that 62.5 % response rate will not make the results of the
questionnaire biased.

2.3 Summary
In this Chapter we described the method of data collection. We believe that application of the
modified McBer method is a reasonable approach, because it let us to collect data in
minimum possible time.

In Chapter 4 we will analyse the results of the survey and interviews analysis.

20



3. Analysis of results
This chapter first will give a brief description of task analysis which was conducted according
to the first and second steps of the McBer method. It will then go on to a description of the
SCe Department competency model and skills gap analysis. Finally, the results of the
statistical survey analysis will be given.

3. 1 Task analysis (1-2 phases of the McBer method)
ASML documentation, discussions with the coach and interviews of experts were used as a
source of information for the first two phases of the McBer method.

The declared purpose of the SCe Department is to serve as an interface between development
and quality departments and Suppliers and ensure minimization of problems with the
suppliers. As the SCe Department is rather young, it still looks for the best way to deliver
best results concerning the declared purpose and clearly identify the distinct added value
given to the company.

Diagram 3.1 Graphic representation of interfaces for the See Department

The tasks were identified and described as the Work Breakdown Structure (WBS)
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Diagram 3.2 Work Breakdown Structure
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The Work breakdown Structure is a structure that permits describing work/project as a
subordinate "tree" of tasks. The WBS produced after analyzing interviews and
documentations is simplified and shows tasks which can be called typical tasks of the See
Department. In this structure New Product Introduction (NPI) and Volume phases are divided
and Volume represents continuation of "Quality Maintenance" after the NPI phase.

Since nowadays supply chain engineers are allocated to tasks which are joined in some kind
of projects, for example NPI, Design for Manufacturing and Quality (DMAQ) the main
purpose of the analysis was to identify whether these tasks are different in their
characteristics and whether they can be conducted by different people within one project.

After analyzing the WBS, it seems that some tasks in one project cannot be performed by
different employees because during the execution of these tasks an engineer is confronted
with information which is important for subsequent NPI stages. Much of this information is
implicit and cannot be found in reports or documents. For example, some underlying
information in Risk Matrix will influence the Product Failure Mode and Effect Analysis
(PFMEA) and very often this information is not written in a Risk Matrix report.

After WBS analysis, detailed analysis of PFMEA and Output control was performed. In this
analysis the following tasks characteristics were identified:

• Skills and knowledge required
• Steps of the process
• Duration of a task
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• Possible problems and solutions for them
• Reporting relationship
• Deliverables

The detailed task analysis showed that some tasks characteristics are unclear and difficult to
fill in even for the experts. It suggests that tasks should be described more precisely.

3.2 Competency model
The questionnaire analysis helped to identify skills and knowledge which are perceived as the
most important by supply chain engineers. Skills and knowledge applied to performing work
functions or tasks in defined work settings are called competencies. So it can be said that the
questionnaire identified competencies necessary for the work of SCe engineers and on the
base of this information a competency model was developed for the SCe Department.

A competency model is a collection of competencies that together define successful
performance in a particular work setting.

In the building competency model we take as a base the model developed by the experts from
the U.S. Department of Labor, Employment and Training Administration
(http://www.careeronestop.org/COMPETENCYMODELlLearnCM_whatCM.aspx). The
proposed model was significantly adapted according to the needs of the SCe Department and
was filled with skills and knowledge which were considered as important by employees of
the SCe Department. The detailed description of the competency model is in Appendix 3.

The benefits of a competency model claimed by the U.S. Department of Labor,
Employment and Training Administration are the following:

• Clearly articulate its workforce needs
• Define requirements for employee success on a job and at different levels of career

progression
• Increase the likelihood that qualified candidates will be hired
• Place individuals into appropriate assignments once they are hired
• Focus on the knowledge, skills and abilities that have the most impact on

effectiveness and productivity
• Ensure training and development efforts and investments are 10 line with

organizational values and vision
• Guide employee development efforts
• Focus training and development efforts on areas where there are significant

deficiencies
• Provide a framework for ongoing coaching and mentoring

Building Blocks for Competency Models
We have identified several tiers of the competency model applicable for the SCe Department:

• Tier 1 -- Personal Effectiveness Competencies
• Tier 2 -- Academic Competencies
• Tier 3 -- Workplace Competencies
• Tier 4-- Occupation-Specific Knowledge Areas and Technical Competencies
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Each tier includes a set of related competencies. The tiers are arranged in a hierarchy. At the
base of the model, there are the competencies which can be applied to a large number of
occupations and industries. As a user moves up, the competencies become occupation
specific.

Tier 1: Personal Effectiveness Competencies
Personal Effectiveness Competencies are the base of the pyramid, and influence all of the
other competencies. Competencies included in this domain represent motives and traits as
well as interpersonal and self-management styles and generally are applicable to a number of
industries.

Tier 2: Academic Competencies
This domain contains critical competencies primarily learned in an academic setting, as well
as cognitive functions and thinking styles.

Tier 3: Workplace Competencies
The next competency domain included in the model is Workplace Competencies.
Competencies included in this domain represent those skills and abilities that allow
individuals to function in an organizational setting. As with the Academic Competencies,
these are generally applicable to a large number of occupations.

Tier 4: Occupation-Specific Knowledge Areas and Technical Competences
All occupations require a specific knowledge base and certain technical competencies, which
are represented in the Tier 4.
The competency model developed for the SCe Department is represented below.
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Diagram 3.3 Competency model for the SCe Department
Risk Management, SPC, SIX

Sigma, Failure Analysis
roduction Processes at Suppliers

The detailed description of tiers and skills is in Appendix 3,

As it was mentioned earlier the competency model was filled with the skills which are
perceived important by employees of the See Department. The cut-off score for a skill to be
regarded as important is to be mentioned more than 20 times per 100 answers (according to
the questionnaire each skill can be selected for 9 tasks).

It should be mentioned that the skills selected for the competency model were confirmed by
the experts.
This competency model should serve as the base for its further development in collaboration
with experts and group leaders.

On the basis of the tasks analysis, all tasks can be divided according to the skills needed into
two groups:

organizational tasks which require high level of personal skills (for example,
statement of work, risk matrix, supplier development)
technical tasks which requires high level of knowledge and analytical skills
(Design for manufacturing and quality, cycle time reduction, move rate
analysis, PFMEA)

On the diagram below overview of skills needed for both type of tasks is presented.
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Diagram 3.4 Skills and knowledge for the organizational and technical tasks

Organizational Task
Statement of work, Ri

Matrix, Supplier
Development

Knowledge sharing/Continuous Learning
Writing
Judgment/Decision making
Advocacy and Leadership
Conflict Management and Resolving
Coaching
Influence
Managing relationship
Mediation and Negotiation

eneral knowledge about ASML

If we consider tasks in projects, we should mention that both types of tasks (organizational as
well as technical one) are present and since they should not be given to different people, it
would mean that supply chain engineer should have high level of technical knowledge united
with extensive soft skills. This emphasis also will prepare engineers to be flexible and able to
perfonn different type of tasks.

3.3 Skill Gap Analysis
The purpose of a Skills Gap Analysis is to identify the skills a person needs but does not have
in order to carry out its work effectively.

A pre-requisite for an effective Skills Gap Analysis is an assessment of all the skills required
by an individual to carry out his work. Such assessment was done in the survey.

Skills were assessed according to the following scale:
1 - non-adequate level of skills of knowledge
2 - adequate level of skills and knowledge
3 - good level of skills and knowledge.
4 - excellent level of skills and knowledge

If we take good level (3) as a necessary/desirable level of skills to perform well in the see
Department, we observe that employees have pretty high average level of skills and
knowledge, which is around 2.69. But it also shows that there is room for improvement.
Improvements are also necessary because some skills which are perceived as the most
important have the biggest gap between necessary level - (good level) and actual average
level of employees (based on their self-assessment).
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Below it is mentioned what skills show the biggest gap between desired level (3) and the
actual level of skills in the Department.

In the list below we mentioned only skills which are perceived as important for SCe
Department. The percentage in brackets are % of employees that have less than 3 points
(good knowledge) in self estimation matrix (question 10 of the Questionnaire - Appendix 1).

1) Cognitive skills
Helicopter view - 36%
Judgment/ decision making - 39 %
Knowledge sharing/ Continuous Learning - 32 %
Managing Process difficulty - 50 %

2) Personal skills
Advocacy and Leadership - 71 %
Client/Supplier orientation - 29 %
Coaching - 54 %
Conflict Management and Resolving - 68 %
Influence - 57 %
Managing Relationship - 36 %
Mediation and Negotiation - 50 %
Organizing and Coordinating - 39 %
Planning and Organizing - 54 %

3) Knowledge
Process and product knowledge according to the Sce specialization - 32 %
TPD-46 %
Supplier handbook and specific knowledge about supplier's production
processes - 46 %
Risk Management - 64 %
System knowledge - 61 %
General knowledge about ASML - 39 %
Statistical process control (SPC) - 50 %
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3.4 Relationship between constructs
To find out whether the level of skills is correlated with some of the employees'
characteristics, a correlation analysis was performed. Below is the correlation table.

Table 3.1 Correlation table between characteristics of employees and skills levels

Correlations

knowledg

Exp.ASML Exp.SCe 4) Empl. total cognitive personal e

2) Exp.ASML Pearson Correlation 1,000
..

,427 ,360 ,348 ,452
..

,509 -,327

Sig. (1-tailed) ,003 ,045 ,012 ,030 ,035 ,008

3) Exp.Sce Pearson Correlation 1,000 -,447
..

,230 ,280 ,144 ,257

Sig. (Hailed) ,009 ,020 ,044 ,233 ,036

4) Empl. Pearson Correlation 1,000 -,179 -,292 -,049 -,248

Sig. (1-tailed) ,182 ,066 ,401 ,101

total Pearson Correlation 1,000 ,865
..

,943
..

,857
..

Sig. (Hailed) ,000 ,000 ,000

cognitive Pearson Correlation ,775
..

,651
..

1,000

Sig. (1-tailed) ,000 ,000

personal Pearson Correlation 1,000 ,666
..

Sig. (Hailed) ,000

knowledge Pearson Correlation 1,000

Sig. (Hailed)

**. Correlation is significant at the 0.01 level (1-tailed).

*. Correlation is significant at the 0.05 level (Hailed).\
N=28

The level of skills is positively correlated with Experience at ASML and Experience at the
SCe Department and the level of skills is negatively correlated with type of employment
(flexible or permanent employee). The correlations between experience and levels of skills
are statistically significant at the 0.05 level. The correlations between type of employment
and level of skills are statistically insignificant. The correlations between experience and
level of skills means the longer employee work in the department, higher knowledge he or
she has. This finding is in line with the research results of Upton (1997) who found that
longer tenure helps to acquire more skills over time and give an opportunity to perform more
different tasks.

These questionnaire results were confirmed by the experts of the SCe Department.
In the initial research proposal it was suggested that skills levels are connected with the
performance indicators (see the graph 1.1 in the Chapter 2). The correlation table is below.
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Table 3.2 Correlations between skills levels and time spent on tasks

Supplier

CT Move rate Output Develop Quality

skills sum DMAQ roadmap PFMEA analysis control ment control

skills sum Pearson
1,000 -,039 ,061 ,116 ,092 -,267 -,376 -,274

Correlation

Sig. (Hailed) ,447 ,422 ,294 ,383 ,116 ,077 ,103

N 14 13 24 13 21 19 23

*. Correlation is significant at the 0.05

level (1-tailed).

**. Correlation is significant at the

0.01 level (Hailed).

We could not find support for the proposed conceptual model (see the graph 1.1 in the
Chapter 2), because relationships found between a performance indicator (process time) and
employees' skills levels were not statistically significant.
Perhaps, it happened because low variation in skills levels did not correspond to a high
variation in process time. The mean in skills levels is equal 2.6 and standard deviation is 0.7;
whereas mean in process time is equal to 8.3 hours and standard deviation is 8.1 hours. Also
we did not have enough data (number of observations) to find out the relationships.

We can suggest two reasons for not supporting the proposed conceptual model:
1) There still can be a relationship between skills and performance indicators but

according to the data gathered, the variation in skills levels was very low and due to it,
the relationship between skills levels and performance indicators was not found.

2) Since there is a high variance in process time, combined with a low variation in skills
levels, the high variance in process time must be due to some other factors. According
to the interviews and discussions with experts, these factors could be task
characteristics.

Therefore, an additional analysis was performed to find out what task characteristics might
cause the variation in process time. This analysis will be presented in next Chapter.

In this phase of the research we can draw the tentative conclusion that there can be a
relationship between skills and performance indicators, but this relationship might be
mitigated by specific task characteristics.

3.5 Summary
This chapter contains the preliminary results of the research. We have analyzed tasks and
employees characteristics and based on this information we have conceptualized the problem
in more details (Chapter 4). Additionally, the output of the survey analysis has all necessary
information to consider problem from operation research perspectives.
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4 Conceptualization
This Chapter will describe an additional analysis of factors which might influence
performance indicators. Also in this chapter we will describe the practice of skills and
knowledge acquisition at the SCe Department and will present the base for the computational
part of the research.

4. 1 Revision of the initial assignment - adding task
complexity
As it was stated earlier, initially the research was focused on a skill-based concept. It was
assumed that a relationship could be found between skills and knowledge on the one hand,
and processing time on the other hand. Such relationship was not found. The questionnaire
analysis showed that level of skills among different team members has a very low variation,
whereas processing time has a significant variation. It allows us to assume that skills and
knowledge may not be the only reason of variation in time spent on a task, but there are other
important factors, which cause variation in time spent on a task.

Since it turned out to be impossible to support the initial conceptual model based on the
problem analysis, an additional research sub-question was defined:

What other factors are causing variation in a process time?

Additional analysis was conducted of relationship between task characteristics, personal
characteristics of employees and task performance indicators. This analysis was aimed to find
a relevant explanation of the significant variation in a task process time in the absence of
variance in skills.

The analysis about task complexity was started from analyzing interviews notes. According
to the interviews and discussion with experts and team members, process time depends not
only on their skills and knowledge, but mostly on complexity of a task. This issue was
confirmed by the questionnaire in which it was observed differed time of task execution.
Such different time cannot be linked only to skills and knowledge available, thus process
time might also depend on variable task characteristics. To be able to cope with their impact,
it is necessary to consider what factors are causing delay or problems in a task execution. In
this respect on the base of literature studies and overview of ASML specifics, several factors
were proposed which are related to uncertainty and information use. An additional identified
factor is part complexity, which is directly related to the SCe Department way of working.

In this research we will use the definition of complexity as it given in Brannick and Levine,
2002, "complexity can be referred as factors that covers the nature, number, variety,
interconnections and intricacy of tasks, steps, processes, or methods in the work performed;
the difficulty in identifying what needs to be done; and the difficulty and originality involved
in performing the work".

It is expected that identification of complexity factors will enhance efficiency of see
engineers due to clear understanding oftask and its complex factors, thus applying best
methods of coping with specific task complexity. For example, different strategies of
coping with uncertainty of outcome and uncertainty of new subtasks could be
developed.
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If it is supported that complexity factors are related to efficiency of supply chain engineers, it
will be possible to estimate more precisely the time which is needed for task execution and it
will be easier to plan necessary capacity.

Task categorization based on a complexity level will not only provide clear description of a
task and all risks connected with it, but also it will allow effectively solve all uncertainty and
complexity issues on a level of a task executor (due to awareness about a task complexity and
knowing methods of coping with it).

As well this work is an important step towards determining task complexity and its relation
to performance, specifically for tasks which require high levels of skills and knowledge (not
manual skills on a shop floor level). This work can also be important for project management
and planning since it proposes new way of task evaluation (from the complexity point of
view) - its dynamic correction and planning according to this concept.

Note, in this research it would be suggested what factors could be considered as important for
task complexity and preliminary qualitative evaluation of tasks. If this concept is found to be
interesting, it will be suggested to conduct further researches which might consist of :

1) detailed tasks analysis and possible identification of a new complexity factors
2) investigating the connection between complexity and efficiency and/or outcome of a

task
3) estimating the weight of complexity factors.

Task complexity factors at the See Department

According to Wood (1988) task complexity can be derived from three dimensions of a task:
1) component complexity - number of distinct acts and informational cues which are

necessary for performing and completion of a task
2) coordinative complexity - the relationship between task inputs such as information

cues and actions and task products
3) dynamic complexity - stability of the above mentioned patters over time.

Cambell (1988) stated that complex tasks are generally ill-structured, ambiguous and
difficult. According to him, tasks become more complex when there is inconsistency of cues
and an employee cannot integrate "incongruent cues".

Using findings of Wood (1988) and Campbell (1988), we formulated complexity factors
which might be important for the SCe Department.

The complexity factors will be described from two perspectives: as generic factors which can
be applicable in many companies and industries, and as a specific complexity factors which
is applicable only in the ASML environment.

Generic task complexity factors:

1) Outcome complexity
For SCe Department's tasks outcome complexity might consist of multiple outcomes and
uncertain outcomes. Multiple outcomes can be considered as a task dimensions that
requires certain additional efforts, in terms of material, informational and human
requirements. For example, if only informational requirements are taken into
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consideration, then for each outcome dimension a separate information stream will be
used, thus it will cause increase in information processing requirement and consequently,
it will cause an increase in an employee's processing time (Campbell, 1988).

Concerning the uncertainty of outcome, it could be mentioned that complex tasks have
multiple performance dimensions, including non-quantitative ones. Therefore, complexity
issue will appear from the necessity to estimate which performance configuration
represents the optimal one, "even though this determination may be inherently uncertain
(because of unknown or unclear evaluation criteria or because performance dimensions
are interrelated in complicated or conflicting ways)" (Campbell, 1988).

2) Unknown or uncertain means-ends connections
The existence of several ways for accomplishing a task will increase information load

due to finding a best possible way to accomplish a task. It should be noted that in this
complexity factor, we are considering only the possibility that a number of paths will
result in a positive outcome, so the task of a SCe engineer will be to choose a best
possible way of accomplishing a task. Since "a best possible way" is a rather vague
statement, it is necessary to have the efficiency criterion embedded in a task. This
criterion might be time or cost of accomplishing task. The ways of task performing will
be evaluated against this efficiency criterion.

3) Existence ofsubtasks and interrelated and conflicting subtasks
The existence of sub-tasks, as well as their uncertainty will increase the complexity
level, because each subtask requires certain material, human and time assets.
Uncertainty of sub-tasks, for example, type of sub-tasks or appearance of new sub-tasks
in the project will increase uncertainty even more, since it will be unclear what assets
should be claimed and/or ordered in the beginning of the project. That's why the risk of
unavailability of the necessary assets will increase and it might cause increase in a
processing time.

4) Information load
In the ASML setting, particularly in the SCe Department, complexity of a task is also
determined by information load, information diversity or rate of information change for
different tasks.

5) Specific ASML factor - part (product) complexity
Part complexity refers to the complex character of factors related to suppliers, costs of a
product/part, new technology etc, which might increase workload for SCe engineers.

In collaboration with See experts the following scale of part (product) complexity
was proposed:

• 0 level of part complexity - part is not complex
• 1 level of part complexity - known supplier with problems
• 2 level of part complexity - large cost of a part and/or new supplier
• 3 level of part complexity - new Production Technology

It is important to know why part is complex, since this will also determine what actions
should be taken to solve this complexity. So part complexity can be determined
according to the methodology used at the SCe Department.



4.2 Hypothesis for further research about task complexity
Only a few studies described the interactions between task complexity and task performance
indicators (Tan et aI, 2002). This interaction could possibly explain the weak relationship
between an employee's ability to perform task and performance indicators (time spent on a
task). An employee's ability to perform task serves as a variable which describe what skills
and on what level an employee has.

When a task is less complex, an employee's ability to perform task might have a direct effect
on performance indicators. If an employee has more skills, he/she might be more successful
in conducting tasks. Therefore, it could be hypothesized that increase in level of skills and
knowledge will have a greater impact on the performance indicators when performing a task
of low complexity. Likewise, in complex tasks an employee's ability to perform task does not
have a strong or direct impact on performance indicators.

When a task is more complex, perhaps increase in skills and knowledge level might have less
effect on employee's success in performing a task. Consequently, the relationship between an
employee's ability to perform task and performance indicators will be moderated by task
complexity.

Therefore, the following hypotheses are proposed for further analysis:
HI. The relationship between an employee's ability to perform task and performance
indicators of a task completion is moderated by task complexity such that,

Hla. When task complexity is low, employees with higher abilities to perform task will show
better performance indicators in task completion than employees with lower abilities.

HIb. When task complexity is high, there is no direct relation between an employee's ability
to perform task and task performance indicators.

Graph 4.1 Possible conceptual model

ASML and Sce
.. - - - experience

Performance
indicators

ba An employee's
t----~ ability to perform a1-------r-----1~

task
Skills

c

Complexity (as
moderator)

As shown on figure 2, path c (complexity - an employee's ability to perform task) mitigates
the effect of an employee's ability to perform a task on a task performance indicators.
Moderator variable (in our case complexity of a task) pinpoints the conditions under which an
independent variable (an employee's ability to perform a task) exerts its effects on a
dependent variable (task performance indicators).
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The dotted line on this graph represents a control variable -ASML and SCe experience which
are found to have significant effect on skills levels.

In this research the hypothesis were not tested. We would like to suggest to continue
researches about task complexity and to test the proposed hypothesis in further researches.

4.3 Skills and Knowledge acquisition
Based on the interview and questionnaire analysis, it is possible to rank different type of tasks
depending on their difficulty levels as perceived by the SCe experts, group leaders and
employees.

Tasks are divided into three generic groups: Design for manufacturing and Qualification
(DMAQ), New Product Introduction (NPI) and Volume.

The ranking of these tasks is the following:
1) DMAQ - the most difficult group of tasks, requires highest level of knowledge and
skills
2) NPI - the average level of difficulty.
3) Volume - the least difficult group of tasks, requires basis knowledge and skills.

It can be assumed that all tasks at SCe Department at ASML are "knowledge-intensive"
(requires broad level of different skills and knowledge). Since such tasks require employees
to have an extensive "knowledge stock", the acquisition process must be phased into multiple
stages. According to the allocation policy in SCe Department new employees (Beginners) are
assigned to relatively simple operations requiring limited knowledge (Volume tasks), and are
trained to perform more complex operations (NPI and DMAQ tasks) in a phased manner.

Employees were classified depending on their knowledge levels:
Beginners - new hired employees without ASML and SCe Department experience
Experienced - employees with 1-3 years of SCe experience
Expert - employees with more than 3 years of SCe experience

It is important to note that moving from one knowledge level to the next requires time and
effort. Each knowledge level will have a corresponding efficiency level.

4.3.1 Efficiency estimation

As it was stated earlier objective measures for employees' efficiency in SCe Department are
difficult to find. Therefore, it was advised to apply relative measures of efficiency.

A commonly used method of measuring relative efficiency is ratios. Typically some output
measure is taken and divided by some input measure. So efficiency =output/input. Note the
consideration of input and output in our case: we view a task performed as an output and
time (hours) spent on performing a task as an input.

A group leader or an expert will be proposed to evaluate how many hours employees (ei)
spend on performing a task. Then, according to the data, the most efficient employee will be
found and all other employees will be scaled according to the results of the most efficient
employee. The most efficient employee is an expert.
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Table 4.1 illustrates the developed concept (all data in the table are just example and do not
reflect the actual time spent)

Table 4.1 Method of the efficiency estimation

TASK Hours
Employee NPll spent Efficiency
el 1 20 0.05 1.00
e2 1 30 0.03 0.67
e3 1 40 0.03 0.50
e4 1 50 0.02 0.40
e5 1 50 0.02 0.40

After such comparison It IS necessary to analyze what was the reason of employees'
inefficiency. As it was hypothesized earlier, the efficiency of employees is connected with
the availability of skills and knowledge and task complexity.

Efficiency Estimations
Efficiency was estimated relatively to the efficiency of an expert. The estimation is given by
a Group Leader.

Table 4.2 Relative efficiency estimations of the See Department

DMAQ NPI Volume
Expert 1 1 1
Experienced 0.5 0.8 0.9
Beginner - 0.6 0.8

Since different types of employees (Experts, Experienced and Beginners) have different
amount of knowledge, their efficiency rates are also different. So tasks (DMAQ, NPI and
Volume) might be considered as equal to consequent steps of knowledge and skills growth at
the SCe Department. Such approach assumes that Experts, Experienced and Beginners can do
different tasks but with different efficiency rate, hence they spend different time on the same
task.

4.3.2 Learning rates

Differences in experience might lead to differences in skills (Pinker and Shumsky, 2002).
This statement was confirmed by the questionnaire analysis (experience is correlated with
higher level of skills development). From the analysis it is not possible to derive whether the
skills level grows due to repetition of tasks or whether it is also correlated with integrative
influence of work (communication with colleagues, suppliers, transferring experience from
one task to another). But since the literature about the knowledge/experience curve stated that
skills and knowledge grow due to task repetition, an increasing level of experience in
different tasks (connected with task repetition) is assumed to determine growth of the skills
level or/and acquisition of new skills.

In the SCe Department learning by doing is the main approach to acquiring new skills and
knowledge. Since much of the knowledge in the SCe Department is tacit, learning-by-doing
seems to be a good approach for transferring knowledge to new employees. Learning-by-
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doing approach should also be structured and we believe that appropriate coaching strategy
might be beneficial for the SCe Department.

According to the learning curve theory, employees are learning during each task execution
and their efficiency is growing. Since some tasks require similar skills and knowledge, it
means that skills and knowledge applicable for one type of tasks will increase efficiency in
other types of tasks. This phenomenon is called a spillover effect. The spillover effect can be
different for different type of tasks. Employees with lower level of skills and knowledge will
learn more, performing more difficult tasks, and their relative efficiency will increase faster,
then efficiency of more experienced employees.

The estimations of the efficiency is based on the following information:
1) It is expected that Beginners can have an efficiency level of Experienced in Volume

tasks in 1 year (if a Beginner will perform only Volume tasks).
2) The efficiency level of Experienced in NPI tasks can be reached in 2 years

(performing at least 2 NPI projects per year).
3) Beginners can perform per year about 7 Volume tasks and 4 NPI tasks.
4) Experienced can perform per year 8 Volume tasks and 6 NPI tasks.

The table with relative efficiency growth estimates depending on a type of task performed
and type of employees is presented below.

Table 4.3 Efficiency growth after performing a task (learning rate)

DMAQ DMAQ NPI NPI Volume Volume
(other) (other) (other)

Expert a a a a a a
Experienced 0.1 0.05 0.03 0.007 0.005 0.005
Beginner - - 0.05 0.02 0.01 0.005

Notations for the table:
• DMAQ(other) - Skills and knowledge gained during performing DMAQ which

are applicable for other tasks
• NPI(other) - Skills and knowledge gained during performing NPI which are

applicable for other tasks
• Volume(other) - Skills and knowledge gained during performing Volume which

are applicable for other tasks
• The estimates were derived in collaboration with experts of the SCe Department
• When Beginner reaches the efficiency level of Experienced, all further learning is

done according to the estimates for the Experienced employees

It is assumed that experts already reached the necessary skills and knowledge level; their
efficiency is maximal and they do not learn after performing the task. We understand that it is
arguable assumption but it is done to simplify systems and due to absence of a real
knowledge/experience growth data.

Since efficiency of an employee is depended on a task that was allocated to him/her, it is
important to define an allocation policy which will ensure the fastest way of increasing
overall skills and knowledge level in the SCe Department and consequently, will increase its
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efficiency. We believe that performing simulation study will allow us to derive implications
about suitable allocation policies.

4.3.3 Coaching - estimations
In this sector a preliminary evaluation of the coaching effect was done.
The estimations of efficiency growth due to coaching are given in the table below.

h' (f f )d thT bl 44 Em .a e . IClency C an~es ue 0 coac ID~ es Ima Ions •
Efficiency DMAQ DMAQ(with NPI NPI (with Volume Volume

coach) coach) (with
coach)

Experienced 0.5 0.7 0.8 0.9 0.9 0.95
Beginners 0.6 0.75 0.8 0.9

As we can see the growth of efficiency is bigger than 0.1 in almost all cases. Only in case
when experienced employee has a coach for doing a volume task, efficiency grows only by
0.05. Taking into account these estimations, it can be suggested that if a coach will spend not
more than 0.1 process time of a task, it will have a posi tive effect of coaching. So the
coaching time can be approximated for each type of task (for example, if it is stated that a
coach should spend 0.1 of process time, then for DMAQ a coach could spend around 58
hours, for NPI - 24 hours and for Volume - 19 hours). It is expected that after identification
of complexity factors, the other approximation of time used for coaching can be derived.

It is expected that coaching will have a minimal negative effect on the useful capacity only in
case if there would be enough coaches. So the suggestion "everyone can be a coach" could be
beneficial. The effect of the amount of coaches could be checked in the simulation model,
which can give an opportunity to check a dynamic of the waiting and processing times for
different possible scenarios. We should mention that simulations including coaching strategy
will not be performed in this research because in order to be realistic such simulation model
should include preempt-resume mode. The programming of the preempt-resume mode is
complicated in Arena. Thus, because of time limitation, we recommend to consider this in
next researches.

4.4 Summary
The initially proposed model was not confirmed and additional analysis shows that several
task complexity factors might influence the performance indicators. The complexity factors
proposed are the following: information load, existence of subtasks, unknown or uncertain
means-ends connections and the complexity of a part. The complexity of a part is a specific
ASML factor.

The analysis of task execution shows that main learning approach is learning-by-doing
combined with knowledge transfer. The estimations of the learning rate were done. These
estimations could help to derive appropriate strategy of a task allocation.

Additionally in this Chapter, preliminary estimations of coaching impact were given.

On the base of the conceptual part of the research it was concluded that the additional insight
into the problem might be given by the operation research methods, namely simulations.
Chapter 5 is devoted to the simulation study aimed to give implications towards the task
allocation strategy at the SCe Department.
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5. Allocation and learning rates: the effect of learning
and its implications

In order to find out what impact learning effects have on task allocation, a simulation study
was performed.

A simulation was chosen as a method of the research because:
o it helps to understand the overall task allocation processes and characteristics
o able to capture system dynamics: using probability distribution, we can model

unexpected events and understand the impact of these events on scheduling and
allocation

o it could drastically minimize the risk of changes in planning process: by what-if
simulation, we can test various alternatives

The objectives of the simulation study correspond to the research questions concerning
allocation and coaching strategy. So the simulation was used in this research in order to
answer the following question:

How to allocate different type of employees to different type of tasks in order to
increase their efficiency taking into account their learning rates?

To answer the research question for simulation study we will follow such steps:

I) Develop basic model of task allocation and perform a verification

2) Set up reference performance values.
To have reference performance value, we will develop a reference simulation model. The
reference model will take into account only efficiency rates and will allow us to get steady
state results. The reference model will be called as a Non-learning simulation model.

3) To conduct "what if analysis".
In "what if analysis" we will apply learning effect, therefore, a simulation model with
learning rates will be developed; consider additional flexibility, that's why in both models
we will consider two type of scenarios: with flexible and inflexible beginners.

4) Consider limitations and make conclusions.

The current chapter defines the simulations settings, and looks at how to verify and validate
the simulation study. In the next part the detailed description of the simulation models and
analysis of the results are given. Finally, the limitations and possible extensions of the
simulation are considered.

5. 1 Simulation settings

The claim and allocation lists and the questionnaire results were used as a source of data.
Only the Subgroup of Electrical Engineering was considered. Subgroup of Electrical
Engineering consists of 14 employees. This amount was used for simulation.

For the simulation setting it was assumed that there are 3 experts which make 20 % of
workforce in the sub-group, 7 Experienced employees which make 50 % of the total amount
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of people in the sub-group and 4 Beginners which make a 30 % of the total amount of people
in the sub-group. Such percentage is based only on approximations derived from the
questionnaire results and does not need to correspond with the real experience level
distribution.

It is assumed that different types of employees have different rates of efficiency for different
tasks. The efficiency rates are given in the table 4.2 in Chapter 4.
The Arena® simulation software (version 7.0) was used in this study.

Below is the table with general simulation settings.

Table 5.1 Simulations Settings

Variables Quantity
Total number of employees 14
Number of Experts 3
Number of Experienced: 7
Number of Beginners 4
Inter-arrival rate DMAQ (EXPO) 50 days
Inter-arrival rate NPI (EXPO) 7.2 days
Inter-arrival rate Volume (EXPO) 4 days
Process time DMAQ Mean=580 hours;

stdev. 100 hours
Process time - NPI Mean=240 hours, stdev

80 hours
Process time - Volume Mean=192 hours;

stdev. 52 hours

Notations:
An exponential distribution is used for modeling the time between independent events that
happen at a constant average rate; thus this type distribution suits to model the inter-arrival
time of tasks.

5.2 Simulation verification

Verification is required to check whether the conceptual simulation model (also model
assumptions) is translated correctly into a computer program (Kelton, 2004).

The following steps are performed to verify the simulation
1) Run the simulation without uncertainty in inter-arrival and processing time and check

whether the output is reasonable.

Utilization rate of employees and waiting time in queues are chosen as a performance
indicator.
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The formula of utilization is the following:

A
p=--

J1*m

where ').., is the mean arrival rate, !1 is the mean service rate, and m is the number of
employees. Arrival rate measured in jobs per unit time (in our case, the unit of time is a year).
The mean service rate measured in average number of jobs processed by one employee per
unit time (the unit of time is a year). (Hopp and Spearman, 2001)

In order to check the general modeling approach, the model "dedicated servers" is chosen as a
basis. In the model "dedicated servers" experts performs DMAQ tasks, Experienced See
employees perform NPI tasks and the Beginners perform Volume tasks. In the "dedicated
servers" model employees who perform certain task have same efficiency, that's why it is
easy to check model logic by comparing their utilization as an output of the simulation and as
an output from the above mentioned formula.

The numerical data used in the verification is the following: ').., (DMAQ) =4.04 tasks per year;
1..1. (DMAQ) = 3.03 tasks per year; m (DMAQ) - 3 employees; ').., (NPI) =30.55 tasks per year;
!1 (DMAQ) = 7.33 tasks per year; m (NPI) - 7 employees; ').., (Volume) =22 tasks per year; !1
(DMAQ) = 9.17 tasks per year; m (Volume) - 4 employees.

Table 5.2 Comparison of utilization

Utilization (formula) Utilization - simulation output
Expert 0.48 0.49
Experienced 0.59 0.59
Beginners 0.60 0.61

As we can see from the table above the results are almost the same, therefore, the simulation
model is giving right outputs and the analysis can be continued.

To evaluate waiting time output of the simulation model, we have used the approximations of
waiting time given by Hopp and Spearman (2001).

The approximations of waiting time are calculated according to this formula:

(
2 c

2 J( ~-l JCTq (G / G / m) = Ca + e * U * t e

2 m(l-u)

where Ca - arrival coefficient of variance

ce - coefficient of variance of effective process time

te - mean effective process time

u - utilization
m - number of employees
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The numerical data used in the verification is the following: te (DMAQ) = 580 hours,

te (NPI) = 240 hours, t e (Volume) = 192 hours; m (DMAQ) - 3 employees, m (NPI) - 7

employees, m (Volume) - 4 employees. Utilization rates as given in the table 5.2 in the
column "utilization formula".

Table 5.3 Comparison of waiting times

Waiting time (formula) Waiting time - simulation
(hours) output (hours)

average

DMAQ 50.88 49.87
NPI 10.28 8.27
Volume 21.33 18.30

The formula given is the approximation of the waiting time, therefore, the results can have
some differences. As it can be seen in the table above, the results of the simulation output and
from the formula do not have much difference. Therefore, we trust that the simulation model
behave as it was intended.

2) All other simulations models were run step by step to ensure that they behave as it was
intended.

During such verifications all errors were found and eliminated and it was concluded that the
models behave as it was intended and on the next step it is needed to validate the results of
the simulation with the employee of the SCe Department.

5.3 Simulation Validation

Validation is the process of determining whether a simulation model is an accurate
representation of the system (Kelton et al., 2004). A simulation model of a complex system
with huge uncertainty can only be an approximation of the actual system.

The best possible way to validate a simulation model is to compare results of the simulation
with the real output of the system. Unfortunately, in our case it is not possible due to a lack of
data (real output of the system). It is necessary to conduct additional analysis to find actual
learning rate and start time writing to have real data of time spent per task.

In our case the only possible way to validate the simulations is to ask opinions of the SCe
experts whether the results of simulations show the dynamics of a real system.

5.4 Warm-Up and Run Length

The simulation of task allocation cannot be initially modeled in an empty-and-idle state. In a
steady-state simulation, initial conditions are not supposed to matter, and the run is supposed
to go on forever. Since it is very difficult to assess the results of non-terminating simulation
(that will last forever), Kelton et al. (2004) advised to find appropriate run length in order to
stop simulation and assess the results.
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If the model of task allocation will be initialized as an empty and idle, then the output data for
some period of time after initialization will tend to understate the eventual congestion and the
output data will be biased low. To improve it, it is necessary to initialize state that is better
than idle and empty. The most convenient way is to let model warm up until the effects of
artificial conditions will worn off (Kelton et al., 2004). The statistics will be gathered only
after warm-up period and therefore, the results will not be biased.
Following the suggestion of Kelton et al. (2004), the best possible way of determining
necessary warm-up in the simulation software Arena is to make some plots of key outputs
from a run and eyeball where they appear to stabilize.

To establish a single overall output performance measure, in the Statistic module an entry
was made to compute total work in process (WIP) of all entities. Work in process was
calculated as a sum of entities in processing and in queues in front of servers.

To determine appropriate run length and warm up, it was made 10 replications of the
simulation with running length 20000 hours which is approximately equal to 11 years.
Figure below shows the resulting plot of WIP across simulations, with the curves of all ten
replications superimposed.

Graph 5.1 WIP across ten simulations-
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From this plot, it seems that as far as the WIP output is concerned, the run length of 20000
hours is enough for the model to settle down. Thus, the run length of 20000 hours will be
used in all simulations. As for a Warm-up period, the effect of the empty-and-idle initial
conditions for the first several hundred hours is evident at the left end of each curve and is
reasonable consistent across all replications, but it looks like things settle down after about
5000 hours. So 5000 hours will be selected as the Warm-Up period.

5.5 Description of simulation models
Since in most task allocation studies the learning effect was not considered, we will check
whether allocation policy might be different depending on learning rates of the employees.

To analyze the system dynamics we defined two types of simulation models:

1) Non-learning model
In these models learning rates of employees will not be used. It will be assumed that
repetition of tasks does not increase efficiency of an employee.
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2) Model with learning rate.
In these models it will be assumed that efficiency changes according to the learning rates of
the employees and there is a spillover effect, which was discussed in the Chapter 5.

In order to check effect of the allocation policy on development of capacity and efficiency we
will consider two types of scenarios in each model.

The difference between the scenarios will be in flexibility of Beginners.

In first scenario it is assumed that Beginners will do only Volume tasks and will not be
allocated to NPI due to their lack of knowledge and skills. This scenario is close to the current
way of working at the Sce Department, where Beginners are generally allocated only to
Volume tasks. In second scenario Beginners will also be allocated to the to NPI tasks.

We expect that in the second scenario, Beginners will learn faster then in the first scenario due
to more difficult tasks which forces them to acquire necessary knowledge and skills faster.
The increased knowledge and skills will make them more efficient. Additionally, the assumed
spillover effect will make flexible beginners more efficient not only in tasks that they perform
but also in other type of tasks.

Diagram 5.1 Graphical representation of the scenarios

First Scenario - Inflexible Allocation Second Scenario - Flexible Allocation

81-------

./
./'....

First Scenario of task allocation (Inflexible allocation)
o DMAQ tasks are performed by Experts and Experienced employees
o NPI tasks are performed by Experts and Experienced employees
o Volume tasks are performed by Experienced and Beginners employees.

Second Scenario of tasks allocation (Flexible Allocation)
o DMAQ tasks are performed by Experts and Experienced employees
o NPI tasks are performed by Experts, Experienced and Beginners employees
o Volume tasks are performed by Experienced and Beginners employees
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In both scenarios, tasks are allocated according to the preferred order.

Preferred Order will always select the first available member (1 st member if available, then
2nd member if available, then 3rd member) (Kelton et al., 2004). So the preferred order
allocation for different sets of employees is the following:

- for DMAQ tasks - 1st select Expert members, if available, then Experienced;
- for NPI tasks - 1st select Experienced members if available, then Beginners if

available, then Experts
- for Volume tasks - 1st select Beginner members if available, then Experienced.

This logic seems appropriate for the SCe engineering Department way of working because it
is close to the real allocation "preferences" of the SCe Department.

In both models the simulation was run 20000 hours, with 5000 as a warming-up time. It was
made 100 replications. The simulation model was realized in the simulation software Arena
(version 7.0).

Results of the Non-learning model simulation

The specifications of the model are described earlier. In this simulation model we will take
into account only different efficiencies of the employees. The table with efficiency
estimations is on page 35 Chapter 4.

Diagram 5.2 Scheme of the simulation model

Task NPI lIlive .~------t

Disp;:se4

Per1am DMo\Q

Per1amVdura

Di~DMo\Q

Di~NPI

Disp::se Vdura

The programming code of the model is given in the Appendix 5 (written on CD ).
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Table 5.4 Comparison of the results of the first and second scenarios

SCENARIO 1 - Inflexible allocation

Process Process Process Waiting Waiting Waiting
time - time - time - time - time - time -
average min max average min max

DMAQ 860.22 809.63 997.62 307.63 42.39 779.74

NPI 277.67 255.2 275.37 333.31 24.9 823.38

VOLUME 224.41 221.6 230.12 342.67 30.99 846.51
Average utilization Expert 0.93

Experienced 0.98
Beginner 0.98

SCENARIO 2 - Flexible allocation
DMAQ 806.73 760.75 869.2 345.24 71.55 944.05
NPI 286.73 274.48 299.05 355.07 69.00 987.46
VOLUME 222.38 215.29 226.47 392.56 99.54 1041.04

Average utilization Expert 0.94
Experienced 0.98
Beginner 0.98

As it can be derived from the table the first scenario allows to decrease waiting time of the
tasks in comparison with the second scenario. The average waiting time of DMAQ tasks
decreases by 11 %, the waiting time of NPI decreases by 6%, the waiting time of Volume
decreases by 13 %. The decrease of waiting time allows using available capacity more
efficiently. In first scenario the average processing time of NPI tasks decreases by 7 %.
Therefore, if the priority is given to NPI tasks, the first scenario is better since it allows to
save useful capacity and decrease processing time of NPI tasks. Moreover, since NPI tasks
will be done only by the Experienced and Experts, it is expected that quality of task
performing will be higher.

It is necessary to check whether the results of the simulation are statistically significant
different, since different results could be caused by the random variance in processing time.
In order to prove that the results are statistically significant we have conducted the Output
Analysis to Compare Means. The output analysis was conducted separately for all types of
tasks.

The average processing and waiting times were compared for each type of a task.
The results for the processing time are significant at a 95 % confidence interval and the
results for the waiting time are statistically insignificant. The statistically insignificant results
can be explained by the higher variation of the waiting time in comparison with processing
time.

Results of the Learning model simulation

It should be noted that we have used a Warm-Up period in learning curve model. But actual
learning process at the simulation will start only after the warming up period; it allows to
compare results of the both models.
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All simulation parameters are the same for both models; hence it makes the models
comparable.

It should be noted that forgetting effect is not considered, because all tasks are
interconnected, as well as skills and knowledge needed for this tasks. Therefore, it is assumed
that performing different types of tasks will not diminish efficiency acquired by the repetition
of other tasks.

In order to simulate the learning curve, the estimation of efficiency growth was used (see
Chapter 4, table 4.3, on page 36)

It should be noted that increase of the efficiency is assumed to be linear and the simulation
with the learning curve is done only for the approximation of system dynamics and cannot be
used for policy making or scheduling. Additional analysis of the actual learning curve for
highly complex tasks is recommended.

A limit of the processing time was set; the limit is equal to the processing time of an expert.

Diagram 5.3 - Scheme of the learning model

# DMAQ1

# DMAQ

Perform
Volumel

The programming code of the model is given in the Appendix 6 (written on CD).
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Comparison of the non-learning and learning models

I fIts f th IT bl 55Tha e . e resu 0 e earmn~ curve slmu a Ion
Process Process Process
time - time - time -
averaqe min max

SCENARIO 1 - Inflexible Bee inners
DMAQ 756.34 664.87 849.78
NPI 274.86 252.65 285.71
VOLUME 221.46 219.34 231.82

SCENARIO 2 - Flexible Beginners

DMAQ 730.23 676.3 766.93
NPI 272.56 245.23 288.28
VOLUME 217.46 210.56 224.6

The results show that the processing time was significantly improved due to learning. For
example, in the first scenario the processing time of DMAQ tasks decreased by 9 %, the
processing time of NPI decreases by 5 % and the processing time of Volume tasks decreases
by around 2 % (in comparison with the non-learning model). The comparable improvements
are also in the second scenario. The additional analysis of the output proves that the results
are statistically significant.

Significant improvement of the DMAQ processing time (in comparison with moderate
improvement of the processing time of NPI and Volume tasks) can be explained by efficiency
estimations. It was given that the efficiency of Experienced employees is half of the Expert's
efficiency, thus learning can significantly improve efficiency and, consequently, processing
time of Experienced employees. In case of NPI and Volume the improvements are not so
obvious because of the variation in processing time.

Concerning differences in DMAQ processing time for both scenarios, it should be mentioned
that the allocation policy "preferred order" makes a significant impact on them. The better
results for DMAQ processing time in scenario with Flexible beginners can be explained by
the fact that NPI tasks might be performed by less efficient employees - Beginners. It creates
longer queues of NPI tasks and experienced employees become busier with the NPI tasks,
because its preferred that they should be selected for performing NPI tasks. Such selection
makes them to be less available for DMAQ tasks and that's why Experts can be allocated
more to the DMAQ tasks. Since the Experts are more efficient in DMAQ tasks, it decreases
processing time for the DMAQ tasks.

Comparison of the scenarios in the learning model

In choosing the simulation scenarios it was expected that that flexibility of Beginners will be
a positive factor due to the learning effect, since performing NPI tasks will allow them to
learn faster and become more efficient. In order to check this statement, we have compared
the processing time of Volume tasks (by Beginners) in first and second scenarios.

The results of the comparison are on the diagram.
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Diagram 5.4 Processing time of Volume tasks (Comparison of First and Second
Scenario)
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The dashed line is the processing time for Volume tasks of the first scenario (Inflexible
allocation) and the continuous line is the processing time for Volume tasks of the second
scenario (Flexible allocation). The processing time is decreasing much faster in scenario with
Flexible allocation. This can be explained by a huge spill-over effect. The spill-over effect of
processing NPI tasks for beginners is 40 %, it means that 40 % of all knowledge and skills,
gained during performing NPI tasks, can be used for Volume tasks.

It should also be mentioned that improvements in Volume task processing time do not
diminish the learning improvements for the NPI tasks processing time. As it is shown on the
plot below both lines, which show NPI tasks processing time in first and second scenarios,
almost coincide.

Diagram 5.5 Processing time of NPI tasks (Comparison of First and Second Scenario)
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Comparison of first and second scenarios with learning curve allows us to conclude that
additional flexibility for Beginners employees (possibility to be allocated to NPI tasks)
increases a little processing time of NPI, but significantly increase growth rate of skills and
knowledge. This makes Beginner employees more efficient with NPI as well as Volume
tasks. Therefore, we may conclude that early assignment of the Beginners to the NPI tasks
will have an overall positive effect on the work output of the SCe Department, since new
employees will be more efficient in shorter period.

In the simulation study we have considered only time effect of the efficiency, based on
relative efficiency estimations. We should mention that due to limitations of knowledge and
skills Beginners might perform tasks with lower quality. This issue is very important for the
SCe Department, because the results of errors in tasks could be seen only after long period
and has effect on the related tasks or projects. Hence, it is very important that Beginners will
do tasks that they can do with the required quality. In this respect an appropriate control and
learning strategy should be used; we expect that the coaching strategy (proposed in next
Chapter) will allow maintaining task quality.
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5.6 Limitations and possible extensions of the Simulation study

Limitations

• A simulation cannot optmuze the system's performance; it can only describe the
results of "what if' questions.

• Simulations cannot solve problems. They can only provide information from which
solutions can be developed.

• Data collection is crucial. The simulation cannot give accurate results if the data is not
accurate. Record multiple sets of data. The more data used, the better the
approximations and simulation.

Taking into account the above mentioned limitations, we suggest that the information derived
from simulation can be used as the base for the further discussion about the appropriate
allocation policy in the See Department. The decision makers should remember that all
results are based on the estimations of learning rates which might be subjective or biased;
therefore, the results about processing time should not be used for the actual scheduling of
employees. In order to make the results of simulation more realistic, it is necessary to collect
data from actual system. Therefore, it should be established system of data gathering which
should fix the actual processing time, task inter-arrival, learning rates etc.

It is possible to extend simulation in the following ways:
• add uncertainty in tenure of employees
• add "preempt-resume" feature and perform a simulation of coaching and its effect

on performance
• add forecasting possibility in the model (for example, if experts are better in doing

DMAQ tasks and in current moment there are no experts, then model should
determine whether it is efficient to wait for expert or it is better to allocate
experienced employee)

• add actual learning curve
All extensions require appropriate data from the actual system.

5.7 Summary
The simulation models were developed and verified. The realization of the model was done
in the simulation software Arena (version 7).

The simulation study considered two types of models: a base model (without learning) which
was based on the relative efficiency of employees, and a learning curve model, which was
based on the relative efficiency and learning rates of employees. The base model served as a
reference point for estimating the impact of the learning curve effect on employees'
efficiency. We investigated the allocation policies:

1) inflexible allocation: where beginners were assigned only to Volume tasks
2) flexible allocation: where beginners could also be assigned to NPI tasks.

Based on the simulation results it was concluded that learning effect and spillover effects
might influence the choice of the allocation policy. Due to high spillover and learning rates,
efficiency of Beginners will grow faster. This will increase capacity of the whole department,
and allow experienced employees to be allocated to more challenging tasks. Thus overall
performance of the Department will improve.
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6. Conclusions and Recommendations

This research was written on the edge of two disciplines: operational research and human
performance management. The limitation of the operational research methods is that models
proposed for scheduling or task allocation do not consider the dynamic nature of human
resources and are over simplified. In its tum the human performance research is based mainly
subjective data gathered by surveys and interviews which might be subjected to numerous
response biases, which are difficult to avoid or remedy. In this research we tried to embrace
the opportunities given by the both academic disciplines and exclude some limitations. In this
research we tried to embrace the opportunities given by both academic disciplines and avoid
some limitations. Thus, we combined the methods of human performance researches such as
interviews and the statistical survey analysis with the methods of operations research, such as
simulation. Due to such setup of the research we obtained results which gave sets of
managerial implications both from human performance and operational research perspective.

We had the following research objectives which were under the human research domain:
identify a competency model of the SCe Department
analyze what skills are necessary for a high efficiency

define a coaching strategy

The competency model issue was covered in the Chapter 3 (see diagram 3.4 and Appendix 3)
and the skills which are necessary for the high efficiency of employees were filled in the
competency model.

The research objective, concerning allocation policy, was considered within operation
research domain (specifically, in simulation part of the research - Chapter 5). The results of
the simulation with implications towards developing allocation policy are provided in the
Chapter 5 - sector 5.5 and the main conclusions and recommendations are given in this
Chapter - sector 6.2.

The question about reaching the required efficiency could be answered combining human
performance and operations research perspective. We suggest that learning by doing
combined with coaching strategy will allow the department to reach the required efficiency.
Impact of learning by doing is closely connected with the learning rates and spillover effects.
We give detailed information about the impact of learning-by-doing on employee's
performance in Chapter 5 - sector 5.5 and in Chapter 6 - sector 6.2.
The proposed coaching strategy is described in sector 6.1.3 of this Chapter.

The additional research question about task complexity factors was considered in Chapter 4,
sector 4.1 - 4.2

This chapter is devoted to the detailed suggestions which are based on qualitative and
quantitative research methods. The suggestions based on the qualitative research are given in
sector 6.1 and from operational research perspective are given in sector 6.2.
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6. 1 Qualitative approach to improving human resources
performance
Based on interviews and survey analysis, main conclusions about tasks and human
performance in the SCe Department are the following:

1) Tasks in projects can be of organizational and technical nature. Tasks of different
nature require different sets of skills.

2) Tasks in projects cannot be allocated to different employees (on this stage of the SCe
Department development) because employees performing a task acquire knowledge
which are tacit and should be used for the related tasks.

3) The main way of learning at the Department is learning-by-doing combined with
knowledge transfer.

4) A skills gap was found.
Since tasks are interconnected and require different skills, it is important that employees have
possibilities for the developing skills. We developed three main recommendations which
might enhance and structure learning and skills development at the department. These
recommendations are the following:

• standardize way of working
• develop database of technical knowledge
• use coaching

We expect these recommendations will be discussed by the management of the SCe
Department in order to determine their benefits and possibility to implement at the SCe
Department.

The detailed description of the recommendation is given below (sector 6.1.1 - Standardized
Way of Working, 6.1.2 - Database of technical knowledge, 6.1.3 - Coaching strategy).

6.1.1 Standardized Way of Working
Based on the task analysis and interviews with experts, we suggest that task's "way of
working" should be described in more details and include information such as:

• skills and knowledge necessary for a task
• steps of a process
• approximate duration per step
• approximate duration of a task
• reporting relationships
• deliverables
• possible problems and solutions

We believe, that if each task is described in such a way and more or less standardized than it
will be easier for employees to understand all processes, deliver expected results, improve
effectiveness of his/her planning, learn and prevent problems in future.

Nowadays the SCe Department does not have a standardized way of working. This has some
positive as well as negative features. The positive features can be related to flexibility in
doing a task, opportunity to adjust way of working to different situations. Negative features
of standardized way of working absence are that the best practices of Way of Working are
implicit and not available for all employees. Therefore, it could be the case that employees
are performing tasks not according to the best possible way. Experts in specific tasks are not
distributed equally among departments and that's why they cannot be easily accessible; this
makes more difficult to consult experts and adopt best possible way of doing a task.
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It seems that in order to improve efficiency of employees' standardized ways of working
should be developed. One way of doing it is to organize meetings of experts and experienced
engineers, discuss their experiences and derive best methods of doing tasks.

6.1.2 Database of technical knowledge
The 4 th tier of the competency model (diagram 3.3) mentioned occupation specific
knowledge and skills, which include production processes at suppliers. In analysis of skills
and knowledge it was found that successful work of the department is dependent on technical
knowledge of employees. This knowledge is highly specific and if an employee is leaving the
department - knowledge is lost.

The purpose of the department is to be the interface between development and suppliers. As
the SCe Department is in the "self-identification phase", it is necessary to distinguish what
will be the "added value" of this department. Knowledge about supplier processes and
possibility of improvement of these processes are that specific knowledge which might create
the added value. This knowledge is precious and should be kept in the organization.

It is proposed to create a database of knowledge about technology and information about
suppliers. Benefits of the database will be:

1) Allowing the SCe department to facilitate learning of "new employees" and to close a
skill gap in knowledge about production processes at suppliers, defined in sector 3.3.

2) It allows the SCe Department to compare production processes of similar products
and be able to make conclusion(s) what can be changed and why? It gives also the
ability to compare and find critical processes

3) It allows the SCe Department to be able to communicate more efficient with the
Development Department (due to easily accessible information) and influence Design
for Manufacturing

4) Finally, it allows the SCe Department to be able to learn "by example (sample)". If
SCe engineer sees an example of a process, then he/she will be able to see all
documentation about it like Risk Matrix, CT reduction and so on, thus it will be much
easier for him/her to reflect this knowledge to his/her situation and make his/her own
reports or documents.

It should be mentioned that this proposal should be discussed with experts and group leaders
in order to determine whether the SCe Department has critical knowledge which need a
reference system and also to estimate whether the SCe Department will have expected return
on the investments in these database.

6.1.3 Coaching strategy
Coaching is the development of somebody's skills and knowledge through one-to-one
training. Coaching is usually conducted by a more senior and experienced colleague. Since
the main way of learning at the SCe Department is combined transfer of knowledge with on
job training, we expect that coaching will be the learning strategy which will fit naturally to
the SCe Department character.
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It is proposed to develop coaching system containing two types of coaching:

1) coaching within specialization (as it is done now - allocated coach within
specialization which supervise a task execution). This coach will help to keep a
task on the appropriate technical level and also will transfer hislher technical
knowledge. Coaching within specialization means transferring technical
knowledge.

2) coaching in specific tasks (for example, in NPI, the SCe Deparment has a list
of experts in each type of task). This coach will be responsible for tracking
efficiency of task execution and suggestion on best possible methods or "ways
of working". Coaching in specific tasks will help with the procedural
knowledge of performing certain tasks.

So the task of the first coach (specialization) is to track and help with questions related to
technology and transfer of knowledge about suppliers, whereas the second coach will track
progress of a task and transfer knowledge about task execution.

Benefit of the proposed coaching systems is derivation of the best practices or "way of
working" and developing standards for the SCe Department. We expect that standardization
processes in the SCe Department can be significantly simplified due to such coaching system
and knowledge about best way of working will be accumulated and disseminated fast. Since
both coaches will have knowledge of a task execution, it will give an opportunity to discuss
the best possible way of a task conducting among experts and will allow them to derive a
standard procedures or "way of working". The SCe engineers will collaborate more tightly
with each other.

Also, it is proposed to distinguish coaches on different levels, depending what knowledge
they have. Due to such approach many engineers can act as a coach and transfer hislher
knowledge.

To facilitate implementation of the proposed coaching system, it is suggested to divide
coaches (specialization) into 4 levels. The levels gradation is as follows:

o - just started to work cannot train anyone - not coach - can be trained by
coaches of 2d and 3d levels

1 - worked with Volume tasks - can train 0 level; can be trained by coaches of
2d

_ 3d levels
2 - worked with NPI tasks - can train 0 and 151 level
3 - worked with DMAQ tasks - can train 0 - 2d levels, cannot be trained by

anyone, as acquired all necessary skills (expert level)

Based on skills matrix developed in the SCe Department it will be possible to estimate the
level of coaching for each employee and in such way allocate them to be coaches for each
other. Additionally, this method will allow enhancing knowledge transfer and communication
among employees.

It is important to discuss a kind of feedback, which is expected from the coaches.
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In the PhD thesis of Eric van der Geer (TU/e) it was stated that "Outcome feedback is only
effective when task uncertainty is low; process feedback is effective when task uncertainty is
either low or high. Feedback is increasing the performance of employees". According to our
analysis, almost all tasks in the SCe Department are highly uncertain in terms of outcome,
means-ends connections etc; therefore, process feedback is very important and might give
significant rise in efficiency and increase probability of a good quality of an outcome.

Also the outcome feedback is important because it allows experts/coaches to analyze overall
task execution and come to conclusion whether a task was performed with required quality. A
coached employee will learn from the outcome feedback. It will enable him/her to reflect
his/her experiences and perform a new task taking into account all learned knowledge and
acquired skills.

Thus, taking into account the SCe Department situation it is advised to have process and
outcome feedback. Process feedback might be given mainly by a task coach and the outcome
feedback might be given by a specialization coach and a group leader.

We believe that such coaching strategy will allow the SCe Department to close gap in skills
and knowledge identified in sector 3.3, increase overall efficiency of employees and speed up
the employee's development towards required efficiency levels.

6.2 Allocation of employees
Developing an allocation policy which will increase the efficiency of SCe engineers was set
as one of the research questions. The efficiency of employees depends on the level of skills
and knowledge and the possibility of skills and knowledge development.

The problem of task allocation to multiple skills employees has been considered in numerous
researches (Kroon L. et aI., 1997; Duffuaa S, AI-Sultan K., 1999; Eitzen G. et al., 2004). So
in this area a clear set of allocation policies and rules exists. The limitation of the above
mentioned researches was assumptions about static process time and service rates. In real life
situation, the service rate and process rate are depended on learning effect and we have
implemented learning rates in the simulation study.

The main conclusion of the simulation studies is that allocating employees to tasks in which
they are not experienced enough is better option for the SCe Department taking into account
the given learning rates estimates. As we have described in the previous chapter, in learning
curve simulations the second scenario with flexible allocation policy has significant
improvements in comparison to the first scenario with inflexible allocation policy. Thus, it is
very important to consider the learning rates. For example, if the simulation did not consider
the learning effect, the inflexible allocation policy could be regarded as most efficient and
suggested for applying. But applying this policy would increase the learning time of
employees and in the long run will have a negative effect on the overall performance of the
Sce Department.

It should be mentioned that the above mentioned conclusion is based on the given learning
rate and spill-over effect. If the actual learning rate and the spill-over effect are different the
preferred allocation policy might also be changed. The general implications of the simulation
study are the following:
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1) Analyzing scenarios with different level of flexibility, we have concluded that
inflexible allocation might promote the policy of specialization. Such policy can be
very beneficial if a spillover effect is not significant. For example, in allocation policy
"preferred" order, the shortest processing time will be achieved rather fast.

2) The scenario with flexible employees can be considered as a policy of cross-training
and this policy might be very beneficial in case of a huge spill-over effect and lead to
a long tum advantages, because efficiency of employees is growing faster.

Therefore, before applying the results of this simulation study, it is necessary to check the
actual spill-over rates for different tasks.

Since the learning effect plays important role in growth of the employee capacity, it is
suggested that the Sce Department performance may be improved by learning-aware
allocation policy and as a complement to good coaching strategy.

6.3 Limitations of the research
A number of important limitations need to be mentioned.

Data limitations
• Data collected in the research was of a self-estimate nature which, depending on the

subject areas being questioned, may be subject to some inaccuracy or bias as a result
of inaccurate recall, lack of information, or discomfort with self-estimation.
Specifically, data of task duration could be prone to inaccuracy in recall and lack of
information~ and the skills self-assessment results could be prone to bias due to
discomfort with self-estimations.

Scope limitations
• The area of the research was limited only to the See Department and does not include

the related departments and involved third parties (for example, suppliers). This can
lead to the limited and subjective assessment of measures, especially performance
indicators.

Conceptualization limitation
• limited number of constructs in the updated conceptual model
• not considered forgetting effect and tenure of employees
• performance indicators were limited only to process time, other possible performance

indicators such as cost of task processing or quality of task were not considered in this
research

• not considered influence of information technology on the performance of employees
• not considered behavioral and personal factors which might effect employee's

efficiency, such as boredom, challenge, equality of workload etc

6.4 Future researches

The issues of personnel allocation with dynamic processing time are an interesting and
promising area. It can bring significant advantages to the service and production industries.
We expect that the sharing of models and data between behavioral scientists and operational
research analysts will make a significant progress in this area.
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We propose the following directions for further researches:

1) To consider task complexity factors
We have made a first step in the identification of task complexity factors. It is expected
that continuation of the research in this area is important. Detailed proposal of the further
research is given in sector 5.2 - "Hypotheses for further research about task complexity".
Due to time limit we did not conduct a research to support the proposed model. This
model contains limited number of construct and perhaps, could be expanded to
incorporate more constructs and antecedents.

2) To consider forgetting effect and employee turnover in task allocation strategies

Considering forgetting effect will make the models of task allocation more realistic and
will make a substantial contribution to theory, because a forgetting effect for complex
tasks was not consider extensively. Also it is expected that adding forgetting effect will
promote developing more appropriate allocation policy. Considering turnover effect will
allow researchers to describe dynamic nature of human resources more clearly.

3) To consider different allocation policies in combinations with different learning rates
and spill-over effects

On the base of the conclusions from the simulation studies, it is recommended to conduct
further researches in order to compare different allocation policies for different learning
rates and spill-over effects. Before conducting the aforementioned researches it is
necessary to find out the actual learning and spill-over rates of employees and factors
which affect their learning rate. Also it is necessary to establish time-writing system,
which allow to gather data about actual processing time and other statistics about task
execution (waiting time, task inter-arrival time etc). These statistics are necessary to
verify the applicability of the proposed simulation model. Furthermore, introduction of
such statistics will give an opportunity to track tasks and progress of the projects. It will
give an understanding of what is done, why it is not done in required time, how possible
problem can be solved, how to avoid such problems in future, a required action and so on.
Proposed method of time writing is given in the Appendix 4.

We expect that the analysis of the different allocation policies will be more useful to make
on a simplified model (for example, to consider only one type of employees and not more
than two classes of jobs). It will permit to limit the interaction effect between different
classes of tasks and different classes of employees, and will make the effect of the
allocation policies more visible.

We suggest considering the following allocation policies:
• specialization policy - serve a task in which employee is the most skilled

(fastest) in execution first.
• cross-training policy - serve a task in which employee is slowest in execution

first
In the research it would be important to consider different learning rates - fast and slow
learning and different spill-over effects. It is expected that such analysis will allow
developing managerial implication for choosing the appropriate allocation policy knowing
the learning and spill-over rates.
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4) To consider interaction between rates of learning and forgetting and complexity of
tasks
We have found a gap in behavioral studies in analyzing the speed of learning and
forgetting and task complexity. Numerous researchers (Arzi and Shtub, 1997; Dar-EI et
aI., 1995a, 1995b, 2000; Hewitt et aI., 1992; Nembhard, 2000) noted that the nature of the
task being performed influences the learning and forgetting rates. Nembhard (2000)
analyzed the complexity factor but his research was aimed at the relatively simple task on
the shop-floor level and we doubt that his results can be applicable to highly complex
tasks which require high level of specific knowledge combined with developed soft skills.
Arzi and Shtub (1997) mentioned that for certain cognitive tasks performance following a
break shows improvement, when in "classical" learning curve theory the break will induce
the forgetting effect and performance will decrease. So it might be the case that for a
highly complex task, break could be beneficial and even needed as a time for reflecting
experiences and knowledge acquired. So we think that researches in this area might lead
to interesting results.

5) To consider impact of informational technology on efficiency of employees
We suggested that the knowledge database will be beneficial for the SCe Department.
This issue requires additional researches which can be divided into two streams:

• to make a trade-off analysis between costs and capacity invested in the creation
of database and the growth of efficiency of employees due to using this database

• to consider long-term advantages of the database as a tool for gathering and
maintaining knowledge of the department. This analysis should include detailed
characteristics of knowledge needed for the SCe Department, their dynamic
nature and rate of "outdating".
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Appendix 1 - QUESTIONNAIRE

This questionnaire is a part of a research about skills development at Sce Department.
The aim of the questionnaire is to map skills to tasks and to find the underlying dependencies
between skills and performance.
The questionnaire will take 20 - 30 minutes to complete.

General notes
o Questions 9 and 10 have a list of skills and competences, all definitions of skills are in

Appendix, please, consult it.
o Questions 12.2-20.2 consists of two steps: 1 step) write the Duration of the whole

process in weeks - from time you started to work on a task and till you finish this
task; 2 step) write how much hours you spent per week on this task during the whole
process. (We understand, that your estimations will be only approximate)

o Tasks are given as they were mentioned in Skill Matrix.

Deadline:
We will be very grateful, if this questionnaire could be filled till the 26-th of March.
Please, put the filled questionnaire in the file-organizer with the label "Questionnaire for Nina
Karabash" which is situated in the room 08A02011 on the shelves near the entrance. If you
filled the digital version of the questionnaire, please, save it in
G:\SCE\l3_Means&Methods\07_SCe_Competence_Dev\NinK\Questionnaire

Contact details:
The research is conducted by Nina Karabash (the student of Technical University Eindhoven,
who is following the Master's program Operational Management and Logistics).
If you have any questions, suggestions, comments about the questionnaire or research, please,
feel free to contact her bye-mail nina.karabash@asml.com or phone 8775.

Your participation is essential for conducting the valid research.

Thank you very much for your kind collaboration!
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Part 1 - Tasks and Skills

1. What is the highest level of education that you have obtained:
o mbo / mts
o hbo/ hts
o university - ir./drs
o university - PhD (doctor)
o other, namely .

2. What is your working experience at ASML - (years)

3. What is your experience at Sce •............ (years)

4. Mark type of employment:
o Pay roll
o Flex

5. From what department have you joined SCe ...
o Quality
o Development
o Procurement
o Other - mention what ..
o Outside of the ASML

6. Mark your specialization:
For Supply Chain Engineering Electrical: (if you can perform tasks in

different specializations, please, mark all specializations which are familiar to you
and years ofexperience in each specialization)

o PCBA's/Sensors/Components (years)
o Racks&Cabinets (years)
o Electronic OEM (years)
o Cables and Bundles/Optical Fibers (years)
o Power SupplylMotors (years)
o Means&Methods (years)

For Supply Chain Engineering Mechanical:

o Flow&Temperature (years)
o Frames (years)
o Mechatronic modules (years)
o Mechanical general (years)

For Supply Chain Engineering Optical:

o Optical components and assemblies (years)
o Optical Column ....... (years)
o Ceramics and planar optics (years)
o Sources and Stage Positioning Measurement (SPM) .... (years)



7. Rank tasks within groups according to the:
1) perceived task difficulty
2) perceived importance
3) perceived time spent

Please, rank tasks in each group (Design for Manufacturing and qualifications, NPI
and Volume) according to their difficulty and importance. Use the following notations:

Task difficulty within a group:
1 - one of the easiest ofall tasks
2 - easier than most tasks performed
3 - approximately ~ tasks are more difficult, ~ less
4 - harder than most tasks performed
5 - one of the most difficult ofall tasks

Task importance within a group:
1 - one of the less important of all tasks, its impact, consequences of error are not at all
important
2 -less important than most tasks performed
3 - approximately ~ tasks are more important, ~ less
4 - more important than most tasks performed
5 - one of the most important ofall tasks

(All tasks are named as they are in Skill Matrix).

Please, measure perceived time spent in relation to other task and write in %. If you consider
whole Design for manufacturing and Qualifications, NPI or Volume tasks as project, for
which you have allocated time, then in total allocated time is 100%, please, estimate how
much time will take each task - in % within each group.

Example
DESIGN FOR MANUFACTURING AND QUALIFICATIONS

Task Task DiffICulty Task Importance Perceived time spent
(total =/00%)

Review new Architecture & 5(most diffICult 3 30%

~ .~ desif?ns on impact for SC task)
~~ Define Supply Chain 4 5 (most important) 20%
~'tl~ Requirements Specifications
.~ <§., ~

Creation ofNPI Matrix Complex 2 4 15%"" :::l.., ~

Q ~ Parts

== Participate DFMEA 3 35%2

100 % (total)
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DESIGN FOR MANUFACTURING AND QUALIFICATIONS
Task Task Difficulty Task Importance Perceived time

spent (total =100%)
Review new Architecture &

Of)
designs on impact for SC='"' 'C Define Supply ChainoS ==t:"O Requirements Specifications

Of) I:': =
.t;J OS I:': Creation of NPI Matrix Complex
~ =Q I:': Partse

Participate DFMEA

100 % (total)

NPI
Task Task Difficulty Task Importance Perceived time

spent (total =100%)
Statement of work

Risk matrix

CT roadmap

(P)FMEA

MR analysis

Supplier Output Control

100 % (total)

VOLUME
Task Task Task Importance Perceived time

Difficultv spent (total=100%)
Supplier Development (improvement
supplier on QLTC profile; incl.CT reduction)

Material Quality

.£ Performance
-; FAR
=0.5 Material escalations
.... - ~

~ e e Output control
"0 .... =
0=- SPC (statistical process,",00
Q.,U~ control)

100 % (total)

8. Rank groups (Design for Manufacturing and qualifications, NPI and Volume)
according to the:

1) perceived group difficulty
2) perceived group importance
3) perceived time spent

(explanation offilling the table, please, see in previous question)
Task Task Difficulty Task Importance Perceived time

spent

Design for Manufacturing and
Qualifications
NPI

Volume

100%
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9. Choose 4 most important skills for each task (Description of the skills is in the
appendix).

LIST OF SKILLS AND
COMPETENCIES

Soft Skills
Ability to work with information
Advocacy and Leadership
Analytical and Conceptual
Attention to Detail
Change Management
Client/Supplier Orientation
Coaching
Collaboration
Commitment to the Organization
Conflict Management and
Counseling/Consultancy
Empowering Others
Flexibility/Adaptability
Helicopter view
Influence
Innovation and Creation
Integrity
JudgmentJDecision-making
Knowledge Sharing/Continuous
Listening
Managing Process Difficultv
Managing Relationships
Mediation and Negotiation
Networkin cr

Organizing and Coordinating
Ownership
Planning and Organizing
Political and Organizational
Presentation and Public Soeaking
Punctuality
Results Orientation
Risk Taking
Strategic Orientation
Team Leadership
Working in Teams
'" ..W -11 no

Knowledge
Technical Ability / Process and
product knowledge according to
General knowledge about ASML,
its products, culture and all SCe
8D / PCSTRAIM method
Risk Management
Failure Analvsis (Root Cause
Value sourcing methodology
Six Sigma (DMAIC)
Designs experiments
SPC (statistical process control)
PGP process
TPD
System knowledge (XT. PAS.
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Supplier handbook+specific
nhont 's

Please write skills or knowledge that you consider as being important but they are not mentioned:

10. Evaluate what skills do you have and on what level (excellent, good, adequate and less
than adequate).

LIST OF SKILLS AND COMPETENCIES

SOFT SKILLS
Ability to work with information
Advocacy and Leadershio
Analytical and Conceotual Thinkinl!: (Problems
Attention to Detail
Chanl!:e Manal!:ement
Client/Suoolier Orientation
Coachinl!:
Collaboration
Commitment to the Organization
Conflict Management and Resolving
Counseling/Consultancy
Empowering Others
Flexibili ty/Adaptability
Helicopter view
Influence
Innovation and Creation
Integrity
JudgmentIDecision-making
Knowledge Sharing/Continuous Learning
Listening
Managing Process Difficulty
Managing Relationships
Mediation and Nel!:otiation
Networking
Organisinl!: and Coordinating
Ownershio
Planninl!: and Organizing
Political and Organizational Awareness
Presentation and Public Soeakinl!:
Punctuality
Results Orientation
Risk Taking
Strategic Orientation
Team Leadershio
Working in Teams
Writing

KNOWLEDGE
Technical Ability / Process and product
knowledge according to Sce specialization
General knowledge about ASML, its product,
culture and all SCe Department interfaces
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8D / PCSTRAJM

Risk Management
Failure Analysis (Root Cause Analysis)
Value sourcing methodology
Six Sigma (DMAIC)
Designs experiments
SPC (statistical process control)
PGP process
TPD
System knowled~e (XT, PAS, NXE)
Supplier handbook+specific knowledge about
supplier's production processes
Please write skills or knowledge that you consider as being important but they are not mentioned:

11. If you perceive that your skills for the tasks does not have sufficient level, what
parameters of the task might be affected:

o time
o quality of the task
o conununication or relationships with the supplier or development
o another parameter, what .
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Part 2 - Perceived time spent

12. Design for Manufacturing and Qualification

12.1How many times did you perform Design
for Manufacturing and Qualification? (if
you carried out this task more than 5 times,
please, mention how many times
you did it)

o 5 or more

How long did it take to execute Design for Manufacturing and Qualification?
(please, mention subsequently minimum and maximum time for complex and non-complex
parts)

Times

Duration (process - weeks)

Duration (hours per week
- durin whole rocess)

NPI
13. Step 2 - Risk Matrix

Min
(com lex art)

Max
(com lex art)

Min
(non-com lex art)

Max
(non-com lex art)

13.1 How many times did you
execute Risk
Matrix?
(if you carried out this task more than

5 times, please, mention how many
times you did it)

I
o Never (go~ 0 50rmore ...

.toq.14)~

13.2. How long did it take to make Risk Matrix? (please, mention subsequently minimum
and maximum time for complex and non-complex parts)

Times

Duration (process - weeks)

Duration (hours per week
- durin whole rocess)

Min
(com lex art)

Max
(com lex art)

Min
(non-com lex art)

Max
(non-com lex art)

14. Step 3 Agreement - CT roadmap

14.1 How many times did you
perform CT roadmap?
(if you carried out this task more

than 5 times, please, mention how
many times you did it)

I
o Never (go~ 0 50rmore ...

.toq.15)~

14.2. How long did it take to make CT roadmap? (please, mention
subsequently minimum and maximum time for complex and non-complex parts)
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Times Min Max Min Max
(complex part) (complex part) (non-complex part) (non-complex part)

Duration (process - weeks)

Duration (hours per week
- during whole process)

15 Step 4 - PFMEA

15.l.How many times did you
perform PFMEA?

(if you carried out this task more
than 5 times, please, mention how
many times you did it)

I o Never (go~ 0 50rmore ...
to g.16)

I
o Never (go~ 0 50rmore ...
tog.17 ~

15.2 How long did it take to make PFMEA? (please, mention subsequently minimum and
maximum time for complex and non-complex parts)

Times Min Max Min Max
(complex Part) (complex part) (non-complex part) (non-complex part)

Duration (process - weeks)

Duration (hours per week
- during whole process)

16 Step 6 - Move rate analysis

16.1 How many times did you
perform Move Rate
Analysis? (if you carried out this
task more than 5 times, please, mention
how many times you did it)

16.2 How long did it take to execute Move Rate Analysis? (please, mention
subsequently minimum and maximum time for complex and non-complex parts)

Times Min Max Min Max
(complex part) (complex part) (non-complex part) (non-complex part)

Duration (process - weeks)

Duration (hours per week
- during whole process)

17 Step 7 - Output control

17.l.How many times did you
perform Output

Control?

I o Never (go~ 0 50rmore ...
to g.18)
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(if you carried out this task more than
5 times, please, mention how many
times you did it)

17.2 How long did it take to make Output Control? (please, mention subsequently
minimum and maximum time for complex and non-complex parts)

Times Min Max Min Max
(complex Part) (complex Part) (non-complex part) (non-complex part)

Duration (process - weeks)

Duration (hours per week
- during whole process)

VOLUME
18. Supplier Development

18.1 How many times did you
perform Supplier
Development?
(if you carried out this task more than
5 times, please, mention how many
times you did it)

Io Never (go~I 0 5 or more ...
to q.19)

18.2 How long did it take to execute Supplier Development? (please, mention
subsequently minimum and maximum time for complex and non-complex parts)

Times Min Max Min Max
(complex part) (complex part) (non-complex part) (non-complex part)

Duration (process - weeks)

Duration (hours per week
- during whole process)

19. Product Quality Control at the Supplier

19.1. How many times did you
perform Quality

Control at the Supplier? I 0 Never
(if you carried out this task more than

5 times, please, mention how many
times you did it)

l~o50rmore ...

19.2How long did it take to execute Product Quality Control at the Supplier? (please,
mention subsequently minimum and maximum time for complex and non-complex parts)

Times Min Max Min Max
(complex part) (complex part) (non-complex part) (non-complex part)

Duration (process - weeks)

Duration (hours per week
- during whole process)
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Appendix 2 - Skill Descriptions

SOFT SKILLS

Ability to work with information

Skill definition: able to gather, interpret and analyze information

Advocacy and Leadership

Skill definition: Using interpersonal styles and methods that inspire and guide
individuals; encouraging the participation and collaboration of others; modifying
behaviour to accommodate tasks, situations and individuals.

Analytical and Conceptual Thinking (Problems Solving)

Skill definition: Systematically investigating, studying, or otherwise breaking down a
problem using logical reasoning and drawing accurate and appropriate conclusion.
Steps of problem- solving: COMPREHEND and DISTilL issues; IDENTIFY problem
factors; DETERMINE appropriate information; CHECK assumptions against facts;
GENERATE creative solutions; TAKE care of macro and long-term consequences of
decisions.

Attention to Details

Skill definition: Being thorough in accomplishing a task with concern for all the areas
involved, no matter how small. Being able to handle both the small and large parts of a
task. To do each task accurately and completely.

Change Management

Skill definition: ENCOURAGE and PRODUCE change in self and others; CREATE
conditions and processes to support change; SUSTAIN change, balancing people,
financial resources, technology and processes; BRING IN practical improvements;
DEVELOP an environment in which others can express themselves and act without
fear; OPERATE with transparency; BUILD trust.

Client/Supplier Orientation

Skill definition: Considers all those to whom services are provided to be
"clients"f'suppliers" and seeks to see things from clients'/suppliers' point of view;
Establishes and maintains productive partnerships with clients/suppliers by gaining their
trust and respect; Identifies clients'/suppliers' needs and matches them to appropriate
solutions; Monitors ongoing developments inside and outside the clients'/suppliers'
environment to keep informed and anticipate problems; Keep clients informed of
progress or setbacks in projects; Meets timeline for delivery of products or services
from supplier.
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Coaching

Skill definition: Helps others to identify their own personal strengths and weaknesses
and provides support to them to further grow and develop. Provides honest and
constructive feedback.

Collaboration

Skill definition: using collaborative relationships (inside and outside the
organisation) to facilitate the accomplishment of work goals

Commitment to the Organization

Skill definition: Demonstrating personal commitment in actions taken and decisions
made on a daily basis. Demonstrating commitment to organizational vision and
priorities and strategic direction. Promoting the mandate outside the organization and
defending it against detractors. Creating and building coalitions of support for the
mandate, vision and strategic direction.

Conflict Management and Resolving Disagreements

Skill definition: Remaining calm, collected and patient, when facing conflict;
Resolving interpersonal conflict by focusing on mutually acceptable solutions; Using
conflict as a potential source of creativity and innovation; Developing an environment
where conflict or problems can be addressed and resolved; Setting standards for
organizational behaviour. Builds consensus by focusing attention on areas of agreement
and by getting others to confirm them.

Counseling/Consultancy

Skill definition: Analyse the situation and specific problems around it, recommend
solutions, propose adequate answer.

Empowering Others

Skill definition: Delegates responsibility, clarifies expectations, and gives staff
autonomy important areas of their work; Encourages others to set challenging goals;
Holds others accountable for achieving results related to their area of responsibility;
Genuinely values all staff members' input and expertise; shows appreciation and
rewards achievement and effort; Involves others when making decisions that affect
them.

Flexibi IitylAdaptabi Iity

Skill definition: able to work effectively and efficiently in constantly changing
environments. Having open -mind and recognise the validity and benefits of new or
differing views. They adapt their behaviors and approaches as necessary to better suit
given situations. These abilities and attitudes enable to quickly understand new
requirements in a larger organisational context, adapt roles to given responsibilities and
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effectively manage a diverse staff in new or changing environments. Maintaining
effectiveness when experiencing major changes in work tasks or the work environment;
adjusting effectively to work within new work structures, processes, requirements or
cultures.

Helicopter View

Skill definition: Keeps the overview concerning the parts and whole of a
question, data or project. Able to detach himself/herself of a separate part to
overlook the large parts and the total process. Preserve the overview in a large
diversity of tasks, developments or processes.

Influence

Skill definition: Able to influence attitudes and opinions of others and gain agreement
to proposals, plans and ideas.

Innovation and Creation

Skill definition: DISCOVER and FlND new ways of doing things; STAY abreast on
new theories, trends or developments; CHALLENGE prevailing assumptions; Actively
SEEK to improve programmes and services; OBTAlN results with different means;
ENCOURAGE others to look for new ideas or approaches; IMPROVE ON traditional
ways with more effective action.

Integrity

Skill definition: Acts with uncompromising ethics and honesty at all times, in all
situations, both professionally and personally.

Judgment/Decision-making

Skill definition: Identifies the key issues in a complex situation, and comes to the heart
of the problem quickly; Gathers relevant information before making a decision;
Considers positive and negative impacts of decisions prior to making them; Takes
decisions with an eye to the impact on others and on the Organisation; Proposes a
course of action or makes a recommendation based on all available information; Checks
assumptions against facts; Determines that the actions proposed will satisfy the
expressed and underlying needs for the decision; Makes tough decisions when
necessary.

Knowledge Sharing/Continuous Learning

Skill definition: Taking responsibility for one's own learning and development;
Actively seeking learning and career development opportunities; Promoting
organizational learning and knowledge management; Building a culture of knowledge
sharing and learning.
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Listening

Skill definition:. Actively listening to others. Creating a good first impression;
commanding attention and respect; showing an air of confidence.

Managing Process Complexity

Skill definition: Leads development of clear office strategy - antlcIpates and
understands client needs, formulates clear strategic plans, prioritizes interventions, and
allocates resources according to priorities; Manages projects effectively - consistently
ensures timeliness and quality of project work carried out by the office; Develops
innovative solutions - encourages and contributes creative solutions to address
challenging situations.

Managing Relationships

Skill definition: Builds strong client relationships - establishes lasting relationships and
substantive dialogue with clients that create valuable intervention opportunities for the
office/unit; Builds strong relationships with other external actors - cultivates
productive relationships with donors, partners and other important institutions and
individuals; mobilizes additional resources to achieve strategic results; Communicates
clearly and convincingly - demonstrates strong oral and written communication skills;
Manages conflict and stress - remains composed in crisis or conflict situations and
works effectively as a mediator to resolve problems.

Mediation and Negotiation

Skill definition: ASSESS divergent views; IDENTIFY key arguments; FORMULATE
positions; PRESENT or PROPOSE alternative ways to others; BUILD consensus
among parties; REACH solutions to satisfy fundamental objectives; ARRIVE at
constructive solutions while maintaining positive working relationships.

Networking

Skill definition: Building and leveraging a diverse network of contacts and strategic
partnerships. Establishes and maintains a networks with suppliers, colleagues from
different departments, other involved people. Expands partnerships and builds
relationships with key individuals or groups; Creates a diverse base of strategic partners
across a variety of platforms (teams, departments, units, or other organizations.).

Organizing and Coordinating

Skill definition: Establishes clear priorities for self and other members of the UN team;
schedules activities to ensure optimum use of time and resources; monitors performance
against development and other objectives and corrects deviations from course.
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Ownership

Skill definition: Ability to identify and to take the responsibility of all necessary
actions, (including delegation), with a focus on the result.

Planning and Organizing

Skill definition: Effectively plans what is to be achieved, involving all relevant staff
members, anticipating important or critical events, identifying resource requirements
and assigning responsibility for specific work, including deadlines and performance
expectations.. Has mechanisms to monitor progress and to make changes as required.
Ensures staff members' awareness that they will be accountable for achieving the
desired results through planned programme evaluation and individual performance
appraisal. Ensures that the staff is provided with the necessary tools.

Political and Organizational Awareness

Skill definition: Identifies and understands relationships, constraints and pressures
affecting others, and especially refugees.

Presentation and Public Speaking

Skill definition: PREPARE high impact presentation; CARRY audience analysis;
DELIVER concrete messages; SPEAK clearly and concisely in public; USE appropriate
audio visual technology; CARRY self well in front of a large audience; ANSWER
spontaneously pertinent questions; MAKE a self assessment after performance for
future improvements.

Punctuality

Skill definition: the characteristic of being able to complete a required task or fulfil an
obligation before or at a previously-designated time

Results Orientation

Skill definition: Effectively translates ideas into actions. Makes things happen through
perseverance and tenacity. Achieves quantifiable and measurable results. Identifies
areas for improvement and takes necessary steps to implement those changes. Is a self
starter rather than waiting for direction from others. Produces and delivers quality
results. Is action oriented and committed to achieving outcomes.

Risk Taking

Skill definition: Assesses risks, makes decisions and accepts the consequences.
Evaluates many options, analysing each one before choosing from among them;
Calculates the risks, benefits of success and consequences of failure, based on
information gathered and evaluated; Commits to action despite the uncertainty of the
outcome and accepts the consequences of failure.
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Strategic Orientation

Skill definition: Understands the changing nature of the SCe environment and the
potential impact on the work of SCe engineers; Is able to approach problems from a
political perspective, to analyse and to find the best solution in the given circumstances;
Is able to identify essential elements, make strategic decisions and prepare plans which
reflect Sce strategic priorities. Assesses situations and makes decisions that take into
consideration global trends and implications and how they reflect on the organization.

Team Leadership

Skill definition: BUll..,D effective teams recognizing individual contributions, cultural
factors and organizational context; CONDUCT effectively different types of teams/task
forces; MOTNATE self and team members for results; INSTll..,L team agenda before
personal/individual interest; ENCOURAGE dialogue and ACT in accordance with team
inputs; ANTICIPATE and RESOLVE conflicting differences by pursuing mutually
agreeable solutions; GNE proper credit to others; PARTICIPATE effectively in cross
organizational activities.

Working in Teams

Skill definition: Working effectively with colleagues in ways that allow the
achievement of shared objectives; Creating team spirit and unity of purpose across SCe
Department.

Writing

Skill definition: Able to write technical reports, requirements and proposals.

KNOWLEDGE

Technical Ability (Process and product knowledge according to Sce
special ization)

Skill definition: Maintains and demonstrates appropriate and necessary technical
knowledge related to a discipline or Agency function and continues to refine relevant
analytical/technical skills as well as professional judgment.

Risk Management

Skill definition: understands the structured approach to managing uncertainty through,
risk assessment, able to develop strategies to manage it, and able to mitigate risks using
available resources. The strategies might include transferring the risk to another party,
avoiding the risk, reducing the negative effect of the risk, and accepting some or all of
the consequences of a particular risk.
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Appendix 3 - Competency model

Competency model

Risk Management, SPC, Six
Sigma, Failure Analysis,

reduction Processes at Suppliers

The competency model is adapted from the template proposed by the U.S. Department of
Labor, Employment and Training Administration.

Tier 1 - Personal Effectiveness Competencies

Interpersonal Skills:

• Demonstrating concern for others - Shows sincere interest in others and their concerns, and
demonstrates sensitivity to the needs and feelings of others; helps others resolve sensitive
interpersonal problems as appropriate; looks for ways to help people, and pitches in to help
others.

• Demonstrating insight into behavior - Recognizes and accurately interprets the verbal and
nonverbal behavior of others; shows insight into the actions and motives of others, and
recognizes when relationships with others are strained.

• Maintaining open communication - Maintains open lines of communication with others;
encourages others to approach him/her with problems and successes; establishes a high degree
of trust and credibility with others.

• Respecting diversity - Demonstrates sensitivity and respect for the opinions, perspectives,
customs and individual differences of others; values diversity of people and ideas.

• Working with diverse people - Is flexible and open-minded when dealing with a wide range of
people; listens to and considers others' viewpoints; works well and develops effective
relationships with diverse personalities.
Learning about other cultures - Takes action to learn about and understand the climate,

orientation, needs, and values of other groups, organizations, or cultures.
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Integrity:

• Behaving ethically - Abides by a strict code of ethics and behavior; chooses an ethical course of
action and does the right thing, even in the face of opposition; encourages others to behave
accordingly.

• Acting fairly - Treats others with honesty, fairness and respect; makes decisions that are
objective and reflect the just treatment of others.
Taking responsibility - Takes responsibility for accomplishing work goals within accepted

timeframes; accepts responsibility for one's decisions and actions and for those of one's group, team,
or department; attempts to learn from mistakes.

Professionalism:

• Demonstrating self-control - Demonstrates self-control by maintaining composure and keeping
emotions in check even in very difficult situations; deals calmly and effectively with stressful
situations.

• Professional appearance - Maintains a professional demeanor; dresses appropriately for
occupation and its requirements; maintains appropriate personal hygiene;

• Substance abuse - Is free from substance abuse.
Maintains a positive attitude - Projects a professional image of oneself and the organization;

demonstrates a positive attitude towards work; takes pride in one's work and the work of the
organization.

Initiative:

• Persisting - Pursues work with energy, drive, and a strong accomplishment orientation; persists
and expends extra effort to accomplish tasks even when conditions are difficult or deadlines are
tight; persists at a task or problem despite interruptions, obstacles, or setbacks.

• Taking initiative - Goes beyond the routine demands of the job; takes initiative in seeking out
new work challenges and increasing the variety and scope of one's job; seeks opportunities to
influence events and originate action; assists others who have less experience or have heavy
workloads.

• Setting challenging goals - Establishes and maintains personally challenging but realistic work
goals; exerts effort toward task mastery; brings issues to closure by pushing forward until a
resolution is achieved.

• Working independently - Develops own ways of doing things; is able to perform effectively even
with minimal direction, support or approval and without direct supervision.
Achievement motivation - Intrinsically driven to succeed and excel; strives to exceed standards

and expectations; exhibits confidence in capabilities and an expectation to succeed in future activities.

Willingness to Learn:

• Demonstrating an interest in learning - Demonstrates an interest in personal learning and
development; seeks feedback from multiple sources about how to improve and develop, and
modifies behavior based on feedback or self-analysis of past mistakes.

• Participating in training - Takes steps to develop and maintain knowledge, skills, and expertise
necessary to achieve positive results; participates fully in relevant training programs and
actively pursues other opportunities to develop knowledge and skills.

• Anticipating changes in work - Anticipates changes in work demands and searches for and
participates in assignments or training that address these changing demands; treats
unexpected circumstances as opportunities to learn.
Identifying career interests - Takes charge of personal career development by identifying

occupational interests, strengths, options and opportunities; makes insightful career planning decisions
based on integration and consideration of others' feedback, and seeks out additional training to pursue
career goals.

Tier 2 - Academic Competencies
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Writing:

• Organization and Development - Creates documents such as letters, directions, manuals,
reports, graphs, and flow charts; communicates thoughts, ideas, information, messages and
other written information, which may contain technical material, in a logical, organized and
coherent manner; ideas are well developed with supporting information and examples.

• Mechanics - Uses standard syntax and sentence structure; uses correct spelling, punctuation,
and capitalization; uses appropriate grammar (e.g., correct tense, subject-verb agreement, no
missing words).
Tone - Writes in a manner appropriate for business; uses language appropriate for the target

audience; uses appropriate tone and word choice (e.g., writing is professional and courteous).

Communication - Listening and Speaking:

• Speaking - Expresses information to individuals or groups taking into account the audience and
the nature of the information (e.g., technical or controversial); speaks clearly and confidently;
information is organized in a logical manner; speaks using common English conventions
including proper grammar, tone and pace; tracks audience responses and reacts appropriately
to those responses; effectively uses eye contact and non-verbal expression.

• Listening - Receives, attends to, interprets, understands, and responds to verbal messages and
other cues; picks out important information in verbal messages; understands complex
instructions; appreciates feelings and concerns of verbal messages.

• Two-way communication - Practices meaningful two-way communication (i.e., speaks clearly,
pays close attention and seeks to understand others, listens attentively and clarifies
information); attends to nonverbal cues and responds appropriately.
Persuasion/Influence - Influences others; persuasively presents thoughts and ideas; gains

commitment and ensures support for proposed ideas.

Analytical and Conceptual Thinking:

• Reasoning - Possesses sufficient inductive and deductive reasoning ability to perform job
successfully; critically reviews, analyzes, synthesizes, compares and interprets information;
draws conclusions from relevant and/or missing information; understands the principles
underlying the relationship among facts and applies this understanding when solving problems.

• Mental agility - Identifies connections between issues; quickly understands, orients to, and
learns new assignments; shifts gears and changes direction when working on multiple projects
or issues.

• Systematically investigating, studying, or otherwise breaking down a problem using logical
reasoning and drawing accurate and appropriate conclusion.

Active Learning/Ability to work with information

• Learning strategies - Applies a range of learning techniques to acquire new knowledge and
skills; processes and retains information; identifies when it is necessary to acquire new
knowledge and skills.

• Application - Integrates newly learned knowledge and skills with existing knowledge and skills;
uses newly learned knowledge and skills to complete specific tasks; uses newly learned
knowledge and skills in new or unfamiliar situations.

Tier 3 - Workplace Competencies

Teamwork:

• Acknowledging team membership and role - Accepts membership in the team; shows loyalty to
the team; determines when to be a leader and when to be a follower depending on what is
needed to achieve the team's goals and objectives; encourages others to express their ideas
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and opinions; identifies and draws upon team members' strengths and weaknesses to achieve
results; learns from other team members.

• Establishing productive relationships - Develops constructive and cooperative working
relationships with others; exhibits tact and diplomacy and strives to build consensus; shows
sensitivity to the thoughts and opinions of other team members; delivers constructive criticism
and voices objections to others' ideas and opinions in a supportive, non-accusatory manner;
responds appropriately to positive and negative feedback.

• Identifying with the team and its goals - Identifies the goals, norms, values, and customs of the
team; is a team player and contributes to the group's effort; uses a group approach to identify
problems and develop solutions based on group consensus; effectively communicates with all
members of the group or team to achieve team goals and objectives.
Resolving conflicts - Brings others together to reconcile differences; handles conflicts maturely

by exercising "give and take" to achieve positive results for all parties; reaches formal or informal
agreements that promote mutual goals and interests, and obtains commitment to those agreements
from individuals or groups.

AdaptabilityI Flexibility:

• Employing unique analyses - Employs unique analyses and generates new, innovative ideas in
complex areas; integrates seemingly unrelated information to develop creative solutions;
develops innovative methods of obtaining or using resources when insufficient resources are
available.

• Entertaining new ideas - Is open to considering new ways of doing things; actively seeks out
and carefully considers the merits of new approaches to work; willingly embraces new
approaches when appropriate and discards approaches that are no longer working.
Dealing with ambigUity - Takes effective action when necessary without haVing to have all the

necessary facts in hand; easily changes gears in response to unpredictable or unexpected events,
pressures, situations and job demands; effectively changes plans, goals, actions or priorities to deal
with changing situations.

Customer Focus:

• Understanding customer needs - Demonstrates a desire to understand customer needs; listens
to what customers are saying and asks questions as appropriate; demonstrates awareness of
client goals.

• Providing personalized service - Provides prompt, efficient and personalized assistance to meet
the requirements, requests, and concerns of customers; provides thorough, accurate
information to answer customers questions and inform them of commitment times or
performance guarantees; actively looks for ways to help customers by identifying and proposing
appropriate solutions and/or services; establishes boundaries as appropriate for unreasonable
customer demands.

• Acting professionally - Is pleasant, courteous and professional when dealing with internal or
external customers; develops constructive and cooperative working relationships with
customers, and displays a good-natured, cooperative attitude; is calm and empathetic when
dealing with hostile customers.
Keeping customers informed - Follows up with customers during projects and following project

completion; keeps clients up to date about decisions that affect them; seeks the comments, criticisms
and involvement of customers; adjusts services based on customer feedback.

Planning and Organizing:

• Planning - Approaches work in a methodical manner; plans and schedules tasks so that work is
completed on time; keeps track of details to ensure work is performed accurately and
completely.

• Prioritizing - Prioritizes various competing tasks and performs them quickly and efficiently
according to their urgency; finds new ways of organizing work area or planning work to
accomplish work more efficiently.

• Allocating resources - Estimates resources needed for project completion; allocates time and
resources effectively and coordinates efforts with all affected parties; keeps all parties informed
of progress and all relevant changes to project timelines.
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Anticipating obstacles - Anticipates obstacles to project completion and develops contingency
plans to address them; takes necessary corrective action when projects go off-track.

Managing process difficulty

• Generating innovative solutions - Uses information, knowledge, and beliefs to generate
original, innovative solutions to problems; reframes problems in a different light to find
fresh approaches; entertains wide-ranging possibilities others may miss; takes advantage
of difficult or unusual situations to develop unique approaches and useful solutions.

• Manages projects effectively - consistently ensures timeliness and quality of project work
carried out by the office;

• Develops innovative solutions - encourages and contributes creative solutions to address
challenging situations.

Problem Solving and Decision-Making:

• Identifying the problem - Anticipates or recognizes the existence of a problem; identifies the
true nature of the problem by analyzing its component parts; uses all available reference
systems to locate and obtain information relevant to the problem; recalls previously learned
information that is relevant to the problem.

• Locating, gathering, and organizing relevant information - Effectively uses both internal
resources (e.g., internal computer networks, company filing systems) and external resources
(e.g., internet search engines) to locate and gather information; examines information obtained
for relevance and completeness; recognizes important gaps in existing information and takes
steps to eliminate those gaps; organizes/reorganizes information as appropriate to gain a better
understanding of the problem.

• Generating alternatives - Integrates previously learned and externally obtained information to
generate a variety of high-quality alternative approaches to the problem; skillfully uses logic
and analysis to identify the strengths and weaknesses, the costs and benefits, and the short
and long-term consequences of different approaches.

• Choosing a solution - Decisively chooses the best solution after contemplating available
approaches to the problem; makes difficult decisions even in highly ambiguous or ill-defined
situations; qUickly chooses an effective solution without assistance when appropriate.
Implementing the solution - Commits to a solution in a timely manner, and develops a realistic

approach for implementing the chosen solution; observes and evaluates the outcomes of implementing
the solution to assess the need for alternative approaches and to identify lessons learned.

Scheduling and Coordinating:

• Arranging - Makes arrangements (e.g. for traveling, meetings) that fulfill all requirements as
efficiently and economically as possible; handles all aspects of arrangements thoroughly and
completely with little or no supervision.

• Informing - Responds to the schedules of others affected by arrangements; informs others of
arrangements, giving them complete, accurate and timely information; insures that others
receive needed materials in time.

• Verifying - Takes steps to verify all arrangements; recognizes problems, generates effective
alternatives, and takes corrective action.

• Coordinating in distributed environments - Coordinates schedules of colleagues, co-workers,
and clients in regional locations (i.e., across time zones) to ensure that inconvenience is
minimized and productiVity is enhanced; leverages technology (e.g., internet, teleconference)
to facilitate information sharing in distributed work environments; takes advantage of team
member availability throughout business hours in multiple time zones to enhance productivity.
Shiftwork - Effectively coordinates the transition of employees at the beginning and end of each

work shift; disseminates crucial information in an organized manner to rapidly bring employees up to
speed at the start of their shifts; ensures that employees are updated on work completed on past shifts
and work that still needs to be completed.

Checking, Examining and Recording:
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• Detecting errors - Detects and corrects errors, even under time pressure; notices errors or
inconsistencies; forwards or processes forms in a timely and accurate manner.

• Completing forms - Selects and completes appropriate forms qUickly and completely; attends to
and follows through on important information in paperwork; expedites forms, orders or
advances that require immediate attention.

• Obtaining information - Obtains appropriate information, signatures and approvals promptly;
verifies that all information is present and accurate before forwarding materials.
Maintaining logs - Keeps logs, records and files that are up-to-date and readily accessible;

updates logs, files and records, noting important changes in status.

Business Fundamentals + General knowledge about ASML

• Situational awareness - Understands the organization's mission and functions; recognizes one's
role in the functioning of the company and understands the potential impact one's own
performance can have on the success of the organization; grasps the potential impact of the
company's well-being on employees.

• Business ethics - Demonstrates respect for coworkers, colleagues, and customers; acts in the
best interest of the company, the community, and the environment; complies with applicable
laws and rules governing work and reports loss, waste, or theft or company property to
appropriate personnel.

• Market knowledge - Understands market trends in the industry and the company's position in
the market; knows who the company's primary competitors are, and stays current on
organizational strategies to maintain competitiveness.

Helicopter view

• Keeps the overview concerning the parts and whole of a question, data or project.
• Able to detach himself/herself of a separate part to overlook the large parts and the total

process.
• Preserve the overview in a large diversity of tasks, developments or processes.
• Seeing the big picture - Has broad knowledge and perspective; pieces together seemingly

unrelated data to identify patterns and trends and to see a bigger picture; understands the
pieces of a system as a whole and appreciates the consequences of actions on other parts of
the system; possesses a big-picture view of the situation.

• Tier 4-- Occupation-Specific Knowledge Areas and Technical Competences

• Risk Management
• Six sigma - 8D/PCSTRAIM
• Production processes at the suppliers

Knowledge of raw materials, production processes, quality control, costs, and other techniques for
maximizing the effective manufacture and distribution of goods.

• Statistical Process Control (SPC)
• Failure Analysis

The process of collecting and analyzing data to determine the cause of a failure and how to prevent it
from recurring. It is an important discipline in many branches of manufacturing industry, such as the
electronics industry, where it is a vital tool used in the development of new products and for the
improvement of existing products.
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Appendix 4 - Time-writing
I

Steps of a time-writing
1) An employee discusses with a manager what time he will spend on a task (whole

process and as perceived hours per week). This time is recorded as expected time.

2) Manager can also write time that he feels this employee will spend for the task.

3) In the beginning of the period an employee will write time of the beginning (for the
time of the process).

4) Each week an employee will write hours he/she spent on this project this week.

5) At the end of the task, employee will write time that task is completed. Then it
determined what the duration of the process was.

6) As well it will be calculated how many hours in total were spend on this task.

7) The real time spent and real duration of the task is compared with expected duration
and then determined what causes a delay and variations between real and expected
time spent.
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