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ABSTRACT

EXPLORING THE POTENTIALS OF VIRTUAL REALITY TECHNOLOGY
FOR USER EVALUATION OF A SHUNTER LOCOMOTIVE DRIVER
CABIN

Topcuoglu, Oguzhan
MSc., Department of Industrial Design
Supervisor: Assist. Prof. Dr. Giilsen Tére Yargin

July 2018, 190 pages

User evaluation is an important phase of vehicle design process. To evaluate a design,
it needs to be presented to the user by using certain mediums such as physical
prototypes, simulations, software analyses, or virtual prototypes. However, physical
representation mediums, such as physical prototypes and simulations, have several
disadvantages for user evaluation of large scale products like shunter locomotives.
Primary disadvantage is that for such large products, physical prototypes and
simulation setups require too much money and time. On the other hand, software
analyses are suitable for gathering objective data through virtual user models, but not
appropriate for obtaining subjective evaluations. As a solution, this thesis aims to
explore the potentials of virtual reality (VR) technology as an alternative user
evaluation medium by employing it in the design process of a shunter locomotive’s
driver cabin. To do this, in this study, (1) literature review is conducted on shunter
locomotives, and existing vehicle user evaluation methods and mediums for vehicle
design, (2) interviews with professional locomotive operators are carried out to
investigate user evaluation criteria for shunter locomotives, (3) a locomotive driver
cabin is designed together with the preparation of its VR environment, and (4) through
interviews with professional locomotive operators, evaluations of this cabin are
performed based on previously identified user evaluation criteria by using the prepared
VR environment. As a result of the study, advantages and disadvantages of using VR

technology as an evaluation medium are identified. In user evaluations, VR have

\Y



advantages in providing a realistic immersive experience, whereas for some users, it
has disadvantages in terms of discomfort it creates during evaluation and its
limitedness in providing realistic experience, thereby misleading some evaluations.
Outcomes of the study can provide guidance on how VR technology can be used in

user evaluations of vehicle design.

Keywords: Virtual Reality, User Evaluation, Vehicle Design, Shunter Locomotive

Driver Cabin
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MANEVRA LOKOMOTIFi SURUCU KABINININ KULLANICI
DEGERLENDIRMESINDE SANAL GERCEKLIiK TEKNOLOJISI
KULLANIM POTANSIYELLERININ INCELENMESI

Topcuoglu, Oguzhan
Yiiksek Lisans, Endiistri Uriinleri Tasarimi Bolimii

Tez Yoneticisi: Yrd. Dog. Dr. Giilsen T6re Yargin

Temmuz 2018, 190 sayfa

Kullanic1 degerlendirmeleri tasit tasarim siirecinin 6nemli agsamalarindan biridir.
Bir tasarimin degerlendirmeye alinmasi igin fiziksel prototip, simiilasyon, bilgisayar
analizi ve sanal model gibi belli araglarla kullaniciya aktarilmasi gerekmektedir.
Fakat, manevra lokomotifi gibi biiyiik 6lgekli bir tasit s6z konusu oldugunda, fiziksel
prototip ve simiilasyon gibi fiziksel sunum araglarinin kullanilmasinda cesitli
dezavantajlar ortaya g¢ikmaktadir. Baslica sorun, bu boyuttaki iriinlerin fiziksel
prototipinin veya simiilasyon kurulumunun masrafli ve zaman alict olmasidir. Diger
bir yandan, bilgisayar analizlerinde sanal kullanici modeli ile objektif
degerlendirmeler yapilabilir; ancak bu yolla siibjektif veri toplanmasi miimkiin
degildir. Bu tez, bahsedilen sorunlara ¢oziim onerisi olarak, sanal gergeklik (VR)
teknolojisinin alternatif bir kullanict degerlendirme araci olarak potansiyellerini bir
manevra lokomotifi siiriicii kabini tizerinde deneyerek incelemeyi amaglamaktadir.
Bunun yapilabilmesi i¢in ¢alismada uygulanan adimlar sirayla su sekildedir: (1)
Manevra lokomotiflerine ve var olan tasit kullanic1 degerlendirme yontemleri ve
araglarma iligkin literatiir taramast yapilmistir. (2) Profesyonel makinistlerle
roportajlar yapilarak bir manevra lokomotifinin degerlendirilebilmesi igin gerekli
olgiitler saptanmustir. (3) Uzerinde degerlendirme yapilmak iizere bir manevra
lokomotifi siirticli kabini tasarlanmis ve tasarima iliskin VR ortami1 hazirlanmuistir. (4)
Bu tasarim, onceden saptanan Olglitlere gore yine profesyonel makinistlerce VR

araciligi ile degerlendirilmeye alinmistir. Calismanin sonucunda VR’1n bir kullanici
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degerlendirme araci olarak kullanilmasinin avantaj ve dezavantajlari ortaya ¢ikmuigstir.
VR uygulamasinin, kullanicty1 360 derece igine alarak sarmalayan gercekei bir
deneyim olmasinin getirdigi avantajlarinin yani sira; kimi kullanicida degerlendirme
sirasinda yiize takili durdugu sirada rahatsizliga neden olmasi, sagladigi deneyimin
gercekeiliginin kisitli olmasi ve bu sebeple bazi degerlendirmeleri yanlis yonlendirme
tehlikesi tagimasi gibi dezavantajlarinin oldugu da goriilmiistir. Bu g¢alismanin
bulgulari, VR teknolojisinin tasit tasarimi kullanic1 degerlendirme ¢alismalarinda

nasil kullanilabilecegine dair rehberlik edebilecektir.

Anahtar Sozciikler: Sanal Gergeklik, Kullanict Degerlendirmesi, Ara¢ Tasarimu,

Manevra Lokomotifi Siirticii Kabini
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CHAPTER1

INTRODUCTION

In this chapter, first of all, the definition of a locomotive is made. Then the difference
between a mainline locomotive and shunter locomotive is explained. Because this
thesis manages the study by focusing on a shunter locomotive which is not an everyday
product, it is beneficial to give an introductory information to the reader about what is
a shunter locomotive. After introducing the main characteristics and usage purposes
of a shunter locomotive briefly, the chapter continues with the background of the

research problem, aim of the study and research questions.

1.1  What is a shunter locomotive?

Locomotive is a railway vehicle which transports other engineless carriages and there
are two types of locomotives: mainline locomotives and shunter locomotives (Figure
1.1, Figure 1.2). Mainline locomotives are the ones which are used to transport
carriages between different locations with long distance such as two different cities.
On the other hand, shunter locomotives can also be used for long distances but the
main usage area of them is transporting carriages in a railway hangar between short
distances. The main purpose of this is transporting the carriages to the right railway
line among lots of other lines by coupling and decoupling them each other. Therefore,
a group of carriages will be ready for a long transportation which is settled by the
mainline locomotives. To arrange carriages in the right position, shunter locomotives
switch the moving direction to the front and back frequently — which is called shunting
— while mainline locomotives continuously move to the same direction. As a result,
the structural design of two locomotives are quite different because of their different

usage areas.



Figure 1.1 Mainline Locomotive Sample
[Digital image 1]

Figure 1.2 Shunter Locomotive Sample
[Digital image 2]

As shown in Figure 1.1, while mainline locomotive has got two operator cabins which
are located at the front and back of the vehicle, shunter locomotive (Figure 1.2) has
one operator cabin which is located in the middle of the vehicle and it is higher than
the level of engine compartment to supply a better visibility for shunting. In this driver
cabin, there are two operator desks and two seats which are located towards front and
back because the operator often switches control desks during the work according to
the direction he goes. This thesis concentrates on shunter locomotives’ operator cabins
by conducting studies within an ongoing project carried out in Aselsan on shunter
locomotive design (Figure 1.3).



Figure 1.3 The inner arrangement of a shunter locomotive’s operator cabin from top

1.2 The scope of shunter locomotive project in Aselsan

TCDD Tasimacilik A.S. (Turkish State Railways Transportation Company) has started
a shunter locomotive refurbishment project in June 2017, in collaboration with the
Tiilomsas A.S. and Aselsan A.S. The scope of the project is keeping the bottom chassis
and the bogies of an old shunter locomotive, Type DE 11000, and refurbishing the
upper rest according to the new hybrid technologies. Aselsan A.S., the company that
the author work for as a designer, undertook the responsibility of designing the engine
compartments, the units inside the compartments, driver cabin and the driver desks. In
this project, time was an important factor because the first prototype was intended to
be presented in the exposition of Innotrans 2018, September, a worldwide railway
exposition. In this project, the author was responsible for designing the driver cabin
interior and driver desk. The task includes detecting user needs, designing the cabin
and desk according to these needs, and checking through user evaluations if the needs
are fulfilled. Thus, this design and the requirements of the project are central for the

thesis.

1.3 Background of the problem
User evaluation is a significant part of the product design process to generate a final
product which satisfies its users and their expectations. It enables the development of



the existing product in terms of human factors, ergonomics, usability, and perceived
quality. As a result, such evaluations result in meeting the market demands. However,
in the product development process, there is not always a final product available to
make user evaluations on it. Thus, as a solution, in user evaluations, some kind of
mediums are used such as physical mock-ups to imitate and simulate the closest
experience to the actual one. However, providing that output is not always so easy and
efficient for large scale products like shunter locomotives’ driver cabins because of

time and budget considerations.

To simulate the usage in user evaluations, four main types of mediums are indicated
in the literature: Software analysis, physical prototype, virtual prototype and
simulation (see Deisinger, Breining, & RoBler, n.d.; Sagot, Gouin, & Gomes, 2003;
Petrie & Bevan, 2009; Ferrise, Graziosi, & Bordegoni, 2015).

Unfortunately, some mediums are not suitable for all types of products or evaluation
purposes. For instance, although physical mock-ups are very useful for evaluating,
some small products - such as kitchen appliances, hair dryers or cellphones — they are
not so practical for large products such as locomotives. The reason is, preparation time
of a huge locomotive model and its cost increases dramatically compared to a small
product. Bennes, Bazzaro, Chevriau, & Sagot (2014) state that realization of full-scale
mock-ups can be very time consuming in such conditions. Spending that much time is
a problem in the case of Aselsan A.S.’s locomotive project as it mentioned in section

1.2.

Simulations are another example for evaluation mediums. A simulation can also be
quite expensive and time-consuming because it is composed of varied elements such
as a screen, sound system and a physical prototype. This is not so efficient for early
design evaluation. Sagot et al. (2003) in their study, indicate the final step of
ergonomic user analysis of a high-speed train driver cabin as a comprehensive
simulation composed of a physical prototype, a screen and a sound system. As they
specify, it is more logical to use simulation as the final step of a product development
cycle, not in the first or middle phases. The reason is, it is unnecessary to waste that
much money, time, material and effort from the beginning. In the case of new design

development processes such as Aselsan A.S.’s locomotive project, the products are



needed to be tested and evaluated often from the beginning to end within the acceptable
time tables.

The next medium used in user evaluation tests is software analysis programs for
evaluating considerations related to human factors. A software analysis program can
be very helpful for testing anthropometric criteria but cannot be a solution for
subjective evaluations like visual appeal tests because all the process is run in the
computer and there is no real human interaction. Deisinger et al. (n.d.) use software
analysis successfully for testing their ergonomic concerns in their train compartment
design evaluation study, but they state that they prefer to use a virtual reality system
with also a physical prototype for subjective evaluation to double check the software

analysis results.

In the case of a project related to shunter locomotives, such as Aselsan A.S.’s
locomotive project, because it is a huge product, the mediums above are not efficient
enough especially because of the time and money considerations. At this point, there
Is a need for exploring new potentials for user evaluation mediums. On the other hand,
because this shunter locomotive project is managed in a professional company named
Aselsan A.S. with the partnership of Tiilomsas A.S. and TCDD Tasimacilik, this need
can be researched efficiently and successfully thanks to the helps of professional

supports and opportunities.

At this point, virtual reality (VR) technology reveals in the practice and the literature
with a wide range of usage area including the aim of user evaluation tests. There are
also lots of examples of VR usage in the field of industrial design and architecture. Ye,
Campbell, Page, & Badni (2006) presented a VR-based conceptual 3D CAD system
in their research and indicates the potentials of VR technology in industrial design. At
the University of North Carolina, USA, an architect team prepared a virtual building
which creates the possibility of viewing the design from inside and correcting the
design errors before the building was physically constructed (Grajewski, Gorski,
Zawadzki, & Hamrol, 2013). Kemeny (2014) suggests CAVE VR system to be used
for vehicle ergonomics, perceived quality, styling, and interior lighting. VR is also
used for the evaluation of user experience tests of a food truck (Song, Chen, Peng,
Zhang, & Gu, 2017), accessibility tests of a plane’s pilot cabin (Li & Liu, 2014) and
driver’s workplace in city buses (Grajewski et al., 2013). Aromaa & Kaisa (2016)



addressed VR reliable for ergonomic evaluations of a mobile rock crushing machine.
Despite all those vehicle examples, there is a literature gap concerning the usage of

VR in a shunter locomotive’s driver cabin for the purpose of user evaluation.

To sum up, VR is very popular in a wide range of usage area including the aim of user
evaluation tests. Especially VR Head Mounted Display (HMD) becomes very popular
recently by presenting a fully immersive 3D experience close to real. Besides, it has
advantages such as being mobile, cost-effective and time saving (Cosma, Ronchi, &
Nilsson, 2016). As a result, VR HMD technology can be a solution (an overview of
this problem statement can be seen in Figure 1.4) which is worth to investigate for a
shunter locomotive’s driver cabin’s user evaluation tests. This is explained more in

Chapter 2 and 3.
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1.4  Aim of the study

The aim of this thesis is exploring the potentials of VR technology as a user evaluation
medium by testing it on the driver cabin design of a shunter locomotive. This process
also targets to examine the possible difficulties and obstacles during the virtual model

preparation process as much as its advantages and efficiency.

Because this locomotive design is a running simultaneous project in the company of
Aselsan A.S., at the end, this study is expected to both reveal user feedback for the
improvement of driver cabin design and contribute to the literature in terms of

identifying the potentials of VR technology for user evaluations.

1.5 Research questions

The main question of this research is “what are the potentials of VR HMD and virtual
hand technology as a user evaluation medium for evaluating a shunter locomotive’s
driver cabin?” The answer of this main question is expected to be found in two bases:
(1) from the literature and (2) from empirical studies. To answer the main question,
firstly, it is required to gather general information related to research topic from the
existing sources which are available in the literature. To obtain this general
information, three sub-questions are defined to be found in the literature: (1) “What
are the main user evaluation mediums for vehicle designs?” (2) “What are the
advantages and disadvantages of those mediums?” and (3) “Why VR can be an
efficient solution for evaluating a large-scale shunter locomotive driver cabin?”. After
finding answers to these questions from the literature, two other sub-questions are
defined to be answered by empirical studies: (1) “What are the subjective evaluation
criteria of a shunter locomotive’s driver cabin?” and (2) “According to users, what are
the potentials of VR experience they had?” These questions are expected to be
answered from the empirical studies because they are more unique compared to the
previous ones, difficult to collect from the literature and required to be questioned

subjectively with the real users.

1.6 Structure of the thesis

This thesis is composed of five chapters. Contents of the chapters are indicated below.

Chapter 1 starts with the definition of a shunter locomotive and the scope of shunter

locomotive project in Aselsan as introductory information for the thesis content. Then



the background of the problem, aim of the study, research questions and structure of
the thesis are stated.

Chapter 2 focuses on user evaluation in vehicle design and it starts with the topic of
general design development and evaluation process. Then it continues with user
evaluation and data collection methods including objective and subjective evaluation
measurements. Finally, after indicating the evaluation criteria for vehicles, the chapter
ends with the discussion of four main user evaluation mediums for driver
compartments: Software analysis, physical prototype, simulations and virtual reality.
The content of this chapter is gathered from the literature.

Chapter 3 concentrates on virtual reality. Its definition and types are described. Then,
Oculus Rift VR set, which is the chosen head mounted display virtual reality system
for this study, is introduced. This chapter also indicates the general usage areas of VR,
and its advantages and disadvantages in product development process based the

regarding literature.

Chapter 4 explains the methodology of this thesis which is composed of four stages:
Initial research, empirical study 1, design development and preparation of VR, and
empirical study 2. Sample groups, research and analysis method, and resulted
dimensions are described in this chapter. The evaluation criteria of a shunter
locomotive’s driver cabin and the potentials of VR for user evaluation are revealed as

a result of the empirical studies.

Chapter 5 is the conclusion in which the research questions are answered and the
discussions are made. VR’s potentials in terms of the shunter locomotive project and
its advantages and disadvantages compared to other mediums are indicated. This

chapter ends with the limitation of the study and recommendations for further research.
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CHAPTER 2

USER EVALUATION IN VEHICLE DESIGN

This chapter starts by explaining a general design development and evaluation process,
then it focuses on the user evaluation and data collection methods in vehicle design.
The evaluation measurements are presented under the topics of objective and
subjective evaluations. Then evaluation criteria that can be considered in these
evaluations are overviewed. Afterwards, the user evaluation mediums, which are used
in such evaluations for vehicle design, are presented. It is significant to indicate the

other existent mediums to discuss virtual reality system’s advantages over them.

2.1 General design development and evaluation process

A product should satisfy users completely to achieve success in the market. Making
pre-evaluations on a product before, during and after the design development process
is a good way to check it continuously before it takes its place in the market.
Evaluating a vehicle is composed of different tools, mediums, methods and techniques.
Some of them even starts before the beginning of product development process. First
of all, observing and evaluating other existing similar vehicles makes an initial general
introduction to the designer about that specific product. Understanding the main
requirements and noticing the fine design details about the new design field become
possible by this method which is called benchmarking. After making an introduction
by knowing competitor brands, it is significant to briefly convert customer needs into
functional clarifications. Then, it is eligible to check related standards and also take
ergonomic requirements into consideration. After gathering enough information,
design development process improves by the means of CAD models, software
analysis, physical models and different types of simulations. These mediums take a
significant part for both design development and evaluation processes (see Section 2.5

for more information about design evaluation mediums).
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2.2 User evaluation and data collection methods

User evaluation refers to a combination of methods, techniques and mediums utilized
to reveal how a user perceives a product or a system. To evaluate a product according
to users’ perceptions, expectations and concerns, it is important to understand how
they experience it.

During and after the design development process, it is important to include the user
group in the process and receive feedback to make sure if the design meets user desires.
User evaluations can be managed by using at least one of the following data collection

methods: communicational, experimental and observational methods (Bhise, 2012).

To begin with the first one, after showing the product, making an interview with users,
asking specific questions and noting or recording the responses is a brief definition of
the communicational data collection methods which is used in marketing research.
Investigator can deeply communicate with the users and reveal their valuable feedback
in an interview through well-prepared questions. The data collection here can be done
by just receiving user’s comments passively or the user can be asked to also use the
product. This additional interaction is valuable in the case of vehicle evaluation. In the
experimental methods, more than one vehicle or component are included in the
evaluation to generate an experimental comparison. All of them can be different
alternatives of the same manufacturer or only one of them can be the manufacturer’s
vehicle and the others are picked from a variety of other manufacturer’s vehicles. The
user is asked to accomplish the same task on these different products. This condition
enables a comparison among different designs and makes it possible to reveal good
and insufficient features of each one. This method is good for performance
measurement studies. Moreover, users can be asked to rate the products by considering
certain aspects such as usability, luxury and comfort. This application can especially
be efficient if it is applied in field evaluations. On the other hand, in observational
methods, it is even possible to gather user evaluation feedback — for example in a car
showroom — just by observing the user’s facial expressions, acts and verbal comments
without questioning or asking users to do anything intentionally. For all the methods,
recording the participant’s reactions is beneficial because it makes it possible to

overview the data later.
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2.3 Evaluation measurements

A product can be evaluated basically by two types of measurements: objective and
subjective. Objective evaluation involves precise facts without respondent biases and
this is the reason why they are generally preferred by the researchers in automotive
industry. However, it does not matter how good is a product objectively, it should also
be experienced and evaluated by users individually because experience is subjective
and it may change through situations, people and their relationship with the objects
and other people (Hassenzahl, 2010). Moreover, there are also vehicle features which
are not possible to be measured without using human subjects such as visual appeal,
perceived quality and comfort.

2.3.1 Objective evaluation

Objective evaluation of a product should refer certain facts which are not influenced
by personal feelings or opinions. Firstly, a product should be physically ergonomic for
a human being. A human’s anatomic structure composed of muscles, skeleton and
joints is capable of particular movements such as gripping, twisting, pushing or being
able to reach a certain limited area. For example, while gripping a handle of a product,
the movement area of thumbs is limited. On the other hand, holding a weight in a
certain position or twisting wrists to an inappropriate position may cause pain in short
or long terms. Therefore, a product primarily should be appropriate for humans’
anatomy. Secondly, after maintaining these conditions, the product should be
appropriate for not only a specified person but all the members in the target user
population in different body dimensions. Considering these issues, anthropometric
data is a very detailed and reliable documentation which helps designers staying in the
safe area related to physical relations between humans and the product. In other words,
anthropometry provides a critical guidance to ergonomics and design (Gkikas, 2012).
Databases such as “Adultdata” (Peebles & Norris, 1998) provides a great source of
general anthropometric data but it is critical to indicate that even the authors of this
database remarks the importance of testing and evaluating when it comes to

ergonomics and product design.

Anthropometric data makes relation of product-human studies possible in specific
product fields. As a result, for almost every unique type of product, some standard

requirements or recommendations reveal. They define free aspects and limits showing
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the right way for a suitable and usable design. For example, the height range of a
standard chair and table is defined or a cylindrical handle should be designed in a
certain range of diameter. Just like these examples, there are also specific
standardization documentaries which are confirmed by the USA, Europe or the whole
world in specific product areas such as ergonomics of medical devices (HE75) (Human
factors engineering — Design of medical devices Objectives and uses of AAMI
standards and recommended practices, 2009) , military products (MIL-STD-1472)
(Mil-std, 1999) and automotive (The Society of Automotive Engineers International
(SAE)(Sae.org, 2018)).

In the case of this thesis, there is a standardization document named International
Union of Railways (UIC) for railway vehicles (UIC — International union of railways,
2018). UIC covers interior and exterior design of railway vehicles regarding
ergonomics and human factors engineering.

The shunter locomotive’s driver cabin in this thesis is designed according to the
information supplied in UIC. The obligatory and recommendatory necessities such as
operator cabin, driver desk and seating dimensions are included in the UIC. H-point
(Hip-point) is also a common significant objective aspect which is used in vehicle
design including railway, automotive and aviation. H-point is basically the relative
location of a driver’s hip which is the torso and upper leg’s pivot point. It is also
revealed from anthropometric data and used in vehicle design for critical ergonomic
issues such as visibility, seating comfort, roof height and ease of entry and exit. To
sum up, ergonomic standardizations can be considered as critical tools for the design

and objective evaluation processes.

2.3.2 Subjective evaluation

During the evaluation of a product the same situations may result with different
subjective experiences for users because of varying age, sex, personal habits or culture.
Thus, as long as human experience is the main design goal, it is critical to consider
transforming perception from objective to subjective while designing and in evaluation
(Hassenzahl, 2010). Objective models can supply developing and testing methods only
for limited range of environmental circumstances. However, product’s efficiency can
be evaluated best with users by subjective evaluation, because they are powerful tools
which can give effective feedback (Gkikas, 2012). Since user evaluations have been
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applied for a long time by researchers, recently, standardized evaluation methods also
revealed for subjective evaluations such as 1ISO 14505-3 Evaluation of the Thermal
Environment in Vehicles, Part 3: Evaluation of Thermal Comfort Using Human
Subjects (2006). Scientifically valid protocols and computation scales are provided in
this documentations for researchers.

Unfortunately, it is not always possible to find a research guide related to a specific
design topic. Therefore, it can be necessary for a researcher to find out the evaluation
aspects by himself. Task analysis is a good method for reaching subjective data. It is
an analysis which works on how a specific task is accomplished including
comprehensive aspects of both manual and mental activities. Task elements, durations,
environmental circumstances, essential tools or clothes, and any other unique factors
take place in the usage scenario. Breaking down a main task into subtasks or stages
and analysing them step by step is the main idea of task analysis. In the case of a
vehicle’s driving task, understanding the whole scenario gains importance regarding
how an operator experiences the driving place, what kind of information and control
elements are essential and how designers need to compose those by considering
ergonomics, human factors and human — machine interaction requirements (Gkikas,
2012). To do this successfully, it is important to understand users and how they
experience a product, system or an environment. In addition to objective feedback,
users’ emotional and psychological feelings can shape their experiences and needs
subjectively. These subjective outputs may also create some inputs. Using these
emotional and psychological inputs for the development of products and services are
considered within the scope of Kansei Engineering. It can be also a powerful method
for design and evaluation. Usage of Kansei Engineering can lead to designing a
product that fulfils the users’ expectations by maximizing consumer satisfaction

(Nagamachi, 2002).

2.3.2.1 User experience (UX) and UX metrics

User’s needs, values, abilities and limitations related to a product shapes the resulted
user experiences (UX). These experiences create inputs for the subjective evaluation
of products. Albert & Tullis (2013) present metrics as tools for measuring or evaluating
a specific phenomenon or thing and define those evaluation criteria as UX metrics.
Metrics help researchers compare products by considering whether one is bigger,

shorter or faster than others or not. The purpose is quantifying the product’s properties
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such as dimension, distance and speed. Metrics are involved in many areas in our lives.
Distance, time, weight, height etc. are some of them. Every profession, practice and
industry has its own set of metrics, for instance, automotive industry measures the
motor force by horsepower or computer industry is interested in the processor speed
or memory size. The UX metrics are not so different, they also have specified metrics
such as user satisfaction, task achievement or usage errors. UX metrics concerns also
quantity —the amount of people declared a problem or the number of users successfully
completed a task — as much as it does qualities coming from user evaluations. The
main difference between UX metrics and other metrics is while other metrics deal with
specific issues, UX metrics make research something about the people, their personal
experiences, thoughts, attitudes, or varied anthropometrics and behavioural responses
which are extremely diverse and adaptable. Therefore, identifying specific and correct
UX metrics related to the specific design issue, which is investigated, is important
before starting a research. The research anecdotes and evaluation metrics should
address those specific area’s users, their concerns, and habits. Thus, before evaluating
a design, it is significant to identify what are the critical aspects which will be
evaluated.

It is also significant to decide using the correct type of metric for the research area. For
example, self-reported metrics investigates information related to overall satisfaction,
ease of use, clarity of terminology, success of navigation, awareness of specific
features, visual appeal, and such things like that (Albert & Tullis, 2016). Therefore, to
understand locomotive operator’s such kind of thoughts, this research’s data type is
also defined as self-reported data. This is explained in more detail in Chapter 4:
“Methodology”.

2.4 Evaluation criteria for vehicles
Previous sections in this chapter overview user evaluation and data collection methods
in vehicle design. In this section, evaluation criteria that can be considered during these

evaluations are briefly discussed.

Every product has specific evaluation criteria according to its usage scenario. Even for
different vehicles such as automobiles, planes and trains there are different design
considerations, but the requirements for the driver work places are almost similar to

each other such as the importance of visibility and the conditions related to driver
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ergonomics. To begin with, in automotive design, briefly, comfort, driver vision, and
driving safety are the main evaluation criteria (Gkikas, 2012). The criterion of comfort
firstly involves the issues of thermal and vibrational comforts and secondly, sitting and
driving posture regarding ergonomics. Positioning of primary controls should be good
for reachability and equipment ergonomics should satisfy ease of interaction
(Kallmann et al., 2003). Driver vision is composed of driver’s main attention and
distraction regarding both the interior and exterior vehicle elements. On the other hand,
night vision, general sun angle and specific angles such as the angle while entering in
a tunnel are other issues regarding driver vision. Kallmann et al. also indicates the
importance of driver vision through the visibility of dashboard instruments, exterior
environments and mirrors (2003). Lastly driving safety, is a mixture of active and
passive occupant protection systems. While active safety can be defined briefly as the
systems for preventing accidents, passive safety can be indicated as systems reducing
accident consequences. On the other hand, for aviation vehicles’ cockpits, the
requirements are also quite similar. Main criteria can be indicated as handling comfort
of handles, flight deck configuration, field of view, and complex operating scenarios’
applicability (Parkes, 2012). In railway vehicles, the locomotive standards mostly
focus on the visibility, use of light, reachability and handling ergonomics of controllers
(UIC — International union of railways, 2018). On the other hand, there is a study
focusing on passenger carriage interior and the components of seating unit, grabbing
bars and interior lightings regarding the criteria of layout, form, color and material, in
other words mostly focusing on visual appeal (Turhan, 2008).

To sum up, there are evaluation criteria in vehicle driver work places related to comfort
including the ergonomics of deck controls, driver vision, driver safety, visual appeal
and criteria that are peculiar to driving scenarios of specific vehicles. However, it is
also possible to say that evaluations originate from individual perspectives because
evaluation criteria can change from persona to persona (Hutchison & Mitchell, 2011).
Thus, it is still beneficial to question the specific evaluation criteria for a shunter

locomotive driver cabin design.
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2.5 User evaluation mediums for driver compartments

To obtain evaluation outputs objectively and/or subjectively there are four main
mediums come into prominence: “Software analysis, physical prototype, virtual
prototype and simulation (Deisinger et al., n.d.; Sagot et al. (2003); Petrie & Bevan
(2009); Ferrise et al. (2015))”

2.5.1 Software analysis

Some features of CAD models can be tested in software environments directly without
producing the physical model or product itself. Durableness of a structure, tension-
compression resistance, vibration, thermal endurance of a mechanical product are
some analysis types which can be conducted in software programs. In the case of an
operator cabin project, human factors related to the product also gain importance as
much as mechanical durableness, resistance or endurance of the product’s structural
features. Currently, it is also possible to analyze anthropometric data in software
environment. The procedure is observing the relation between the product model and
an anthropometric human model on the computer.

There are literature examples of usage of software analysis instead of real human user
evaluation. Sagot et al. (2003) utilize CATIA software for examining ergonomic
conditions of a seated and standing driver in a high speed train’s control room. They
model the human body including the anthropometric range of 5% and 95% (Figure
2.1). Thus, by providing the optimum posture behind the driver desk, it was possible
to see the reaching area of the limbs for all range of people in a computer aided
environment. Moreover, because the position of the head and angles of sight are

defined by solid angles, it was likely to foreseen the layout of control elements.
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Figure 2.1 Software analysis image showing the seated and standing driver
(for 5% and 95%) (Sagot et al., 2003)

Deisinger et al., n.d. suggest another digital analysis tool named ERGONAUT for
ergonomic analysis of a tractor cabin console (Figure 2.2). The tool contains an
anthropological human model to test the CAD model of an existing tractor cabin. They
use it to test a human’s reach envelopes and anthropologic discomfort values, but in
the study, there is also a third step which concentrates on subjective testing. In this
case, they prefer to use a mixed-reality model composed of a physical model and a
virtual cabin environment generated by CAVE VR system (the CAVE system will be
explained in 3.1.1).

Figure 2.2 Visual field and reach envelopes of ERGONAUT (Deisinger et al., 2000)
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One of the best advantage of software analysis is being able to support a design with
anthropometrical data in the computer aided environment without needing large
amount of variable people to make measurements on them to reach a statistical reality.
Another advantage of software analysis is being able to test the ergonomic conditions
such as H-point, by using CAD models, and without needing a physical model.
However, observing real human interaction is not possible in this method. In other
words, it is useful for objective evaluation but not usable for obtaining subjective

evaluation.

2.5.2 Physical prototype

Preparing physical prototypes and basic mock-ups is one of the oldest user evaluation
methods. The aim of a physical model is simulating the product experience close to
reality by enabling to see aspects such as product proportions or assess usability before
manufacturing the real one.

From low fidelity to high fidelity there is an array of prototyping. According to phase
of the design process or evaluation purpose, the complexity of a physical model may
change. At first it is better to make more basic and less detailed mock-ups to prevent
wasting unnecessary effort and time (Petrie & Bevan, 2009). Because after evaluating
the prototype, according to feedback, iterations will be required on the model to move
further evaluation steps. When such iterations are needed in the physical model,
because it is difficult to change the existing one, reconstructing the model can be
necessary. However, it can be costly and time consuming for large physical models.
On the other hand, getting subjective feedback from physical models may not be
possible always because usage of different uncolored mock-up materials may cause
different feelings compared to the real one. Ferrise et al. (2015) question whether
preparing a plenty of easily modifiable and working physical prototypes is the best
thing to do to design a successful product experience or not. Their answer is to this
question is negative because of the following reason: Because too many mock-ups will
be needed from the beginning to end, first ones will inevitably be lo-fi mock-ups which
are made of basic cheap materials such as cardboards. Therefore, the usage of
alternative materials instead of the real ones — for example, using only cardboards
instead of wood, steel and glass — will cause experiencing different sounds, haptic
feedback and feelings on the physical model. As a result, the experience of the physical
model will not be the same with the real product. Ferrise et al. (2015) remarks that
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“Physical and rapid prototypes can reproduce sensory cues faithfully only if they are
very similar to the final product.” (p.1968) Secondly, even preparing lo-fi prototypes
can still be costly in high range and difficult to modify. Falcao & Soares (2013) refer
physical prototypes as expensive mediums and also they find such prototypes difficult
to modify. Applying changes to physical prototypes further increases the cost. Thus,
modifying a finished physical model according to user feedback is another problem.
This is also a significant problem because more the evaluation feedback increases,
more the changes on the model needs to be tested again to see if the new one is better.
To illustrate, for comfort evaluation of a hair dryer handle, it is not so difficult to add
a small part or remove a piece apart from the mock-up because it is small and practical
to make changes on it. However, for a locomotive example, the situation is different.
It is a huge product composed of exterior engine rooms, their covering surfaces, a
walkway surrounding it, its protective barriers, spotlights and an operator cabin which
is nearly a small room with lots of component such as two driver desks and seats. In
such a complex structure, if the researcher’s aim is, for instance, to evaluate the
visibility of the railway, all the components of the vehicle take a role and gain
importance. Constructing such a structure as a physical model and making
modifications on it according to feedback is very time consuming and costly.

2.5.3 Simulations

Simulation is a user evaluation medium which is a mixture of some other mediums
and components such as physical models, sound system and virtual environments in a
visualization screen to catch the closest experience to the real. it is also mentioned as
Mixed-Reality (MR) as it both includes physical and virtual models such as in the
example of Deisinger et al (n.d.) above but the content is almost the same. Sagot et al.
(2003) in their study, indicated the final step of ergonomic user analysis of a high speed
train driver cabin as a comprehensive simulation composed of a physical prototype, a
screen and a sound system (Figure 2.3). The physical prototype is a model of driver
cabin and desk which is in the final geometry with correct materials. The screen is a
video wall showing formerly recorded environment visions. Finally, the sound system
is composed of speakers delivering the noise of the train. Therefore, the simulator

reproduces the behavior of the high-speed train for a realistic evaluation.

21



Figure 2.3 The simulation and physical model (Sagot et al., 2003)

In another study (Kallmann et al., 2003), a physical prototype (a seat and car driver
wheel) in front of a vision projected screen with 3D shutter glasses is used as a
simulation setup of a car (Figure 2.4). In this research: reaching, interacting, driving
and training tasks are investigated. Besides benefits of the research such as providing
a realistic experience, they stated three main disadvantages for the physical prototype
of the setup: It is costly, hard to be updated and its mobility is problematic because of
its weight and size. It is very obvious that the design will evolve and change in the
process, so updating the model is important. To think that simulations are used for a
locomotive driver cabin, moving such a heavy and large-scaled set-up composed of
models, screens, and speakers will be very difficult. Especially if the users supposed
to evaluate the system are far away and cannot be transported to the place where set-

up located, mobility is an important problem.
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Figure 2.4 Physical prototype configuration with a screen and 3D shutter glasses
(Kallmann et al., 2003)

2.5.4 Virtual reality (VR)
Virtual Reality (VR) is the last evaluation medium which can be used for objective
and/or subjective user evaluation. Because this method constitutes a wide and

significant part of this thesis, it is explained in Chapter 3 in detail.
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CHAPTER 3

VIRTUAL REALITY (VR)

This chapter focuses on virtual reality (VR) systems. Firstly, the definition of virtual
reality and types of it from past to current are described. Then, Oculus Rift VR set,
which is the chosen head mounted display virtual reality system for this study, is
introduced. The general usage areas of VR and the ones in industrial design and
architecture are explained. Finally, advantages and disadvantages of VR usage in

product development and user evaluation are discussed.

3.1 What is virtual reality (VR)?
Virtual Reality (VR) is a realistic 3D image or artificial environment which is created
by an interactive hardware and software. The aim of VR is to create a realistic

immersive experience in a virtual environment.

3.1.1 VR types

It is difficult to categorize certainly all the VR systems. There are different
classifications in the literature originating from different approaches. Lee et al. (2004)
categorizes VR in 3 topics as desktop VR, immersive VR and immersive VR with real
hands. In another source, it is categorized as non-immersive desktop systems, semi-
immersive projection systems and fully immersive head-mounted display (HMD)
systems (agocg.ac.uk, 2018). Some other source categorized VR according to its
power supplier systems as mobile VR, console VR and computer VR (bestbuy, 2018).
Thus, it is not easy to define a certain universal categorization. However, VR systems
can be observed old to new in general to recover improving technology.

3D glasses and vision

In this scope, it is possible to confirm that first partially—immersive VR type is a system
composed of a screen and 3D glasses. It is simply the example lots of people familiar

with in 3D cinemas (Figure 3.1).
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Figure 3.1 A simple VR experience with projection and 3D Glasses [Digital image 3]

Cave Automatic Virtual Environment (CAVE)

CAVE is a VR system which is composed of a cube-shaped room in which all the
walls, floors and ceilings are projection screens (Figure 3.2). The person inside wears
3D glasses which makes projected images appear to float in mid-air. The user can walk
inside the room to observe the images from all angles. Sensors in the room track the
user’s position in the room to synchronize and align the perspective correctly. The
CAVE room should be completely dark during the usage. CAVEs are used in a wide
range of areas as a research tool including archaeology, geology, biology, engineering,
architecture, art, medicine and healthcare, geometry, meteorology and physics
(whatis.com, 2018). In some user tests, physical models are also used with the CAVE
to enhance the VR experience. However, with CAVE, it is not possible to test
reachability in the virtual environment and performing an efficient interactive driving
task even if there is a desktop configuration because it is not possible to interact with

the displayed virtual vehicle (Kallmann et al., 2003).
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Figure 3.2 Cave Automatic Virtual Environment (CAVE) VR system
[Digital image 4]

VR head mounted display (HMD)

VR head mounted display (HMD) system is indicated as a fully immersive VR
experience (Falcdo & Soares, 2013). A HMD headset is a wearable device which is
composed of two visual displays in front of each separate eyes (Figure 3.3). Two
separate images are displayed in those displays to supply the experiencer with a
stereoscopic image. The sensation of immersion is effectively obtained by the
experiencer’s head movements and changing views accordingly with the tracking
system. After all, the user is surrounded completely with a virtual world and isolated
from the real one. The user is free to look wherever he wants in any position, angle

and point of view.

Figure 3.3 VR Head Mounted Display (HMD) Headset [Digital image 5]
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After a while, VR HMD experience enhanced with some hand devices such as special
joysticks or gloves with sensors detecting the 3D location of the hands (Figure 3.4 and
Figure 3.5). This extension made it possible to see user’s own hands or hand positions
in the 3D virtual environment. This technology expanded the usage experience of VR
from just watching to interfering and controlling the virtual world. Thanks to this
improvement, after virtual videos, VR started to be popular in new fields such as
gaming, CAD modelling and reachability evaluation of products. This subject will be

explained widely in section 3.2.

Figure 3.5 An image showing how the user sees his own hands while using Oculus
Rift Touch [Digital image 7]
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Oculus rift touch as a VR HMD and virtual hands

There are different companies establishing VR HMD products such as Oculus Rift,
HTC Vive, Samsung Gear VR and Google Cardboard. However, not all of them
provides virtual hand devices. Oculus Rift and HTC Vive are two products which
enable 3D virtual hand devices successfully in the market. Because this study also aims
to evaluate the ease of reachability to the control units of the driver desk as much as
visual evaluation, VR products with virtual hands are more preferable in this case. On
the other hand, virtual hands also increase the feeling of virtual immersion for the
visual evaluations because seeing the hands and reaching around in that virtual
environment makes it possible to understand the depth of field better. This is why other
VR devices are not explained in detail and VR systems with virtual hands are focused

on.

In this study, Oculus Rift’s “Oculus Rift Touch” model is explained in detail because
it is preferred instead of HTC Vive. The reason is in addition to its good immersive
virtual experience with a wide realistic seeing area, it has a more realistic virtual hand
feature. HTC Vive is not preferred because the hand devices of it looks like some tools
more than the user’s own hands in the virtual world. On the other hand, Oculus Rift’s
hand devices are prepared especially for the main gestures of human hands such as
grabbing, pointing, squeezing, moving the thumbs and making a fist. Oculus Rift’s
hand tools can do these gestures by being able to track the movements of thumbs, point
fingers and middle fingers. Figure 3.6 shows the possible hand gestures which can be

done by Oculus Rift hand devices.
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Figure 3.6 Hand gestures enabled by Oculus Rift hand devices [Digital image 8]

This feature makes it possible to test grabbing a lever, pressing a pushbutton, pulling
a toggle switch or turning a rotary switch which all are different main components of
a locomotive’s control desk. To open a bracket, it is possible to say that there are also
some virtual hand gloves which mirrors the movements of fingers into the virtual
world. However, these gloves are not preferred in this research because of three
reasons: (1) Gloves makes hands sweaty and this can cause an uncomfortable situation
among varied users (2) Gloves do not provide palms with grabbing force feedback
while stick-shaped hand tools provide a hard surface (3) Ring finger and little finger
are not so critique to use in such a study. (Desai, Desai, Ajmera, & Mehta, 2014)

defines Oculus Rift Touch’s innovator aspect as:

“It is a new form of human machine interaction that is beyond keyboard, mouse or
even touch screen for that matter. It is a means by which one can interact with full

visual immersion.” (p. 175)
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This device has an 18 cm screen with a tracking system. This technology allows the
viewer being immersed in a virtual world with an opportunity of turning the head up
to 360° (Oculus, 2018).

Virtual environments can be experienced by VR hardware but as mentioned before, a
software support is also needed to prepare that virtual environment. Unity is a popular
game engine which can be used for preparing VR inputs suitable for Oculus Rift
(Figure 3.7). A game engine is basically a software used for the creation and
development of computer games. Unity stands out with its user friendly interface,
compatibility with current CAD model extensions, realistic simultaneous rendering
features and suitability with a wide range of video platforms including VR
applications. This makes it possible to create video games or applications for
computers, mobile phones, game consoles and fully immersive VR systems.
Moreover, thanks to the ability of creating scripts, it is possible to create interactive
implementations that makes complex scenarios alive. As a result, Unity can be briefly

introduced as an efficient multiplatform game engine which enables developers to

target devices easier including the ability of processing VR outputs (Peruzzini,
Mengoni, & Raponi, 2016).

Figure 3.7 An example for Unity interface which is being used for a VR game
development [Digital image 9]
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3.2 General usage areas of VR

VR video games, short films and other applications in the field of entertainment such
as roller coaster or horror tunnel simulations are some of common usage areas of
virtual reality. In time, VR has become popular and started to be used in various other
domains. VR systems are used to provide practical training in a number of human
activities, including medical training (Albani & Lee, 2007; Basdogan et al., 2004;
Derossis, Bothwell, Sigman, & Fried, 1998; Gosselin, Ferlay, Bouchigny, Mégard, &
Taha, 2010), rehabilitation (Alamri, Eid, Iglesias, Shirmohammadi, & El Saddik,
2008), flight (Blake, 1996), calligraphy (Henmi & Yoshikawa, 1998; Nishino,
Murayama, Kagawa, & Utsumiya, 2010), painting (Baxter, Scheib, Lin, & Manocha,
2001) CAVE and HMD VR systems are used in psychotherapies for the anxiety

disorders and relaxation treatments (Kim, Rosenthal, Zielinski, & Brady, 2012).

Because VR systems make people feel like they are in a completely different world,
VR’s psychological effects are discovered not long after it became common. It is used
for the treatments of phobias or used just for meditation aiming personal relaxation.
Moreover, CAVE and HMD VR systems are used in psychotherapies for the anxiety
disorders and relaxation treatments and it is stated that VR technology creates different

emotional responses on humans (Kim et al., 2012).

On the other hand, it is also used as an education tool in different fields: in pilot
education, for reassuring height phobia and in medical education as a training tool of
surgeries, moreover, VR is believed to be the future’s technology by expanding even

more scopes (Desai et al., 2014).

3.3 VR usage in the field of industrial design and architecture

What is more significant related to this thesis, is the usage areas of VR related to
architecture and industrial design. They both have importance because a locomotive’s
operator cabin is both an architectural living area and a control desk which requires
studies regarding industrial design such as ergonomics and ease of use.

One of VR’s beneficial usage areas in design is its potential in 3D CAD modelling.
For every designer, realization of imagination is a very initial, basic and significant
phase of a design process. Hand sketches are oldest, simplest and fastest way for
making ideas alive on the paper. However, in the contemporary practice, Computer

Aided Design (CAD) modelling programs make this process more realistic, accurate
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and so professional. The reason is, it makes 3D thinking much easier on the computer
screen by rotating the model which floats in a parametric space. Briefly, the chance of
looking at the same model in any angle and the ability of drawing parametrically on
that model was a remarkable innovation after hand sketching just on a paper. However,
there is still a disadvantage of CAD modelling, the sense of scale of the model.
Modelling a design on the computer can result in unexpected outputs when it is
produced. For example, a chair can look in a good proportion on the computer screen
when it is first modelled but after it gets real, it can be found smaller or larger than it
Is expected. At this point, VR comes as a potential solution. VR HMD can be used
instead of a computer screen and seeing the 3D model in real 1/1 scale becomes
possible. Because HMD’s in the market are built according to the real human sight
angles and depth of field, the person using it perceives any object in the virtual
environment very close to the real one regarding object dimensions. As VR can be
used as a screen instead of a monitor, the VR technology can be prepared as a whole
new modelling system by using its special hand devices. (Ye et al., 2006) also present
a VR-based conceptual 3D CAD system named LUCID in their research and indicated
the potential of VR technology in the profession of industrial design. LUCID presented
as a whole new VR system suppling designers with a new interaction that makes it
possible to create, view, touch and listen to CAD models. As a result, these possibilities
offer new advantages to the modelling practice. According to Peng (2007) there are 4
main benefits of VR modelling lessons: providing closest real life experience, reducing
uncertain and accelerating understanding, reducing the product lead time and cost,

improving product reliability and quality.

Another usage area of VR technology is taking advantage of it as a research tool
including user evaluation and tests. Thanks to VR’s ability of simulating real
environments and objects in it in a realistic way, it is possible to offer a new design to

a user or a customer through VR.

Since VR became popular as a research tool, it was a necessity to make studies and
test the feasibility and efficiency of VR in these fields. For instance, Bruno &
Muzzupappa (2010) test it on the interface of a microwave oven and washing machine
by comparing real-product and virtual-product interactions. According to their study,
in virtual reality environments, it is possible to design, simulate, analyze, and test

virtual prototypes in a very user-friendly way with the advantage of replacing the

33



physical mock-ups with a notable reduction of costs and market-distribution time. As
another example, Kuliga, Thrash, Dalton, & Holscher (2015) also defence VR as a
reliable empirical user-environment research tool in their study by making users
compare real environment (RE) and virtual environment (VE) of an interior building.
Their qualitative feedback indicates the two is technically similar except for some
atmospheric differences caused by different colors, light, textures and extra cleanliness
of the virtual environment. As a final example, Aromaa & Kaisa (2016) addresses VR
as a reliable tool for ergonomic evaluations. They compare Augmented Reality (AR)
and Virtual Environment (VE) on a mobile rock crushing machine. According to study
results VE is more suitable than AR because it is more sensible.

To conclude, VR is shown as a feasible medium in varied studies. It is an efficient and
valuable research tool for human-environment interaction studies because it enables
elaborative observations, precise behavior measurements, and systematic
environmental interferences which are controlled under laboratory conditions (Kuliga
et al., 2015). Moreover, the usage of VR in the interior fields, rather than one focused
area or product, even manages a more powerful effect because the nature of VR
includes a 360 degree of field immersion related to the whole environment surrounding
the user. This is why the usage of VR in architectural presentations and evaluations is
very popular, because it has a high level of spatial accuracy and so it is stated as a

validate test method for interiors (Portman, Natapov, & Fisher-Gewirtzman, 2015).

At the University of North Carolina, USA, an architect team prepared a virtual building
which creates the possibility of viewing the design from inside and correcting the
design errors before the building was physically constructed (Grajewski et al., 2013).
This is a critical example in which time and money are saved. To minimize the risks
regarding an architectural design, the test object should be prepared in 1x1 scale.
However, preparing a 1x1 mock-up or physically constructing the building as real are
not so different. Thus, VR offers a helpful solution in such an architectural situation.
As VR can be used for a general evaluation of a room interior, it can also be used for
a specific part of that room or a product in that area. This can be the size of windows,
the amount of light they let in, the suitability of a new sofa placed among other

furniture or just the color of walls or texture of wall papers (Figure 3.8).
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Figure 3.8 Interactive wall color presenter (Arbona, 2013)

There is an architectural application illustrating this kind of a situation: (Arbona, 2013)
uses a VR environment for his customers to evaluate ceramic tile products. In this
scope, customers are able to see different ceramic tiles in various shapes, textures and
colors, in other words visual appeal of a product. This gives an opportunity to the
customer to evaluate and decide on which product is more appropriate for customer’s
home, taste and specific furniture he owns. According to Arbona (2013), customers
had a remarkable pleasure to see ceramic tile options on their own home’s walls. They
contributed the design according to their taste and found it very interactive and
emotionally satisfying. To sum up, VR has a potential in the field of architecture for

both the evaluation of an empty building and the interior decoration.

To continue with the usage of VR in the field of industrial design as a test and
evaluation medium, there are also examples from literature. Different area designs for
electronic cards test bed prepared by an industrial designer is presented to the users
through VR images and virtual hands for evaluating it in terms of ergonomics
concerning reachability and ease of use (Bennes et al., 2014) (Figure 3.9).
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Figure 3.9 The case study for electronic cards test bed (Bennes et al., 2014)

The research is conducted with the consultancy of a human factor expert. Perception
of shape, volume and reachability for different designs are observed. This VR
application makes users better understand the general volumes of the design and
reveals possible proportion errors which may require major changes. As a result, the
industrial designer can choose the best design option and make corrections on it.
Bennes et al. (2014) present the benefits of the study as follows: (1) Saving money and
time by avoiding realization of full scale mock-ups, (2) Avoiding fatal design errors
which may cause expensive results or critique delays on the project, (3) Being able to
make final decisions in a more reliable way by evaluating the future product, and (4)

Presenting the acceptance of VR for industrial designers.

In the case of this thesis, it is also important to observe VR applications for vehicle
interior designs. VR can be very helpful for them because of two reasons. First, they
are closed areas concerning spatial perception as in architectural structures. Second,
they include a system of human-product interaction concerning industrial design in
terms of considerations such as ergonomics and usability. Therefore, vehicle interiors
are like a mixture of architecture and industrial design. Thus, VR systems are now
used for vehicles ergonomics, perceived quality, styling, and interior lighting
(Kemeny, 2014). Moreover, VR systems are also good at presenting a workplace with
the details of its real operation environment and usability of it so VR allows various
analyses about the operation space such as arrangement of the control desk,
spaciousness, dimensions and adjustability of workplace components (Grajewski et
al., 2013).
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In another example, VR is used for the evaluation of a food truck interior (Song et al.,
2017). In this study, the importance of user experience is emphasized in terms of
product’s function and performance evaluation. According to the outcome, researchers
defend VR as a quite efficient tool. The users verify that they feel that their experience
Is broadened related to the usage of food truck although they did not interact with it
physically before (Song et al., 2017). As a result, it is possible to say that there can be
also a potential usage of VR aiming partially teaching new experiences that are not

experienced and learned in real life before.

Another example of VR usage regarding vehicle interiors focuses on the accessibility
tests of a plane’s pilot cabin (Li & Liu, 2014). In this study, a virtual prototype of an
aircraft cabin containing all of its control components is prepared. The accessibility
evaluation is conducted through virtual hand devices. Thanks to the advanced real-
time tracking system of VR, the position of hands in the space are detected. This makes
it possible to see if the user’s hands are around the button or away from it with a
specific distance. The results indicate that VR with virtual hand devices is a simple
and useful method suggesting a new approach for accessibility evaluation of aircraft
control cabins (Li & Liu, 2014). A similar study is also applied for the decision making

and development process of driver’s workplace in city buses (Grajewski et al., 2013).

In the case of vehicle evaluation, interior free space and the size of windows or doors
are also significant ergonomic issues in addition to reachability and usability. To
illustrate, for the car doors, some people prefer high cars for the ease of getting in and
out. In those type of cars, because the level of H point increases, it gets easier to get
position on the seat. There is an example for it: in one research CAVE VR is used for
testing the ease of getting in and out the car but researchers indicate that CAVE is not
efficient enough by itself, there should be also a simple vehicle model to make the

evaluation correct (Lawson, Herriotts, Malcolm, Gabrecht, & Hermawati, 2015).

To sum up, there are varied potentials of VR technologies in terms of user evaluation
in the field of architecture and industrial design and also they are being used in
different vehicle interiors such as a car, bus, food truck and plane. The examples from
the literature focuses on evaluating the criteria of ergonomics, usability, reachability,
learnability, visual appeals, perceived qualities, interior lighting, styling, model

dimensions and spaciousness through VR. On the other hand, It is possible to say that
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VR can be used in almost all product development processes, but the most effective
benefits can be observed in prototyping stage (Falcao & Soares, 2013).

3.4 Advantages and disadvantages of VR

VR is being used in varied fields including design processes thanks to its potential
advantages but there are also conditions in which VR is not completely efficient and
it comes up with some advantages. Also generally in VR studies and related articles,
some common statements are indicated related to the advantages and disadvantages of

VR in the usage of product development and user evaluation processes.
Advantages of VR

First of all, VR applications save time and money. Because the preparation of model
and all kinds of next alterations are made in a digital environment, no physical raw
materials are used. Therefore, in the case of preparing big mock-ups, needing
alterations or making mistakes in the process of making models no materials are
wasted. There is also no need for spending time for manufacturing methods and
material handling processes. A raw VR environment without materials and textures
can be prepared with one click in the software by using prepared 3D CAD models.
Moreover, making changes is not more than deleting an older version and updating the
model to the new design. Virtual reality has developed as a more useful, efficient and
effective tool in terms of time and money spent in the crucial various phases of design
evaluation processes (Ye, Badiyani, Raja, & Schlegel, (2007). Aktas (1997) also
indicates that minimising the waste of time and money caused by design prototypes is
possible with the application of VR testing. Some companies have been utilizing the
advantages of VR to decrease the number of physical prototypes and have been
preferring digital mock-ups instead of physical prototypes: Boeing (Schmitz, 1995),
Volkswagen (Dai et al., 1996) and Caterpillar (Miiller, Dorsey, McMillan, Jagnow, &
Cutler, 2002) are some popular examples for those companies. On the other hand, in
some conditions VR can be a complementary tool to other mediums rather than being
a competitor. It is a fact that in most cases VR is able to obtain cheaper and faster
feedback with a better interaction compared to physical prototypes but sometimes

users still prefer to interact with also physical models so to be honest, VR and physical
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prototypes can be considered to help each other in some circumstances (Falcao &
Soares, 2013).

The saving of time and money is not always an aim for product prototyping. VR is
also incrementally used for safety and ergonomics preparation in the workplaces.
Simulating the conditions of a relax and safe working hall with VVR also lead important
cost reductions (Grajewski et al., 2013). Planning the area easily in a more immersive
way makes it easier to predict possible dangerous or undesirable conditions which may

cause loss of more money.

The next major advantage of VR is obtaining a more realistic interaction between the
observer and the subject. Thanks to the improving technology materials, textures,
lights, shadows and all other needed dimensions which helps observer to perceive a
3D object in a realistic way can be easily imitated in the virtual computer environment.
Therefore, the vision on the computer screen turns into a very professional image. To
make it a fully immersive and realistic experience, VR technology takes the image on
the screen and put it in front of our eyes with fully scaled proportions in a 360 degree
of spatial perception. This final touch generates the real time and space interaction in
the conclusion. As a result, high fidelity visual prototypes can be generated easily
(Ferrise et al., 2015). Thus, VR brings the possibilities of experimenting, analyzing
and mutually discussing the design on the table (Kuliga et al., 2015). Especially in
architectural and other closed area applications, the real-place immersion is even more
sensible. Ozen (2006) displays that virtual reality has accomplished to relate real space
— real time connection and managed to approach real-place perception thanks to the
ability of moving inside a visible architectural interior. In another scope, this realistic
immersive interaction manages to present a project to a customer by making him
perceive the design better. Backhaus et al., (2014) emphasize the significance of early
customer contribution to the product development process and suggest VR to run this

process with a maximum perception level for customers.

In addition to efficiency of time, money and realistic experience VR HMD systems are
also easily movable. Because the whole virtual prototype is in the software, portability
of the model can be easily managed by only moving the computer and the VR head set
in a bag. This is obviously much easier than moving a bulky and heavy mock-up.

Thanks to the limited size of VR HMD, performing evaluation tests at different

39



location is as easy as performing a laptop experiment at home (Cosma et al., 2016).
Moreover, sometimes it is not even necessary to move any hardware from some place
to another because applying multi-site remote connections is possible with virtual
prototypes. Different co-workers in different location are able to connect one virtual
environment to manage a collaborative work. The same condition is also applicable
for a designer and his customer in terms of product evaluation. Sharing the data with
remotely connected other people in a mixed reality teleconference makes it possible to
present virtual objects in a common virtual world to talk about and make evaluations
on it (Fillatreau et al., 2013). In other words, virtual prototypes can be shared online

with other users belonging the same hardware.

To sum up, VR has advantages in terms of saving time and money, experiencing the

scope more realistically and providing the ease of portability and online shareability.
Disadvantages of VR

VR is advantageous in most ways according to the purpose of application.
Applications related to visual and aural senses are the most successful ones to simulate
a very similar experience close to real. That’s why lots of VR applications focus on
360 degrees of 3D vision and stereo sound. On the other hand, the experiences related
to touching sense can be partially simulated in some particular ways. However,
although the user can see his hands in the virtual environment and feel the distance
which he can reach and touch, he cannot actually experience the real touching sense.
Thus, it is possible to say that VR with eye projection and tracking systems has a main
disadvantage: it lacks of haptic feedback (Grajewski et al., 2013). In terms of user
evaluation, the VR system can be effectively used for accessibility issues, but because
there is no force-feedback in VR, it is not quite probable to assess some ergonomic
issues, such as grasping of controls (Kallmann et al., 2003). To enhance this
experience, haptic vibrations are used in VR hand tools as in joysticks and haptic
gloves, but it is not quite possible to create a real force-feedback or feel the real
sensation of different textures, softness, hardness, slipperiness, etc. with the existing
technology. To give another example, the VR environment in which the user is located
can imitate a hot, cold, moist or windy environment perceptively but the user cannot
feel it by the means of touching sense. Also the senses of taste and smell are not

successfully imitated by virtual technology yet. Cosma et al. (2016) also indicate that
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there is a lack of sensory aspects related to temperature, smell, taste, humidity or some
certain substantial perceptions such as textures. Actually, in most cases related to
ergonomics evaluation, senses like taste and smell are not very critical aspects, but
lack of some other touching senses such as force-feedback may result in
disadvantageous conditions. For instance, in a virtual car drive test, arms fatigue can
occur in a short time because the experiencer does not have a physical steering wheel
to support his hands (Kallmann et al., 2003).

To sum up, in the way of five senses, VR generates successful visual and auditory
experiences and partially some haptic feedbacks but lacks of some senses such as

force-feedback, weather conditions, smell or taste.

On the other hand, VR with HMD may cause another disadvantage based on visual
perception. In some cases, some users may have difficulties redressing their own
balance or feel motion sickness. Some different conditions may cause this situation.
Because the VR glasses separate the user from his real vision completely, he constructs
his all balance and perception according to what he sees in the screens in front of his
eyes. If, the virtual image vibrates or slides, dizziness or loss of balance may occur.
This may be a result of two main conditions. First, there can be a technical problem in
the hardware viewing system. If the HMD tracking system cannot get the spatial
feedback signals and fails to locate experiencer’s head movements suitably, the virtual
image may become distracted and presents undesirable vision (Techwalla, 2017).
Second, the dizziness may occur because of the virtual scenario itself. For example,
standing in a high altitude or being in a no-gravity environment may deceive the user’s
brain to react to that environment as it is real. On the other hand, also some fast moving
scenes can make users dizzy although there is not a physical body acceleration. The
sensation of walking or running in the virtual environment can also convince the users
brain in a wrong way to create perceptional reactions to that, although the body itself
is standing or sitting. Even though this is a problem for only some users while some
others quickly get used to it, VR application and game creators take some precautions.
To overcome this potential perceptional delusion, creators prefer to use teleportation
for transportation instead of walking by means of hand controllers. If there is still a
potential unpleasing condition in the VR application, pre-warnings are used to specify
the possible concerns before the application starts. For example, Oculus Rift indicates

a comfort level as “comfortable, moderate and intense” for all types of games and
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applications in the Oculus Store before the application setup is completed
(Support.oculus.com, 2018). On the other hand, there can be some psychological
harms of VR in some cases. Scary VR environments prepared on purpose for
entertainment may discomfort some sick people or a virtual narrow room space may
disturb a person with claustrophobia. The user also should be informed before usage
in the case of these type of conditions. Another psychological consequence of VR is
prefering virtual world over real life or losing the ability of perceiving and reacting to
the real experiences because of the feeling of desensitization (Techwalla, 2017).
Although these are rare cases, it is necessary to remember that there is always a real

world outside.
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CHAPTER 4

METHODOLOGY

This thesis aims to find out the potentials of VR HMD and virtual hand technology for
user evaluation of a shunter locomotive’s driver cabin. To do that, a real-life project
carried out in Aselsan A.S have provided context for carrying out this study. Therefore,
the methodology stages are also shaped in a research - through design process. This
chapter aims to explain these stages of the study’s methodology.

The methodology involves four main stages. At Stage 1, benchmarking studies and
initial explorations are made to get familiar with shunter locomotives. The knowledge
coming from this stage is used for defining initial design requirements and shaping the
questions of Stage 2. Stage 2 is the first empirical study. Its main purpose is
determining the user requirements and evaluation criteria of a shunter locomotive’s
driver cabin. Requirements identified during the first empirical study were considered
while designing the locomotive cabin at Stage 3 and also user evaluation criteria
specified at this stage were used during the second empirical study at Stage 4. The
second empirical study involved user evaluations based on virtual model of the
locomotive cabin designed at Stage 3. At this stage, Oculus Rift’s VR HMD and virtual
hand technology was used to explore the potentials of VR. Empirical studies
correspond to the research questions presented in Section 1.5 as illustrated in Figure

4.1 together with all research stages.
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4.1 Stage 1: Initial research

Initial explorations for locomotives were made in Ankara Behigbey settlement’s
locomotive maintenance workshop which is connected to Tiirkiye Cumhuriyeti Devlet
Demiryollar1 Tasimacilik A.S. (TCDD Tasimacilik A.S. - Turkish republic’s formal
foundation of railway transportation). Both mainline (the model of E 68000) and
shunter (the model of DE 11000) locomotives were examined together with
locomotive operators (Figure 4.2). They were asked to explain the functions and
importance of primary controls of general railway locomotives, and the main
differences between mainline and shunter locomotives (see 1.1). After this study, an
initial information repository has been generated for the rest of the study. The
knowledge coming from this investigation shaped the questions of Stage 2 which
especially aims to focus on shunter locomotives. For example, specialized usage
scenarios of shunter locomotives were revealed such as the need of also looking at the
back window, and moving out through the right window to see end points of the

vehicle. Thus, these conditions were also questioned in detail in the Stage 2.

Figure 4.2 Initial explorations covering main locomotive controls

On the other hand, different locomotive brands’ web sites, photos and catalogues were
investigated. Benchmark studies were managed in the exposition of Innotrans 2016,
which was established in Germany, Berlin. The newest shunter locomotive models of

2016 were observed in there to define other companies’ design solutions for
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locomotives. The knowledge coming from this investigation was used at Stage 3, the
design generation.

4.2 Stage 2: Empirical study 1
4.2.1 Aim

This stage aims to answer the question: “What are the evaluation criteria of a shunter
locomotive driver cabin?” This knowledge is necessary, because it is important to
design a product according to users’ needs and expectations. Designers always have
initial opinions and subjective evaluations about a project even before starting it. These
opinions enable them to decide where to start their research. Information coming from
the literature and benchmark studies lead to generate initial ideas to start the design
process. However, sticking with initial information may cause missing significant
issues which are critical for professional user groups. Therefore, it is required to gather
detailed information from the actual users of a specific product. Subjective evaluations
coming from the actual users, rather than the designer, can provide more beneficial

inputs for the design (Pew, 1993).

As it is also explained in Section 2.3.2.1, through self-reported data enables to gather
information about overall satisfaction criteria, which may include dimensions such as
ease of use, clarity of terminology, success of navigation, awareness of specific
features, an visual appeal (Albert & Tullis, 2016). At this stage, it is aimed to reach
these self-reported dimensions by questioning evaluation criteria of a shunter

locomotive in interviews with professional locomotive operators.

Defining user evaluation criteria is also important for another reason at this stage.
Stage 4 examines the potentials of VR through the evaluation criteria and it is crucial
to ask right questions covering right criteria to investigate on a specific type of product,
a shunter locomotive. Thus, this stage’s purpose is also defining the right evaluation

questions for Stage 4.

4.2.2 Sample

In order to conduct the study, it is necessary to reach shunter locomotive operators,
who are educated especially for this task, in order to obtain information to specify the
evaluation criteria for the shunter locomotive driver cabin. For this reason, in this
study, the sample group is chosen from the professional shunter locomotive operators

who work in Ankara Behigbey locomotive maintenance workshop. There were a
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limited number of shunter locomotive operators and only some of them were permitted
by their administrators to join the interviews because of the busyness of the workshop.
Therefore, the interviews were conducted with a limited number of participants. Thus,
10 professional shunter locomotive operators were available to contribute to the study.
The sample group had 2 to 23 years of professional experience and was between 21 to
43 years-old age (Table 4.1). All operators in the sample group were asked to sign an

informed consent form which is shown in APPENDIX A.

Table 4.1 Distribution of Participants 1

Participant Age Experience Profession
In Years
PO1 40 21
P02 28 8
P03 25 6
P04 41 20 )
POS 31 11 Professm.nal
Locomotive
P06 27 6
Operator
P07 34 15
P08 21 2
P09 36 18
P10 43 23

4.2.3 Method

It was preferred to let the professional users talk more at Stage 1 to obtain user -
centered information. Therefore, they explained the critical anecdotes regarding a
shunter locomotive. In-depth interviews were used at this stage to define the user
evaluation criteria of a shunter locomotive driver cabin. Accordingly, Albert and
Tullis (2016) also indicate that self-reported data can be gathered efficiently through

in-depth interviews.

In this step, participants are asked to answer three main questions. The original
interview sheet can be seen in APPENDIX B. The first question was: “What are the
significant features of a shunter locomotive cabinet and how should it be like so that
we can call it as a good design?” The purpose of this question was to understand the
main evaluation criteria of a shunter locomotive and identify the important values. The
second question was: “If you consider a regular workday, for example yesterday’s
workday, please explain the tasks you carry out step by step from you get in the vehicle

until you get out” The purpose of this one was to reveal the design evaluation criteria
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regarding usage steps. The third and last question was: “How many different kind of
usage scenarios are there regarding shunter locomotives?”” The purpose of this question
was defining different actions that the operator makes while driving the locomotive.
All answers were noted and recorded (with the permission of participants) for the later
analysis. At the end of these interviews, it was possible to reveal locomotive operator’s

personal opinions, expectations, needs and problems.

4.2.4 Analysis method

After defining the self-reported evaluation criteria, it is necessary to define how to
measure the data coming from the information cloud. Because the gathered
information was coming from open-ended questions, the content was very deep and
disorganised. Therefore, inductive content analysis was conducted to analyse the
results of the first empirical study. The aim of inductive content analysis is coding the
raw data and converting them to common subcategories which can also be combined
each other to create smaller number of main categories (Helgevold & Moen, 2015).
To organize all the categories into a hierarchical structure, it is efficient to use a tree
diagram from general to specific (Morse & Field, 1995). Thus, the recorded data from
the interviews were transcribed verbatim individually for each participant. To evaluate
this raw data, they were divided into chunks and coded with matching sub-criteria.
Then the sub-criteria were categorised in main topics to define main factors to focus

on, the main evaluation criteria.

4.2.5 Results of Stage 2: Empirical study 1

At the end of Stage 2, main factors for the evaluation of a shunter locomotive cabinet
indicated by the interviewees as “visibility, ease of use, comfort, safety, visual appeal,
perceived quality of controls and displays”. These main factors are also composed of
a variety of criteria which are specific for the evaluation of a shunter locomotive. Main
factors and criteria can be seen in Table 4.2. The chart including also the raw data can
be seen in APPENDIX C.

According to participant comments, one of the most important criteria regarding
shunter locomotives is clear vision of windows. The operator should be able to see the
whole exterior environment including locomotive’s end points, railway signals, other
carriages and people around the railway. Thus, the operator can work without causing

an accident. The cabin illumination should be efficient enough in the day and night
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time, and should not be reflected on surfaces because this may cause distraction for
operators.

The organization of driver desk should be simple, easily understandable and learnable.
All the buttons, switches and levers should be located close to the operator’s reachable

region. These conditions are significant in terms of ease of use.

To provide a comfortable cabin environment, seats and armrests should be
ergonomically suitable for long work hours. The interior spaciousness and cleanness
are the other important aspects which comforts operators. Interior cleanness is also a
safety issue because the locomotive cabin is a greasy place which may cause dangerous
slippery surfaces on the ground. Because they work outside, the climatic conditions
also gain significance in the hot and cold weathers. On the other hand, the railway
environment can be noisy. Thus, sound insulation is also a critical issue regarding

acoustic comfort.

To continue with safety issues, one of the most important requirement for shunter
locomotives is the uninterrupted communication with yardman who stands outside the
locomotive and leads the operator to move safely in the railway environment.
Sometimes the yardman stands close to the locomotive so the horn volume of the
vehicle should not be too high because it could harm the yardman’s ears. On the other
hand, In the case of a crash, the cabin interior can be also dangerous if there are hard
and sharp surfaces. To avoid such accidents, besides safe surfaces, control equipment
should be reliable, durable and sensitive. Their perceived quality should give
confidence to operators. Error warnings should not fail informing the operator

correctly about breakdowns.

As a final aspect, general visual appeal including worn outlook, technologic look,
simplicity of the design and color usage is also important for operators in terms of

providing a reliable and pleased work environment.
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Table 4.2 Main Factors and Criteria of a Shunter Locomotive Cabinet’s Design

MAIN
FACTORS

CRITERIA

Visibility

Window angles

Locomotive’s end points

Railway signals, carriages, people

Sun & light reflection

Night time lighting

Ease of use

Reachability: reachable control units

Understandability: simple and organized control units

Learnability: Compliance with the standards and usage

stereotypes

Comfort

Perceived spaciousness

Climatic comfort

Acoustic comfort

Seating comfort

Perceived cleanness of the cabin

Elbow comfort - armrest for the window

Safety

Communication with yardman

Safety in case of a crash: hard and sharp surfaces,

metallic look

Horn volume

Ease of cleaning

Error warnings

Visual appeal

Worn Out look

Technologic look

Simple and organized look

Color selection and Clean look

Perceived quality

of controls and

displays

Lever handle, switch sensitivity

Durability of controls

Perceived reliability and error-proneness

e

RAW DATA

pe
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4.3 Stage 3: Design development and preparation of VR

4.3.1 Design development

After finding out the significant evaluation criteria, the design development process
started. First of all, railway standards UIC 612 and UIC 651 (UIC — International union
of railways, 2018) were reviewed. In these standards, main limitations,
recommendations, and obligatory conditions for a driver cabinet were defined such as
specifications for window, door, seating and control desk dimensions. Figure 4.3
illustrates the studies regarding dimensioning preliminary design alternatives based on

ergonomics standards.

Figure 4.3 Studies regarding dimensioning preliminary design alternatives based on

ergonomics standards

All these measurements correspond to important ergonomics considerations such as
visibility and reachability. Main design factors and sub-criteria identified at Stage 2
were considered during the design process together with the standards. Rhinoceros 5
and Siemens NX 11 were used as the 3d CAD modelling software. During the design
process, 1x1 scaled technical drawing sheets and low fidelity physical cardboard
models were also used for both the whole cabinet interior and the driver desk (Figure
4.4 and Figure 4.5).
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Figure 4.5 1x1 scaled technical drawing sheets and low fidelity physical cardboard

models for driver desk

The prepared designs were presented to TCDD Tagimacilik A.S. and Tiilomsas A.S.
companies in monthly scheduled meetings. The developments were negotiated and the
design was shaped according to their feedback.
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4.3.2 Preparation of VR

After the design process, the design was visualized in VVR. In addition to the CAD
model of the shunter locomotive, a railway hangar including railway signals and other
carriages was also modelled in Rhinoceros 5 for the virtual environment. As it was
explained in Section 4.3.1, Rhinoceros 5 and Siemens NX 11 were used in this study
for 3D CAD modelling and Unity Game Engine was used for the preparation of VR
environment. Therefore, it was time to import the CAD files into Unity. However,
there is a significant point to indicate in this step, the 3D file formats of Rhinoceros
and Siemens NX are not suitable to be used in Unity. Unity can read 3D formats
including .fbx, .dae (Collada), .3ds, .dxf, .obj, and .skp files (Unity, 2018). Therefore,
it was necessary to convert 3D files of Rhinoceros and Siemens NX into Unity

compatible formats.

After importing the locomotive and railway hangar models, the virtual environment in
Unity was enriched by Unity’s additional special effects and features. First of all, a
hilly terrain tool was located on the ground. Grasses and trees were added on it. To
simulate a more living atmosphere, a wind tool which moves the grasses and trees was
added to scene. A skybox tool with blue sky and clouds was imported. Then, a
directional light tool was added in the sky to simulate real sun light and shadows on
the surfaces. As a result, the virtual outer environment was ready, but there were no
colors or material specifications on the CAD models. Thus, material tools including
the features of color, texture, reflectivity and transparency were attached to the related
model surfaces to increase the sense of reality more. As a result, the final vision of the

whole virtual environment was created (Figure 4.6, Figure 4.7, Figure 4.8)
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https://docs.unity3d.com/Manual/HOWTO-exportFBX.html
https://www.khronos.org/collada/

Figure 4.7 The virtual view of environment (2)
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Figure 4.8 The virtual view of driver cabinet

Another feature that Unity provide to increase the sense of reality is bump maps. They
are some kind of 3D textures which creates a relief effect on a planar surface.
Therefore, the surface catches the directional light and creates its own surface
shadows. This enhances the sense of depth and reality. In this study, in addition to
colored materials with textures, bump maps were also used on some surfaces such as

driver desk and seat fabric (Figure 4.9)

Figure 4.9 Bump mapped surface of driver desk and seat fabric

In the VR generation phase, the creation of a realistic environment was not the only

purpose. The scenario of a shunter locomotive environment was also considered. In
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addition to other carriages, short and long railway signals were also located near the
railway. Thanks to this, the participants were not only able to observe the vehicle

interior, but also, they could assess visibility of exterior elements (Figure 4.10).

Figure 4.10 The possibility of testing the exterior elements such as other carriages

and railway signals.

In this study, Oculus Rift’s “Oculus Rift Touch” model is preferred as a VR system
because it provides an immersive virtual experience including virtual hand devices.
These virtual hand devices are prepared especially for the main gestures of human
hands such as grabbing, pointing, squeezing, moving the thumbs and making a fist.
Thus, providing these features is another reason to choose Oculus Rift in the case of a
driver desk evaluation because these features are helpful to imagine grabbing a lever,
pressing a pushbutton, pulling a toggle switch or turning a rotary switch which are all

different usage gestures of a locomotive’s driver desk.

When the interior and exterior virtual environment were ready, the next and final step
was adding the Oculus Rift compatible player tool. It is composed of two elements
which are both available freely in the platform named Unity Asset Store. The first one
is the OVR Player which provides the special asset and script for the integration of
Oculus VR glasses into Unity platform and the second one is OVR Avatar which does
the same for Oculus Rift hand devices. Thanks to this final attachments, the virtual

Unity platform was ready to use.
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4.4  Stage 4: Empirical study 2

4.4.1 Aim

This stage aims to make product evaluation interviews and answer the question: “What
are the potentials of VR HMD and virtual hand technology as a user evaluation
medium for evaluating a shunter locomotive’s driver cabin?” As it was mentioned in
Section 3.2, VR is generally being used for the purpose of entertainment, however this
study aims to explore its potentials in user evaluation. To investigate it, it is crucial to

learn professional locomotive operator’s opinions about VR after they test it.

4.4.2 Sample

At this stage, the sample group was also professional shunter locomotive operators
because evaluating such a vehicle requires technical and professional knowledge. It
was again possible to interview with 10 locomotive operators who work in Ankara
Behigbey locomotive maintenance workshop just like in the Stage 2. However, not the
all interviewees were the same with the previous ones because the appointments were
made within working hours. The available operators were chosen by their managers to
participate in the study. The sample group’s ages were changing between 25 and 53
(Table 4.3). All the sample group is asked to sign an informed consent form which is
shown in APPENDIX D.

Table 4.3 Distribution of Participants 2

Participant Age Experience Profession
In Years
PO1 48 25
P02 33 12
P03 53 30
P04 42 21 )
POS 40 21 Professm.nal
Locomotive
P06 43 23
Operator
P07 41 20
P08 29 7
P09 25 6
P10 34 15
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4.4.3 Method

At the end of Stage 2, self-reported user evaluation criteria for shunter locomotive
interior design were identified as visibility, ease of use, comfort, safety, visual appeal
and perceived quality of controls and displays. At this stage, based on these criteria,
professional operators were directed to evaluate the design represented in a HMD VR
environment with virtual hand devices. In-depth interview questions are prepared
according to the outcomes of Stage 2. However, after Stage 2, not all the sub-criteria
in Table 4.2 were included in the second interview questions because some of them —
which are explained below — were not so possible to test with main VR system. To
make it possible to test them, although, some extra devices could be added to the main
VR system, this is not the research purpose of this study. This study aims to evaluate
the criteria which are included in the capability of main Oculus Rift VR setup. To
explain why some criteria cannot be evaluated in VR, it is possible to indicate some
examples. For instance, sun & light reflection and night time lighting are not so reliable
to test in VR system, because light and reflection values of some virtual elements are
setting up in Unity during the generation of virtual environment to imitate the closest
experience to real. However, the light values are not based on lumen measures or
reflective surfaces are not calculated according to a mathematical index. They are just
set up in the software according to eyeball estimates to catch a good look. The same is
valid also for the criteria of acoustic comfort, horn volume and other audial warning
errors. Although VR setups have their own stereo headphones, it is unreliable to test
sound volumes in VR because they are not set up according to a specific decibel value.
Moreover, the level of headphone volume can be decreased or increased manually in
the computer settings. On the other hand, different sound types can be evaluated in
headphones or also in normal speakers but in this study the feedback were mostly
related to the disturbingly high sound levels. Therefore, it is not appropriate to put such

criteria in the interview questions because the evaluation would not be reliable.

Climatic comfort, seating comfort, armrest comfort and lever-handle-switch
sensitivity are also not possible to be evaluated in VR setup that this study use because
there is no such haptic and force feedback applications in Oculus Rift to imitate tactual
feelings such as climate change or softness of a seat. Oculus Rift, does not provide
such kind of haptic experiences. Therefore, it does not make any sense to ask
participants to evaluate these criteria.
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To sum up, the above-mentioned criteria were not suitable to be evaluated through the
VR system this study uses. Table 4.4 indicates the suitable and unsuitable evaluation
criteria in italic and regular texts. Regular texts stand for suitable and italic texts stands

for unsuitable ones to evaluate in Oculus Rift VR system.
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Table 4.4 Criteria which are Suitable (bold) or not (italic) to Evaluate with VR

MAIN
FACTORS

CRITERIA

Visibility

Window angles

Locomotive’s end points

Signals, carriages, people

Sun & light reflection

Night time lighting

Ease of use

Reachability: reachable control units

Understandability: simple and organized control

units

Learnability: Compliance with the standards and

usage stereotypes

Comfort

Perceived spaciousness

Climatic comfort

Acoustic comfort

Seating comfort

Perceived cleanness of the cabin

Elbow comfort - armrest for the window

Safety

Communication with yardman

Safety in case of a crash: hard and sharp surfaces,

metallic look

Horn volume

Ease of cleaning

Error warnings

Visual Appeal

Worn Out look

Technologic look

Simple and organized look

Color selection and Clean look

Perceived quality

of controls and

displays

Lever handle, switch sensitivity

Durability of controls

Perceived reliability and error-proneness

pe

RAW DATA

e
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At this stage, in addition to product evaluation interviews, in-depth interviews were
carried out again to learn participants’ impressions about the design and VR system
over the previously identified evaluation dimensions. Participants were asked to
answer questions regarding those evaluation dimensions and also rate the importance
level of that evaluation criteria and the efficiency of VR. They were asked to rate
design and VR representation on a scale from 1 to 5 based on their satisfaction level.
It was used in addition to subjective interviews to elicit qualitative data together with
quantitative evaluations. As a result of quantitative evaluations, it was also aimed to
generate an importance-satisfaction chart to create a matrix providing a quick
comparison of all variables and showing which aspects are efficient, which are not,
what are the priorities and what is needed to be done (Tonge & Moore, 2007). See

Section 4.4.5.3 for more information about importance — satisfaction analysis.

To sum up, at this stage, participants were asked to answer questions related to
evaluation dimensions and rate their impressions. The original interview sheet can be
seen in APPENDIX E. All the answers were noted and recorded (with the permission
of participants) for later analysis. Their movements and attitudes were also observed
while they were using the VR system.

4.4.4 Analysis method

The same content analysis approach adopted in the analysis of the first interview was
used to group the data from general to specific. The recorded data were transcribed
and coded according to common topics. In addition to this, also an importance -
satisfaction analysis was conducted based on numerical data. As a result of this
analysis, the importance — satisfaction chart is generated. This is explained in detail in
Section 4.4.5.3.

4.4.5 Results of Stage 4: Empirical study 2

During the study, participants gave valuable feedback concerning what they like and
dislike about the VR system while they were evaluating the shunter locomotive. They
verbally and bodily indicated the benefits and difficulties of VR as a user evaluation
medium. At the end, it was revealed that there were some advantageous and
disadvantageous conditions of VR system in user evaluation process. Therefore, the
potentials of VR system were investigated under these two main topics: “(1)

advantages and (2) disadvantages of VR system in user evaluation process.” These two
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topics also composed of sub-topics indicated in the Table 4.5. The detailed graphic can
be seen in APPENDIX H and more detailed chart including the raw data can be seen
in APPENDIX F.

Table 4.5 Potentials of VR in User Evaluation of a Driver Cabin

Potentials of VR In User Evaluation

a realistic immersive experience

360 degrees of sight view

3D movement ability in space

the risk of being misleading in some conditions

providing limited reality

discomfort for users in long term

unfamiliarity with the VR system

4.4.5.1 Advantages of VR system in user evaluation process

The advantages which are beneficial for the user evaluation process were gathered in
three main topics: (1) a realistic immersive experience, (2) 360 degrees of sight view
and (3) 3D movement ability in space.

4.45.1.1 A realistic immersive experience

In the literature review, providing a realistic immersive experience is indicated as one
of the main features of VR systems. During the empirical study, this statement was
also supported with participant’s comments. Moreover, they indicated the reasons why
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VR system provides a realistic immersive experience and in which dimensions this

statement is beneficial for the user evaluation process of a driver workplace.

First of all, some participants (P02, P05, P08, P09) expressed that, in addition to the
vehicle itself, seeing the outer work environment surrounding them also increased the
reality level of VR and created a more immersive experience. They indicated that it
was helpful for imagining and feeling like being in a real work environment thanks to
the outer world factors such as a terrain, rails, other carriages, trees, the wind moving
the trees and the sky. P09 indicated that “Glasses are very good, I mean, trees, clouds
and all the other stuff make the environment look realistic.” 1 PO5 also expressed the
sensation of immersive reality as the following: “The experience of virtual
environment is very good. Everything is located around us. It is like I am exactly in
that environment, it is a real work environment just like ours.” 2 To compare VR with
other mediums such as physical models, it is not possible to provide this same
experience with physical models efficiently, especially for such large scaled models.
To do this, the whole interior and exterior environment must be physically prepared in
a large area or the whole locomotive model must be prepared in 1x1 scaled model and
positioned on real rails. However, this struggle is not logical in terms of wasted time
and money, and portability issues. A similar experience of a real outer world can be
imitated in a simulation room with LCD monitors located in front of each windows
but it is still not the same experience because the vision on the screens would be
stationary. When the operator changes position in the driver cabin, the vision on the
screens are still the same. The vision does not change according to the user’s point of
view and perspective. However, in VR HMD system the user can see other invisible
outer points when he changes the position of his head because the tracking system
updates and flips the outer vision according to user’s perspective. Moreover, in VR
HMD system, the user can physically move out through the windows and look around.
This is an important advantage because in the case of a shunter locomotive, users often
do this to gain a wider range of sight (check Figure 4.144(a) to see a user moving out
through the window).

! Numbered statements are translated quotations from interviewees. Original Turkish versions
are in APPENDIX G
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Another feature of VR system which provides a realistic experience is the
experiencer’s ability of perceiving and guessing the real dimensions regarding
wideness, narrowness and spaciousness. This insight was observed by the researcher
based on many participants’ comments regarding perceived comfort related to feeling
of interior spaciousness. The participants could make individual comments about the
free cabin space, the knee space under the desk and the ease of passing through
between two walls. Some of them (P02, P04, P08, P10) expressed that they could
perceive the distances and dimensions between interior surfaces realistically so they
were able to comment. However, some of them (P01, P05, P07, P09) declared that
they have a spatial perception to make comments but they are not sure if what they
perceive is exactly the same with what would be in the real one. Thus, they asked
questions to the researcher about interior dimensions to be sure. They were not
responded at first and wanted to make a guess. Some participants made estimations by
measuring the distance with their virtual hands and some of them just answered
according to their visual perception. According to predictions, it was detected that
participants were able to guess the real or close values of dimensions. For example,
PO7 asked the distance between the front and back windows. He expressed that he
perceives it some value around 2 meters and the real value was 1.9 meters. As another
example for the prediction of distances, participant number 2 asked the distance
between two control levers, for not the evaluation of spaciousness but for the test of
reachability. His prediction was something around 50 - 60 centimetres and the real
value was 58 centimetres. On the other hand, P08 made a comment concerning the
dimension of ease of use. He said that he senses that the control elements are suitable
with the standards in terms of shapes and dimensions. Thus, it is possible to say that
participants were able to perceive the dimensions of virtual environment close to real.
Although, these results are not quite enough to precisely deduce about virtual
dimensions, they give clues about virtual dimensions’ closeness to reality. To be
precisely sure, it is needed to make comparisons between virtual and real worlds.
Nonetheless, participants’ declarations can be indicated as another input of VR’s
providing a realistic experience. On the other hand, having doubts about what they
perceive virtually can be a disadvantage because this condition can be misleading in a

few cases. These cases are discussed in more detail in the Section 4.4.5.2.

64



According to all participants, another feature of VR system which provides a realistic
immersive experience is the user’s ability of seeing around from the real eye
perspective. All the participants were able to make comments easily about the visibility
of windows, locomotive’s end points and outer elements such as the railways, railway
signals and other carriages. They also indicated that VR system was efficient enough
to test the visibility thanks to the realistic perspective sight. For example, P10 declared
that the new vehicle’s sight angles and the old one’s which they are currently using are
approximately the same and he continues as there is no such a difference between
looking through the VR glasses, and sitting and looking in the real locomotive. The
sense of real eye perspective also makes it possible for the participant to perceive the
realistic depth of field and detect the objects preventing sight. For instance, P08 told
that “The engine exhaust is reducing the free sight area in the front, but actually it was
located closer to the window in the old vehicle so it was blocking more field of view

in the old one.” 3

Therefore, it was observed that participants were also able to determine the objects
preventing sight in the real sensation of perspective look and give some valuable
design feedback for the designers. Figure 4.11(a) shows a participant’s vision of front

window.
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Figure 4.11(a) The possibility of testing the exterior elements such as other

carriages and railway signals, (b) A participant seeing the location of his own

hands in the virtual environment by pointing a finger to push a toggle switch.

All participants affirm that they were able to define the reachable areas including
buttons, switches, levers and screens. Thanks to virtual hands, participants could see
the location of their own hands in the virtual environment. Moreover, they were able
to test if they could reach a spot with the necessary hand gesture such as pointing a
finger to push a toggle switch (Figure 4.11 (b)) or making a fist to grab a lever (Figure
4.12(a)).
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Figure 4.12(a) A participant seeing the location of his own hands in the virtual

environment by making a fist to grab a lever, (b) A participant asking questions by

expressing himself by using his virtual hands

For example, P05 expressed that he could reach any control without bending his back,
twisting his wrist and losing his sight of view. P10 stated that he can reach the front
controls easily but the buttons located on the back wall are a little far away. On the
other hand, P04 pointed out a different condition. He said that he could reach any place
with his hands, but he cannot test if he can reach the deadman pedal (the foot pedal
located on the foot step which the operator is obligated to step on to inform that he is
still alive and able to operate the locomotive) with his feet. Actually, this is normal
because there is no such a foot device to see the location of user’s feet in the virtual
world. The user can only try to guess the reachable feet distance with his perspective
sight but cannot test if he can really reach or not with his feet because he cannot see
his them in the virtual environment. Therefore, it is a significant point to remark that
it is possible to test only the reachability of hands in a reliable way with Oculus Rift

VR system.
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Another point to highlight is almost all the participants made comparisons while they
express themselves mostly in terms of visibility, reachability and interior spaciousness.
They compared the new design with the old ones that they experienced before. This is
another clue showing the sense of reality of VR in terms of 3 dimensional perceptions.
Almost all the participants expressed sentences such as “visibility is almost the same
with previous one”, “the reachability is better in this one” or “the interior free space is

narrower in this one than the other one”

In addition to dimensions related to functions such as visibility and ease of use all the
participants were also able to make evaluations about visual appeal. PO6 indicated the

importance of visual appeal as the following:

It is important for an operator to like what he sees in the cabin because this is
the motivation which makes him willing to work. If I do not like what | see,
how can | stay in there for the whole day?*

He and almost all the other participants also stated that they liked the shapes and color
usage in the cabin, especially the harmony of turquoise line on the desk and the
vehicle’s exterior color. Participants were also asked how realistically and effectively
they can perceive the colors. P05’s response was “If | am using the word of ‘turquoise’
instead of just ‘blue’ this means it is effective enough because |1 am able to even specify

the color tones.” °

In terms of having a realistic experience concerning visual appeal, some participants
mentioned about the ability of guessing the objects’ material. For instance, P04
declared that he can see that the interior wall’s material is not metal which could be
dangerous. He guessed that it was a hard-durable plastic. Because the real material is
FRP (fiber reinforced plastic), it is possible to say that the prediction was close to real.
Moreover, he said that he liked the driver desk’s material because it is dark and opaque,
it does not reflect the sun and light. These comments lead him to evaluate the surfaces
in terms of the dimensions of safety and visual appeal. On the other hand, P05 told that
the ground material resembles to a soft material that he has in his home. Because the
ground material is linoleum in real, this prediction was also close to what it is in real.
P10 expressed that he found the seat comfortable because its material is fabric but not
leather which has a potential to sweat the body in hot weathers. Thus, it is possible to
say that, predicting the materials is also valuable for users to make comments about

their perceived comfort.
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Because VR provides a realistic immersive experience, it is also a good
communication tool between the user and the researcher. The designer can provide a
detailed vision of his design with the colors, textures and all the other realistic elements
which indicates how a finished product would be like. The user can observe it in detail
and ask any question through it by expressing himself with the virtual hands. This
condition was observed in almost all users during the study. For example, P10 was one
of them who frequently questions the design during the evaluation session. He
carefully observed the elements of the design but could not understand some new
features of controls. They were explained to him by showing and defining the objects
surrounding him. When it is necessary, the researcher was able to move, turn or change
any object in VR in real-time to explain a usage scenario about the design while the
participant is watching. On the other hand, the participant was able to show what he is
asking about by pointing his virtual fingers (Figure 4.12 (b)) to a design element or
grabbing and switching it. This freedom of motion is also an advantage of VR’s 3D

movement ability in space which will be also discussed in Section 4.4.5.1.3.

Therefore, the VR platform was also used as an interactive communication device
between the user and the researcher. As a result, the user was able to understand by
following the researcher’s instructions just like he was really in a real driver cabin. In
other words, he was able to learn what confuses him by experiencing just like he was

in a real cabin.

Lastly, some participants highlighted the effectiveness of immersive VR experience,
it is VR's having a potential for educational purposes. P08 stated that he would prefer
VR system for educations and examinations they have instead of the simulation that
they currently use because, VR could feel a more realistic sensation of vehicle's
moving on the rails. On the other hand, P10 also declared that VR was very helpful for

understanding what he does not know.

4.4.5.1.2 360 degrees of sight view

One of the most distinguishing characteristic of VR HMD system is providing a 360
degrees of sight view compared to other presentation mediums such as rendered
images or videos on regular displays. Left to right and up to down all the surrounding
environment is included in VR HMD visions. This is another reason why VR HMD

creates a fully immersive effect.

69



Providing 360 degrees of sight view was seen to bring other advantages in the case of
user researches. First of all, it provides a better presentation medium for a designer as
it delivers a wider design field to the evaluator. PO5 states that “Through VR, I can see
what | am looking for when I turn my head to any direction, just like in the reality. It
was not so clear in the photos which were shown before” 8. Thus, VR has a significant
advantage compared to other tools. To illustrate, designers usually use rendered
images to present their works and ideas. However, because picture frames have limited
sizes, they capture the design frames one by one in a couple of different angles. This
prevents the evaluator’s flexibility observing the data. This can also cause the lack of
data transformation during the presentation because the number of rendered images
will be limited and the visions will be stationary. To overcome this deficiency, a video
can be shot to present the product but it is still not as flexible as VR for an evaluator
because in VR, the evaluator can lead the real-time camera to any direction and in any
duration he wants. Therefore, he can observe any design detail as long as he wants, in
any camera angle. The actions of participants were also giving clues about this. Figure
4.15 (b) shows a participant who observes specific design details on driver desk. As
another example, P02 realized other buttons behind him only when he turns and looks
back. He asked the functions of them and listened the explanations while observing
that part closely, then he told that he like the positions of them. Thus, it is possible to
say that participants can focus on a specific part, ask questions about it and make more

efficient evaluations.

Another advantage comes with the 360 degrees of sight field was revealed as the ability
of testing if an object is in or out of the active sight view (A person’s active sight field
is the area in front of his eyes that he can focus on or perceive the details without
moving his eyes or head. Although human eyes can approximately catch the vision of

180 degrees, in a narrower area they can perceive the images in detail (Figure 4.13)).
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Figure 4.13 Active sight view [Digital image 10]

This insight was observed based on visibility comments of many participants (such as
P02, P03, P04, P08, P10). They all stated that the camera screen was located at too far
on the left and they said they wish to see it without turning their head. Figure 4.12 (b)
illustrates this condition. This is a unique advantage of VR HMD system among other
presentation mediums because it is not so possible to notice such a design deficiency
in a rendered image. In a 2D picture, all the design elements can be shown as a whole
but because a person observes the image in his binocular sight field, it can be difficult
to detect if an object is out of the active sight field. Whereas in VR HMD system, it

was noticed by half of the participants.

360 degrees of sight also brings the ability of living the moment from a user's
viewpoint for the observer. In other words, it is possible for a researcher to follow the
acts and the points that users look at, by observing their head movements and the vision
on the screen. To illustrate this, P09 was continuously looking the place where the
radio microphone is located, and right of the driver desk where the window is located.
He approached to the microphone and looked right again. He was trying to move the
microphone towards to the window. Because of his suspicious acts, he was asked if
there is a problem. Then he indicated that he does not like the location of microphone
because when he approaches to the window to see the yardman, he gets away from the

microphone. Also when he tries to move it, it does not reach to the desired area which
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is close to the window. Thus, he said that he prefers to change the position of
microphone at the end. On the other hand, P08 was moving his right hand to his mouth,
to the window, and then to the driver desk. He was also asked to explain what he is
doing. He indicated that he is checking the desk and window positions while he is
smoking and trying to decide where to locate an ashtray. Therefore, these examples
enable the researcher to observe a user's attitude while he is trying to reach, use or see
a design element or what and how he is looking for a missing need. Thus, it is sort of
the ability of thinking like a user, observing him and questioning which is very helpful

for a researcher in a research phase.

4.4.5.1.3 3D movement ability in space

During the user evaluation sessions, participants were able to move in a space of 2 to
3 square meter. Therefore, they were able to sit, stand up, walk and get closer to any
detail they want in the cabin. It was observed that, this motion flexibility was

frequently used by participants for different purposes during the sessions.

First of all, it was observed that almost all the participants used VR’s movement ability
for the aim of giving feedback concerning visibility. They made comments about how
to enhance the visibility in the driver cabin. Reporting the best sight point in 3D space
was possible for the participants by moving their body and head positions. For
example, PO1 complained about shunter locomotives’ engine compartment sizes. He
explained that because the compartments occupy too much space, the front and back
visions are restricted and sometimes the only way to see the edges of the vehicle is
moving out of the window. Because this is a common usage scenario, it was also
performed by other participants. Figure 4.14(a) shows a participant moving his head

out of the window.
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Figure 4.14(a) A participant moving his head out of the window, (b) A participant

showing the potential danger of microphone’s position

As another example, P06 indicated that he found the engine compartments higher than
the previous one (this was a true detection). He slightly stood up and declared that if
the seat position was at that height, it would be better to gain a wider sight of front
rails. On the other hand, P08 also gave feedback about a problem concerning
ergonomics while he is testing the same visibility issue. He pointed out the same
problem of compartment height. To overcome it, he indicated that he had to lean on
right to see the rails, however it could be harmful in long term to hold his back for a
long time. Thus, he offered to move the position of the seat to the right a little. To
conclude, VR’s movement ability enables to take advantage of making subjective
evaluations concerning visibility. It is possible to say that VR has an additional benefit
about this condition compared to ergonomics software because in ergonomics
software, it is only possible to make evaluations on the measurements based on
available anthropometrics database. This is done through detecting if the human model
in the computer is able to see some spot or not. However, in VR, it is also possible to

obtain subjective evaluations and opinions of a real user.

Another advantage of 3D movement ability of VR was revealed as foreseeing the
potential dangers in the moment of an accident. This potential of VR concerning safety
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issues was indicated by many participant (P05, P06, P07, P08, P09, P10). They stated
that the radio microphone was located in a dangerous position which is too close to the
eye level. By moving their head to the front, they indicated that it can hurt their eye,
just like they were in an accident moment (Figure 4.14 (b)). On the other hand, P08
and P10 found the right window too close to the head. They indicated that a sudden
acceleration to the right could result with crashing head to the window frame.

Because the 3D moving space in VR world was about 2 to 3 square meter, participants
were not only able to move while sitting but also stand up and walk in the driver cabin.
Therefore, many participants (P01, P03, P04, P05, P08, P09) used this opportunity to
test the free movement area concerning spaciousness. P02 stated that he usually stands
up and makes some stretching exercises in the driver cabin because of long operating
hours. He expressed the importance of having free space for himself to do these
exercises and he stood up to test if he crashes any spot in the vehicle while he is doing
his acts. On the other hand, almost all participants stood up and walked in the cabin to
test the free space and the ease of passing through narrow corridors. Moreover, some
participants also used the movement ability of their virtual hands to predict the distance
between two surfaces (Figure 4.15(a)).
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Figure 4.15(a) A participant testing the ease of passing through the narrow corridor

by also using his virtual hands, (b) A participant bending over to see labelling
details.

As seen, the participants were able to observe around by sitting or standing according
to the detail they focus on. For example, some participants stood up and walked to test
the ease of passing through and sat down again to test the reachability during driving.
Moreover, the participants were able to test the reachability in different body positions
such as when their head and one arm is out of the window or sitting in different
positions like sitting straight or spreading. P08 made this comment and pointed out
this advantage of VR’s movement flexibility. Some other participants (P01, P03, P06,
P09) did not verbally indicate but they were also trying to reach the elements while

they are leaning on the window, standing near the driver seat, etc.

Participants were moving in the virtual world continuously during the evaluation
sessions. When some of them focusing on macro details such as sitting, standing and
walking, some of them focused on also micro details. They bend down and came closer
to details such as icons, labelling or the texture of surfaces. Figure 4.15(b) shows how

a participant bends over to see labelling details.
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As a result, it was observed that participants were also using their movement ability
for observing the design in different angles and distances they want. This also makes
VR a good design presentation medium because it fulfils the lack of rendered images
and videos mentioned in Section 4.4.5.1.2. In VR, the user chooses the angle and
distance to observe the design in real-time. The ability of observing the design in any
angle also resulted with an unexpected situation. When participant PO6 got out the
window and look around, he could realise also an exterior design detail and made
comments about it which he is not expected to detect and evaluate. On the other hand,
P09 moved his head through the wall in the corner, and looked the metal frame inside
the walls to check strength of the locomotive structure. It was also an unexpected
observation tactic which makes it possible to observe also inside the walls. P09
expressed his pleasure regarding VR’s this feature as following: “Being able to see
behind the walls is very good, just like a ghost.”’

Finally, the last observed advantage of VR’s 3D movement ability in space was users’
expressing themselves by showing the content they talk about with their virtual hands.
This condition was observed to be helpful for the researcher in terms of ease of
communication with the participant. Thanks to this situation, participants were able to
express themselves easily, and the researcher was able to follow them. Figure 4.12(b)

illustrates this situation.

To sum up, advantageous potentials of VR in user evaluations of a driver cabin can be
gathered under three main topics: (1) a realistic immersive experience, (2) 360 degrees

of sight view, (3) 3D movement ability in space.

4.4.5.2 Disadvantages of VR system in user evaluation process

Despite the advantages of VR system in user evaluation process, some disadvantages
were also observed during the study. They were listed in four main topics: (1) the risk
of being misleading in some conditions, (2) providing limited reality, (3) discomfort

for users in long term and (4) unfamiliarity with the VR system.

4.4.5.2.1 The risk of being misleading in some conditions
It was observed that there can be a risk of VR’s being misleading for some participants
or conditions. Three main condition was observed during the studies to come up with

this insight.
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First of all, as it was mentioned also in Section 4.4.5.1.1, some participants (P01, P05,
P07, P09) had doubts about what they perceive in general, especially regarding
dimensions. For example, P05 answered questions by saying frequently “I am
answering but if what | see here will be the same with the real product. Maybe the real
one would be a little different than this one, maybe | should answer it according to that
one.” 8 On the other hand, P01 said “I feel like VR can be a little misleading because
I know the fact that it is not real, it is just virtual” °. As a final quotation, P09 said that
“I perceive that the cabin is a little narrow, but maybe it is because of the VR glasses,
mayhbe it is not so narrow in real.” 1° Thus, somewhere in some participant’s mind,
there was always the question of “Can I trust what I see in virtual?” Therefore,
sometimes they were trying to answer the questions without not being totally sure, or
not being totally convinced. As a result, this condition caused a second need. Some
participants (P01, P02, PO7, PQ9) stated that they also need to experience the real
vehicle to be sure and answer to some questions related to interior spaciousness and
perceived quality. For perceived quality, it makes more sense because, participants
were not satisfied with just seeing the images but they also needed to touch the controls
to make comments about perceived quality. However, while spaciousness could be test
with VR for some participants, for some others (P01, P07, P09) it was inefficient and
they wanted to experience also the real vehicle to surely answer it. The third reason
why VR can be misleading in some conditions is participants’ perceiving everything
clean, shiny, durable and reliable. Because the virtual environment consists of
perfectly modelled, colored and rendered components without a single dust on them.
Thus, all the models in VR always look clean, colorful and attractive. Half of the

participants indicated this condition. For instance, P01 said that:
The vehicle looks new and clean now, but it will not stay like this. Once

operators start to use it, it will be in dust, dirt and grease. The white walls will
turn into grey and shiny ground will be under mud.**

On the other hand, P02 said that:

It is hard to evaluate the quality of controls and displays without touching. Here
apparently, if just to talk according to what | see, they are fine, rugged and
durable but if I could touch, my feedback could change so I do not want to
mislead you.?

As aresult, VR can be misleading in some conditions. If the virtual data cannot deliver

an information realistic enough, it can mislead the participant. If a participant cannot
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obtain the data related to the design correctly, he can mislead the research. Thus, it is
important to be aware of the capabilities and limitations of VR and define the research

purpose according to them.

4.4.5.2.2 Providing limited reality
Although VR is a realistic and immersive experience, it is still something virtual. It is

an imitation of reality so it has limitations compared to it.

First of all, VR is an application mainly focusing on the sense of eyesight among the
five senses. Oculus Rift also provides virtual hands to enhance the perception of
immersion but it does not provide anything about touching sense except for some basic
haptic vibrations. This limitation of VR also revealed as a deficiency during the
evaluation of perceived qualities. Almost all the participants indicated that they need
to touch and feel the sensation of the controls and displays to evaluate perceived
quality. For example, P01 stated that it was nice to see the design visually but in some
conditions, it is not enough to just see, it is necessary to touch to perceive some
properties such as the quality of materials. P02 also declared that all the controls seem
good in vision but to be sure, it is required to perceive by touching. On the other hand,
P09 told that:

The only deficiency of VR is the sense of touching as | see, but at this stage |
think it is okay because, it is nice to see a new vehicle before it really comes in
front of us, in terms of imagining what we will encounter with. Even | cannot
touch it, VR answers the purpose of this stage in general.*®

Thus, it is possible to say that the lack of touching sense mostly prevents evaluating
perceived qualities. Thus, VR may not be a good medium to evaluate perceived
qualities surely. However, in the case of other evaluation criteria, it was not declared
as a drawback at all except for some dimensions of ease of use. P02, P06 and P07 also
mentioned the lack of touching sense for the evaluation of ease of use. Participants
talked about the need of testing the ease of use by really interacting with the control
elements. To do this, they had to be able to touch the controls. For example, P06
indicated that the emergency button is well-located but he cannot understand if he has
to hit the button powerfully or press it slightly to activate it. Because the emergency
buttons should not be activated accidentally, they should not be able to pressed easily
with little amount of forces. On the other hand, it should not require too much force to

be activated for the emergency situations. Thus, there must be a value of sensitiveness
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between two measures. P06’s point is related to this situation. As another example,
PO7 indicated the need of interaction with master controller and break lever. He stated
that because there is no interaction with force feedback in VR, he cannot understand
the sensitiveness of control levers. He said that he should touch the controls and see
how much power he had to apply to obtain his desired impact on the vehicle’s
movement. The next limitation related to this condition was the need of starting the
engine and operating the vehicle for some participants (P01, P02, P06, P07). It is
technically possible by writing some scripts in Unity to imitate and simulate the
desired scenario but it still does not make much sense because it is not so possible to
test the sensitiveness of the levers or the breaking time in a realistic way without
making serious calculations. On the other hand, it was not included in this thesis'
purposes. This thesis focuses on observing and evaluating according to perception, not
simulation. The other one can be the subject of a whole new study. On the other hand,
some participants (P01, P04, P05, P09) stated that it is not possible to evaluate
perceived quality quickly even if they could touch the controls, start the engine and
interact with the controls because the need of testing in time by really using the vehicle.
For example, P04 declared that he cannot make any comments about perceived quality
including durability and reliability of controls without experiencing the real one in
time, because he believes that even a control element seems durable and good enough,
it can be broken after a short while. Thus, he believes that only time can show and
convince him if something’s quality is good enough. This scenario is also not so

possible to experience in VR.

Another limitation of VR is the need of testing with sounds such as the sound of engine,
radio and environmental noises. In terms of the evaluation criteria of comfort regarding
sound isolation, P02, P03 and PO4 indicated the problem of too loud work
environment. Thus, they asked if it was possible to test the level of noises. It is
technically possible to imitate and simulate the desired audible scenario in Unity but
it does not make much sense because the level of digital sound can always be
manipulated by the sound level switch of the computer or the device. Maybe some
calculations with the decibel measurements can simulate an experience close to real
but this was not one of aims of this study. On the other hand, thanks to the 3D stereo

sound system of VR Head set, the direction where the sound source is located can be
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tested but there was not also such an evaluation scenario in this study. This can be also
the subject of another study.

To continue with the next limitation of VR glasses, there are also some problems about
vision quality. Even VR HMD sets focus on the sense of eyesight, they are still not
real eyes, but just screens imitating real visions. The first deficiency related to
visionary issues is insufficient glass resolution for far and little details such as labelling
and writings. The half of the participants indicated that they had to bend over to the
desk and get closer to the writings to be able to read. This limitation was preventing
the evaluation of ease of use in terms of readability of control’s labelling and writings.
For example, P03 indicated that he could read the writings in real life without getting
closer, but in VR he cannot perceive the same sized images because of the resolution
problems. Another reason for distorted vision is fuzzy or slightly vibrating image of
VR screens. This condition was indicated by a few participants (P04, P05, P06, P08).
According to the insights observed during the study it can be derived from having a
heavy and detailed 3D CAD model. In the case of this study, this was expected to be
the main reason because all the CAD models, including the exterior and interior of the
locomotive, were based from the mechanical manufacturing models which are
prepared for the project of the company. Actually, using such models is not preferable
for game engines such as Unity but the main idea to use them was testing the
company’s design in the shortest time management possible and modelling a new
Unity compatible model was not so efficient regarding time considerations in this
project.  Although the company’s solid models were converted into polygons by
downsizing and removing the unnecessary details which slow down the computer’s
processor, apparently the result was not satisfying enough for some participants. As a
result, undesirable slightly vibrations were detected in the vision of VR environment.
Therefore, in the future studies, if the time table permits, it is favourable to keep in
mind to prepare a Unity compatible light model with fewer polygons as much as
possible especially if the manufacturing model is too extensive and heavy, just like a

locomotive.

As the final visual limitation of VR glasses, P03 and P07 detected that VR glasses have
a narrower sight view compared to real eyes. Participants stated that it was not possible

to look sideways in VR with just moving the eyes because the glasses’ side walls limit
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the vision. Therefore, they stated that this condition was a deficiency compared to real
eyes.

To sum up, VR can lead some disadvantages in terms of providing a limited reality

concerning the sense of touching and sight.

4.4.5.2.3 Discomfort for users in long term

During the evaluation process, some participants indicated discomfort they experience
during prolonged use. First of all, P03, PO4 and P05 stated the headset's problem of
sweating the face. Because their faces were closed about 45 minutes with the VR
glasses, upper part of their faces was isolated from the air for a while and this condition
caused sweating. Moreover, P03 and P04 also indicated the problem of evaporation on
the screens of VR glasses which causes an undesirable fogged vision. It was observed
that participants with thick clothes suffered from this kind of uncomfortable situations.
Thus, it is beneficial to keep in mind to manage the VR studies in a cool room with
comfortable thin clothes. On the other hand, P06 mentioned an uncomfortable situation
which is psychologically feeling pressure on eyes and face according to his expression.
Even so, he was comfortable enough to continue to the evaluation study so it did not
cause a significant problem at all. As another discomfort, P01, P05 and P10 declared
the problem of eye tiring vision of glasses in long term. P10 wanted to give a 10
minute-break after using VR glasses for 30 minutes. At the end of the session, he also
expressed that he suffered from a dizziness caused by glasses. He described this

discomfort as “Just like using prescription glasses for the first time” 4,

As a result, although VR is defined as a joyful new experience at first by the majority

of participants, some participants experienced discomfort in long term use.

4.4.5.2.4 Unfamiliarity with the VR system

Some participants (P01, P02, PO 3, PO7) was suffering the difficulties of being a
stranger to the VR system and having difficulty to be adapted during the evaluation
session. It was observed that younger participants were adapted quicker compared to
the older ones. Although it was explained them how to use the virtual hand tools at the
beginning of the session, some participants (P01, P03, P05, PO7) were not able to use
them effectively. PO1 asked the usage instructions again. After this situation, P03, P05
and PO7 was also told again about how to use in the middle of the session when it is

noticed that they were not using the hand tools effectively or holding them wrong.
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Although the majority of participants were able to be adapted after a while, P03 and
PO7 were only getting used to the VR system towards the end of the interview. To sum
up, there were also some problems caused by participant’s unfamiliarity with the VR

technology.

4.4.5.3 Importance — satisfaction analysis of the results
During Stage 4, participants were also asked to rate the product and the VR experience

based on the subjective evaluation criteria in addition to their verbal evaluations. The
purpose of this rating is generating a summary graphic which shows the satisfaction
levels of VR usage for each criterion that has different importance levels. To do this,
firstly, it is needed to define the importance level of each evaluation criterion and
secondly, to detect how much satisfactory is VR system to evaluate these criteria. At
the end, the data is expected to create a matrix providing a quick comparison of all
variables and showing which aspects are efficient, which are not, what are the priorities
and what is needed to be done, this is called importance-satisfaction analysis (Tonge
& Moore, 2007). A scale from 1 to 5 was used to generate this graph. In the rating
scale, “5” meant “very important” and “1” meant “not so important”. “1” did not mean
“unimportant” because all the evaluation dimensions were indicated as already
important by the participants in the previous stage. All the dimensions were important
for them but they were asked to compare dimensions’ level of importance according
to each other. If “1” meant “unimportant” nobody would choose it but the meaning of
“not so important” made it more likely to be chosen when they make a comparison
among each other. Thus, according to the importance level, “1” represented the lowest
and “5” stood for the highest score. Participants were individually asked to score every
evaluation criterion according to this scale considering the criterion’s importance level
and VR’s effectiveness to evaluate them. Then, average scores were calculated. Table
4.6 shows the average scores of the evaluation criteria regarding importance and
satisfaction levels. The chart including every single score of each participant can be

seen in APPENDIX I.
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Table 4.6 The Average Scores of the Evaluation Criteria Regarding Participants’
Importance and Satisfaction Levels

sconcor | ASE
SUB-CRITERIA CRITERIA
CRITERIA IMPORTANCE SA'I;I;I::\SC)'I(';ON
(Axis Y)
V1 | Locomotive's general visibility 5 4,1
visibility | V2 | Locomotive's end point's visibility 49 4,1
V3 | Visibility of exterior environment 4,9 4,4
EU1 | Locomotive's general ease of use 4,9 4,4
EU2 | Reachability to controls 5 4,7
Ease of ™ -
use EU3 Under.star\dablllty of driver desk 5
organization 4,5
EU4 | Learnability of control desk 4,8 3,9
C1 | General interior cabin comfort 4,8 4,3
comfort | C2 | Cabin interior's spaciousness 4,6 4,6
C3 | Cabin interior's ease of cleaning 4 4,5
S1 | General perception of safety 4,8 4,1
Safety of cabin surfaces and
safety 52 details 48 4,2
s3 Ease of communication with 4,9
yardman 3,7
VA1 | General visual appeal 3,2 4,5
visual VA2 | Simplicity of the cabin design 3,6 4,3
appeal |VA3 Technologic look of the cabin 59
design ! 4,5
VA4 | Color usage in the cabin 2,8 4,8
perceived | PQ | General perceived quality of 42
qualityof | 1 |controls ’ 3,2
controls | PQ Perceived durability of controls 4,5
and 2 ’ 2,4
displays P?? Perceived reliability of controls 4,8 3
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The importance — satisfaction graphic (Table 4.7) was generated according to the
values in Table 4.6. Because the majority of criteria had close values to each other and
they were all higher than 2, the graph content was shown between 2 and 5 although
the scoring system is between 1 and 5. The purpose of this was preventing a congested
look and providing a spacious comprehensible view. Average of all values divided the
graphic into four main zones. The green zone named “Continue in this way” is
composed of the highest scores of importance and satisfaction values. This zone
relatively shows the most important evaluation criteria which participants were able to
evaluate through VR with high satisfaction. The red zone named “Improve as a
priority” shows the evaluation criteria which are also significant but relatively not so
satisfactory to evaluate through VR. Thus, this zone shows that features of VR are not
so adequate and should be improved in some way to satisfy the purpose of evaluating
related zone’s criteria. The blue zone named “Keep up the effort” is a zone in which
the related criteria are relatively not so important for the users. Nevertheless, VR was
sufficient and satisfactory to evaluate these zone’s criteria. Finally, the yellow zone
named “To be monitored” is composed of both importance and satisfaction levels
which have relatively lower scores. In this zone, the criteria have the least importance
but it was also not so satisfactory to make evaluations through VR.
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4.4.5.3.1 Discussion of the importance - satisfaction graphic

According to Table 4.7, it is observed that the average importance level of all criteria
was quite high (4,385) between 1 and 5. Actually it is reasonable because, all the
evaluation criteria were defined as important in the first empirical study’s interviews
by the professional users. The main purpose of scoring them again in the second
empirical study was relatively comparing significance of the criteria with each other
again. On the other hand, VR’s average satisfaction level was also resulted in a high
value (4,11) between 1 and 5. This shows that participants were satisfied with VR in

general.

It is observed that evaluating the criterion of “ease of use” through VR had the highest
satisfaction level in the green area of the graphic. The three sub-criteria of “ease of
use” (general ease of use, reachability to controls and understandability of the driver
desk organization) stayed in the green zone of the graphic. For “reachability to
controls”, VR’s most effective feature was observed as the virtual hands and for
“understandability of the driver desk” VR’s being a 360 degrees of immersive
presentation medium was mostly effective. The only sub-criteria of “ease of use” that
stayed in the red zone was “learnability of control desk”. The reason for this was
mostly indicated by participants as the need of operating the vehicle in real-life.

However, it is not possible to do it in VR.

The criterion of “comfort” also mostly stayed in the green zone. While sub-criteria of
“general interior cabin comfort” and “interior spaciousness” stayed in the green zone,
“cabin interior’s ease of cleaning” took place in the blue zone. This is because it was
relatively less important compared to other comfort sub-criteria. It is observed that
participants scored “general interior cabin comfort” and “cabin interior’s ease of
cleaning” high mostly thanks to the immersive realistic experience of VR. On the other
hand, it is also observed that “interior spaciousness” was rated high because of VR’s
feature of providing a good sense of depth of field except for some participant’s doubts

about the reliability of virtual model’s dimensions.

The criterion of “visual appeal” took place totally in the blue zone with the sub-criteria
of “general visual appeal”, “simplicity of the cabin design”, “Technologic look of the
cabin design” and “Color usage in the cabin”. This can be interpreted that visual appeal

can be tested through VR. It was observed that the main reason for this was
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participants’ ability of perceiving shapes, colors and materials in a realistic immersive
experience through VR.

The criterion of “visibility” was one of the other criteria which was scored above 4.
While “visibility of exterior environment” stayed in green zone, “locomotive’s general
visibility” and “locomotive’s end point’s visibility” stayed in the red zone’s borders
(4,11) with the score of 4,1. This means the criterion of “visibility” was also mostly
satisfactory to test through VR. The reason for this was observed as VR’s ability of
providing realistic perspective view. On the other hand, two sub-criteria stayed in the
red zone, so it seems like it is still beneficial to make improvements in VR because
some participants indicated the need of experiencing also the real vehicle to be sure in

their evaluations related to visibility.

The criterion of “safety” was mostly stayed in red zone. The sub-criteria of “general
perception of safety” and “ease of communication with yardman” was in the red zone.
It is observed that providing also audial inputs is necessary to fix the insufficiency of
evaluating “ease of communication with yardman” through VR. On the other hand, it
Is observed that the need of perceiving the materials by touching is the reason for the
deficiency of evaluating “general perception of safety” through VR. To continue with
the sub-criteria of “safety of cabin surfaces and details”, it took place in the green zone.
It was observed that the reason for this was participants’ ability of predicting potential
dangers in the case of an accident, thanks to the ability of moving in the 3D space.

The criterion of “perceived quality of controls and displays” was the less satisfactory
one to test with VR. While the sub-criteria of “perceived durability of controls” and
“perceived reliability of controls” took place in the red zone, “general perceived
quality of controls” stayed in the yellow zone. The reason for this has been indicated
during the sessions as the need of perceiving by touching. According to participant
comments, this was the most significant lack of VR. Therefore, it is possible to say
that the most critical issue to develop in VR systems is an extension covering haptic

and force feedback which provides users with the sense of touch.
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CHAPTERS

CONCLUSION

In this chapter, an overview of the study, including the aim and the methodology of
the research, is presented. The research questions are indicated under separate topics
in which revealed answers are explained briefly. Finally, the limitations of the study

and recommended topics for the further studies are described.

5.1 Overview of the study

The purpose of this thesis was exploring the potentials of VR technology as a user
evaluation medium by testing it on the driver cabin design of a shunter locomotive.
Because there was an existing shunter locomotive project running in the company of
Aselsan A.S. at the same time, the study is managed over a research through design.
The methodology is composed of four main stages: (1) making initial research about
shunter locomotives and existing user evaluation methods & mediums of vehicles, (2)
finding out the design and user evaluation criteria through interviews with professional
locomotive operators, (3) designing the locomotive driver cabin and preparing its VR
environment, and (4) conducting user evaluations on that design by using a virtual

reality head mounted display (VR HMD) system.

5.2 Prominent conclusions: answers of research questions

The major question of this thesis was “What are the potentials of VR HMD technology
as a user evaluation medium for evaluating a shunter locomotive’s driver cabin?” To
answer this question, it was necessary to answer 5 sub-questions step by step. First
three ones were gathered from the literature, and the last two ones were answered

thanks to two empirical studies.

5.2.1 What are the main user evaluation mediums for vehicle designs?
This question in investigated in the literature review during the initial research stage

of the thesis. According to the results of the literature review, to apply user evaluation
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methods for vehicle designs, there are objective and subjective evaluation
measurements which can be employed by utilizing four main vehicle evaluation
mediums: software analysis, physical prototype, virtual prototype and simulations.

Detailed information for these mediums can be found in Chapter 2.

5.2.2 What are the advantages and disadvantages of those mediums?

Because each medium has different features and purposes, they have some advantages
and disadvantages for different evaluation aims. For example, physical prototypes are
beneficial to obtain outputs concerning objective and subjective measurements. They
are useful and reliable to see the dimensions of a design with low or high fidelity
models, in any stage of a design development process before producing it. However,
they can be costly, time-consuming, difficult to update and too heavy to move for large
scaled products. It is also not so efficient to make tests about visual appeal, because
colors, textures and original material types are usually not applied in a physical mock-
up, unless it is a final model. On the other hand, Simulations composed of physical
models, sound systems and visual screens can be efficient to imitate a driving scenario
and make subjective evaluations on it. However, they are usually being used for
finalized or close to finalized projects. Moreover, because simulations also contain
physical prototypes, the disadvantages of physical prototypes are also a problem for
simulations. Software analysis is another medium which is good for objective design
evaluations concerning anthropometry and ergonomics. However, because there is no
real human interaction involved, obtaining subjective evaluations is not possible in
software analysis. Finally, Virtual prototype is the next popular evaluation medium
which is based on CAD models. Using CAD models for creating virtual environments
provides users with a virtual experience which is cost-effective, time-saving and easy
to update and move compare to physical models and simulations. VR HMD systems
also provides a fully immersive and realistic virtual experience including little details,
this makes it possible to make subjective evaluations which is not possible to do in
software analysis. Virtual environments can be experienced through a variety of virtual
reality systems and models which are indicated in Chapter 3. The extensive
information of other evaluation mediums can also found in Section 2.5. A summary

chart of all mediums can be seen in Figure 1.4.
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5.2.3 Why VR can be an efficient solution for evaluating a large scale shunter
locomotive driver cabin?
As it is also mentioned in Section 5.2.2. VR systems are cost-effective, time-saving,
and easy to update and move compare to physical models and simulations. Moreover,
they are effective mediums for making subjective evaluations thanks to providing fully
immersive and realistic virtual experience. In the case of large scaled products such as
a shunter locomotive, the advantages coming from time, money, adjustability and
mobility gains more significance because the more the dimensions of a product gets
bigger, the more time, money and effort are required to make a physical prototype. All
these advantages from the literature are confirmed during the empirical studies.
Extensive information about advantages of VR can be found in Section 3.4.

Furthermore,

5.2.4 What are the subjective evaluation criteria of a shunter locomotive’s driver
cabin?
After covering the literature for the first three questions, this and the next question is
researched from the empirical studies. This one is answered thanks to the methodology
Stage 2: Empirical study 1. At the end of the study, main factors for the design and
evaluation of a shunter locomotive cabinet categorised as “visibility, ease of use,
comfort, safety, visual appeal, perceived quality of controls and displays”. These
subjective evaluation criteria coming from empirical studies mostly support the criteria
indicated in the literature: comfort, driver vision, driver safety and visual appeal.
However, it was seen that the sub-criteria of these titles changed according to shunter
locomotives specifically. For example, visibility of locomotive’s end points, other
carriages, railway signals and yardmen also took place in the criterion of visibility.
Reachability issue located under the title of ease of use instead of driving comfort
related to ergonomics. The criterion of comfort is also composed of specific conditions
related to shunter locomotives such as perceived spaciousness and cleanness of cabin.
Criterion of safety is related with some specific issues by interviewees such as the
communication with yardman, horn volume, error warnings and ease of clean. On the
other hand, perceived qualities are associated with the quality, durability and reliability
of controls and displays. Extensive information including the sub-criteria and

methodology details can be seen in Section 4.2.
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5.2.5 According to participants, what are the potentials of VR experience they
had?
After answering the previous sub-questions step by step, the needed information input
for the last one is gathered and this one is answered thanks to the methodology Stage
4: Empirical study 2. Therefore, the answer of the main research question is also
revealed. The participants were asked for their detections and they were also observed
during the sessions. As a result, Potentials of VR HMD were gathered under two main
topics: advantages and disadvantages of certain sub-conditions of VR. Firstly, it is
possible to indicate that there are advantages coming from VR features of: (1) a
realistic immersive experience, (2) 360 degrees of sight view, and (3) 3D movement
ability in space. On the other hand, secondly, there are also some disadvantageous
conditions caused by VR’s: (1) the risk of being misleading in some conditions, (2)
providing limited reality, (3) some discomforts for users in long term, and (4)
unfamiliarity with the VR system. The detailed information is provided in Section
4.4.5. To compare this results with the literature findings, it is possible to say that there
are supportive conditions regarding both advantages and disadvantages. For
advantages, literature also indicates that VR is a fully immersive realistic interaction
with a 360 degree of spatial perception (Section 3.4) Empirical study findings also
support this by showing reasons and specific examples for shunter locomotives, by not
only perceiving visually but also by testing functional locomotive usage scenarios. For
instance, participants indicate that it is a realistic experience because they can test
visibility of windows according to real eye perspective, detect if a control desk object
is in active sight view or not, define reachable control desk units, detect problems
concerning ergonomics, predict potentials dangers in the cabin, test moving out from
the window which is a specific shunter locomotive usage scenario and define the ease
of passing through between two desks in the cabin. On the other hand, literature also
indicates some disadvantages of VR such as lack of haptics, causing balance loss and
motion sickness because of vibrating vision or fast moving scenes, and disturbing
people because of some personal phobias (Section 3.4) The empirical study results of
this study support these literature findings except for balance loss. In addition to these,
empirical study results also revealed some other disadvantages such as the risk of being
misleading regarding dimensions, sweating the face, evaporation on VR glasses’
screens, feeling physical and psychological pressure on head, and tiring eyes in long

terms.
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5.2.6 What are the potentials of VR HMD technology as a user evaluation
medium for evaluating a shunter locomotive’s driver cabin?

In addition to the resulted classification of VR’s potentials mentioned in Section 5.2.5,

in this section, the potentials of VR were also examined under two categories as a

result of the study: (1) VR’s potentials in terms of the shunter locomotive project, (2)

VR’s potentials compared to other mediums.

5.2.6.1 VR’s potentials in terms of the shunter locomotive project
To examine the revealed potentials of VR evaluation study in terms of the shunter

locomotive project, it is possible to say that it was beneficial for both the design itself

and the company’s project team including designers and researchers.

To begin with the benefits for the design itself, it is possible to say that valuable design
feedback was gathered from the participants during the evaluation sessions. Some of
them convinced the designers to make corrections on the design details. For example,
the potential danger of radio microphone’s location for the eyes in the case of an
accident moment was foreseen and indicated by participants (Section 4.4.5.1.3). After
the sessions, the microphone’s location on the driver desk was changed according to
participant suggestions and this safety issue was solved. As another example, the
camera display’s location was found too far on the left by some participants. They
indicated that they had to turn their heads to the left too much to see the display
(Section 4.4.5.1.2). According to participants’ comments, the location of the radio
speaker next to the camera display was changed and the camera display was moved
right to speaker’s old space which is closer to the operator’s active sight view. Thus,
this visibility issue was also resolved. On the other hand, some design feedback was
confirmed by the design team but it was not possible to make iterations to make design
deficiencies better because of the reasons related to the mechanical requirements and
timeline limitation of the project. For example, there were lots of comments indicated
by the participants, complaining about the height of the locomotive’s engine
compartments. These concerns were related to visibility issues explained in Section
4.4.5.1.1. The engine compartments’ height was blocking the railway sight and the end
points of the vehicle. Actually, this is a problem of all shunter locomotives generally
but in this one the compartments were a little higher because of the new hybrid
technology. Unfortunately, it was not possible to lower the compartment level because

of the mechanical units inside it. Some studies could be made for it but the project’s
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timeline does not allow to make such comprehensive alterations in short time.
Therefore, maybe this feedback can be kept in mind to take into consideration for the
next versions. The examples from the literature indicates that evaluating the criteria of
ergonomics, usability, reachability, learnability, visual appeal, perceived qualities,
interior lighting, styling, model dimensions and spaciousness through VR are applied
before (Section 3.3). These criteria also matches with some of the shunter locomotive’s
user evaluation criteria, which are stated by the interviewees at Stage 2, Empirical
Study 1, (Section 4.2). In addition to the criteria in literature, some other specific
criteria related to shunter locomotives are also revealed in this study to be able to test
through VR such as visibility of window angles and locomotive’s end points, comfort
and safety perceptions, and perceived qualities of controls and displays (see Table 4.2

for detailed findings these criteria).

To continue with the potentials of VR concerning company’s project team, there were
also beneficial results. First of all, the purpose of the study was satisfied, valuable user
evaluations regarding locomotive driver cabin were attained from the users to analyse
their needs and feedback. The design team was able to transmit the design details
comprehensively to the evaluators in an immersive experience with 360 degrees of
sight (Section 4.4.5.1.2). The researcher was also able to observe the participants’
attitude from their own sights thanks to the VR glasses’ vision on the computer screen
(Section 4.4.5.1.2). On the other hand, this VR presentation was appreciated by the
customer and found effective and impressive. Most importantly, these goals were
attained in an efficient time and money management compared to other presentation

and evaluation mediums.

5.2.6.2 VR’s potentials compared to other mediums
It is possible to say that empirical studies mostly verified the advantages of VR which

were indicated in the literature and also found out some new benefits. First of all, at
the end of the study, it was observed that, using VR actually provided an efficient use
of time and money compared to building a physical model. The purpose of obtaining
valuable design feedback through VR was also satisfied. Moreover, it was observed
that VR has distinguishing advantages concerning the evaluation of visual appeal. As
a presentation medium, VR is able to transmit the colors, textures and the shapes in
exact dimensions even with the radius values of shapes’ edges and corners. (Section

4.4.5.1.1). This makes VR an efficient presentation medium that transmits all the
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design details to the evaluator. VR also provides a more immersive and realistic
experience compared to physical models because it also includes the environmental
elements around the locomotive. Experiencing the locomotive cabin in a sunny day
with the wind, clouds, trees, other carriages, the railways and a terrain is possible
through VR and this provides atmosphere for participants just like they are really in a
work day (Section 4.4.5.1.1). Moreover, participants were able to test visibility issues
subjectively thanks to this comprehensive environment with realistic perspective view
(Section 4.4.5.1.1). In the case of a shunter locomotive, participants were also able to
move out through windows to test visibility which is impossible to do with a simulation
setup because its screens showing the vision of cabin’s outside are located next to
windows (4.4.5.1.3). Thus, they limit the free movement area between inside and
outside of the locomotive cabin. On the other hand, portability of VR system was
another advantage over physical models and simulation setups. Tests were able to be
managed in the location where the participants are located. Thus, the difficulties of
convincing them to come near the model or transporting a huge model is eliminated.
To compare VR with ergonomics software, in VR systems, it is also possible to obtain
subjective feedback from real users in addition to objective feedback. For example, a
participant can make suggestions about fixing ergonomic issues such as visibility or
reachability (Section 4.4.5.1.3). To compare VR with rendered 2D images or
photographs as a presentation medium, VR has an advantage in terms of visibility tests.
Thanks to the ability of seeing the environment in a view of 360 degrees, it is possible
to detect if an object is in the active sight view or not. In other words, it is possible to
understand if someone has to move his head to see an object (Section 4.4.5.1.2). To
compare VR with all the other evaluation mediums, another advantage was observed.
VR provides the researcher with the possibility of living the moment from the user’s
sight thanks to the VR glasses’ vision tracking system in the computer monitor. This
possibility is advantageous in terms of observing and understanding the user’s

approach and attitude to a usage scenario, just like how they see it (Section 4.4.5.1.2).

On the other hand, VR also has some disadvantageous conditions compared to other
mediums. Firstly, it was indicated by some participants that VR could be misleading
in terms of perceiving dimensions because some participants could not ignore their
doubts about reliability of what they perceive in VR (Section 4.4.5.2.1). Such a doubt
is not a problem for real physical models because they are solid. Secondly, VR
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provides a good visual experience but it lacks of the sense of touching and feeling. It
Is observed that this condition gains critical importance during the evaluation of
perceived qualities (Section 4.4.5.2.2). Thirdly, VR leads some personal discomfort in
long term usage such as sweating, tiring eyes and causing the feeling of pressure on
the face (Section 4.4.5.2.3). Such uncomfortable situations are not a problem of other

mediums such as physical models and simulation setups.

5.3 Limitations of the study
This thesis’s aim was to explore the potentials of a new field so during the study, there
were some obstacles to cope with because of studying on an unfamiliar area. Some of

them was able to be overcame but some of them revealed as limitations of the study.

First limitation was not being able to prepare software scripts. Thus, really moving a
control element on the driver desk or operating the vehicle was not possible. Therefore,
it was a study based on stationary observations rather than an interactive VR
simulation. Nonetheless, a valuable feedback was gathered according to just

observations based on visual realistic perception.

Next limitation in this study was not having time to prepare a new model with low
polygons, so the production solid models were used by being converted to polygon
based models. Because they were too heavy for the real-time rendering software
processor, lots of details such as screws and mechanical brackets were deleted from
the CAD model one by one but also lots of other details stayed in the model. Therefore,
the average run was 5-6 million frames per second. As a result, the computer processor
was not in the optimum performance. Therefore, there were little flickers on the images
and a little latency in the movements which may discomfort the participants.
Nonetheless, it was possible to examine the potentials of using real production models

for the companies who consider applying this tool.

Not being able to get haptic feedback was another limitation. With the VR set that this

study used, it was not possible to evaluate concerns related to force feedback.

During the sessions, the need of testing audial concerns also revealed, although it was
needed for a little part of this thesis. Because the thesis purpose mainly did not focus
on this concern, the necessary arrangements for audial tests were not prepared, so it

was not included in this thesis.
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On the other hand, being able to make interviews with only 10 participants was another
limitation. Because the user group in TCDD Tasimacilik Behigbey campus is
composed of a limited number of shunter locomotive operators, and lots of them were
busy during the work hours, it was only possible to meet with the ones who were
available and permitted by their superiors. Moreover, it was not possible to meet with
the same 10 participants also in the second empirical study, it was obliged to meet
some different participants according to who was available in that time. Nonetheless,
it was fortunate to have long in-depth conversations with the ones who were able to

participate.

In this research, it was not possible to evaluate different designs through VVR. The focus
was on one product designed by the author. All the stages of the research were carried
out on that design by the author. Although the researcher studiously tried to prevent
biases during the research, it is necessary to indicate that still there can be some

inadvertently revealed effects on the study.

Finally, the study is conducted through only VR applications. It was not possible to
make a comparison between VR and real product by evaluating both because the
designed locomotive is not manufactured yet. A 1x1 huge physical locomotive model
was also not able to be prepared because of time and money issues. Therefore, the
doubts (mentioned in Section 4.4.5.2.1) of participants caused by VR were not able to
be investigated through comparisons.

5.4 Recommendations for further research

It is believed that this thesis opened ways for further studies, not only for locomotives,
but also for all other vehicles with driver workplace. First of all, it can be possible to
investigate the potentials of preparing software scripts for the VR system which makes
it possible to interact with the controls and drive the vehicles. Studies focusing on
audial concerns such as communication, the direction of 3D sound and noise isolation
can be planned if it becomes possible to control decibel measurements on a digital
device. Ways of fulfilling the VR system’s lack of haptic feedback can be another
research area. With another point of view, the efficiency of making tests through VR
systems with ready haptic attachments can be investigated. It was also revealed during
the sessions that some participants had doubts about the measurement reliability of

what they perceive in the VR environment. These doubts can be investigated by
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comparing virtual reality with actual reality. On the other hand, to overcome these
doubts, by using software scripts, some measurement tools can be added to the VR
environment. Thus, participants and researchers have chance to verify their perception
by using those measurement tools. Considering that VR systems are becoming more
popular day by day on bringing any subject to a virtual world, another further
researches can reveal concerning design issues of different products. Finally, in
addition to user evaluations, the potentials of VR can also be investigated in design

education, design development process and design presentation.
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APPENDIX A

STAGE 2 - CONSENT FORM (TURKISH)

ARASTIRMAYA GONULLU KATILIM FORMU

Bu arastirma, ODTU Endistri Uriinleri Tasarimi Balimi yiiksek lisans 6grencisi ve Aselsan galisani
Oguzhan Topcuoglu tarafindan Yrd. Dog. Dr. Glilsen Tore Yargin danismanligindaki yiiksek lisans tezi ve Aselsan
manevra lokomotifi projesi kapsaminda yiritilmektedir. Bu form sizi arastirma kosullari hakkinda bilgilendirmek

icin hazirlanmistir.

Calismanin Amaci Nedir? Aragtirmanin amaci bir manevra lokomotifi konsolu ve kabininin makinist

acgisindan nasil olmasi gerektiginin incelenmesidir.

Bize Nasil Yardimci Olmanizi isteyecegiz? Arastirmaya katilmayi kabul ederseniz, yaklasik olarak 30-40
dakika strmesi beklenen bu roportajda sizlere bir dizi soru yoneltilecek ve bu sorulara verdiginiz cevaplarin

nedenleri sorgulanacaktir. Daha sonra igerigin degerlendirilebilmesi igin cevaplariniz ses kaydina alinacaktir.

Sizden Topladigimiz Bilgileri Nasil Kullanacagiz? Arastirmaya katiliminiz tamamen gondllilik temelinde
olmaldir. Ankette, sizden kimlik veya kurum belirleyici hicbir bilgi istenmemektedir. Cevaplariniz tamamiyla gizli
tutulacak, sadece arastirmacilar tarafindan degerlendirilecektir. Katilimcilardan elde edilecek bilgiler toplu halde
degerlendirilecek, milli manevra lokomotifi tasarimimiza katki saglamanin yani sira bilimsel yayinlarda

kullanilacaktir. Sagladiginiz veriler gonullii katihm formlarinda toplanan kimlik bilgileri ile eslestirilmeyecektir.

Katiiminizla ilgili bilmeniz gerekenler: Roportaj, genel olarak kisisel rahatsizlik verecek sorular veya
uygulamalar igermemektedir. Ancak, katilim sirasinda sorulardan ya da herhangi baska bir nedenden 6tiiri
kendinizi rahatsiz hissederseniz roportaji yarida birakip ¢ikmakta serbestsiniz. Boyle bir durumda calismayi

uygulayan kisiye ¢calismadan g¢ikmak istediginizi soylemek yeterli olacaktir.

Arastirmayla ilgili daha fazla bilgi almak isterseniz: Bu calismaya katildiginiz igin simdiden tesekkir
ederiz. Arastirma hakkinda daha fazla bilgi almak icin ODTU Endustri Urlnleri Tasarimi Blimi 6gretim
Uyelerinden Yrd. Dog. Dr. Gilsen Tore Yargin ( tore@metu.edu.tr ) ya da yiksek lisans 6grencisi ve Aselsan galisani

Oguzhan Topguoglu ( otopcuoglu@aselsan.com.tr ) ile iletisim kurabilirsiniz.

Yukaridaki bilgileri okudum ve bu ¢calismaya tamamen géniillii olarak katiliyorum.

(Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

isim Soyad Tarih imza


mailto:tore@metu.edu.tr
mailto:otopcuoglu@aselsan.com.tr
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APPENDIX B

Table B.1 Stage 2 — Interview Questions (Turkish)

STAGE 2 - INTERVIEW QUESTIONS (TURKISH)

Miilakat sorulari

Soruyu sormaktaki

arastirma amaci

Genel
degerlendirme

boyutlar

I.  Sizce bir manevra lokomotifi
kabini tasarimina ‘iyi olmus’
diyebilmek i¢in nasil olmasi
gerekli? Sizin icin bir lokomotif
tasariminda 6nemli olan
unsurlar nelerdir?

A) Kullanim kolayligini
etkileyenler?

a. Ekranlar
b. Tus ve switch ’ler
c. Kollar

d. Etiket, yaz1 ve ikonlar
B) Kalite algisin1 belirleyenler?
C) Konforlu hissettirenler?
D) Giivende hissettirenler?

Kullanicinin
lokomotif
tasarmmina iliskin
genel
degerlendirme
kriterlerini
anlamak. Onemli
algilanan degerleri
belirlemek (konfor,
rahathk, iyi
gorebilmek-
goriilebilirlik,
giiven duygusu vb.
gibi... Bunlardan
hangileri kullanici

icin oncelikli)
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Table B. 1 Stage 2 — Interview Questions (Turkish) (Continued)

Kullanim
senaryosu
tespiti ve

irdelenmesi

Simdi birlikte normal bir is
giiniiniizii diisiinelim. Mesela
diinkii is giiniiniizde lokomotif
kabinine girdiginiz andan
ciktiginiz ana kadar sirayla neler
yapiyorsunuz? (Aracin icine
esyalariniz ile yerlesme, araci
calistirma, hareket etme,
duraklama, kuplaj, yeme, icme,
sigara, okuma, manevra
lokomotifi ile baska ne cesitlilikte
isler yaptiginiz, iceride
gecirdiginiz kisisel zaman vs.)

A) Her bir task i¢in ayri ayri: Bu

asamada lokomotif kabini
tasariminin hangi kisimlari
onemli oluyor? Sizce bunlarin
nasil olmasi gerekli?

Kullanim
asamalarina iliskin
tasarim
degerlendirme
kriterlerini

belirleme
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Table B.1 Stage 2 — Interview Questions (Turkish) (Continued)

Farkh
kullanim
senaryolariin
Ve
kosullarinin
tespiti ve

irdelenmesi

Manevra lokomotifi
kullaniminda ne gibi farkh
kullanim durumlari oluyor?
(oturarak kullanma, ayakta
kullanma, yan camdan kafa
c¢ikartma durumu, arkaya
bakarak kullanma durumu vs.).
Bu kullanim durumlari
lokomotif kullaniminizda ne gibi
farkhliklar yaratiyor?

A) Her bir kullanim durumu igin:
Ornegin ayakta veya oturarak
kullanim durumlarinda neler
farkli kullaniliyor? Onlarin nasil
tasarlanmasi gerekli?

B) On, yan ve arka camda aracin ve
disarinin hangi noktalari
gormeniz onem teskil etmektedir?

C) Ne siklikla kafanizi yan camdan
¢ikartiyorsunuz? Hangi noktalari
gormeye calisiyorsunuz?

D) Ne siklikla kafanizi ¢evirip
arkaya bakiyorsunuz ve ne
siklikla koltuk-konsol degistirme
ithtiyact duyuyorsunuz?

E) Lamba/giines 1siklarinin
yansimalarla veya direk olarak
g0ziiniizii almamasi i¢in ne gibi
uygulamalarda bulunuyorsunuz?

Farklh kullanim
senaryolarina
iliskin tasarim
degerlendirme
kriterlerini

belirleme
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APPENDIX C

STAGE 2 - RAW INTERVIEW DATA (TURKISH)

Table C.1 Stage 2 — Raw Interview Data (Turkish)

USER

MAIN
FACTOR

CRITERIA

RAW DATA

visibility

general window
view angles

Lokomotifin 6nlinde arkasinda kamera olursa
gorus acisindan bir sey kacirdigimizda daha iyi
olur. Onde de bir ekran olursa monitér en
azindan o kayit yapar. Bir kaza falan oldugunda
ser tampon falan yapilirsa ifademizi aliyorlar.
Tampon nasil yapiyoruz sert mi geldik onu
inceliyorlar falan. Bu bir.

Comfort

Perceived
spaciousness

iki, kabin icinin rahat ve genis olmasi lazim.
insani daraltmamasi lazim.

Comfort

Climatic comfort

Ug, Klima yok bizde, yazin camlari agiyoruz, o da
cereyan yapiyor rahatsiz oluyoruz. Motor
bélmesinden sicak geliyor bir slire sonra, 6yle
olunca yazin daha da beter oluyor. Kapiy!
pencereyi her yeri aglyoruz. Cereyana maruz
kaliyoruz o zaman da.

Comfort

Acoustic comfort

Cam agilinca bir de giriltt geliyor disaridan
tabii. Gurialtiye maruz kalmamak icin bir kulakhk
olabilir belki.

visibility

visibility of the
railway signals,
other carriages
and people

Sonra, dikiz aynasi falan konulabilir. Bir sey
kacirmamak icin. Yani géris mesafesi falan. Gergi
glines vurdugu zaman ayna da etkiliyor. Bazen
manevraclyl géremiyorsun, sesini de
duyamiyorsun o zaman sikinti oluyor. Baca bazen
goriist engelliyor.

visibility

sun & light
reflection

Gunes dislyor bazen camlara o zaman da glines
gozligl takmak zorunda kaliyorsunuz, bazen o
da yetmiyor. Perdeler iyi konumlandirilabilir.

Comfort

Seating comfort

Koltuklarin rahat olmasi lazim bir kere. Bizim
koltuklar affedersiniz biraz kazik gibi oluyor.
Ariza oldugu zaman oturdugumuzda koltuk
dengesiz oluyor bu sefer bir kaynakgiya
getiriyorsunuz. Ustiin kérii kaynatiyor. Sabit.
Yani koltuklar daha iyi olsa daha iyi olur.
Kolunuzu koydugunuzda soyle rahatsiz etmesin.
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Table C.1 Stage 2 — Raw Interview Data (Turkish) (Continued)

Aksam genelde farlar sikinti. Yeterli olmuyor.
Tam aydinlatmiyor. i¢ aydinlatmada biraz ayar
olmasi lazim. Evlerde hani var ya ayarli ortama
gore. Gece gorusu icin anahtarlarin oldugu yerde
- . . - ayarlamali los 11k gibi bir seyler olmasi lazim.
1 I ht-t ligh
visibility night-time fighting Cok 1sik olunca kendinizi veremezsiniz, az olunca
yeterli sekilde goremezsiniz. Gece genelde i¢
isiklari kapatiyoruz. Arabalar gececegi zaman
rahatsiz olmasin gozinid almasin diye hemzemin
gecitlerde araba gecene kadar fari kapatiyoruz.
Ya bir de bizim makinalara genelde bakim
yapilmiyor. Pis oluyor. Pis oldugu icin ortam bizi
Perceived geriyor, o zaman da manevradan keyif
1 |Comfort cleanness of the alamiyorsunuz. Bir an dnce yapalim da bitsin
cabin gitsin diye bakiyorsunuz. ister istemez etraf yag
oluyor, motorlara falan bakarken. Eldiven olabilir
bir yerde.
Additional/Del
dditiona /. © .uxe Yaz icin mini bir buzdolabi su koymak i¢in ya da
features: drinking S
1 |Comfort . kisin ¢ay koymak icin bir bardaklik falan da fena
water and tea in
. olmazdi.
the locomotive
Ama 6zellikle koltuklar tahta gibi oluyor. Yarim
1 |Comfort Seating comfort saat sonra ayaga kalkiyorsunuz. Koltuk rahat
olsun.
visibility of the Kbseden ya da disaridan bakarak sinyali grmeye
1 | visibilit railway signals, cahisiyoruz. Mesela bazen bir direk denk geliyor,
¥ other carriages sinyali gérmiyorsunuz. Diger vagonlari gérmeye
and people cahsiyoruz.
visibility of the On tarafi gérebilmek icin kolunuzu camdan disari
1 | visibility locomotive's end | koyup sarkip bakmak zorunda kaliyorsunuz. Cam
points araligi falan iyi olsa bunun icin iyi olur tabii.
Elb fort - o
ow comior Camdan sarkarken kolumu dayadigim yer sert
1 | Comfort armrest for the oldugu igin kolumdaki sinirler uyusuyor
window Ui yusuyor.
Communication Bu arada hem el telsizi olsa hem sabit telsiz olsa
1 |safet with [manevraci]: |iyi olur. Bozuldugu arizalandigi zaman bazen
¥ Necessity of telsiz bulamiyoruz. Konsolun iki tarafinda da
walkie-talkie olabilir. iki yone de bakan yani.
ility: o . .. .
L{nderstandabl Ity Digmeler switch'ler falan da gok degismesin
simple and Lo . .
1 |ease of use . ahstik artik, kafamiz karismasin. Uzerinde isimleri
organized control azsin, ikonlari yazsin yeter
units ¥ ’ ¥ yeter.
. Gorls agilarinin iyi olmasi gerekiyor. Sinyalleri
T general window N . .
2 | visibility . gormek igin camlar biyik olmali. Camdan arkaya
view angles .
bakarken iyi olmal.
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Table C.1 Stage 2 — Raw Interview Data (Turkish) (Continued)

2 ease of use

Understandability:

simple and
organized control
units

Kullanim agisindan kullanim kolayliginin basit
olmasi gerekiyor. Kumandada erisebilecegimiz
noktalarin belli basli daha kolay yerlere
yerlestirilmesi gerekiyor. Bizimkinde oyle bir sey
yok.

2 ease of use

Reachability:
reachable control
units

Kullanim agisindan kullanim kolayliginin basit
olmasi gerekiyor. Kumandada erisebilecegimiz
noktalarin belli basli daha kolay yerlere
yerlestirilmesi gerekiyor. Bizimkinde dyle bir sey
yok.

2 |safety

Safety in case of a
crash: Hard
surfaces, sharp
corners and

Gerekli emniyet kosullarinin saglanmasi

gerekiyor, benim bildigim bizimkilerde dyle bir
sey yok 11000'likte. En azindan bir vurma kaza
aninda kumandanin alt bolmesi bizi koruyacak

2 ease of use

metallic look demirden baska bir malzeme olabilir.
Daha 6nemlisi sabit telsiz olmasi gerekiyor. Su an
r telsizle kon ruz. Diger tlrlG buradan
Reachability: seyyar telsizle konusuyoruz. Diger tirli burada

reachable control
units

telsiz alip gitmemiz gerekiyor. Telsizin konumu

On tarafta olmali kolaylikla alip koyabilecegimiz
bir yerde olmali. Elimizle ulasabilecegimiz kolay
bir yerde.

2 | visibility

general window
view angles

Camlar temiz olmali sinyaller ve yol agisindan
genis olmali. Kirli, kirik veya catlak olursa sikinti
yaratiyor. Kigik bir bélme var bizim
kullandigimiz makinelerde. O bolgeye biraz
egilmek gerekiyor. Arada pencere plakasi gibi bir
sey var tam goris hizasinin 6nlinde o sikinti
yaratiyor.

2 Comfort

Climatic comfort

Klima yok klima olmasi lazim. Kisin klima ile
Isinmak istemiyoruz, filtreli falan oldugu icin
havasi pis oluyor rahatsiz ediyor. Hemen
yanimizda ayri bir isitici olsa daha iyi oluyor.
Yazin zaten yapacak bir sey yok klima olmasi
lazim.

2 ease of use

Understandability:

simple and
organized control
units

Kontrollerin Gzerinde yazisi falan yazsin ne
oldugu belli olsun.

2 ease of use

Reachability:
reachable control
units

Kumandalar erisebilecegimiz kolay yerlere
yerlestirilsin.

Visual
Appeal

Worn out look

Kullandigimiz makineler igin kaliteli gdzlikmesi
gibi bir derdimiz yok zaten. Olamaz da.
Makineler ¢ok eski ve yipranmis. Yani bildigin
demir yiginindan baska bir sey gormiiyoruz.
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Table C.1 Stage 2 — Raw Interview Data (Turkish) (Continued)

Koltuklar deri oluyor genelde, yazin da sikinti
I . K koltuk ol ha iyi ol .

2 | Comfort Seating comfort oluyor unv1a§ oltuk olmasi daha yi ouuyor
Konforu saglayan zaten koltuk ve koltugun
kumandaya gére konumu.

Perceived Kol gecis kolayhgi ya da algisi daha hassas
quality of lever handle, olabilir. Ko'lu-itiyorum bazen gecti mi gegmedi mi
2 | controls . o ne kadar gitti algilayamiyorum. Ayarsizlik oluyor
switch sensitivity .
and onlar zamanla yipranmadan dolayi olabiliyor.
displays Daha kaliteli olabilir.
sty ofthe | gona yakiagtginc sr
2 | visibility locomotive's end | & 8 yor. Vag . .y 3H8 . .
. tamponlama yapmamak igin yavaslayacagin yeri
points . .
bilmek gerekiyor.
visibility of the
T railway signals, - . C
2 | visibility other carriages Bunun icin de sinyalleri iyi gormek lazim.
and people
2 | visibility g.eneral window Sinyalleri gérmek igin camlar biiyiik olmal.
view angles
En 6nemlisi gorus acisi, daha iyi bir goris agisi
olmali. Clinkl orada insanlarla sirekli i¢ iceyiz.
. ister istemez manevra sahasinda calisiliyor. Ben
N general window . .
3 | visibility . manevra makinasinda sag tarafta oturmak
view angles . o
zorunda kaliyorum. Diger tarafta goris acisinin
disinda baya bir mesafe kaliyor. Zor goriliyor.
Oradan biri geldi mi onu goérebilmek lazim.
ister istemez icinde bir konfor olmasi lazim. Sicak

3 | comfort Climatic comfort havada galisirken motor isisi igeri giriyor d?ha
sicak oluyor. Calisma sartlari zorlasiyor. Klima
olabilir.

Mesela ark ha ivi e6rebilece&imiz bi
visibility of the / ese 5.1 ar a'y'l daha iyi gorebilecegimiz Plr ayna
I o sistemi olabilir. Sonugta 20 vagonla geriye
3 | visibility locomotive's end
) dayaniyorsun bakmak zorunda kaliyorsun. Arkayi
points . .. .
gorebilmek de ¢ok 6nemli.
o general window Dizgin bir aynayla arkayl gérmek benlm.lgm bir
3 | visibility . konfordur mesela. Kafam rahat oluyor. Bir kaza
view angles

bela ¢ikmasin.
Hava muslugunun iyi ¢alisiyor olmasi lazim. Cok

Perceived daha iyi hizli bir set olmali. Bizim 0,5 hava

uality of atmamiz lazim mesela ¢ekince hemen atsin. Ama
3 Sontrgls lever handle, cekiyorsun tutman gerekiyor. Onu
and switch sensitivity | ayarlayamiyorsun. Hem hava hem fren
disolavs atiyorsun. Araba vitesi gibi dlistiinelim 1'e taktik
play sonra 2'ye taktik ona gore disinelim. Kolay

gegsin.
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Table C.1 Stage 2 — Raw Interview Data (Turkish) (Continued)

Gece ¢alismalariigin ic 1siklandirmalar yetersiz
oluyor. Hiz gostergesi CER Ampermetresi vs.
3 | visibility night-time lighting otomobildeki gibi bir aydml‘atma sistemi olabilir.
Suan var ama ¢ok az yetersiz oluyor.
Otomobillerdeki gibi bir 1siklandirma sistemi
olabilir.
3 | Comfort Seating comfort Koltuklar ¢ok sert, uzun siire oturulmuyor.
Additional/Deluxe
3 | Comfort features: Cooling | Buzdolabi olabilir.
water
I Veya o makine sonugta elektrik Gretiyor. 220 V
Communication . . L .
. cekip sarj etmek icin bir priz falan konabilir.
with [manevraci]: . . . . ..
3 | Safety . Telsizi de sarj etmek lazim. Bizimki sabit degil.
Necessity of ) . . ,
. . Belki adam o sirada bir sey diyecek ama sariji
walkie-talkie o
bitmis.
Makinanin goris agisi cok kiiguk kullanirken ya
visibility of the kafayi camdan cikartiyorsun. Gormussiundir
3 | visibility locomotive's end |igini, Ustten bakip alti gorme durumunda
points kaliyorum. Makineyi sol elimde kullaniyorum.
Sag elimde telsiz oluyor.
Onun disinda bazen glivende hissetmiyorum.
Safety in case of a Olasi bir k:a\z:a\d.? sert tampon yapl!dlglrlda, ~
arabayi diistiniin mesela kemeriniz baglh degil,
crash: Hard . o e ) .
olabilecekleri siz disiiniin. O kemeri lokomotifte
3 | Safety surfaces, sharp . . et
takamazsin belki ama baska bir sey gelistirilebilir.
corners and .
metallic look Sonugta her taraf metal... Ben olsam kemeri
takarim. 100 giin bir sey olmaz ama 101. giin
olabilir. Sonugta her seyin basi hayat.
Glnes tam batarken direk Ustlinlize gozlinlize
geliyor. Glnes isinlarindan sizi koruyacak
perdeler, karartilmis filmler olabilir. Glines
. isinlarini kesen arabalarda kullandigimiz sistem
T sun & light e . .
4 |visibility ) olabilir. Glines tam size geliyorsa mesela batiya
reflection o . o
dogru giderken. Bulundugunuz yerden de
ayrilamiyorsunuz. Bir de geceleri konsol 15181
yetersiz olursa kabin 1sigini agiyoruz o da
camlardan yansima yapip géziimiizi ahyor.
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Table C.1 Stage 2 — Raw Interview Data (Turkish) (Continued)

4 |safety

Horn volume

Benim en ¢ok disiindligiim seylerden biri mesela
¢ok yakinda bir vatandas var mesela onu
korkutmadan uyarabilmek lazim. Arabalardaki
gibi hafif bir olabilir. ikaz edebilmek lazim. Bu kisi
manevraci olabilir yabanci bir kisi olabilir... ileri
giderken tek geri giderken cift korna c¢alariz biz.
Ama yanimizda bir insan varsa kornalar da ¢ok
glcli oldugu icin bu isi bazen en kisik sekilde
halletmeye calisiyoruz. Biyik makinelerde ben
mesela kullanmamaya ¢alistyorum. Kulak zari
bundan patlayan arkadaslar oldu mesela.

4 |visibility

night-time lighting

Oniimiizii cevremizi iyi aydinlatmasi lazim ki
gorelim sonra...

4 | ease of use

Learnability:
Compliance with
the standards and
usage stereotypes

Her lokomotifte standart bir kumanda masasi
olmadigi igin her binisimizde ayri bir alisma
safhasi yasiyoruz. Daha 6nce kullanmisiz ama son
cikan lokomotiflerde biri Amerikan mali biri Kore,
kumandalar farkli oldugu i¢in her bindigimizde ya
mesela 6rnek veriyorum. Farlari nerden agiliyor,
silecekleri nerden agiliyor diye bakiyorum.
Uluslararasi standartlar var aslinda. Ona goére
yapllsa... Ayni bir kumanda masasi olmal.

Koltugun ergonomik olmasi gerekir ¢linki
saatlerce o koltukta oturup elimizi kafamizi

4 | Comfort Seating comfort oynatiyoruz. Bir de boéyle normal bir ortam degil
ki. Hep ayni yere bakmiyoruz.
N general window . .
visibility view angles Yeri geliyor kafayi ¢ikartip uzaga bakiyorsun.
. Diyelim manevracinin sesi gelmiyor telsizde
Communication
. komut alamadin. Hemen durman lazim. Gegen
with [manevraci]: . . L
4 |safety basimiza geldi adam diismis geri geri gidiyorsun.

Necessity of
walkie-talkie

Adam dismus konusamiyor ki telsizden haber
veremiyor. Senin aniden durman lazim.

4 | ease of use

Visibility of the
controls: simple
and organized
control units

Gozle gorilir kontroller lazim.

Uyari sinyalleri fazla bagirmadan kulagi rahatsiz

4 | Comfort Acoustic comfort
etmeden olmali.
Koltuklar deri olmamali. Sicak zamanlarda
terletiyor. Havali koltuklar var. Mesela ben
. kalktig koltuk h kiyor.
4 | Comfort Seating comfort alktigim zaman Koftuk havaya clilyor

Oturdugumda otomatik olarak iniyor. Sirtimi
diklestirmek istiyorum mesela bir digme hemen
yapiyor. Kumas, giizel.
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Kabin ortami anti bakteriyel olsun, rahat
temizlensin, ya da kir tutmasin. Birileri temizliyor
. arada bir ama devamli temizlendigini
Perceived o . e e
4 | Comfort cleanness of the dusunmuyf)rum... E-:-en maklneyev i bmdlg.lmde
cabin 1slak mendille bltin dokunacagim yerleri tek tek
silerim, ¢Unki biz orada yemek yeriz, cay iceriz,
tiim hayatimiz orada gegiyor. Calisirken durma
sansimiz yok.
Additional/Deluxe
Comfort features: drinking | Bardak konacak bir ortam olabilir iste..
tea
ifaﬂ::\\:/ ;naizse of a C?rptlglr.mzda ylzimuzi kz?famm yaracak s.i.vri
4 |safety surfaces, sharp ylzeylerin olmamasi gereklyo"r. "Ca.r.plﬁm"a qu5me
corners and veya kayma aninda kafasini gozuny ylzini
metallic look cikartmayacak halde olmasi gerekiyor.
o general window i_yi lokomotifin en 6nemli 6zelligi goéris agisidir.
5 | visibility . One arkaya koyulan kameralarla
view angles o
kuvvetlendirilebilir.
Gorus alanindaki manevraci arkadasi ve
vagonlari en rahat sekilde gérebilmemiz...
visibility of the Tampon yapacaginiz mesafeleri en rahat sekilde
5 | visibility locomotive's end | gorebilmeniz gerekir. Bunun igin de gors
points actlarinin en verimli sekilde olmasi gerekiyor. .
Bazen arkada 10-20 tane vagon oluyor, gormesi
zor oluyor.
visibility of the
5 | visibility railway signals, Manevraci arkadasi, vagonlari en rahat sekilde
other carriages gorebilmemiz gerekir.
and people
Makinistin markizde konforlu olmasi gerekir.
Safety in case of a | Nasil bir araba ¢ok konforluysa stirtisii o kadar
crash: Hard konforlu oluyorsa manevra yapan arkadasin da
5 |safety surfaces, sharp konforlu olmasi gerekir ki yaptigi is onu
corners and yormasin. Glivende ve rahat hissetsin.
metallic look Kullanacagi ortamda rahatsiz edecegi tehlikeli bir
ortam olursa kisiyi huzursuz eder.
Genellikle su anki meselelerin en biyik sebebi
Visual lokomotiflerin eski olmasi. Eski oldugundan
5 Worn out look g Lo
Appeal calismaya pek misait degiller. Benim iki kati
yasimda oldugundan 74 model makineler bunlar.
Perceived
5 | Comfort cleanness of the Temiz degil steril degil. Yagdan korunabilmeli...
cabin
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Arabadaki gibi bir "airback" olabilir. Herhangi bir
olayda yasamini kurtarmasi icin bu trende de
olabilir mesela. Yakin zamanda iki tane makinist
Safety in case of a | arkadasimiz vefat etti. Belki o an markizin icinde
crash: Hard bir airback olayi olsa bu arkadaslar vefat
5 |safety surfaces, sharp etmeyecekti. Emniyet kemeri olmaz ¢linki
corners and hareket kabiliyetimizi kisitlar. Bu tren ileri gidiyor
metallic look ileri gidiyor. Arkada 15- 20 tane vagon oluyor.
Arkayi gorebilmek icin egilip bikilmek gerekiyor.
Bilgisayar basinda otururken emniyet kemeri
takmak gibi bir sey bu hareket alanini kisitlar bu.
Visual Simple and Mimbkin oldugunca sade olmali, ne kadar sade o
Appeal organized look kadar glizel. Insanin isini o kadar kolaylastirir.
Her is icin bir tus yerine birkag isi bir anda
yapabilecek tek bir tus olabilir. Sigorta sarteli
Durability | Perceived yerine buton olabilir tus olabilir. GUnimiuziin
Perceived |durability of the caglarindaki gibi dokunmatik olabilir. Ama gerci o
5 quality of | controls - zaman da Uzerine yag bulasinca zor olabilir.
controls appropriate usage | Dokunmatik tren sikinti ¢linki ustalar buraya
and of digital controls | bakima geldigi zaman elleri yagli olabiliyor. Yagl
displays and displays bir sekilde makineye bakim yapiyorlar. Bu
sebeple bir sonraki geliste dokunmatik seyler
bozulabilir.
Perceived
quality of | Perceived Mesela dokunmatik ekranlar var simdi onlar bile
5 |controls Reliability and yanlis 6l¢li yapiyor. Yarisi doluyken tam dolu
and Error-proneness gosteriyor falan.
displays
. Ya da dijital ekranlarin yagdan korunmasi
Perceived . .
5 | comfort cleanness of the gerekir. Daha steril olmali ve bakiminin yapilmasi
. gerekir. Depo %60taydi bir bakim yapildi %90
cabin
oldu...
Su sicaklarda en buyik ihtiyag bir klima ihtiyaci
bir de. ilk makineye girdigin anda insanin yiiziine
5 | Comfort Climatic comfort | sicak hava carpiyor. Bir vantilator falan da olsa
¢ok iyi olur. Yazin perisan oluyoruz. Cam agik
kapi aglk... Ona ragmen hi¢ esmiyor bazen
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insani rahatsiz eden seylerden biri de gergekten
deri koltuk. Sabah 8'den aksam 5'e kadar
oturunca insani gergekten rahatsiz ediyor yani.

Comfort in mfort
> omto Seating comfo Ayakta kullandigimi biliyorum sirf bunun igin.
Koltuk 6nemli tabi tiim glin oturuyorsunuz
sonucta. Sirti, kolcagi falan kaliteli olsun.
R Mimkin oldugunca lokomotifin markizinin
visibility of the . .. L
- . ortada olmasi lazim bir de. Biri uzun biri kisa
5 | visibility locomotive's end

points

olunca kisada sorun yok da uzun tarafta manevra
yaparken genelde sikinti oluyor.

5 ease of use

Reachability:
reachable control
units

Bir de mesela bu tuslarin hepsi genelde ortada.
Markizin sagda oturdugu yere ¢cok daha yakin
olmasi daha iyi oluyor. Bazi tuslara ulasim bu
masada kolay da mesela arka taraftakilere
ulasmak icin kalkip oraya gitmek gerekiyor.
Mesela ikaz kesme tusu.. Gidiyorsun oraya
basmak icin.

5 Comfort

Acoustic comfort

Bir de bizde ¢ok ses ortami var. Motor sesi
varken telsizden gelen arkadasin sesine
odaklanmak zor olabiliyor.

5 |safety

Ease of cleaning

Makineye girmek zahmetli biraz kapilarin oralar
hep yaglh oluyor. Ustiinden basmadan gegmeye
calisiyorsun. Kayip diisebilirsin. Konusmadan
sonra zaten gider bi bakariz lokomotife sen de
gorirsin ne demek istedigimi.

6 | visibility

visibility of the
locomotive's end
points

Oncelikle aracin goriis agisi cok dGnemli ama
aracin 6nu arkasi cok koseli, kaba. Dikdortgen
sekilde. Bu mesela Kenarlari pahli ya da kivrimli
olabilir. Boylece ug kisimlar daha rahat gorlir.
Aynalar olsa bizim igin bir de daha rahat. Mesela
kafamizi gikarabildigimiz durumlar oluyor
¢ikaramadigimiz durumlar oluyor. Katener hatti
oluyor mesela(elektrik hatti diregi) Onun altina
denk geldiginde kafani ¢ikartamazsin tehlikeli
yani. Uzakta simdi direk ama belirli bir metreden
bunun elektriginin atma ihtimali var.

6 | Comfort

Seating comfort

Onemli olan koltuk bir de. Daha rahat ve bele
uygun olmasi lazim. Su anki manevra
lokomotiflerinde zaten nerden bakarsaniz %70'i
kirik sekilde. Yani hi¢ konforlu degil. Manevra
yaptiktan sonra rahat edemiyorsun. Asagiya
indikten sonra inanin ki belinizi dair
tutamiyorsunuz. Koltuklarin bele uygun olmasi
lazim. Bizdeki zaten meslek hastaliklarindan biri
bel fitigl. Clinkl olan arkadaslarimiz da var
bunun agrisini ¢ceken. Ben de agrisini gekiyorum.
Surekli saga sola doniliyoruz daha da agriyor.
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6 | Comfort

Climatic comfort

Bizim icin dnemli olan bir diger sey de
havalandirma. Havalandirma sart. Cinkl demir
yigini oldugu icin yazin sicaktan kisin da soguktan
cok etkileniyoruz. Bu sefer de isini
yapamiyorsun. Kalorifer sart, onun i¢c aksami
falan iyi olmasi lazim.

6 Comfort

Perceived
cleanness of the
cabin

Disaridan gelen yagl ortamdan geliyor tabi icerisi
de yag oluyor o zaman. Kapilar da acik kaldiysa
zaten iyice igeri toz falan da giriyor. Daha toz
tutmayacak ylzeyler olsa...

6 | Comfort

Perceived
spaciousness

Oturdugunda ayaklarinin asagida sikisma
ihtimalin var. Alan ¢ok az. Biraz daha iyi olsa
bizim icin daha iyi olur. Mecbur oturman lazim.
Oturmadan da is yapamiyorsun. Masanin alti
oval degil de diiz sekilde gelse dizlerimiz igin
daha ferah olur.

Visual
Appeal

Simple and
organized look

Ne kaliteli gosterir? Mesela masa diizeninin, ana
kumandanin diigmelerinin daha diizenli olmasi
daha kaliteli gosterir. Boylece bir makine
goruntisinden kurtulup arag gortntisiine
kavusabilir.

6 | visibility

night-time lighting

Gece calisirken LED sisteminin daha iyi olmasi
lazim. Bazen yandigiyla yanmadig bir oluyor. Su
anki aydinlatma sistemini yaktigin zaman fazla
bir etkisi olmuyor. Neyi gérecegin sececegin belli
olmuyor. Arizasi oldugunda bazen sikinti
yaslyoruz. Yanip yanmadigini géremiyorsun.

6 |safety

Safety in case of a
crash: Hard
surfaces, sharp
corners and
metallic look

Valla glivenlik agisindan &yle bir glivencemiz yok.
Kiguk bir yer oldugu icin kagacak saklanacak bir
yerimiz yok. Demir yigini oldugu igin bir
¢arpmada kutu gibi sikisma ihtimali var.
Etkilenmeyecek mesela kaza oldugunda
makinenin egilme sikisma durumunda bizi her
halikarda koruyacak bir yer olmasi lazim.
Atlayacak tutunacak bir yerin de yok. Bizim
oradan kagma ihtimalimiz zaten ¢ok az.
Tutunacak yerin de yok. Oyle bir tutunacak yer
bir glivencemiz olsa bir sikintimiz olmaz.

6 |safety

Error warning

Kullanmadan 6nce iyi kontrol etmek lazim bir de
sistemleri. Bojileri frenleri... Sistem diizgiin
cahistlyor mu. Tren esittir fren zaten. Gegen ben
binmeden kontrol ettim baktim iptal etmisler.
Yani binsem gitsem frene basacagim
durmayacak. Onden bir sinyal kontrol alarm
sistemi olmasi lazim. Uyarmasi lazim.
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7 |ease of use

Reachability:
reachable control
units

Oncelikle lokomotifi idare ettigimiz yer kumanda
masasi! diye geciyor. Bir kumanda masasi her
yerden ulasilabilecek sekilde olmali. Oturdugun
yer sabit ¢link(i. Sabahtan aksama kadar o isi
yapiyorsun. Rahat ve butonlara ulasabilecegin
sekilde olmali. Bence en énemli unsur budur.

7 | visibility

visibility of the
locomotive's end
points

Baktigimiz zaman simdi bizim makinalarda su
problem var. Biz genelde soyle kolumuzu cama
yaslayarak gideriz. Sol elde hareket salteri olur
hareket vermek veya fren atmak icin
kullandiginiz kol olur. Soyle iki tarafa da rahat
gidebilmemiz i¢in lokomotifin 6ni arkasi esit
olmasi gerekiyor. Bizim lokolarda makinenin onii
arkasi simetrik olmadigi icin 6nimi gorebildigim
kadar arkami géremiyorum. Anahata c¢iktigin
zaman zaten diiz yol gidiyorsun ama bunda bir
ileri bir geri gittigin icin makinayr miihendislik
acisindan nasil yapmislar yani bilmiyorum ama..
Lokomotif cok kaba kiibik bir yapi, zor
goriliyor. Daha kivrimli olabilir. Bu sene bayagi
sikinti yasadik 6zellikle makinanin 6ni uzun
kaldiginda.

7 |ease of use

Learnability:
Compliance with
the standards and
usage stereotypes

Simdi strekli bir yer degistirme mevzusu oluyor
bizde. Gergi alistiktan sonra ¢ok sorun olmuyor.
Yeni arkadaslardan yer degistirenler var hala
ama... Sagda bir koltuk sagda bir koltuk var
bilirsin. Ana kumanda yardimci kumanda.
Donerek hareket edebilecegin bir yer olsa iyi olur
mesela. Capraz masa degil de arkada olsa
mesela.

7 | visibility

visibility of the
railway signals,
other carriages
and people

Ben Usendigim icin hic hareket etmiyorum zaten.
Sinyalleri gérmek icin koltuk degistirmeye
Gseniyorum. Geri doniip bakmaya c¢alisiyorum.
Ben alistigim icin de dyle olabilir. Bir siire sonra
ezbere dayaniyor is su tasin orada sinyal vardi
diyorsun oraya yavas yaklasiyorsun. Yani kalkip
da bir 6bilr masaya geceyim sinyal var miymis
demiyorsun.

7 | visibility

visibility of the
railway signals,
other carriages
and people

Manevracilar genelde sagda oluyor vagonun
sonunda bekliyor. Bu gergi insandan insana da
degisir ¢ciinkl burada makinadan ziyade kimle
cahstigin 6nemli ona gliveniyorsan sinyale de
bakmiyorsun. Baska biri olursa da sinyale
bakiyorsun. Kural geregi ama tabi kalkip 6bir
masaya gidip bakman lazim. Ama uyuldugunu da
pek sanmiyorum. Ama ¢alismayan bir insana su
anlattigimi anlamak inanin zor.
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7 | visibility

visibility of the
railway signals,
other carriages
and people

Yaptigimiz is tehlikeli simdi arabalarda park
sensori oluyor ya bizimkilerde de olmali.
Vagonlara veya baska seylere yaklasirken iyi olur.
Kor noktalar olabiliyor ¢linki. Arkadaki adami da
gormek icin. Su an baktigimizda banliyo
setlerimizde bile bin tane kamera var. Yolcudan
dolayidir belki ama bizim burada yaptigimiz is bir
yolcu trenine gore daha tehlikeli. Bizde de
olmali. O tamponlarin ortasinda veya su sag sol
koselerde olabilir. Gorecek sekilde. Algak olsa
daha iyi olur. Zaten sen arkana ontline baktiginda
ileriyi az cok goriyorsun. Ama tam dibini
goremiyorsun. Adam bir giriyor araya diyorsun
ne ara girdi. Nerde oturursan otur iki nokta da
kor nokta. Bu manevra islemlerinin hizlanmasi
daha seri yapilmasi ve glivenli olmasi igin bence
kesinlikle boyle bir sistem sart.

7 | visibility

visibility of the
railway signals,
other carriages
and people

Normalde bu isin acikc¢asi kural su sen
gidiyorsun 1 metre kala duruyorsun sonra yavas
yavas tampon yapiyorsun. Yavasca gaz vererek.
Ama isimiz ¢ok yogun oldugu i¢in burada boyle
bir se¢enegimiz yok. Bu isi boyle yaparsan 1
glinllik is 10 glinde biter. Sen o arada durunca
manevraci arkadas vagonlarin arasina gelip
ortadaki kancayi takiyor. Bizim sikintimiz
dayanirken geriye arkada araya manevraci
arkadas geliyor. Onu gérmemiz lazim.

7 | Comfort

Climatic comfort

Biz yaniyoruz arkadaslar bahsetti mi bilmiyorum,
yazin ¢ok sicak. Atiyorum bir fan ya da klima
olabilir.

Visual
Appeal

Technologic look

Daha kaliteli olmasi igin kaliteli bir malzemeden
yapilabilir. Isiklar spot tarzi olabilir. Bizimkilerin
goriintl olarak yanindan gecilmiyor. Daha
teknolojik gbsterse mesela daha iyi hissettirir.

7 |ease of use

Understandability:

simple and
organized control
units

Butonlar daha kendini belli eder olabilir. Orada
bin tane tus var, ama manevra yaparken sadece
iki Gg tanesini kullaniyorsunuz. Gerekli seylerle
gereksiz seyler birbirinden ayrilabilir.

Rahat acikcasi giizel bir koltuk beni glivende

7 | Comfort Seating comfort hissettirir. Koltuk bir kere kesinlikle deri olmasin
bir de yazin yapis yapis yapisiyor, terletiyor.
. lyi bir goriis agisi glivende hissettirebilir. Orada
o general window i )
7 | visibility . ortada bir baca oluyor mesela bazi yerleri
view angles .. .
gbremiyorsun.
. Konfor i¢in de masanin alti dar olmasin ayaklar
Perceived . o S
7 | Comfort sikismasin. Dizlerin gectigi yerler girintili ¢cikintili

spaciousness

olmasin.
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general window

iyi bir géris agisi igin markiz lokomotifin
ortasinda olmali. Boylece camlar da ayni acilarda
gosterir. Ayrica koltuk degistirmek yerine ben

8 | visibility view angles donerek bakmayi tercih ediyorum. Arka camlar,
da ona gore daha gorus acilarina yonelik
yerlestirilebilir.

Aracin 6nilinde arkasinda vagon takili oldugunda
tamponlari gormek daha zor oluyor tabi.
visibility of the Manevraci seni telsizden yonlendiriyor ama

8 |visibility locomotive's end |insan giivenemiyor kendisi de gérmek istiyor.

points Adam gel diyor mesela diyor 5 metre var. Ama
sana gore o aslinda 2 metre oluyor degisiyor
yani.

visibility of the Sinyalleri goriyor olmak lazim. Hareket ederken

s railway signals, seni sinyaller yonlendiriyor. Kirmizi yanarsa
8 |visibility . . .

other carriages durup yesilin yanmasini bekliyorsun. Kirmizida

and people gecersen araba gibi kaza yaparsin.
Kumanda masasi 6nemli sonra. Her yerden
ulasilabilecek olmali. Ani bir durumda acil durum

Reachability: tusu elimin altinda olmali. Sik sik kullaniyoruz.

8 |ease of use

reachable control
units

Bazen fren yerine direk ona basiyoruz. Ani bir sey
oluyor géremiyorsun. Ne olur ne olmaz hemen
basiveriyorsun acil butonuna. Hemen elinin
altinda olmali o ylizden.

8 | Comfort

Seating comfort

Rahat bir koltuk glivende dolayisiyla da konforlu
hissetmeni saglar. Oturdugun yer batiyorsa yani
isine odaklanamazsin egilip biikiilecegim derken
online bakamazsin bu sefer de kaza yaparsin.

8 | Comfort

Climatic comfort

Ayri ayri bir havalandirma sistemi ve isitici olmasi
lazim. Lokomotif dis mekanda oldugu icin
camlardan kapilardan siirekli sicak soguk iceri
giriyor. Kisin klima yerine isitici olmasini tercih
ediyoruz. Klima ¢linki temiz hava tflemiyor.
Saglikli degil.

8 | Comfort

Perceived
cleanness of the
cabin

Pis bir de arkadasim. Yani islak mendil taslyorum
artik yanimda bindigimde ilk is 6nce bir masayi
siliyorum. Yer desen yag icinde ona yapacak bir

sey yok.

8 | Comfort

Acoustic comfort

En ¢ok rahatsiz edeni de ¢ok glriltuli olmasi.
Makinenin gurultisi geliyor. Frene basiyorsun
glrlltd. Disanidan gurilta geliyor, bir yandan
telsizi duymaya calisiyorsun. Biri kornaya basiyor
biri asagidan bagiriyor. Glinilin sonunda kafam
artik iyice sisiyor, evde sessizlik arryorum.

Visual
Appeal

General visual
appeal

Valla gorsellik olmasi lazim.
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9 |ease of use

Understandability:
simple and
organized control
units

Gostergeler... Hani buton yerine daha pratik
seyler. Bir panel olabilir. Yagdir sudur budur
hepsini ayni anda gosteren.

9 | Comfort

Seating comfort

Baska Koltuklar konforlu olabilir..

9 | Comfort

Climatic comfort

Isiticilar klimalar falan séyliiyor muyuz onlari da?

9 |visibility

general window
view angles

Aynalar var mi sizinkinde? Gorus acilari dGnemli
¢linkd. Aynalar daha da arttirabilir. Cogunda yok
zaten de. Dedigim gibi goris agisi daha iyi
olursa... Sag tarafini géremiyorsun camdan
sarkmak zorunda kaliyorsun. Ayna otobdslerdeki
gibi biraz daha yiiksek olabilir. On tarafi gdrmeyi
engellememesi igin...

Visual
Appeal

Worn out look

Bizim cok eski makinalar. Hani bindin mi bir
makine mi kullaniyorsun yoksa eski puskii
lokomotifle alakasi olmayan bir sey mi
kullaniyorsun..

9 |ease of use

Practicality:
Enabling operation
in lesser steps

Hani teknolojiye yonelik gostergeli olabilir. Bir
tusuyla mars yapiyorsundur. Daha pratik bir sey
olabilir. Sadece bir tusa basarak mars alabilir.

9 |ease of use

Reachability:
reachable control
units

Her seyin elimin altinda olmasini isterim.

Renk secimi bile degistirebilir. Daha boyle canli
glzel renkler kullanilabilir. Bizimkilerin her yeri

9 Visual Color usage and boguk gri. Siyahimsi... Mesela gegen turuncu bir
Appeal Clean look makine gordiim daha psikolojik olarak iyi
hissettiriyor. Koltugu masasi falan. Tertemiz...
Boyle siyah degil de... Acik bir renk olabilir.
Bizim makinalar bir de ¢ok pis. Hi¢ temizlenmiyor
Perceived ki. Alan 1slak mendil aliyor eline gaz kolu freni
9 |Comfort cleanness of the mreni siliyorsun. Kil tablasi ¢cdp falan olabilir
cabin makinayi kirletmeyecek... Ya disari firlatacaksin,
ama o da iyi bir sey degil.
N VISIbIIIty.Of 'the Onii arkasi motor kompartimanlari ¢ok biiyiik.
9 |visibility locomotive's end L AT
. Ucunu dibini gérmen zor. Onlar dizeltilebilir.
points
visibility of the
S railway signals, Yola atlayan gelen gecen var mi bakmak lazim.
9 |visibility . - .
other carriages Yoksa 6limle sonuglanabilir.
and people
Daha glivende hissetmek icin emniyet kemeri
Safety in case of a olabilir. Her bindigimde takmam ama acil bir
9 |safety durum oldugunda diyelim karsidan bir makinenin

crash: seat belt

fren tutmadi kacti geliyor Ustline, o zaman
hemen takarsin.
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Koltuk ¢ok sabit saga sola dénebilse yaylansa
esnese daha konforlu olur. En azindan 45 derece
donse kafi olur. Pratik bir sekilde hig koltuktan

9 |Comfort Seating comfort kalkmadan. Ama simdi koltuk nerede olacak?
Cama yakinsa zaten 180 derece donemezsin.
Soldan déner belki. Bildigin tirmaniyorsun
koltuga bir rahatligi yok.
Wi
9 |visibility gfenera window Biraz daha yiiksek olabilir gormek igin...
view angles
Elbow comfort - Yandan giktiginda yaslanacak yer konforlu olsa
9 |Comfort armrest for the . ‘g & y y
. daha iyi olur.
window
N Isiticilar klimalar daha kaliteli olabilir. Bozuldu
9 | Comfort Climatic comfort N S .
mu uzun slire tamir edilmiyor, olan bize oluyor.
Perceived Bizim makineler ¢ok pis. Temizleyen eden yok.
9 |Comfort cleanness of the Eline 1slak mendil alan sagini solunu siliyor. Bir
cabin ¢op kutusu kil tablasi falan olabilir.
. igerisi rahat ve ferah olsun. Tim giin kiigliciik
Perceived .
9 |Comfort ) alanda durmak zorunda kaliyoruz, bir de sikisik
spaciousness . o
olunca hig ¢ekilmiyor.
9 | comfort Acoustic comfort Makine girdltala calisiyor. Ses yalitimi olsa glizel
olurdu.
Safety in case of a
crash: Hard e . e
Eski plski bir sey zaten ne giivenligi olabilir ki?
9 |safety surfaces, sharp . . . S
Daha yeni olsa daha glivende hissettirebilir.
corners and
metallic look
. Simdi en énemlisi zaten goris acilari. On, yan,
S general window . -
10 |visibility . arka camlari tamponlara giderken biyik olmal.
view angles . .
Daha rahat gérmemiz lazim
Arkasini 6niinii net gdrmem lazim. Ondi arkasi
visibility of the hep kutu gibi simdiki 11000'liklerin daha oval
10 | visibility locomotive's end | veya kiiciik olabilir. Oniinii géremiyorsun mesela
points hic. Gorlis alani 6nemli. Ayni sekilde arkasi 6ni
esit olmali. Fren 6nemli.
Gece manevra yaparken isiklar projektorler
onemli. Arkadaki manevracinin gézinia de
10 | visibility night-time lighting | almamali isiklar. Adam diyor mesela kapat isiklari
goremiyorum diyor. Manevraci icin de daha
rahat olur.
visibility of the
T railway signals, Arada bir ayaga kalkiyoruz aracin etrafini,
10 | visibility . N .
other carriages manevraclyi falan gérebilmek igin.
and people
Reachability: .
10 | ease of use | reachable control Oturdugumuz yer masaya yan cama daha yakin

units

olursa daha rahat erisiriz saga sola.
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Table C.1 Stage 2 — Raw Interview Data (Turkish) (Continued)

Konfor deyince koltuk zaten, koltuklar daha
konforlu olabilir. Koltuk bir de oynar baslhkl

10 | Comfort Seating comfort olursa daha rahat déneriz. Oturdugumuz yer
biraz daha rahat olursa daha gtizel olur.
Her seyin elimin altinda olmasi lazim tabi bir de
Reachability: konforlu o.IUmaS| i(;i.n.. Daha yakin qlma5| Iazulm
10 |ease of use | reachable control §eylerue. Diger kabinin de ayni sekilde. Aya.ga.
Units kalktigimiz falan oluyor mesela, her sey elimin
altinda olsa daha iyi olur. Valla simdi akhma
bunlar geliyor.
Elbow comfort - Yan camin kenarinda da slinger falan bir sey
10 |Comfort armrest for the konabilir. Dirsegimiz falan mahvoluyor kolumuzu
window dayadigimizda.
Daha sade otomobil gibi olsa... Direk girdigimizde
rahat bir sekilde oturabilsek. Karmakarisik degil
10 Visual Simple and de arac gibi olsa. Kalabalik olmasina gerek yok
Appeal organized look zaten yeterince... Orta bélmede bayag bir
alanimiz var bir sliri sagma sapan seyler var.
Gereksiz seyler... Az olsun 6z olsun daha iyi.
Safety in case of a | Emniyet kemeri falan olsa ama o da takilmaz ki
crash: Hard ya. Sey olsa belki On taraf masanin st alti
10 |safety surfaces, sharp siinger minger bir sey olsa carptigimizda daha
corners and yumusak olsa dizimizi falan garptigimizda iyi
metallic look olabilir.
Her taraf metal olunca yazin tabi ¢cabuk isiniyor,
10 | Comfort Climatic comfort | isiy1 igcinde tutuyor. Klima ve yalitim olmasi
onemli.
Her yer yag oldugu icin insan huzursuz
Perceived .his.sediyor. SUrekli bir bezle, pe.geteyle silmek
istiyor. Motor yagi oluyor. Makineden sigiyor.
10 |Comfort cleanness of the . . e
cabin Usta dokiyor. Biz de kundura falan giydigimizde
sikinti oluyor. Merdivenden ¢ikinca hani biraz
ylrlyorsunuz da orasi yaglaniyor.
Defterimiz var bir tane giinliik onu koymak icin
Additional/Deluxe | bir yerimiz olsa temiz 10 -15 cm'lik bir yer
10 | Comfort features: Place for | olabilir. Aski olabilir elbisemizi montumuzu

belongings

asabilmemiz icin. Onlar genelde olmuyor. Cay
yeri olabilir.
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APPENDIX D

STAGE 4 - CONSENT FORM (TURKISH)

ARASTIRMAYA GONULLU KATILIM FORMU

Bu arastirma, ODTU Endstri Uriinleri Tasarimi Baliimii yiksek lisans 6grencisi ve Aselsan calisani
Oguzhan Topcuoglu tarafindan Yrd. Dog. Dr. Giilsen Tore Yargin danismanhigindaki ylksek lisans tezi ve Aselsan
manevra lokomotifi projesi kapsaminda yirutiilmektedir. Bu form sizi arastirma kosullari hakkinda bilgilendirmek

icin hazirlanmistir.

Calismanin Amaci Nedir? Sizin icin tasarladigimiz yeni nesil manevra lokomotifi striicii kabininde sanal

gergeklik ile kullanici degerlendirmesi yapmak ve bu slirecin verimini 6lgmektir.

Bize Nasil Yardimci Olmanizi isteyecegiz? Arastirmaya katilmayi kabul ederseniz, yaklasik olarak 30-40
dakika stirmesi beklenen bu roportajda sizlere bir dizi soru yoneltilecek ve bu sorulara verdiginiz cevaplarin

nedenleri sorgulanacaktir. Daha sonra igerigin degerlendirilebilmesi igin cevaplariniz ses kaydina alinacaktir.

Sizden Topladigimiz Bilgileri Nasil Kullanacagiz? Arastirmaya katiliminiz tamamen gonulliilik temelinde
olmalidir. Ankette, sizden kimlik veya kurum belirleyici higbir bilgi istenmemektedir. Cevaplariniz tamamiyla gizli
tutulacak, sadece arastirmacilar tarafindan degerlendirilecektir. Katihmcilardan elde edilecek bilgiler toplu halde
degerlendirilecek, milli manevra lokomotifi tasarimimiza katki saglamanin yani sira bilimsel yayinlarda

kullanilacaktir. Sagladiginiz veriler gonalli katilm formlarinda toplanan kimlik bilgileri ile eslestirilmeyecektir.

Katiiminizla ilgili bilmeniz gerekenler: Roportaj, genel olarak kisisel rahatsizlik verecek sorular veya
uygulamalar icermemektedir. Ancak, katilim sirasinda sorulardan ya da herhangi baska bir nedenden otiira
kendinizi rahatsiz hissederseniz roportaji yarida birakip ¢ikmakta serbestsiniz. Boyle bir durumda galismayi

uygulayan kisiye galismadan ¢ikmak istediginizi soylemek yeterli olacaktir.

Arastirmayla ilgili daha fazla bilgi almak isterseniz: Bu ¢alismaya katildiginiz igin simdiden tesekkir
ederiz. Arastirma hakkinda daha fazla bilgi almak icin ODTU Endustri Uriinleri Tasarimi Blimi 6gretim
Uyelerinden Yrd. Dog. Dr. Gilsen Tore Yargin ( tore@metu.edu.tr ) ya da yiksek lisans 6grencisi ve Aselsan ¢alisani

Oguzhan Topguoglu ( otopcuoglu@aselsan.com.tr ) ile iletisim kurabilirsiniz.

Yukaridaki bilgileri okudum ve bu ¢alismaya tamamen géniillii olarak katiliyorum.

(Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

isim Soyad Tarih imza


mailto:tore@metu.edu.tr
mailto:otopcuoglu@aselsan.com.tr
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APPENDIX E

STAGE 4 - INTERVIEW QUESTIONS (TURKISH)

Asagida okuyacagim sorular ile 3 temel seyi hedeflemekteyiz:

1) Size okuyacagim maddeler bir manevra lokomaotifi tasariminin iyi olmasi icin ne
kadar 6nemli?

2) incelediginiz tasarimda ne kadar basarili uygulanmis?

3) Bu maddeleri VR (sanal gerceklik) ile ne kadar verimli degerlendirebiliyorsunuz?

VISIBILITY
1) Aracin goriis acilarinin iyi olmasi ne kadar 6nemli?
COK DA ONEMLI DEGIL 1 2 3 4 5 COKONEMLI

Bu tasarimda aracin goriis agilari hakkinda iyi veya koétii olan neler var?

Puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIYi

VR ile ne kadar rahat test edebiliyorsunuz?

Puan verecek olursaniz:
GCOK ZOR 1 2 3 4 5 COK RAHAT

a. Lokomotifin u¢ noktalarinin goriilebilirligi ne kadar 6nemli?
COKONEMLIDEGIL 1 2 3 4 5 COKONEMLI

Bu tasarimda ne kadar iyi, neden?
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Puan verecek olursaniz:
COK KOTU 1 2 3 4 5 COK iYi

VR ile ne kadar rahat test edebiliyorsunuz, neden?

Puan verecek olursaniz:
COK KOTU 1 2 3 4 5 COK ivi

b. Lokomotif alaninin gevresinde bulunan vagon, sinyal vb.
unsurlarin goriis acilarinin iyi olmasi ne kadar 6nemli?
COK ONEMLI DEGIL 1 2 3 4 5 COKONEMLI

Bu unsurlari bu tasarimda rahat gormenizi saglayan veya
engelleyen neler var, neden?

Puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIvi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIvi

EASE OF USE

1) Aracin genel anlamda kolay kullanilabilir olmasi sizce ne kadar 6nemli?
COK DA ONEMLI DEGIL 1 2 3 4 5 COKONEMLI

Bu aracta size kolay veya zor kullanilabilir oldugunu diisiindiiren neler
goriiyorsunuz? Neden?
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Puan verecek olursaniz:
COK KOTU 1 2 3 4 5 COK iYi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
COK KOTU 1 2 3 4 5 COKIYi

a. Kontrollere erisim kolayhgi sizce ne kadar 6nemli?
COK DA ONEMLI DEGIL 1 2 3 4 5 COKONEMLI

Bu tasarimda etkilesimde bulunmaniz gereken unsurlara erisim
kolayhiginiz hakkinda ne diisiiniiyorsunuz?

Puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIvi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIYi

b. Kontrol masasinin kolay anlasilabilir sekilde organize
edilmesi sizce ne kadar onemli?

COKDAONEMLIDEGIL 1 2 3 4 5 COKONEMLI
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Bu tasarimdaki konsol organizasyonu hakkinda ne
diisliniiyorsunuz?

Puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIivi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIvi

Kontrol masasinin kolay 6grenilebilir veya alisilabilir sekilde
organize edilmesi sizce ne kadar 6nemli?
COKDAONEMLIDEGIL 1 2 3 4 5 COKONEMLI

Bu tasarimdaki ogrenilebilirlik veya aligilabilirlik hakkinda ne
disiiniiyorsunuz?

Puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIvi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
COK KOTU 1 2 3 4 5 COK iYi
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COMFORT

1) Kabin icindeki genel konfor ne kadar 6nemli?
COK DA ONEMLI DEGIL 1 2 3 4 5 COKONEMLI

Bu tasarimda sizi genel anlamda konforlu veya konforsuz hissettirecek ne
gibi unsurlar gézlemliyorsunuz?

Puan verecek olursaniz:
COK KOTU 1 2 3 4 5 COKIYi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
COK KOTU 1 2 3 4 5 COKIYi

a. Kabin igindeki ferahlik hissi sizce ne kadar 6nemli?
COKDAONEMLIDEGIL 1 2 3 4 5 COKONEMLI

Bu tasarimda genel i¢c mekani ve oturma alanini ferah buluyor
musunuz? Neden?

Puan verecek olursaniz:
COK KOTU 1 2 3 4 5 COK i

VR ile ne kadar rahat test edebiliyorsunuz? Neden?
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Puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIvi

b. Kabin i¢inin kolay temizlenebilir olmasi sizce ne kadar 6nemli?
COK DA ONEMLI DEGIL 1 2 3 4 5 COKONEMLI

Bu tasarimda temizlik konusunda sikinti veya kolaylik yaratabilecek
durumlar gozlemliyor musunuz?

Kolay temizlenebilir olmasi agisindan puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIvi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIvi

SAFETY
1) Kabinin giivenlik hissi vermesi sizce ne kadar 6nemli?

COKDAONEMLIDEGIL 1 2 3 4 5 COKONEMLI

Bu tasarimda kendinizi giivende veya tehlikede hissettiren unsurlar var mi?
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Kabinin giivenliligine puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIYi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
COK ZOR 1 2 3 4 5 COKRAHAT

a. Kabin icindeki yiizeylerin bir carpma aninda Kkisiye zarar vermeyecek
sekilde goriinmesi sizce ne kadar 6nemli?

COKDAONEMLIDEGIL 1 2 3 4 5 COKONEMLI

Bu tasarimda sizi giivende hissettirmeyen yiizeyler veya detaylar var mi?

Yiizeylerin giivenliligine puan verecek olursaniz:
COK KOTU 1 2 3 4 5 COKIYi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
GCOK ZOR 1 2 3 4 5 COK RAHAT

b. Manevraci ile olan iletisim kolayhg: sizce ne kadar 6nemli?

COKDAONEMLIDEGIL 1 2 3 4 5 COKONEMLI

Bu tasarimda iletisiminizi kolaylastiracak veya zorlastiracak unsurlar var



iletisim kolayhigina puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKlvi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
COK ZOR 1 2 3 4 5 COK RAHAT

VISUAL APPEAL
1) Kabin icini gorsel olarak begenmeniz ne kadar 6nemli?

COK DA ONEMLI DEGIL 1 2 3 4 5 COKONEMLI

Gorsel begeniye hitabina gore puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIYi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
COK ZOR 1 2 3 4 5 COK RAHAT
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a. Kabin icinin sade goriinmesi sizce ne kadar 6nemli?

GCOK DA ONEMLI DEGIL 1 2 3 4 5 GCOKONEMLI

Bu tasarimda size sade veya karmasik goziiken unsurlar nelerdir?

Sadelige puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIvi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
COK ZOR 1 2 3 4 5 COKRAHAT

b. Kabin icinin teknolojik goriinmesi sizce ne kadar 6nemli?

COKDAONEMLIDEGIL 1 2 3 4 5 COKONEMLI

Bu tasarim size teknolojik hissettiriyor mu, neden?

Puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIYi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
COK ZOR 1 2 3 4 5 COKRAHAT

c. Kabin icindeki renk kullanimu sizce ne kadar 6nemli?
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COK DA ONEMLI DEGIL 1 2 3 4 5 COKONEMLI

Bu tasarimdaki renk kullanimi hakkinda ne diisiiniiyorsunuz?

Renk kullanimina puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIvi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

Puan verecek olursaniz:
COK ZOR 1 2 3 4 5 COK RAHAT

PERCEIVED QUALITY OF CONTROLS AND DISPLAYS

1) Kabindeki kontrol ve ekranlarin Kaliteli olmasi ne kadar 6nemli?

COK DA ONEMLI DEGIL 1 2 3 4 5 COKONEMLI
Bu tasarimdaki kontrol masasinda size kaliteli veya kalitesiz hissettiren neler var?

puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIvi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

puan verecek olursaniz:
COKZOR 1 2 3 4 5 COKRAHAT
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2) Kabindeki kontrol ve ekranlarin saglam olmasi ne kadar 6nemli?

COKDAONEMLIDEGIL 1 2 3 4 5 COKONEMLI
Bu tasarimdaki kontrol masasinda size saglam hissettiren veya hissettirmeyen
neler var?

puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIYi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

puan verecek olursaniz:
COK ZOR 1 2 3 4 5 COK RAHAT

3) Kabindeki kontrol ve ekranlarin giivenilir olmasi ne kadar 6nemli?

COK DA ONEMLI DEGIL 1 2 3 4 5 COKONEMLI
Bu tasarimdaki kontrol masasinda size giivenilir hissettiren veya hissettirmeyen
neler var?

puan verecek olursaniz:
COKKOTU 1 2 3 4 5 COKIvi

VR ile ne kadar rahat test edebiliyorsunuz? Neden?

puan verecek olursaniz:
COKZOR 1 2 3 4 5 COKRAHAT
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APPENDIX F

STAGE 4 - RAW INTERVIEW DATA (TURKISH)

Table F.1 Stage 4 — Raw Interview Data (Turkish)

U:;"r Dimension | Agiklama Raw data
Goris agisi cok dnemli buna 5 diyelim. Sadece sag
tarafimizi kumanda etigimiz taraftaki istikameti
goriyoruz. En azindan hattin diger kismi da goris agisi
L icinde olsa iyi olur. Bana gore sag ray diyelim. Sol ray!
Realistic S?Ir:rfnm goremiyorum, o ylizden goris agisi biraz daha zayif. Sol
1 Experience ¢ tarafinda kamera var ama bu destekleyici bir sey
P gercek ) olmus. ama dikkat dagitici da olabilir. hem gergek
perspektifte ortama bakmak hem de dijital ekrana bakmak celiski
a'f‘?’"?”mas' => | yaratabilir. Manevra lokomotiflerinde direk alan
Goruge .engejll gorsen daha iyi olur. ama o da destekleyici bir katkisi
olan objelerin olmaz mi tabi olur.
saptanmasi
hangi uzay Valla tabi gercek ortamda olsa daha farkl olacak da
3D konumundaki | suan icin sey yani bu da fena degil. Gergek ortamda
movement | goris agisinin | belki biraz koltuk ayari ile diizeltilebilir, st agidan
1 e . ) - . )
ability in daha iyi bakmasi saglanabilir. (-oturdugunuz koltugu
space oldugunu yukseltebilirsiniz) haa evet biraz daha iyi gibi oldu
bildirebilmesi | simdi.
Araci
1 |lack of VR (;z.;u'll.g.tlrma ve Tabi galisma esnasinda da dikkat etmek bakmak lazim.
yurutme
ihtiyaci
possibility
to Diger D11000likler de gerci béyle ama onda sanirim koltuk
1 |compare araglarla biraz daha yukarda duruyor. Bunlarin sorunlari biraz
with kiyaslayabilm | benzer tabi genelde manevra lokomotifleri birbirine
existent e imkani benziyor. Onun goris acisi daha fazla gibiydi.
vehicle
Uzunluk onun bir taraf burnu daha kisa bunda tam esit sekilde
- Olcilerini herhalde. Biraz daha kabin yukarda. daha da yukarda
Realistic . . . o
1 . algilayabilme, |iyi olur ama tabi gabariyi kurtarir miya da
Experience . .. .. .
tahmin kompartiman asaglya inse ama onu da igindeki
edebilme motorlar kurtarir mi kurtarmaz herhalde bilmiyorum.
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Table F.1 Stage 4 — Raw Interview Data (Turkish) (Continued)

1 Discom S?’):SLtUnUn Buradaki goriintide gorinti tabi gz yoruyor biraz
forts of VR | 82" 8 8 gozuyordy ’
gozli yormasi
Sanala ek
olarak Bu rada da gozikiiyor ama.. Gergek ortamda tabi
doubts of S . N ..

1 VR gercekte de icerideki o kabin havasini ¢iplak gézle gérmek daha
deneyimleme | kolay anlasilir tabi. Gozlikle test edebilme 3 diyelim.
ihtiyaci
korlurr) Lokomotifin dis gorilebilirligi onemi 5. is glivenligi
degistirerek L . o

Sri acisindan.. Clinkd yasadigimiz olaylar oluyor. Gorus
3D grttu?ma acimizin disinda oldugunda mevzuatimiz geregi
movement |, .| sorumlu tutulabiliyoruz. Niye gérmedin gérmek

1 e imkani, hangi . . .. . -

ability in . zorundasin diyorlar. Hadiseye gore bliytk veya kiiguk
yonelmede .
space e cezalar alabiliyorsun. Bu tasarimda uglarin
gorusin ol Lt pews .
N gorulebilirligine 3 diyelim. Bu manevra araclarinda anca
arttiginin test kafayi ¢ikarirsan sagdan gorebiliyorsun
edilebilmesi) Ve gdang yorsun.
oOlci Gercekle gbz olsa tabi birebir grmiis olsak.. Olgiiler
konusunda burada gergege yansiyan seylerle birebir mi? Sanal
doubts of e s o .

1 VR VR yaniltici gozliglin biraz yaniltici payi olur gibi hissediyorum,
olabilir mi gercek olmadigini biliyorum sonucta, sadece sanal bir
kuskusu taklit. Gergeklikle orantisal diyecek olursak 3 diyelim.
Gorig
acilarina net
bir sekilde Suanda buradan cok rahat gortiyorum sinyalleri.

Realistic yorum Burada sagda rayin kenarinda clice sinyal var bir de
Experience | yapilabilmesi | direklerde sinyaller var. Bizde ama sadece ciiceler var.
1 Yiiksekler yok. Sahada da bdyle galisiyor olsak iyi. Sinyal
doubts of |Sanala ek ve vagonlarin gorilebilirligine 5 diyelim. Gozliikle
VR olarak gercekgi sayilir ama sanal ortam oldugu fark ediliyor
gercekte de | ama goziikiyor sinyaller buna da 4 diyelim.
deneyimleme
ihtiyaci
Tasarimin
A good kullaniciya iyi s
. . Tasarim olarak kumanda masasi gayet iyi goriliyor.
presentati |ve net bir S
. Herhangi bir sorun yok. Kumanda masasi olarak gayet
on sekilde Vi
medium anlatilabilmes |""
i
G"oz.l.uli ... | Bugozlikle biraz tam okumakta zorlaniyorum ama
¢OzUnUrligin . .
. yakindan bakinca glizelmis ya sade. Su ekran kisimlari
1 |lack of VR |iin kiiglk . . o
. biraz yiiksek olmus gibi. Biraz daha su manometreler
unsurlar igin . e g e L
. baska bir yere konabilirdi. Gorist daraltiyor gibi.
yeterli
olmamasi
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Pratikteki isleyisle bakmiyorum tabi ama sadece
buradan baktigimda 4 diyelim. Rahat bir kullanim
varmis gibi gorillyor. Buradan kumanda ettigimizde

Araci biz gercekte sahada calisirken fren atiyorsun ama fren
calistirma ve |lokodan lokoya degisiyor. Hareket etmesi durmasi. gaz
lack of VR .o . o ; -
ylritme actiginda ylrimesi.. bazilari gabuk yiirtiyor bazilari geg
ihtiyaci ylriyor. simdi burada hic denemedim o ylizden
ylriimeyince bir sey diyemiyorum.. fren glictdr cer
glcudur bilmiyorum. ama buradaki aksam olarak
begendim.
Kontrollere erisim derecesi 5 diyelim. Gayet iyi yani
kumanda seyi iyi. Erisebiliyorum. Tamamen her sey
L Erisilebilirligin | elimizin altinda. Oyle makinistten uzak bir sey yok CER
Realistic S . S . .
Experience rahatca test | icin 6nemli seylerden. Birinci 6ncelikler onlar. Biz
P edilmesi harekete CER diyoruz da sey yapiyorsunuz herhalde.
Ama valla hemen erisilebilir gibi geliyor ellerimle.
Ellerimle uzandigimda erisebiliyorum.
Sanala ek
olarak . . o .
doubts of gercekte de Dizenekle test edebilmeye 4 diyelim. Ne yapsan tabi
VR deneyimleme sanal ortam ya sey yapmiyor.
ihtiyaci
3D Sanal el ile konsol organizasyonu 4. Konsol organizasyonu ¢ok
movement | gbstererek glzel sadece yukardaki havali manometreler var onlari
ability in kendini ifade |iki ekranin arasina bir yere koyabilsek daha iyi
space edebilme. olabilirmis. (elleriyle ekranlarin arasini gésteriyor)
ik kez
. denerr.u.e konsol organizasyonunu gozliik ve eldekilerle.. ilk kez
First VR sebebi ile i o .
. , boyle bir sistemle denedigim igin tam sey
experience | VR'a apamiyorum 3 diyelim
yabancilik yapamly ¥ )
¢cekme
Tasarimin
T e
presentati g . } Ogrenilebilirligine 5 diyelim. Oturup hemen
iyi ve net bir
on . kullanabilirim. Kolay ahsabilirim.
. sekilde
medium .
anlatilabilmes
i
Sanala ek
olarak gozliikle ekran oldugu besbelli yeteri kadar sey
doubts of N
VR gercekte de | yapamiyorum. Alismisiz ¢iplak gézle olmuyor ya 4

deneyimleme
ihtiyaci

diyelim ama gozliikle degerlendirmeye.
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Uzunluk
- Olgulerini
Realistic . L . e . -
: algilayabilme, |Kabin igindeki genel konfor bizim igin nemli, 5 diyelim.
Experience . . . .
tahmin Kumanda panellerinin masasinin yerlestirmesini falan
edebilme begendim. Yalniz biraz daha i¢ kabin dar gibi geliyor. Su
1 (3D o . - .
iki kumandanin arasi dar gibi yani biraz. (eliyle
movement . e .. .
I Sanal el ile gosteriyor iki dolap arasini) Ama ¢ok da sey degil ayaga
ability in i . ; L
gostererek kalkinca. bunu da begenmis olalim. 4 diyelim.
space L
kendini ifade
edebilme.
Uzunluk
Olgulerini
L algllayabllme, Gozlikle su iki mesafeyi tam.. Bir insan zor gecer gibi
Realistic tahmin . . oo .
. . dar hissettiriyor. Gozlikten dolayi biraz yaniltma payi
Experience | edebilme e ;
1 da olabilir gibi geliyor ama. I¢ mekan ve oturma alanini
ot ferah buluyorum. Oturdugum alan ferah normal yani..
doubts of | 0lci - . . . -
Ihtiyaca cevap veriyor. Sadece iki kabin arasi sikisik gibi
VR konusunda biraz. 4 diyelim puana
VR yaniltici ' ¥ P '
olabilir mi
kuskusu
Olclu
konusunda
VR yaniltici
doubts of olabilir mi Bu ferahligi gozlikle 4 diyelim. Dar mi genis mi oldugu
kuskusu ..
VR az cok anlasiliyor ama sanalla gergegin arasi farkli
1 Ik kez neticede sanal ortam. Biraz bana gercekg¢i degilmis gibi
First VR deneme geliyor. Dijital ortam. Boyle alisilagelmisligin disina
experience | _ L ¢ikmak tam sey yapmiyor.
VR'a
yabancilik
cekme
Temizlik 6nemli tabi ona 5 diyelim. Bu tasarimda
Tasarimin - .
kullaniciva temizlik agisindan sikinti yaratacak bir sey
A good Srel ol\;rak goérmiiyorum. Yer olsun masa olsun girinti ¢cikinti yok
presentati g . ; yuzeyler diizglin. PUrzli bir ylizey yok direk paspasla
1 iyi ve net bir . . o e
on ckilde kolaylikla temizlenebilir. Buna 5 diyelim. Gozlikle
medium anatllabilmes gorebildigim kadariyla anlyorum. piriz ¢ikinti yok.
: Asagida merdivenin oldugu yerde de bir esik oldugu
icin toz atmak kolay olur.
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Uzunluk
Olcilerini
algilayabilme,
Realistic tahmin Guvenlik 6nemi 5. Suanda kabin glivenli hissettiriyor.
Experience | edebilme Kabinin herhangi kaza aninda ortada olmasi 6nemli bir
sey. Bu boylar esit degil mi? Evet. Fena degil
doubts of | 6lci begendim. Glivenlik agisindan rahat test ediyorum ya
VR konusunda 5.
VR yaniltici
olabilir mi
kuskusu
Koltuklar iyi gibi kemer yok herhalde ama kimse de
takan yok zaten bizde. Ama kaza aninda digsiinecek
Tasarimin . . . .
. olursak Sert carpma ister istemez gogis suradaki
icinde i
3D kumanda masasina gelecek. Kafa suradaki ekranlara
bulunmasi . . .
movement tehlike dogru gelecek. (viicudunu hareket ettirerek anlatiyor)
ability in ister istemez olumsuz bir durum olur. Mevcuta gére
senaryolarini . . . S
space . degerlendiriyorum tabi o zaman 4 diyebiliriz. her
tahmin . . e
. zaman daha glivenli olabilir ¢linkii. Gozliige de 3
etmesini L . . .
diyelim test edebilme agisindan, kazay! yine de bir
kolaylastiriyor
yasamak lazim.
Manevraci ile iletisimi zorlastiracak bir durum yok
burada. Genelde telsizden anlasilir. iletisim konusunda
telsiz oldugu sirece isimi zorlastiracak bir sey yok.
Ekipmanlari | Telsiz var mikrofon var 6niimde. Onun olmasi tabi daha
etkilesimde da iyi olmus kolaylastirir. Peki onu nasil kullaniyoruz?
lack of VR | bulunarak asagidaki pedala basinca mi? 5 diyelim. Eldeki
kullanma diizenekle test etme kolayligina 4 diyelim. Burada el
ihtiyaci yordamiyla yoklayip deneme imkanimiz yok. Orada
varmis gibi gériinliyor ama.. Birebir test edip ellemek
l[azim. Onun ne kadar biikillip bukilemedigine bakmak
lazim.
ic tasarimi begenmek ne kadar 6nemli 5. Genel
hatlariyla begendim bunu. Tabi burada 0 makine olarak
VR ortamin g?zuktugu. |g|r.1. o“da tak.)| c“ezbettlrlyor. Temlz.olma5|
. . boyle temiz gériinmesi gilizel duruyor. 0 yeni arabaya
Visual tertemizve O |, . . . D [
. binmekle eski arabaya binmek gibi bir durum gibi. Arag
appeal makine olarak | ~. . . A ..
alellanmas! simdi yeni ve temiz gézukuiyor ama boyle kalmayacak
g tabii. Makinistler bir kullanmaya basladi mi toz, kir, yag
icinde kalacak. Beyaz duvarlar grilesecek, parlak yerler
¢amur icinde kalacak.
Bazi konulari - . o
. zaman iginde ¢alistikca ne hissettirir yipranma nasil
zaman i¢inde olur gabuk dokuliir mi arizaya geger mi?.. Gorsel
lack of VR | g6zlemleyere ¢ ya ges

k test etme
ihtiyaci

begeniye gore 4 diyelim. gorsel hitabinin testine 4
diyelim.
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ilk kez
. denem? gozIlugilin vermis oldugu seyden dolayi psikolojisinden
1 First YR sel?ebl lle mi diyelim ne diyelim algilama tam olmuyor gibi.
experience | VR'a e .
Gozlikle algilama ancak o kadar oluyor diyelim.
yabancilik
¢cekme
Tasarimin
kullaniciya Kabinin sade olmasini her zaman sey yapiyoruz. Onemi
gorsel olarak |5 diyelim. Yon konumu gayet net iste gaz ve fren
iyi ve net bir | ikisinin birbiri ile ayni kol (izerinde olmasi. Digerlerinde
A good sekilde gaz ayri fren ayri. Bu yeni olanlarda gazla fren ayni. Bu
1 presentati | anlatilabilmes |iyi bir durum. Gaz ve frenin ayri olmasi bizim igin bir
on i (gaz ve fren |sadelik gbstergesi. Gereksiz tus panelleri falan yok.
medium kolunun ayni | Sadelige 4 diyelim. Daha sade olabilir. Mesela burada
oldugunu fren aktif var nedir bu tus cozemedim burada 6nceden
hemen gormedigim bilmedigim bazi tuslar var(yeni teknoloji
algilayabiliyor | eklemeler)
)
Gozluk
(-;-ozupu"rlugun Cok yakina gozliikle egilince anlasiliyor yazilar uzaktan
1 |lack of VR |in kiglk N ol e Lo
. oturdugun yerden ¢ok gozilkmuyor. Gozlikle 3 diyelim.
unsurlar igin
yeterli
olmamasi
teknolojik gériinmesine 4 diyelim. Mevcuta gore
burada teknolojik hissettiriyor. Gozlikle biraz eksik
Ekipmanlari birakiyor. Bilgisayari kullanacak olmus olsam bu sekilde
etkilesimde zor olur buradaki ekran ¢alismis oldugunda.
1 |lack of VR |bulunarak Teknolojikligi rahat test edebilmeye 3 diyelim. (-Daha
kullanma teknolojik gérilmesini engelleyen nedir?) Dizayn
ihtiyaci acisindan iste su manometreler falan. (-eski mi
goziikliyor?) yok eskiden ziyade konum yerlesim
bakimindan...
VR ortamin Kabin icindeki renk kullanimi kisiden kisiye degisir ama
tertemiz ve 0 | burada gayet iyi acik renk, temiz gozliklyor. Bizi
Visual makine olarak | cezbeden olumlu puan vermemize sebebiyet tabi biraz
appeal algilanmasi da lokomotifin yeni 0 temiz arag¢ olmasi. Burada Gayet
1 temiz ve sik duruyor. 5 diyebilirim burada. Gozlikle ¢ok
Sanala ek rahat sey edemiyorum da gozliigiin uyandirdigi kanaat
doubts of el e o e s e
VR olarak actk renk gozukuyor. GozIGgln iste dedlglm gibi ba2|‘
gercekte de dezavantajlari var ama renk agisindan bir dezavantaji
deneyimleme |yok. 4 diyelim gozlikle gozliglin eksi puani olsun
ihtiyaci oradan.
Ekipmanlari
etkilesimde Kontrol ekranlarinin kaliteli olmasi 5 diyelim. Bu
1 |lack of VR |bulunarak tasarimda gozIlikle tam net dijital ekrani agma okuma
kullanma seyim olmadi buna bir sey diyemem. Buna 2 diyelim.
ihtiyaci
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Ekipmanlari
etkilesimde
bulunarak Kontrol ekranlarin saglam olmasi ne kadar 6nemli 5
kullanma diyelim. Saglam olmali tabi. Ekrani ekran bilgilerini
ihtiyaci okuyamadigim icin degerlendirme yapamiyorum ekran
1 [lackof VR |y | it flan. Oradan gelen bilierin netiine
Gozluk gorilirligine 3 diyelim. Gozliikle de tam iyi test
¢OzUndrligin | edemiyorum buna da 3 diyelim. Bilgiler gelen ekran
Un kiictk kiiclildiikce gozliik biraz daha ¢ozlnUrligu zayif
unsurlarigin | hissettiriyor.
yeterli
olmamasi
Guvenilir olmasi yapilan malzemenin zamanla ¢ok
cabuk ariza yapmamasi lazim. Tasarimdaki glivenilirlige
4 diyelim. Test edilmemis dokunamadigim noktalar var
Dokunarak L . o, .
o kanaati veriyor. Gozliikle de ¢ok rahat degil testi anca
1 |lackof VR |algilama - .. L
ihtivac, 3 diyelim. Ciplak gozle bakmak gibi olmuyor. Malzeme
¥ kalitesini falan dokunarak bazi seyleri hissetmek
gerekiyor. Bazi algilamalar da dokunma hissi ile
olabiliyor.
Keyifli . T
1 deneyim Valla eglendik iyi degisik bir ortam.
Gorus
acilarina net
ir sekil
bgriinl de Suanda sadece makinanin sagini gériyorum.
Realistic ¥ . .| Makinanin 6n tampon kismini sol kismini géremiyorum
2 : yapilabilmesi . .
Experience . dogal olarak. Ama surada kamera var o 6n taraf
(nelerin engel
o sanirim.
oldugunun

algilanabilmes

i)

3D
movement
ability in
space

Kafayi
gevirme
imkant ile
neyin gorus-
algilama
alaninin
disinda
kaldiginin test
edilmesi

O mesela biraz daha biyik olabilir. Yani ayni arabadaki
gibi ayna gibi olmasi lazim. Kafami ¢cevirmeden g6z
ucumla bakabilmem lazim. biraz daha soyle ortaya
dogru olabilir.
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Arastirmaci
kullanicinin
nereye
360 baktigini ve o | Biz manevradayken soyle kalkip 6ne bakardik. Ben
degree alanda neleri | boyle yapiyorum(ayaga kalkiyor) ama sen benim
sightview | gorebildigini | nereye baktigimi falan orada gorebiliyor musun? (-
onun evet) hah iyi. Ona ragmen sinirl yerleri gorebiliyorsun
3D gbziinden yani. Burada makinanin su bacasini biraz daha gorus
movement | gérebilir acisi agisindan yeri degistirilebilir. baca olmasa? Ama
ability in motor var orada.. gerci eskilerde daha camin bitisiginde
space 3D uzayda o daha cok engelliyor. Neyse bu iyi.
hareket
ederek test
edebilme
Tasarimin
kull
.L.l aniclya Ben simdi kamera olunca 6niimi de sagimi da solumu
- gorsel olarak g o L
Realistic i ve net bir da goriyorum. Goris acilarina genel olarak 4 diyelim.
Experience y . Sanal gozliikle gayet iyi algilayabiliyorum. Yani normal
sekilde eyden bir farki yok. Cok rahat anlasiliyor. 5
anlatilabilmes |*€Y yoK. yor. 5.
:
. Lokomotifin ug noktalarinin yani tampon bélgesinin
possibility o - . e e
gorilmesi 6nemli 5. bu tasarimda koti ¢linki
to N . . . . L
goremiyorum (-peki sizin 11000'likte gorebiliyor
compare - .. .
. Gorus muydunuz?) yok onda da géremiyorum. Genelle
with vy e
. acilarini kiyaslayacak olursak onda da kot bunda da kotdi.
existent .
. karsilastirabil | Ondan puanim 1 ama kamera var onunla beraber 4
vehicle .
me olabilir.
Sanala ek
olarak . - - T, . .
doubts of VR ile test edebiliyorum. lyi yani gdziikiiyor hepsi neyin
gercekte de . 8 L
VR ) nerde oldugu. Ama gergekte de gdrsem daha iyi olur.
deneyimleme
ihtiyaci
Vagon sinyal vb. gorilebilmesi cok 6nemli. Bu ¢cevrede
yok ama kar yagdiginda biriktiginde tipi oldugunda
veya su yerdeki otlar buyildiglinde clice sinyallerin
- onlinl kapatiyor. Simdiki ortamda hava giinegsli
Gorus .
herhangi bir sikinti yok. Ama genel anlamda ortam
- acllarinanet |. | A, . - .
Realistic bir sekilde iyiyse gordlebilirlik rahat 5. Yani ben simdi makinanin
Experience orim tasarimina gore soyllyorum oyle mi hava kosullarina
v . . | gbre demiyorum? Bir de surada su kolon var ya 6n
yapilabilmesi . -
camla yanin arasinda ayni arabadaki gibi sinirliyor gozi.
Yani suandaki makinadan gok iyi ama daha iyi olmasi
icin sdyliiyorum. incecik olsa... Oncekine kiyasla iyi
ama.
L Gorus Gozlik ile gayet rahat glizel test ediyorum. Yani
Realistic o L . .
. acilarina net | herhangi bir sikinti benim gérmemi engelleyecek bir
Experience | . . I, .
bir sekilde sey yok. G6zimin 6nlinde iste.
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yorum
yapilabilmesi
Tasarimin Kolay kullanilabilirlik gok dnemli, bu tasarimda sunlar
kullaniciya o . . .
A good Srsel olarak ileri geri sanirim bu gaz kolumuz su makine freni su acil
presentati g . fren... Simdi gayet kolay glizel géziikiiyor. Benim igin
2 iyi ve net bir | .. ; . -
on . onemli olan yani fren, korna, gaz. Kullanilabilirlik 5.
. sekilde - . o .
medium . Yani dizayni glizel. Su hiz sabitleyiciyi kim distndiyse
anlatilabilmes | . | . TR e
i iyi olmus. Hi¢ aklima gelmemisti. Glizel disinuilmds.
Uzunluk
slciilerini
Realistic o'y er|n|' Ama su arasi sanki cok mu acik, surasi kag¢ santim
2 Experience algilayabilme, mesela 45 - 50 cm mi? (-o civar bir sey)
P tahmin ’ i
edebilme
ilk kez
deneme Yani sanalla gercek bir olur mu bilmiyorum ama.. Ben
First VR sebebi ile bu arada sanali ilk defa takiyorum. O yizden biraz da
2 experience VR'a sasirlyorum. Ama gayet basarili ya bence ¢ok giizel.
P yabancilik Yani gercek gibi bir farki yok, hayret.. Bence 5 ¢ok iyi
¢cekme ya..
(garipseme)
.. .. e. | Kontrollere erisim kolayhgi en 6nemlilerinden biri. Bu
- Erisilebilirligin . . ..
Realistic makinada da gayet iyi rahat erisiyorum her seye. Ekran
2 : rahatga test . L
Experience . . rahat telsiz.. Hepsi bir kol boyunda sanirim onu
edilmesi e .
disinmissindz... Puan verirsek 5.
Olci
doubts of | konusunda . T
2 VR VR yaniltici Sanalla gercek aynisi olacaksa yan i gayet iyi 5 diyelim.
olabilir mi
kuskusu
Tasarimin
T e
) presentati igive net bir Konsolun kolay organize edilmesi ¢cok 6nemli. Bu da
on y . glzel olmus. Yani her sey acik ve net. Puani 5.
. sekilde
medium .
anlatilabilmes
i
VR'a hemen
ahisabilme,
. Geng ve.. Elimdeki dlizenekle rahat test edebilme 5. Yani ama ilk
First VR teknolojiye o e
2 experience | asina defa kullandigimi da g6z 6niinde bulunduruyorsunuz
P ? dimi? Ama ilk defa da olsa rahat kullanabiliyorum yani.
kullanicilarin
daha hizli
adapte olmasi
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Tasarimin
A 2004 kullaniciya Ogrenilebilirlik icin hepsi gayet agik ve net bir sekilde
8 . | gorsel olarak |yaziyor. insana bir kere gésterdin mi insan sey degilse
presentati |. . . . _ . P
2 on iyi ve net bir | anlar yani. Uyarilar, belirtiler hepsi net goziikiyor.
. sekilde Rahat aligabilirim. Puanim 5. Test edebilmem de gayet
medium
anlatilabilmes | rahat kolay 5. Ne diyebilirim ki anlayabiliyorum yani.
i
Baktig
noktaya
360 odaklanabilm
esi ve hicbir
d'egret.e detayi Genel konfor ¢cok dnemli. Bu tasarim nasil? Sanirim
2 |sightview .
kacirmamasi | klima var yukarida. Yerler tek parga..
Lack of VR
Motoru
cahstirip
sesini duyma
ihtiyaci
Ses yalitimi var mi1? Suanda lokomotif calisiyor mu
mesela? Ses yalitimi yoksa kotl yani. %100 olmasi
ses testi zaten | gerekenlerden biri bence. Telsiz strekli acik ¢linkd. Biz
yapilamiyor | de manevrada telsizle irtibata geciyoruz. Burada
makina calismiyor o ylizden yalitim igin bir sey
2 |lack of VR |Araci diyemeyecegim. O makina bir ¢alissin 8 silindirlik 15
calistirma ve |cm’lik motorun bir sesi gelsin o zaman anlariz. Gayet
ylritme iyi bir tasarim gibi gézliklyor, ses yalitimi da varsa 5,
ihtiyaci yoksa 3 derim. Motoru calistirabilir misiniz? (-ne yazik
ki) Onun haricinde anliyorum icerisi gizel gézikiyor
yani.
Kabin icindeki ferahlik 6nemli. Ben ¢ok daraliyorum
mesela genelde kabinlerde. Bizde meslek hastaligi
3D 3D uzayda olarak bel fitigi falan oluyor. Ben olmamasi icin arada
) movement | hareket bir kalkip kiltdr fizik hareketleri falan yapardim.
ability in ederek test Mesela benim kafam buraya degecek mi degmez dimi?
space edebilme (-ayaga kalkin mesela ) Vayyy.. Bu yiikseklik benim
acimdan ferah. Mesela ben boyle yapardim (hareket
ederek gosteriyor) Benim agimdan bel fitigi falan igin.
etrafi 360
derece detayl
360 :nmcke;irln(e Cok iyi ya... (arkasina donlince etraftaki diger
2 |degree baktig digmeleri fark eder) Buradakiler ne mesela? (-sicaklk,
sightview noktaya i1s1, 11k ayarlari..)
odaklanabilm
e, dolayisiyla
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hicbir detayi
kacirmama)
Tasarimin
kull ; .
A good u aniclya Ic mekan ferahligl bence basarili 5. Gayet rahat test
. | gorsel olarak . L .
presentati | . . ediyorum. Yani bir sikinti yok burada iste daha ne
iyi ve net bir L .
on sekilde diyeyim. Sikinti yok.. Bunda giizel oyun oynanir ha
medium “nlatilabilmes sdylemesi ayip :)
i
Temizlik olmazsa olmaz benim icin. Genelde ben islak
Tasarimin . o .
kullaniciva mendille falan silerim. Buralarda i1slak mendille zarar
A good . ¥ verebilecegim elektronik bir parca gozilkmuyor. Etrafin
. | gorsel olarak . " .
presentati |7, . diiz alan olmasi kolay. Oncesinde burasi tek parca
iyi ve net bir ol g ) .l
on okilde kapali degildi. Elektronikler vardi rahat temizlik
medium ? . yapilamiyordu. O sebeple buranin tek parga ve diiz
anlatilabilmes . . e .
: olmasi iyi. Yani her sey anlasilir gézliikle rahat temiz
ayni sey hep.
Guvenlik hissi vermesi cok 6nemli. Glivenlik agisindan
mesela suralarda direklerde koruyucu var mi? Valla
bizimkiler makinalar ¢ok dandik malzemeden
Dokunarak yapllm|§t|. Bun'da da mese'la haya y:a\s.'.clgl desem burada
olmaz ki. (-Peki Malzemesi, goriintiisi falan nasil
lack of VR |algilama . .. . .
ihtivac hissettiriyor size?) Yani bunda bunu nasil test
y edebilirim ki bu cihazla? Glvende gibiyim yani..
Algiladigim kadariyla 4. Higbir seye dokunamiyorum
sadece gordiglim kadariyla.. Guvenlik bir de sadece
goziken degil hissedilen bir sey degmem lazim.
Ekipmanlari
3D etkilesimde
bulunarak . .l - oo
movement Su mikrofon sdyle 6ne uzaniyor ya géziime girebilir
e kullanma N . . .
ability in ihtivac mesela.(kafasini 6ne eger). Su hareketli gerci herhalde
space y dimi soyle hareket ettirebilirsin? (eliyle mikrofonu
. itmeye calisir)
Lack of VR Olasi tehlike
senaryolarini
on gorebilme
3D Manevraci ile olan iletisim kolayhginda kulakhk olsa
Kullanim . .. . .
movement daha iyi olur. Bizim makinalarda kulakhk takma yeri yok
e senaryosu . . . ..
ability in ama olsun isterdim. Bunda mikrofon var ama soyle
canlandirma N .
space ayaga kalkinca oradan uzaklasmis olacagim.
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Kafayi
gevirme
3D imkant ile Bu tasarim gorsel anlamda stili ¢izimi gayet giizel de
neyin goris- | kullanish olmadan sonra ne ise yarar. Kullanim dnemli
movement . . .
2 I algilama asil. Su ekrani alip biraz saga koysak daha iyi dedigim
ability in - . .

alaninin gibi o ekrana bakmak icin kafami ¢cevirmek zorunda

space

disinda kaliyorum.

kaldiginin test

edilmesi
Sade goriinmesi o kadar 6nemli degil 2. karmasik
goziiken bir sey yok burada. Sade gayet iyi. Her sey
elimin altinda net. Bizim manevra makinalarinda
mesela gormusstintizdir. Bu 6n konsolda bir siiri

Tasarimin . . .

kullaniciva gereksiz tus var yarisini kullanmiyorsun bile. Siz burada

.. ¥ onlari yan tarafa almissiniz. lyi olmus. Manevra
. gorsel olarak .
Visual o ) esnasinda kullanmiyorsun ama orada bir karmasiklik
2 iyi ve net bir -
appeal ckilde yaratiyordu. Burada sadece gaz fren korna vs. olmasi iyi

? . sade iste yani. ihtiyacim olan miidahale edecegim

anlatilabilmes ) . .

: seyler burada. Bu cihazda gayet giizel anlasilir bir
sekilde gorebiliyorum test edilebilirlik 5. Teknolojik
goriinmesi o kadar 6nemli degil. Bu teknolojik
hissettiriyor. Su ekranlar teknolojik hissettiriyor. Baska
da ne bileyim yok yani.

Renk L . .. . .

tonlarinm kabin icindeki renk kullanimi 6nemi 3. Bu tasarim iyi.

) ercekci Yani acil durumun kirmizi olmasi sunun sari olmasi. lyi

?ek?ldeg ayirt ediliyor. Renklerin uyumlu olmasi giizel yani

<unulabilmesi tonunu rahat glizel anlayabiliyorum.

Buradaki kontroller hepsi kaliteli hissettiriyor. Kaliteli
e gozlikliyor. Ama malzemeye dokunmadan kontrollerin,
Goriunirde -
. . ekranlarin kalitesi hakkinda yorum yapmak zor.
Perceived |kaliteli e T
ualit Gorlnuste iyi, eger sadece gordiglime dayanarak
2 |9 ¥ konusacaksam, iyi ve saglam duruyorlar, ama eger
Dokunarak . . . e
gergekte dokunabilseydim belki yorumum degisirdi o
lack of VR |algilama . N . . . : .
ihtivac yuzden yanlis yonlendirmek istemiyorum. Su joystick
4 kismi var ya top gibi sanki kirilir gibi duruyor. Ama
dokunmak lazim ya. Hissetmek lazim.
Araci .. e . -
alistirma ve Bu kontrol ve elemanlar glivenilir hissettiriyor kaliteli
2 |lack of VR \g/Uthme duruyor. Ama calistirip bakmak da lazim. Buradan
ihtiyac gOzlktugl kadariyla

Keyifli

deneyim Bir ara da bununla oyun oynamaya ¢agirin beni:) Yani

2 |lack of VR bu gozIGgu ilk kez kullandim. Gayet glizel basarili

Araci buldum. Makine calisabilir olsa daha da iyi olur.

¢alistirma ve
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yuritme
ihtiyaci
Gords Gorus acllari cok 6nemli Sag tarafi glizel goriiyorum
- acllarina net N
Realistic ; ) ama manevra lokolarinda sol tarafi da glizel
3 : bir sekilde . . .
Experience yorum gorebilmem lazim. Her an biri gegebilir. Burada
yapilabilmesi goremiyorum.
possibility
to (-Peki mevcut kullandiginiz 11000'likte sol goriis aglsi
compare | Goris daha miiyi?) hayir ikisi de ayni ikisinde de géziikmuyor.
3 . 2 . n
with actlarini On taraf kisim asagida olursa sol tarafi da gérsek ¢ok
existent karsilastirabil | cok glizel olur manevralarda.
vehicle me
Gorils test edebilme Gayet normal makinayi aksam saat 5 - 6
- acllarina net | gorusi gibi algiliyorum. Gorebiliyorum test
Realistic ; . i " e
3 : bir sekilde edebiliyorum. Glines batarkenki bir goériiniim gibi fazla
Experience .
yorum 1stk da yok, 1siklar ve goris acilari normal. Ug noktalari
yapilabilmesi | gayet iyi gorebiliyorum. Gorselligi de fena degil.
Terl
Discomfort erieme ve Gorus agisi olaraktan gozlikte biraz puslanma var ama
3 ekranda
s of VR olsun.
buharlasma
Kkmi
3 Realistic Gizzge mis Gozlikle test etme konusunda valla normal lokomotifle
Experience g. . .| neredeyse hemen hemen ayni diyebilirim.
hissettirmesi
Gozliik goriis | Belki 1 puan diisik olabilir bu gézlikten kaynaklaniyor
agisinin diyebilirim. Boyle i1sik ortamindan kaynakli... Tam gorus
3 |lackof VR |gercek goze |alani gozlikle tam sey yapamiyorsun. Ben normalde
gore dar etrafi komple gorirken burada biraz kisitl gériiyormus
kalmasi kisitlanmis gibi hissediyorum.
Lokomotifte sinyali sonuna kadar gérmem lazim ki beni
uyarabilsin. Cok 6nemli. Veya telsiz 6nemli net
Hareket D e Do .
3D . .. | uyarmasi gerekir.. Sinyalleri gormemi engelleyen
ederek gorus o .
3 movement acisin herhangi bir sey yok. Sadece iste sol tarafimi
ability in . (; . bilemiyorum. Sag tarafimda iyi 6niimden de
iyilestirmeye e .
space alismas gorebilirim, kafami disari ¢ikarip da gorebilirim, Arkami
salls donilince de goriyorum(viicuduyla hareket ederek
gobsteriyor). ama sol yok yani.
Kafayi
cevirme
3D Inn;k?nm giu | Kamera ekraninin solda degil de biraz daha 6nde
movement yin gortlz olmasi iyi olabilir. Ben buradan bakinca g6z ucumla
3 e algilama e Lepes . o
ability in alanmin gorebilirim fazla kafami gevirmeden. Benim igin daha
space disinda iyi olur.
kaldiginin test
edilmesi
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Sinyal gorilebilirliklerine puanim 4 (-1 puani kirma
sebebiniz nedir?) Gozle gérmek daha farkli, bununla
daha farkli. Suanda ben istedigim gibi tam net

. Terleme ve goremiyorum. Gozllikte biraz puslanma buharlanma
Discomfort e . ..
< of VR ekranda var. (Gozluk cikartilip camlar silinir) Tamam boéyle oldu
buharlasma simdi puslanma gecti. Namazdan ¢iktik hizli hizli geldik
g6zimuiz de kapali ya terletti biraz buharlasti herhalde.

VR ile test gercekgi gibi ama yine de tam kendi g6ziim

gibi degil tabi.

Bu aracin kullaniminin kolay oldugunu disiindiren

makinanin freni giizel. ileri geri gaz fren olayi da giizel.

- Erisilebilirligin | Su ekran bu tarafa biraz daha uzak gibi geldi bana
Realistic . el
Experience rahatga ‘test soldaki. Ama tuslara ulasma ?Iayl fena degll glzel.
edilmesi Zorluk c¢ikaran ekranlarin su st kisminin biraz yukarda
olmasi olabilir. Asagida olsa daha ¢ok isik gelebilir.

Etrafimizi daha iyi gorebiliriz.

Kullanim acisindan 11000'likle hemen hemen ayni ya
possibility sadece buna oturup biraz kullanip aliskanlik yapacagiz.
to Diger Bu kol mesela bizim 68000liklerde de bdyle ama kol
compare |araglarla ortada onda. O ana hat ama manevrada beni en ¢ok
with kiyaslayabilm |ilgilendiren fren gaz korna. Bu li¢li de burada zaten, ¢ok
existent e imkani onemli benim igin. Ahstirirsam kendimi
vehicle buna(lokomotife) biraz 4-5 verebilirim. Alisirsam 5

veririm, glzel.

Joystick ile mesafe olaraktan giizel. Yani yakinlik

olaraktan bana. Her an elimin altinda olacak milimetrik
Realistic Erisilebilirligin | olacak ki ben freni ve gazi ona gore ayarlayacagim. (-su
Experience rahatca test | anda oyle algilayabiliyor musunuz?) Evet su an da

edilmesi algilamam o sekilde elimin altinda gibi. Degerlendirme
rahathgina 5 diyebiliriz. Gergek de olsa bunda da olsa
ayni sekilde ulasabilirmisim gibi geliyor.
3D 3D uzayda Kollar da cama yakin sagda zaten. Ben bdyle camdan
movement | hareket . .
e sarktigimda kola uzanabiliyorum. (camdan sarkiyor) Sol
ability in ederek test o . .
. taraf telsiz biraz uzak ama bana benim kollar kisa biraz.
space edebilme
Ekipmanlari
etkilesimde Surada mikrofon var gergi o biraz yukarda ama hareket
lack of VR | bulunarak ediyor herhalde bu. Tutabiliyor muyuz soyle? (-yok
kullanma tutamiyoruz)
ihtiyaci
Gozlik Kontrol masasinin organizasyonu 6nemli. Bu tasarimda
¢OzUnlrlGgin |yazilar semboller var glizel agiklayici ama uzaktan biraz
lack of VR | in kiligik okuyamiyorum benim gozler bozuk biraz. Dur
unsurlaricin | yaklasayim. Bu sekilde okuyabiliyorum. Yazilar
yeterli silinmezse falan glizel.
olmamasi
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Eklpmzfmlan Yani ben bunu en az 1-2 saat kullanmam gerekir ki
etkilesimde . . . -
gercegini. Testi o zaman daha detayl yapabilirim.
lack of VR | bulunarak . . S
kullanma Joystickle tutuslar biraz farkli. Elimizle ile gercek
Realistic ihtiyaci tutuslar yap_amworuz, gergek ileri geri yapam!yoruz.
. Ama su anki kullanimi hayal etme agisindan yine de ¢ok
experience . . -
glzel. Biraz alistirma yapsam 1 saat icinde ben bunu
Hayal etmeye G
canavar gibi strerim.
yardimci
Gozlik goris
agisinin
gercek goze Gozliikle tam net test edemiyorum ama. Gergek gozle
gore dar bu biraz farkli. Bana goris agisi biraz darmis gibi
lack of VR kalmasi geliyor. direk Ben sanki ¢iplak gozle daha genis aclyi
(kafayi gorebiliyorum gibi. Normalde kafami ¢cevirmeden
cevirmeden | g6zimi gevirerek gérebilecegim noktalari burada
gozl cevirme | kafami ¢evirmeden géremiyorum.
mimkin
degil)
Konfora biz yillardir cok alismadik konfor cok da 6nemli
degil artik. Konforu hissettiren burada ne var? Goris
acilarina bakalim, oturmalara bakalim.. ici dizayn olarak
Gercgekte "
fena degil. Oturma koltuk kullanim olaraktan normal.
. oturamasa da . . . .
Perceived Koltugun Beni konforsuz hissettirecek bir sey... yok valla gayet
Quality & glzel gibi gozukiyor. Bir ekranimiz var iste onu biraz
konforlu . N o
alellanmas! saga bana dogru cevirebiliriz. Puan verecek olursak
& valla bizdeki makinalarla karsilastiracak olursam 5
veririm. Ama kamera ekranindan bir tane hata kiracak
olursak 4 diyebiliriz.
ilk kez
deneme Test etme olanagimiza bakacak olursak, mesafelere
First VR sebebi ile uzanma egilme.. Fena degil. Buna da 4 diyelim. (-1
experience | VR'a puani neden kirdik?) Biraz da alisamadigimiz icin yeni
yabancilik bir sistem. Gozliik falan ilk defa kullaniyoruz.
cekme
Ferahlik... hem oturarak hem ayakta baktik iyi giizel...
Kapilarin yandan degil de 6nden arkadan agiimasi ¢ok
3D Ayakta glizel. igeriye acilmamasi disari olmasi giizel. Gérsellik
movement | dolasarak de glzel.. 5 derim ben buna. Test olarak bu sefer 5
ability in inceleme verebilirim herhalde simdi biraz daha farkli hissetim
space imkani ayaga kalkip dolasinca Eski makinalara gore bunun igi
¢ok cok daha giizel. Gegis alani da fena degil.. Gergek
alan boyle mi olacak? Cok glzel..
Tasarimin icinin temiz olmasi her zaman énemli. Bir goriis agcis
360 kullaniciya kadar olmasa da. Tasarimda silinmesine engel pek bir
dearee gorsel olarak |sey yok. Her zaman yaglanacak sonugta silinmesi lazim.
. 8 . net bir sekilde | Bir de paspas atarsin tamam. Kolay temizlenebilirligi
sightview

anlatilabilmes
i

rahat test edebiliyorum. Yerdeki detaylar koseler falan
gozikiyor yani.
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Kendimi glivende hissettiren frenlerimdir her zaman.
Manevrada asiri siirat yapmayacagimdan yatma
devrilme riskim yoktur ama durmaliyim rahatga. Ben

360 Tasarimin oturdugum zaman gilivende hissediyorum suan.
kullaniciya ; . e
degree i Frenlerime elimle rahat ulasabildigim igin. Onun
. . gorsel olarak .. N . e —_—
sightview |2 ] haricinde saga sola dondligiimde etrafi gorebiliyorum.
iyi ve net bir | . e et e S
) I¢ kismi dort dortlik goriiyorum. Herhangi bir kaza
sekilde . ) o
, tehlike aninda sagimda solumda ne var biliyorum. O
anlatilabilmes | . o N -
i ylzden nereye kacacagimi ne yapacagimi bilirim.
Kullandikca
. VR'a e b g e
First VR alisiimas| Test etme olayina simdi 5 diyebilirim. Clinki biraz daha
experience daha rahat alistim simdi oturdukga gozliikle.
test edilmesi
Telsiz 6nemli iletisim igin ariza yapmamali kirillmamali.
Burada distan goriinliste iyi gérlinlir ama iginin
. malzemesi nasil yapiimistir bilemeyiz. Hoparlorlerin
Ses ile test N . i .
lack of VR . saglamhgi da cok 6nemli. Patlamayacak bozulmayacak.
etme ihtiyaci . .. . ) o .
Ses diizenegi de ¢ok dnemli ben cami agtigimda sesi
bastirmamali. Burada sesi yok tabi Sesi duyamadigim
icin iletisime 4 diyelim.
VR ortamin Vélla fg.ordugu"m ma‘l?.e.v.rala!r.arasmda en g"u?el bu
. . diyebilirim. Gorselligi igin. I¢i dolagsmasi goris agilari
Visual tertemizve O |. . . - N
. iyi.. Sade. Renkler cok da 6nemli degil. Burada glizel
appeal makine olarak . N . . o .
gerci ama beyaz stirekli kirlenir. Burada durdugu gibi
algilanmasi ,
temiz durmaz, ¢alismaya basladin mi...
Yalniz bunu biraz cikarabilir miyiz, (-tabii neden rahatsiz
, Terleme ve e
Discomfort oldunuz?) Herhalde g6ziimiin birinde rahatsizlik var
ekranda : ; IR,
s of VR terletiyor. Sicak geldi. Az kaldiysa gozIiksiiz devam
buharlasma .
edelim?
Bazi konulari
zaman icinde |Saglamligi test edebilmemiz icin 10 yil kullanip bakip
lack of VR | gbzlemleyere |gérmek lazim. Kirillmazsa saglamdir. Burada test
k test etme edemeyiz. Gorinirde saglam ama..
ihtiyaci
S?{:rfna net Aracin goris agilari mevcutla ayni. Puan verecek
Realistic (; . olursak 1 (-digerleriyle karsilastirinca bu daha mi k6ti?)
: bir sekilde A
Experience orum Yoo ayni hepsininki kdtiu. Ama burada kamera da var o
yorum 1 aman 3 diyebiliriz.
yapilabilmesi
Yeterince net | Gozlikle test etme iyi fena degil 3.(-peki neden 1 veya
lack of VR olmayan ve 5 vermediniz?) Gozliik gosteriyor da sanki kipir kipir
karincal karincal gibi gosteriyor. 1 verecek kadar da haksizlik
gorintd yapamam ¢link gorullyor, gosteriyor.
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Gorus Uc¢ noktalari gorilebilirligi bu tasarimda yine..
- acllarina net . ) .
4 Realistic bir sekilde Tamponun ucunu goérebilirsin de sagdan soldan biri
Experience orim geciyor olursa tam gorilmiyor. Kamera sagli sollu iki
y . .| tarafta da olsa iyi olur.
yapilabilmesi
zﬁ;ea”giev:et Gozlikle test etme konusunda iyi ama bulaniklik var
4 |lack of VR karmZah hafif gozliikte karincalanma gibi. Ciplak gozle gorildugu
e gibi degil.
gorinti
Realistic Agllari ve
4 : derinligi Aclyi derinligi anliyorum ama kaliteli degil cok gorintd.
Experience .
algilayabilme
Gorus agisini
nelerin
engelledigi
goruliyor
(tasarlarken
alete her
Realistic acidan ve Limit derler bizde yan yoldan bir vagon olsa yanasan
4 : tepeden tam limit yapmis mi mesafe var mi burada géremezsin.
Experience .
bakma ama Kompartiman engelliyor.
buradaki
testte asll
gbzlemlenece
k acidaki
engelleri fark
edebilme)
Tasarimin
A good kHIIamuya Su korna su gaz fren kolu zaten belli. Valla eskisinden
. | gorsel olarak . o o .
presentati |, } biraz daha iyi gibi. Her sey elinin altinda. Dizayn olarak
4 iyi ve net bir . . . .
on sekilde daha glizel olmus. Eski 11000likte digmeler falan coktu
medium “nlatilabilmes ¢lnki, yoruyordu.
i
Ekipmanlari
etkilesimde Yeni tasarimin yabancisi oldugumdan tuhaf geliyor
4 |lack of VR | bulunarak bana biraz kullanmadan 4 ama biraz kullansam 5
kullanma veririm herhalde.
ihtiyaci
possibility
to Erisilebilirligin | Su beyaz totman mi ne?(pedal). Ona ayakla
4 |compare diger araclarla | uzanamiyorum tabi ama.. Ama kullanimi kolay
with kiyaslanabilm | gozikilyor. Bu kol 6tekinde daha uzakta duruyordu
existent esi burada kolumu egmeden bilkmeden uzanabiliyorum.
vehicle
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Erisilebilirlik. Iyi her sey elimizin altinda. 4 veririm.
Neden 5 degil? Clinkl yabancisi oldugumdan

Sanal yine(tasarima). (-peki eski aliskin oldugunuz lokomotif
Realistic ortamda olsaydi suan bu diizenekte o zaman daha rahat test
Experience | ellere hakim | eder miydiniz?) Evet. Bu diizenek test etmeyi
olma hissi kolaylastiriyor. Ellerime hakim olma hissini algilamami
saglyor. Her sey elimin altinda mi degil mi
anlayabiliyorum.
Tasarimin
kullaniclya Konsol siralamasi giizel olmus. ihtiya¢ duydugumuz
360 gorsel olarak | seyler yakinda, ikincil seyler bir tik uzakta ama
degree iyi ve net bir | erisiliyor.Kontrol masasinin rahat alisiimasi 6nemli.
sightview | sekilde Valla ben 7 sene calistigim icin hangisinin ne oldugunu
anlatilabilmes | az cok anliyorum. Ben bir kere kullansam alisirim buna.
i
Uzunluk Genel konfor cok 6nemli. Koltuk 6nemli. Alan mesela
- Olgulerini cok daralmis. Daha serbest olabilir. Suralar cok
Realistic . el L
: algilayabilme, | daralmis mesela orta kisim. Daha kiiglik bir sey
Experience . o .. o
tahmin yapilabilir su dolaplara mesela i¢i dolu mu bilmiyorum
edebilme ama. Pek ferah degil. (kullanici irice bir kisi)
Kabin i¢i temizligi dnemli. Sikinti yaratacak bir durum
goérmiyorum. Temizlenir bunlar. Tozunu alacaksin
Tasarimin . . . . .
seyini alacaksin ne var ki bunda sil geg iste. Eline bez
kullaniciya 0 Co .
i alir silersin kenarlari, anlamadim ki. Giivenlik ¢ok
360 gorsel olarak | .. . .
o . onemli. Mesela bir yangin esnasinda ¢tkmam lazim
degree iyi ve net bir . e e e
. . . hizlica. Bu biraz daha iyi gibi, ciinki 6birinde koltuk
sightview | sekilde . : Lo
Anlatilabilmes dayaniyor acip kapatmak engelliyor. Ige agiliyor ¢linkd.
: Bu daha iyi. Kabinin glivenligi iyi fena degil zaten baska
bir sey olmaz ki. Test etmeye 5 veriyorum. (-neden?)
¢linkli gorulliyor iste ici, ne goriyorsak onu diyoruz.
ability to | Malzemelerin Igi daraldlgllllgl.n aracin bir dar.bede §u taraflarini saga
. sola vurabilirsin. I¢ malzemesi plastik herhalde metal
guess and |tahmin .. . .
. . - .| degil. Ama neticede sert yine zaten yumusak da olmaz
imagine edilebilmesi
dayanikli olmasi lazim.
Ekipmani
nasil
kullanacagini
::::y;pma aca iletisimi boyle test etmek zor tamam adami goriiyoruz
Feedback 21 ¥ v disarda ama sesini de duymak lazim. Telsizi eline
for the & . almadan séylemek zor. Ama mikrofon olmasi iyi olmus.
. hareketlerine . .
designer . Bunun neresine basip da konusuyoruz? (Saga sola
ve nereleri .
donup, basacak tus ariyor.)
arayip
yokladigina
bakarak
anlayabiliriz.
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Mathk
parlaklik
Perceiving | tercihini Siyah ve mat olmasi iyi olmus g6zl almaz yansima
Material tasarim y ¥ 8 ¥
. . yapmaz.
Feature yluzeyleri
Uzerinden
bildirebilme
Dokunarak Tuslarin kalitesini saglamhgini test edemem. Plastik gibi
lack of VR |algilama duruyor. Ama dokunup ellemek, iki ileri bir geri yapmak
ihtiyaci lazim.
Indivudual | Terleme ve e . PN
. Gozlik deneyimi ¢iplak goz gibi degil farki var. Kafami
disturbanc | ekranda .
sikti terletti.
e buharlasma
3D uzayda
hareket
3D Egzrbe”l:nt:St Oturdugun yerden makineyi az ¢ok gorip Fikirleri
movement soyleyebiliyorsun. Resim degil sonugta hareketli video
e (Deneyerek o L. N .
ability in tasanmi gibi. kafami gevirip saga sola bakarak goéris alanimda
space iyilestirecek olup olmadigini anlyorum.
Oneride
bulunabilme)
Discomfort | terletme Dezavantaji terledim biraz sikildim o ylzden.
s of VR stkilma
Gorus
acitlarina net
bir sekilde - R . . .
Goris agllari en 6nemli sey zaten. Kullandigimiza gore
yorum . . - oo .
- . .| biraz daha burnu yiiksek gibi bunun Hibrit olacagl i¢in
Realistic yapilabilmesi R el (s
: mi bilmiyorum. 11000'likte 6n cam iki par¢adan
Experience ..
Diger olusuyordu ama burada tek parca olmus, baca 6n
araclarla camdan uzaklasmis iyi olmus.
kiyaslayabilm
e imkani
GozIUk biraz
psikolojik
First VR baski yapiyor
experience . Gergekte test etmek tabi daha iyi olur. Gozlik ister
Yeterince net |. . oL -
istemez psikolojik bir baski yapiyor yliziime. Her sey
olmayan ve S o
Lack of VR karincall ¢ok net ¢ok birebir gériintiiler degil ama algilamamda
e bir sikinti yok ama yani gergekmis gibi o hissiyati
. goruntu . .
Realistic veriyor. Baya iyi.
experience Gercekmis
hissiyatini
veriyor
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Gorus Kamera ¢ok rahat bir goriintl sagliyor ug noktalari
- acilarina net i . .. - ;
5 Realistic bir sekilde gormek icin. Gérmemi engelleyen.. Iste burun noktasi
Experience 3 biraz yiiksek rahatsiz edici. Arka tarafa baktigimda da ..
yorum
. .| Arkada da ayni durum.
yapilabilmesi
ik kez
. deneme Cok da gozllige aliskin olmadigim igin test edebilmeye 3
First VR .. S e . S
5 experience sebebi ile diyebilirim. Bizim girdigimiz baska similatorler var ama
P VR'a bunla ilk kez deniyorum.
yabancilik
¢cekme
Gorig
L acilarina net | Aracin gevresinin goris agilarina 5 verebilirim. Yandan
Realistic ; . . e
5 : bir sekilde bakinca bir sikinti yok oralarda goézikiiyor sadece burun
Experience .. L ) . .
yorum bolgesi biraz 6tekine kiyasla yliksek iste.
yapilabilmesi
Diger
araclarla
possibility | kiyaslayabilm
to e imkani Arag kullanimi.. Dinamik cer kolu fren mekanizmasi
5 compare | (sanal falan kullanimi ¢ok rahat. Bu yeni bir dizayn mi1? Clnki
with ortamin normal mevcut manevra makinalarinda bu sistemler
existent mevcutu yok. 68000(ana hat loko)'den biraz daha asinayim ama.
vehicle andirmasi ve
caginismlar
yapmasi)
o Erisilebilirligin Kullanilabilirlik erisilebilirlik gayetllyl. Hatta ¢ok iyi. Her
Realistic sey ¢ok kolumuzu uzatmadan pozisyonumuzu
5 : rahatga test o . o,
Experience . . bozmadan, goris agimizi kaybetmeden ulasabilecegim
edilmesi .
bir yerde.
ik kez - I
Elimizdeki diizenekle test ederken daha tam rahat
deneme .. .
. alisamadik ondan ¢ok rahat degil. Tam makinalari
sebebiile . . . . .
VR'3 kavramayi, elimizdeki iste ne bu joystick mi ne
First VR abancilik kullanmayi bilmedigimiz igin.. Normalde de bu tarz
5 |experience yekme oyunlarla ¢ok aram olmadigi igin benim. Test etmeye
¢ puan verecek olursak joysstick’lerle benim igin 3 yani
.. ... | benim adima ama yoksa erisim hakkinda hig bir
Erisilebilirligin . "
problem yok aragta. Biraz daha teknolojiye yakin
rahatca test |. . .
. . insanlar 5 Ustlinden 5 verir herhalde.
edilmesi
possibility L,
E
to b;|§ll(laeblllrllgl Su pozisyonda ani bir sey oldugunda mesela imdat
g |compare ar: larla butonu burada fren burada ¢ok yakin ¢ok giizel.
with ¢ . Bazilarinda ¢ok uzakta oluyor ¢linkii. Bu ¢ok 6nemli.
. kiyaslayabilm
existent . Araca puanim 5.
. e imkani
vehicle
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ik kez
deneme Ama su joystickleri anlamadim tam. ( Nasil kullanildigini
First VR sebebi ile tekrar gosteriyorum) Haa.. Tamam simdi boyle olunca
experience | VR'a simdi biraz daha hosuma gitti parmaklar falan. Su an
yabancilik iyi.
¢cekme
Tasarimin
kullaniciya
ggrsel olargk Kontrol masasinin kolay anlasilir sekilde organize
iyi ve net bir . . . ) ; .
. edilmesi 6nemli. 10 -12 farkh makine var bizde ¢linki
360 sekilde i, . .
. birinden inip birine biniyoruz. Burada konsol
degree anlatilabilmes . . .
. . . organizasyonu ¢ok gtlizel. Her sey ulasilabilir,
sightview |i I . o
anlasilabilir. Kumanda paneli son kullandigimiz
Viiksek Kalite teknolojiye uygun.
algisiizlenimi
vermesi
Kiguk -
Su an ama kumanda panelinin yazilarini
detaylarin
lack of VR okuyamiyorum. Yaklasinca anliyorum ama. Gok
uzaktan net degismiyor yine. Ama iyi yani
okunamamasi slsmiyoryine. yiyani.
Diger
araclarla
possibility | kiyaslayabilm
to e imkani (Ahsilabilirlik) iyi. En son makineler bizimkiler de ayni
compare | (sanal L o
. bunun gibi oldugu icin cok yadirgamadim ben. Sadece
with ortamin . L s
. eski araglari kullanan belki biraz yadirgayabilir.
existent mevcutu
vehicle andirmasi ve
cagirismlar
yapmasi)
. . | (Konfor) Genel anlamda teknolojik seylerin olmasi,
Her seyinyeni | . . . . .
. . elimin altinda olmasi her seyin yerli yerinde olmasi
goziikmesi . o
. konforlu hissettiriyor. Onun disinda koltuklarin sunlarin
Perceived - . R .
. . bunlarin iyi olmasi biraz daha yeni gdziikmesi.
Quality Teknolojik ve .. .
Kaliteli aler Kumandanin sunun bunun son teknolojide olmasi bir
8 rahathk ferahlk veriyor. Konforsuz hissettirecek bir sey
yaratmasi . . .
yok. Konfor su anki makinada siiper.
gercgekle Bunlara cevap veriyorum ama eger burada gérdigim
doubts of | birebir ayni gercek Urlinle birebir ayni olacaksa, veriyorum. Belki
VR olacak mi gercek olan bundan biraz daha farkli olacak. Belki bazi
kuskusu sorulara ona gore cevap vermek lazim.
ic mekan ferah. icerde tek kisi calisacagi icin zaten
. Boyutlarin R . - . N
Realistic yeterli. Biraz daha genis olabilir ama yine de o ylizden
Experience rahat 4. Su acikhk suan benim bedenimin acikligi gibi
algilanmasi :

duruyor. Rahat gecebilirim buradan birebir ayni ise 5.
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Malzeme . . s —
Zeminin sabit olmasi, girinti ¢ikinti olmamasi temizlige
. detaylari .
visual hakkinda faydasi var. Yerler tek parga halinde duruyor.
appeal yorum Evlerimizde kullanilan désenen yumusak malzeme gibi
yapilabilmesi duruyor.
Guvenlik hissi ok 6nemli. Bu tasarimda kendimi
Araci calistirip gyven(:.ie h|s§ett|ren ekstra bir §eY yok ama glivensiz .
lack of VR siirme ihtivac, hissettiren bir sey de yok. Suan bir manevra ortami bir
y sey olmadigi icin 5 verebilirim. Bir tehlike arz edecek bir
kaza bir durum yok o ylizden onu tam test edemem.
Guvende hissetmememi saglayacak seyler su yan
Predicting | Olasi tehlike |camlar olabilir. Cok yakin. Kafami carpabilirmisim gibi
safety senaryolarini | geliyor. Sunlar da mesela sert carpma esnasinda
issues on gorebilme |insanin destek alabilecegi yerler ama yan cam belki
sikinti olabilir. Cama suan baya bir yakinim.
iletisim cok &nemli iletisim kesintisiz olmali. Pedal ve
ekipmanlarla | mikrofon olmasi ¢ok iyi. Normal telsiz olunca bir elimi
etkilesime strekli mesgul ediyor. Burada serbest. O gilizel Ellerim
lack of VR . s oo
gecme surekli gaz ve frende olabilir. Ama iletisimi test
ihtiyaci edemem bir sesi duymam lazim nasil ¢ekiyor. Kesinti
var mi? Ulasilabilir olmasina bakabiliyorum suan.
Makinanin i¢ gorsel glizelligi cok 6nemli. Adama
Visual diger araclarla | calisma sevki veren. is aski veren béyle modern
appeal kiyaslayabilm | goriintiili makinalar. Bu mesela ¢ok hos duruyor,
PP e imkani calismak isterim burada. Mevcut ana hat
makinalarindan bile daha iyi bir gériintisi var bunun 5.
. teri t r e . . .
Discomfort | Vo o € "€t | Ama gozligin tek derdi netlik. Tam net olsa 5 veririm
olmaya e P
s of VR e gozliikle test etmeye ama goriinti biraz bozuk.
goruntu
Bu tasarimda sade hissettiren, digmeler basit anlasilir.
tasarimin Karmasik goziiken bir sey yok sadece su iki ekran ¢ok
kullaniciya doldurmus tek ekranla ¢oziilse daha sade olabilir.
good .. cor e . . . -
. | gorsel olarak |Sadeligi gozliikle 5 Gzerinden 5 hissederim. Clinki
presentati |. . . .. . - ..
on iyi ve net bir | gorsellikle test edilir zaten. Gergekte de olsa boyle
medium sekilde gorecegim. Sanal gozlik ile gercekteki gibi kafami

anlatilabilmes
i

cevirdigim yerde aradigim 6zelligi gorebiliyorum.
Onceden gosterdiginiz resimlerde dyle cok
anlasiimiyordu.
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Teknolojik goziikmesi 4 kadar 6nemli. Ginidmiz her sey
teknoloji.. Bir seyleri teknolojik gérmek daha givenilir
hissettirir bozulma riskini azaltir. En azindan arizalarin

Perceived | Teknolojik algi | sebeplerini buradan 6grenebiliriz. Bu baya teknolojik
Quality uyandirmas! | hissettiriyor. Suradaki ariza bildirim isaretleri,
kameralar bile farkh bir hava vermis. Biraz daha
teknolojik olursa saten bize gerek kalmaz. O yiizden ¢ok
da teknolojik olmasin:)
Renk kullanimi da 6nemli sayilir. Burada glizel. Suradaki
Renklerin turkuaz falan gizgiler glizel olmus. Su turkuaz herhalde
Visual dogru ben zaten turkuazi ¢cok severim. (-ne kadar rahat ve
appeal algilanabilmes | etkili test edebiliyorsunuz peki bu rengi?) 3) Eger mavi
i demek yerine turkuaz diyorsam yeterince etkili zaten
¢lnki yakin renk tonlarini bile ayirt edebiliyorum.
Zaman iginde
?ﬁ:i:;:ne Tus ve ekranlarin kaliteli olmasi tabi 6nemli de bunu
lack of VR zamanla 6grenebiliriz. Suan algisal olarak kaliteli
Baska duruyor. Suan bizim 68000'liklerde duran ekipmanla
Realistic lokolarin birebir ayni duruyor. Onlar da kaliteli. O ylzden kaliteli
Perception . duruyor. Ama gergekte dyle mi degil mi zaman gosterir
kontrollerine kullandikca
birebir '
benzemesi
Kontrol masasinda saglam hissettiren su cer kolu ile
Perceived |saglam fren muslugu saglam izlenimi veriyor. Diger iyi
Quality algilanmasi makinalardan test ettiklerimizle birebir ayni duruyor o
ylzden de saglam hissi veriyor.
Discomfort | GozIugiin Biraz terledim bu arada ama. (-¢cok az kaldi merak
s of VR terletmesi etmeyin)
Kontrollerin glivenilir olmasi cok 6nemli. Bu tasarimda
glvenilir hissettiren su ariza led ve lambalarinin olmasi.
Perceived | Teknolojik imdat muslugunun yakinda olmasi, telsiz icin
Quality gorinim bozulmaya karsi iki tane opsiyonu yedegi olmasi. Bir de
teknolojiye a¢ insanlar oldugumuz i¢in teknolojik
gorintl insana farkh bir hava veriyor, cabuk isindiriyor.
Dokunamiyor Test edilebilirligi su an soyle tutuyorum hissediyorum
Helpful to |ama Hayal . . .
imagine edebilme kolu érna hlssedelll'myorum ta.bl. Ama hayal
imkani edebiliyorum o ylizden 4 veriyorum.
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gercekgi
- deneyim, is Yasadigim sanal ortam deneyimi ¢ok glizel. Her sey
Realistic S
: ortaminin etrafimizda siralanmis. Sanki birebir o ortamdaymisiz
Experience - . . L
5 yaratilmasi gibi. Gergekgi yani orada bizimki gibi bir is ortami
, yaratmis. Eksileri iste sadece goziimde orada benim bir
Discomfort | .. . . . .
gbzde baski yaratmasi psikolojik olarak geriyor. Uzun siirede
sof VR . . . )
psikolojik biraz da terletiyor.
baski, terleme
Lokomotifin burnu ¢ok yukarda 6niind tam
Gorusln goremiyorsun. Su kisim beni biraz engelliyor arkaya
6 realistic oniine gecen | doniip baksam. Ama genel goris iyi yani kumanda
experience | elemanlari acgisindan ama ekranlar ¢ok sola kalmis, 6ni de
fark etme kapatamayacagina gore. lyi ama. Bizim su anda
kullandiklarimiza gore ¢ok gok iyi.
6 realistic Gergekgi Tamamen gercek makine Gzerinde oturuyormus
experience | ortam gibiyim. Gozliikle cok rahat degerlendiriyorum.
6 Discomfort kz.afa.da agirhik Ama sicak kafamda agirlik var biraz rahatsiz edici
sof VR hissi
Gorig
_— acilarina net | Su an sinyali gértiyorum. Biz yukarda sinyal
realistic ; . . . R
6 . bir sekilde kullanmiyoruz. Sagimdaki vagonu ¢ok rahat goriiriim.
experience - .. .
yorum Ama solumda ne var ne yok higbir sey géremiyorum.
yapilabilmesi
3D hareket
ederek goris
iyilestirme En azindan oturdugumuz koltuk diger lokolarda
Onerisinde rahatsiz da olsa biraz daha yukarda. Ben simdi soyle
6 |3d bulunma bile yapsam (ayaga kalkiyor) rahat bir 50 metre 6nimu
sol kismi géremiyorum. Vagondan ziyade insan gérmek
uzunluk onemli. Orada insani ezsen bitti.
tahmininde
bulunabilme
Kumanda kollari tam éniimde. Ekranlar biraz sola
kaymis ama ona yapacak bir sey yok, biraz saga alsam
realistic uzanabilecegi | o zaman da gorusi kapatacak. Ekranlar biraz
6 . noktalari kiigultilebilir mi? Belki o olabilir. Elimdeki diizenekle
experience . L
anlama rahat test ediyorum. Su an elimi attigim yerde her sey
elimin altina geliyor. Negatif etkileyen su anda yok gibi.
Cok iyi.
Kolay anlasilir organize edilmeli konsol. Burada
Tasarimin . . . L -
L organizasyon ¢ok iyi. Okunuyor olabilmesi, eger tabii ki
6 |360 kendini . - .
. .| silinmeyecekse, ulasilabilir olmasi elimin altinda olmasi
anlatabilmesi o
cok iyi.
Amaca uygun, | Elimdeki aletin suan bir eksigi noksani yok. Burada dyle
6 realistic fazlasini ¢ok agam sagam bir test yapacak degilim. Yani mesela
experience | beklemiyor, sunu cekmeye kalksam ¢ekerim kullanabiliyorum,
beklentiyi anliyorum yani onu.
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karsihyor,
hayal
etmesine
yardim ediyor

Fark ne var dersen tuttugumu hissedemiyorum mesela.

forcefeedback | Gergek lokoya giksam sunu ¢eksem bunun sertligini
eksikligi hissedebilirim, ona goére ek bir seyler soyleyebilirim. Bu
lack of VR . .
tuslarin makinayi kullanmaya kalksam mesela su imdat
sertligi butonunun sertligini bilsem hangi siddette basmam
gerektigini bilirim.
- Hangi butonun ne ise yaradigini bilmem lazim ¢ok fazla
Kigik . o s e
bir buton yok, bu bizim agimizdan gok iyi. Gozliikle tam
detaylarin - .
lack of VR netligini okuyamiyorum. Cok yaklasirsam okuyabiliyorum. Biraz
& . goriintide karincalanma var. Normalde de bdyle mi
kaybetmesi .y L _
gozliikten mi boyle bilmiyorum.
Koltugun en azindan rahat olmasi lazim. Bir kere
makinanin gériinttsl bana yaptigim isin 6nemini
. dokunamasa |anlatiyor. Dinlenme odasinda otururken nasil rahat
Perceived . . . . A
Qualit da Konforlu hissediyorsam burada da dyleyim. Sanki bir masa
¥ algilama basinda ya da bilgisayarda calisacakmisim gibi. Konfora
5 diyebilirim. Beni rahatsiz eden bir sey yok. Su an sanki
makinada rahat bir sekilde oturabiliyormus gibiyim.
olasi tehlike
3D . . .
senaryolarina | Ben mesela yeri gelecek kafami disari ¢ikaracagim. Geri
movement .. N .
ability in karsi glivenli | iceri sokarken bir yerlere carpmamasi lazim kafamin. O
i oldugunu test | agidan makine iyi, bir tehlike gdziikmdyor.
space
etme
360 Kabin kolay temizlenebilir olmali. Su sekilde ¢ok fazla
dearee detay derinlik yok makinada her sey bir sekilde kapatilmis
. & . inceleyebilme | dolaplarin alti falan, Ust taraflar yine ayni. Cok rahat
sightview . .
temizlenebilir.
- (Guavenlik hissi vermesi) Suralar sert degil herhalde
Realistic malzeme . e I
: ] gordigium kadariyla plastik bir malzeme ya da kaplama.
Experience | tahmin etme . . .
Bir tehlike hissi uyandirmiyor.
dokunduguna
gore degil o, . .
lack of VR | gordiiiine Am§ parmakl:infmn ucunundegtp“de“h|.s.sejc.m|yorum,
aore yani sadece goriiyorum. Gordiglimii soyliyorum.
yorumlama
3D olasi tehlike Benim burada ¢arpacagim hicbir sey yok bir kere benim
movement . . s .
ability in senaryolarini | diz boyum ¢ok iyi. Sadece su camin ayrim diregine belki
y on gérme ani bir harekette carpabilirim.
space
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Gorus
- acilarina net | iletisim kolayligi dnemli. Goriintli burada yine cok
Realistic ; . . e L .
6 : bir sekilde onemli. Sag tarafim ¢ok iyi ama solum yok. Telsiz zaten
Experience e
yorum ¢alisiyorsa onunla ilgili bir problem yoktur.
yapilabilmesi
GOz zevki tabii ki 5nemli. Operator igin gordigu seyi
begenmesi 6nemli tabii ki ¢linkl ¢alismak igin gerekli
motivasyonu saglayan seydir bu. Eger gérdiiglim seyi
. Temizyeni0 |begenemezsem tiim giin nasil orada kalabilirim ki?
Visual . e
6 appeal makine olarak | Cikip da hemen bitireyim dememem lazim. Burada da
PP hissetme oyle hissediyorum. Bir kere burada temiz her seyden
once koltugu yirtik degil. 0 bir makina rahat bir makina.
Yiizeyler yeni. Bu hizl tren gibi ici. Manevra lokosu ama
ici glizel yani
Sadelik sadece kumanda ile ilgili. Benim 6nimi
A good kapatmayacak diger oralara ne koyarsan koy. Burada
. | Tasarimin
presentati - kumanda zaten sade. Cok fazla kafami karistiracak
6 kendini X "
on . .| buton yok. Karmasik bir durum yok. Teknolojik
. anlatabilmesi | . . .. C e .
medium goriinme ¢ok da 6nemli degil. Bu teknolojik
hissettiriyor. Kamera var ekran var.. O kadar.
. Dogru renk Renk konusunda ilk olarak makinayi ben tertemiz
Visual - . . . . -
6 tonunu gortyorum o beni mutlu ediyor. Bir de bizim TCDD'nin
appeal . . .. o
algilayabilme | yeni rengini kullanmissiniz. Onu goriyorum.
. Kontrol ve ekranlarin kaliteli olmasina Ekranlari
Ekipmanla . e
etkilesime gormiyorum test etmedigim igin buna puan veremem
6 |lack of VR o mz ¢ok. Butonlari suan higbir sekilde kullanamiyorum. Acil
ight? a1 durum butonuna basinca ne kadar sert ne kadar hizl
4 basmam gerektigini bilmiyorum mesela.
6 Perceived |Saglam kalite |Saglam goziikiiyor her sey goriintiide. Ama ben su kolu
Quality algisi iki cektigimde kirilacaksa onu bilemem.
Benim bu kontrollere glivenmem lazim. Kornaya
6 |lack of VR Dokunma bastigim anda calacak ille de lzerine ylikleneyim
eksikligi demeyecek. Bunda bunu test edemiyorum tabi sadece
goriintl var. Dokunmak lazim
Sanalda
6 Perceived |sorunsuz Burada sanal olarak her sey bana cok giizel geliyor.
Quality ortam Ama o makineye oturup dokunsam isler degisebilir.
hissiyati
possibility
to diger lokolar . e e - .
. Sol taraf biraz goriintlyl kapatmis gibi. Ama su sag
compare |ile boyut . g R C .
7 . tarafi gordikten sonra ¢cok da 6nemli degil. Eskisinde
with karsilastirma )
. . kompartimanlar biraz daha algak sanirim
existent imkani
vehicle

166




Table F.1 Stage 4 — Raw Interview Data (Turkish) (Continued)

Gozlik goris

Gozlikle cok iyi degil sanirim bana. Her yeri tam

7 |lack of VR goremiyorum. Gorintl net ama gozliukle bilemedim.
aclisl az L
Acl az gibi
Gorus
I
Realistic ag arlr?a net Uc noktalarin goriintlsi suan bulundugum yerden iyi
7 : bir sekilde . . A . e
Experience yorum bu lokomotifte. 5 veriyorum. Yani goztklyor ¢linki
yapilabilmesi

GoOzlik goris

Gozliikle suan gayet iyi 6nimi gordigim kadariyla.

7 |lack of VR acis! 2z Ben yanlarda biraz sikinti gekiyorum bu gozliikte suan.
¢ Tam genis agl ile géremiyorum gozlikle suan.
Gorig
Realistic acilarina net | Cevredeki sinyal vagon gibi unsurlarin goértlmesini
7 : bir sekilde saglayan seyler, koltugun yiiksek olmasi ve sagimin
Experience .. .
yorum solumun acik olmasi. O da 6nemli olan zaten.

yapilabilmesi

7 |lack of VR

Ekipmanlarla
etkilesime
girme

Zaman iginde

Kolay kullanilabilir olmali. Obiirlerinde su gaz kolu
sagda elimizin altinda kaliyordu. Bunda biraz yiksekte
kalmis. Ama suan icin de bir sey sdylemek zor oluyor
yani kullandik¢a bakmak lazim bazi seylere. Biraz

test etme kullandikga el aliskanhgi ile olabilecegini saniyorum.
ihtiyaci
possibility
to
7 compare |tasarimin Genel olarak gilizel ama dizayn. Kullanim kolayligina
with anlasiimasi yine de 5 diyecegim. Obiiriinden iyi
existent
vehicle
. Joysticklere Genel olarak iyi glizel test ediyorum joysticklerle. Pek
First VR L
7 . hizh simdi nasil kullaniyoruz bunlari? (tekrar anlatilir)
experience s
alisamama Tamam aslinda sikabiliyorum suan kollari.
Realistic Erisilebilirligi . S .
7 Expelricl_nce hifsledelblilrlfle Konsol erisme agisindan gayet iyi elimizin altinda hepsi.
3D Joystick
movement |~ Y Joystick olmasaydi biraz daha zor olurdu tabi bunu test
7 I canlandirmay .
ability in etmek bununla daha bir kolay oluyor.
a faydali
space
A good . .
. | Tasarim Konsol organizasyonu bu tasarimda iyi. Rahat
presentati - e . . .
7 on kendini erisilebilirlik yonlinden iyi hepsi derli toplu olmus.
. anlatabiliyor | Sikinti yok.
medium
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Bu makineye alisiriz tabi digerlerinde de buna benzer
tasarim gormastiik. 68000likler var benim agimdan

fgSSIblhty sikint1 degil ama gérmeyen arkadaslar icin belki zor
olur. Genel konfor cok 6nemli. Yazin ve kisin ¢ok sorun
compare o
with oluyor. Ya cok soguk ya ¢ok sicak. (-bu tasarimda
. konforlu hissettiren neler var?) Yukarida klima var
existent o o .
. vantilator var iyi onlar gayet. Isiticisi da var suan diger
vehicle . .. .
makinalara kiyasla konfor agisindan ¢ok liks yani bu
makina.
(Kabin icinde ferahlik hissi) biraz sikisik gibi geldi su
L Uzunluklarin | aralar falan bana. Gozlliikten mi 6yle oluyor, gercegi de
Realistic . .. A s
Experience tahmin boyle mi bilmiyorum ama. (-su iki cam arasi kag metre
P edilebilmesi | gibi geliyor size?) 1,5 -2 metre gibi bir sey
herhalde(gercekte 1.9 metre)
Birebir gorme
ihtiyaci, Gozlikle cok rahat test edemiyorum tabi birebir gorsek
doubts of e - C o
VR gozlik dar daha iyi olur. Belki goris acisi az oldugu icin bana dar
gosterebilir geliyordur. Normalde daha genistir belki.
endisesi
Visual Ortamin ¢cok | Temizlik agisindan bir sikinti gézlikmuyor burada. Su an
temiz gayet yeni oldugu icin her sey. Temizligi zorlastiracak
appeal - . . . . . .
gbzikmesi bir sey de gérmiiyorum. Bizim makineler pis
. G.uvende Bu tasarimda kendimi tehlikede hissettiren bir sey yok.
Perceived | hissetme ve N . . .
. . Glvende hissediyorum yani suan her yer kapall.
Quality saglam . .
Herhalde saglamdir yani malzeme falan.
algilama
Su 6ntimdeki konsol biraz gdvdemi.. Yani nasil diyeyim.
3D Olasi tehlikeyi | Sandalye inip kalkiyor mu? Acaba bir ¢carpma aninda su
on gérme, konsol gogslime ¢arpabilir mi diye dedim de.. Gergi o
movement . -
ability in sikinti hepsinde oluyor. Sert manevra olursa bazen. Bir
. acey givende ¢arpma aninda zarar verecek bir ylizey yok bu
P hissetme makinada. Durusu falan dizayni iyi yani ne bileyim
glivende hissettiriyor.
Manevraci ile iletisim icin telsiz ve goris acisi yeterli
bize. Tek makine icin olacaksa da goéris agisi 6nemli.
Realistic Gordulebilirligi | Burada da sag tarafi gordiglimuiz slirece bir sikinti yok.
Experience | test edebilme | Yani manevraci bizi yonlendiriyor zaten tamamen ona
teslimiz. Bu araclarda goris acisi ¢cok iyi olmadigi igin.
Bu 6ndeki mikrofon da gayet iyi olmus.
Kabin icini gorsel olarak begenmek ¢ok da dnemli degil.
A good N Bu kabin gorsel olarak ¢ok giizel. Oniimdeki konsolun
. | Gorsel R N - .
presentati begenivi test hepsi iyi dizayn olarak. Erisilebilir, anlasilabilir. Stil
on & ) v olarak goze hos goziikiiyor. Su konsolun yapimi
. edebilme . L N
medium dizayni.. Gayet iyi. Genel olarak glizel olmus canim
makine.
First VR Gozlige Gozlikle test etmek gercek gibi olmuyor tabi. Gozlik 3
experience | alisamama boyutlu oldugundan pek alisik degiliz.

168




Table F.1 Stage 4 — Raw Interview Data (Turkish) (Continued)

A good Sade gorinim ¢ok da 6nemli olmasa da 3 diyelim.
. | Tasarimin . .
7 presentati kendini Burada gayet iyi ise yarayacak hepsi toplu olarak
on duruyor. Fazla detayl teferruatl bir sey yok. Sonugcta
. anlatmasi . L
medium sadece bir manevra makinesi olacak bu.
A good . | Gorsel Teknolojik gériinmesi isimize yarayacaksa 6nemli ama
presentati . . LT N .
7 on begeniyi test | ben manevra makinesi igin gok da 6nemli bulmuyorum.
medium edebilme Bu lliks ve glizel olmus gayet.
Renklerin
A good - N R P,
. | gozi Renk kullanimi ¢ok da 6nemli degil ama géziimizii alici
presentati . .
7 on almadiginin olmamasi lazim. Burada renkler gayet hos olmus. Gri ve
. tespit siyah tonlarinin kullanilmasi giizel. Gozim{ almiyor.
medium . .
edilmesi
T Kontrol elemanlarinin kaliteli olmasi 6nemli tabi. Cok
. Goriinlrde L P
Perceived . sorun ¢ikariyor simdikiler. Su an bu kaliteli gdziikiiyor.
7 . kaliteli e oo e .
Quality Siikiivor Gorebildigim kadariyla kaliteli. Oyle gdzlkulyor yani.
& y Gordugum kadariyla 4 yani
Ama elle de dokunmak lazim. O ylizden kontrole 2
Dokunma L. N o
7 |lackof VR | .. diyelim. Mesela su master controller'in sertligi ne kadar
ihtiyaci o
bilmiyorum. Ne kadar kuvvet uygulamaliyim?
Saglam
hissettirmesi . N s o
. Saglam olmasi da 6nemli. Goriintl olarak saglam
Perceived . . .. .
7 ) hissettiriyor ama dokunup gérmek biraz kurcalayip
Quality Dokunarak
. bakmak lazim.
emin olma
ihtiyaci
7 Realistic Erisilebilirlik | Yani genelde glivenilirdir zaten. Su stop butonunun
Experience | test edebilme |yakinda ulasilabilir olmasi glivenilir hissettiriyor.
Birebir Makinayi géormis olduk nasil dizayni falan. Gorsel
7 |lack of VR |dokunma anlamda duizeni hakkinda fikrimiz olmus oldu. Ama ben
ihtiyaci birebir dokunmadan net karar verme taraftari degilim.
- gorulebilirlik
possibility
to hakkinda net Gorilebilirlik cok 6nemli. Sadece 6n tarafi tam
yorum e ) )
compare . gorilemiyor. Biraz sagdan bakmak lazim. Yanlar arka
8 . yapabilme . = vt et .
with eskisi ile taraf falan glizel. Eskisiyle gorilebilirlik ayni gibi hemen
existent kivaslavabilm hemen.
vehicle yasiay
e
Tasarimi
Onceden VR sistemini begendim yani genel olarak iyi. Buradan
3 Helpful to |degerlendirip | erisebiliyor musun ona bakabiliyorsun. Olumsuz seyleri
imagine miidahale onden buradan gorip belki miidahalede
edebilme bulunabiliyorsun.
imkani
3 |lack of VR C'OZUI’\L.I.H.L'JI( Sadece gorun'Fu‘ ¢Ozlnrlik acisindan biraz sikintili.
biraz kot Onun disinda iyi
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3D olasi . . .. .
. Ug noktalarin gorilebilirligi dnemli. Yolu géremiyorum
movement | Ergonomik ; > ) .
8 I suan oturdugum yerden biraz sag yapmam lazim yani
ability in stkintilarin ormek icin. Surekli de dyle gitsem bir yerim agriyabilir
space saptanmasi & ¢in- yieg ¥ erly )
3D uzayda
3D serbest (-camdan da gikarabilirsiniz kafanizi) aa iyiymis. VR
hareket simdi biraz daha begendim. Yani sanal gerceklik
movement . . - .. . .
8 ability in edebilme ile |ortaminda test edebiliyoruz boyle seyleri. VR yani
y daha genis genelde boyle oyunlar igin kullanihyor ama bu amagla
space L
alani test kullanmak da iyi olmus.
edebilme
e Su lokomotifin 6nlindeki baca var ya o serbest goris
gorisi . . L
alanini engelliyor biraz. Ama eskisinde daha yakindi
. engelleyen ; ..
Realistic aslinda dolayisiyla daha cok alani engelliyordu On cam
8 : kisimlarin . . . o . .
Experience tespit biraz daha genis olabilir, asagidan yukari yani. Kabin
.p . daha yiksek olabilir veya. VR ile gayet iyi test ediyoruz
edilmesi .
valla sikinti yok yani.
Realistic Erisilebilirlik Mark!z ici cok iyi olm.u.s yaT valla 5 diyorum ig tasarlrrla.
8 : . Markiz kolay ulasilabilir bir markiz. Her seye oturdugun
Experience | test edebilme -
yerden erisebiliyorsun.
Dik oturarak
veya dne
3D egilerek veya . .. . P, o
Yani sonucta boyle de gitmeyecegin icin (6ne egilerek)
8 movement | yayilarak diiz oturma pozisyonunda normal gayet iyi her se
abilityin | erisilebilirlik rma pozisy gayet yrhersey
ulasilabilir.
space farklarinin
test
edilebilmesi
Tasarim
eksikliklerini
fark edip, . R . .
A good Ama bir sey géremedim ayna yok. Hani biz ayna
. | tasarim (VR) . . L
3 presentati iizerinde kullanmayi tercih ederiz arkaya bakmak igin. Onde
on kamera kullanirsin ama kurplu yollarda mesela ayna
medium yasayarak daha iyi is gorir
anlatarak ’
sebebini
aciklayabilme
Standartlara | Kontrollere erisim kolayligi bu tasarimda 5. Simdiki yeni
8 Realistic uygun olup teknoloji ile uluslararasi bir standart oluyor baska
Experience | olmadigini lkeler falan da boyle yapiyor herhalde hep. Bu da o
hissedebilme |standarda uygun gibi. Yerlesim olsun boyutlar olsun.
Neyin nerde oldugunu rahat anlamak énemli. Cok tus
A good . . . .
. yok bu bir. Ulasilabilecek seviyede. Sikinti yok yani
presentati |tasarimin N o
. gayet glizel. Bu araci ¢ok rahat kullanirim gibi
8 |on/commu | kendini . ; .
L . .| hissediyorum. Basinda biraz otursam baksam sikinti
hication anlatabilmesi olmaz yani. Cok basit yani neyin nerde oldugu belli
medium Jaten yant. ¥ ¥ &
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kiiglk
lack of VR detaylarin Sadefe yazilar tam okunmuyor ama belli yani neyin ne
uzaktan oldugu.
okunmamasi
Kabin icindeki
3D harel.«.et .. | Genel konfor 6nemli. Tasarimin seyini begendim su
kaabiliyetini N . .
movement haval konsol var ya ¢ok boyle engellemiyor. Yandaki konsolla
ability in y . da ayni hizada yani oraya gecip buraya geri gelmek ¢ok
edebilme,
space kolay.
sinirlarini
taniyabilme
Gorusu
- nelerin Tek sey yani su mavi kaporta kismi biraz yiksek yolu
Realistic o N . o .
. engellediginin | géremiyorum. Markiz biraz daha yliksek olsa orayi da
Experience . R . .
tespit gorlirim o zaman iyi olur yani.
edilebilmesi
Realistic Boyutlari Sura biraz darmis ama ¢ok da 6nemli degil o ya
Experience | algilayabilme | buradan iki kisi de gecer. O kadari da yeter zaten.
Gorusi
- nelerin . R .
Realistic ... . | Bak su mesafede(ayakta) bile yolu géremiyorum. Hep
: engellediginin .
Experience tespit sagdan veya soldan bakmak zorundayim.
edilebilmesi
Realistic Boyutlart Bu arag |g! feraltl- ya yani bir kisi icin genis. Saqgce
: . konsolu biraz yiksek buldum bunun. Yapilabiliyorsa az
Experience | algilayabilme | . e
bir sey kigltilebilir.
360 Etrafi 360 Kolay temizlenebilirlik 6nemli. Rahat yani zor bir seyi
derece detayl o . .
degree ) yok cok karigik degil yani. 4 verebilirim. 1 puani kirma
. . inceleme L s
sightview |, sebebi biraz dar olmasi olabilir.
imkani
Realls.tlc Etrafa Kabinin giivenlik hissi vermesi dnemli. Her lokomotifin
Experience . . .. . . .
ulasabilmenin | glivenlik acisindan belli bash seyleri aynidir.
Perceived gyvenclle . U.Ia§|la.b|ll|rl|k kolay yani ama o ylizden givenli
. hissettirmesi | hissettiriyor.
quality
3D Olasi
movement | tehlikelerin Su mikrofon kolu uzun herhalde biraz ani bir harekette
ability in on gbzlimize girebilir.
space gorilebilmesi
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Tek bir
noktadan
degil, farkli
farkl
noktalardan
360 derece
etrafi
360 !nceleme
dearee imkani, her
. 8 . turli detayi
sightview incelemelerin
e imkan Seyi baya begendim ya su disardaki korkuluklari. Simdi
3D . kafami camdan ¢ikarinca tekrar fark ettim.
sagliyor.
movement (iceriyi
abilityin | oo Y .
gozlemlemesi
space o
ne ragmen
kafasini
camdan
¢ikarip aracin
dis tasarimi
ile ilgili bir sey
gorup yorum
yapabiliyor.
Guvende hissettirmeyen detaylar ylzeyler yok burada
cok oyle iste su mikrofon sadece. Bir de su masa yiksek
oldugu icin koltuk da yuksek. Su ara genisletilebilir az
- Darlik, . . . .
Realistic - ... | bir sey daha biraz dar hissi yaratti bana. Sonugta benim
: genislik tespiti N . N
Experience . . | buradan rahat inip binmem lazim. Oradaki sikisiklig
yapilabilmesi . . .
rahatca anliyorum canim zaten binince direk fark ettim
onu. Koltugu biraz algaltabilirim ama o zaman da
Onlmi gérmem azalir.
Manevraci ile iletisimde 6nemli olan 6nimi gérmem.
Realistic goris acilari | Orada mi degil mi yanlislkla ezmemek igin adami.
Experience | test edebilme | Telsiz falan bozulursa gormek de 6nemli. Burada puan
4 veririm gerci kamera da bozulmazsa gorilir yani.
icerisinde
bulunma, R, - .
. ... | Kabin ici gorsel olarak 5. yani iyi olmayinca insanin
Visual calisma istegi . e
cahisma sevki kiriliyor. Burada bana c¢alisma istegi
appeal uyandiriyor,
. uyandiriyor.
deneyim
Ozendiriyor
kumanda masasi renkleri begendim. Gri siyah mavi
Visual Renkleri glizel uymus. Kiri de belli etmez biraz toz belki belli olur
appeal algilayabilme |ama.. Sirf goris acisi yiziinden 4 verecegim ama yoksa

5 veririm.
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A good
presentatl Tasar.|n."||n Bu tasarimda tuslarin dizilim ekranlar falan gayet iyi
on/commu | kendini . .
L . . | sade. Bir karigikhk yok. 5 diyelim.
nication anlatabilmesi
medium
First VR genglerin ilk defa da olsa VR ile iyi test ediyorum bu arada
experience | rahat alismasi | hepsine 5 yazabilirsin.
Visual teknolojik Kumanda masasinin yerlesimi ekranlar, kabin igi
appeal algilama ferahlik falan teknolojik hissettiriyor.
Kullanicinin
Aragicine
A 2004 yerlestirmek | Killik yok dikkatimi cekti de? Sigara icerken nasil
& . |istedigi bir oluyor diye camla konsolun konumunu test ediyorum
presentati - . . . .
on/commu komponent killik nereye konabilir diye. Su sag tarafta bir genis
nication icin en uygun |alan var gergi oraya konabilir ama uzak mi kagar acaba
. alani ya da masanin hemen 6niinde bir agiklik var isteyen
medium ) . .
inceleyerek oraya da koyabilir belki.
belirleyebilme
si
Tasarim
eksikliklerini
A fark edi
good . ark edip, Su 1sik kablosu belki biraz daha uzun olabilir. Surayi
presentati |tasarim (VR) i . ) - .
. gbstermesi agisindan. Yani sonugta dniimize kagit
on/commu | lizerinde )
L koydugumuzda aydinlanmasi gereken yer surasi olmasi
nication yasayarak
. lazim.
medium anlatarak
sebebini
aciklayabilme
Renk kullanimini begendim burada. igine girince yani
Visual Renkleri insanin i¢i biraz ferahlamali gok yorucu renkler
appeal algilayabilme | olmamasi lazim. Ama mavi glizel hava katmis ¢ok da
yormuyor yani az oldugu igin.
Standarda
Realistic uygun Bir sikinti gérmiyorum tuslarin kalitesinde yani zaten
Experience | oldugunu standardi bu. Olmasi gereken bu.
hissedebilme
Realls.tlc Test edebilme Gergegi kadar (.)Imasa da test ediliyor. Belli oluyor
Experience algilaniyor yani.
dokunma saglamlig test etmek icin dokunmak lazim tabii.
lack of VR o ness )
eksikligi Bununla test edemiyorum.
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Tamamen Mesela bizim makine ehliyet sinavlari oluyor. Baska bir
hareket etme | . . . .
o similasyonda yapiliyor 0. Onda 6niinde bir ekran
hissiyatini . .
. oluyor sadece o hareket ediyor. O sinav mesela VR ile
daha iyi o . . ..
. . L yapilabilir. Daha gergekgi olur tek bir ekranda degil,
having hissettirebilec N . i
otential | e#i cerekcesi sagda solda arkada baktigin her yerde gittigini
P . 88 _(; hissedebilirsin. Begendim yani VR'l. Simulatorde kafani
for ile Kendi . e
education | kullandiklar saga da kaydirsan sola da kaydirsan goriintl ayni
simiilasvon ekranda. Ama burada camin farkli noktalarindan
. 4 baktigimizda aracin 6niin( farkh acilardan gorebilme
yerine .
" . imkanimiz oluyor. Camdan kafayi ¢ikarinca bambaska
onermes, acilari da deneyimleyebiliyoruz
tercih etmesi. | 2 '
possibility
to Karsilastirma
compare 3 Sabilsme ( Diger lokomotiflerle hemen hemen ayni gors acilari,
with y"p" markiz ortaya konmus onu goriyorum.
. gorus)
existent
vehicle
_ gortis . Demistim ya hani en 6n bdlgesi, orayi biraz daha oval
Realistic engelleyebilec . .
. yapma imkaniniz var mi? Oraya bir insan gegerse
Experience | ek kisimlari i .
. goremeyebilirim.
tespit etme
Kamera olayi isi ¢cozmis ama 6ne gidersem 6ni
A good i ) . .
. gosterse arkaya giderken arkayi gosterse ¢ok iyi olur.
presentati | Tasarim . .
. Mesela bu kamerayi bir de {iste koysak bacanin oraya
on/commu | 6nerisinde . . . "
S . bir yere? O zaman ben 6nlime bir vagon geldiginde de
nication bulunabilme L .
medium gorebilirim. Arka arkaya 15 tane vagon gelirse o
kameranin online gorintisi engellenebilir.
f .. . - .
mesale VR gozIUgl ile baya iyi test ediliyor. Cok asiri gergekgi
doubts of | Gergekle e .
o olmasa da 4 verebilirim. Gergekte mesafeyi daha
VR birebir olur . N .
.. | dogru anlayabilirim belki.
mu endisesi
Sriisii Tasarimda markiz tam ortada kaldigi icin iki tarafi da
- gorus . ¢ok net gbéremiyorsun ama yeteri miktarda
Realistic engelleyebilec |~ | et et Liws
: gorebiliyorsun. Ug noktalarin gorilebilirligi 3. Ortada
Experience | ek kisimlari . " .
. kaldigi igin tamponun ucunu géremiyorum mesela
tespit etme
suan.
gorisi (Sinyal vagon vb. unsurlar) Simdi boyle oturunca
Realistic engelleyebilec | koltuga 6nlimdeki vagonun gabari noktasinin
Experience | ek kisimlari tamponlarinin sag noktasini gérebilirim. Arkami
tespit etme doéndigimde buradan da yine baya bir goriis agim var.
gorisin nasil
3D iyilestirilebilec | Koltugu soyle saga sola rayli hareket ettirme sansim
movement | egine yonelik | olursa ¢ok az bir oynamayla daha fazla alani
ability in tasarim gorebildigimi fark ettim. Duruma gore koltugu
space Onerisi ayarlayabilirim.
sunabilme
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Ortamin
agaca kadar
canlandirilma

Gozlik baya glzel yani aga¢ magac bulutlar ortami

Realls.tlc S| bayagi gercekci gostermis. Gorsel efektler bayagi
Experience I
gercekeilestir | basarili.
mis. Efektler
basarili
A good
presentati |tasarimin Gordiugim kadariyla ileri geri yon tusu fren kolu,
on/commu | kendisini kumlama falan tuslarin ne oldugu anlasihiyor yani genel
nication anlatabilmesi | hatlariyla. Su ne? Ha masa lambasi.
medium
Realistic Erisebilirligin | Kolay kullanilabilir oldugunu disinidyorum. Clinki her
Experience | test eidlmesi | seye ulasimim var. Puanim 5.
Baktig
360 noktaya
dearee odaklanabilm | Su arkadakiler neymis? Klima.. Kompartiman isiklari..
. & . esi ve hicbir | Susta yuklu fren..
sightview
detay!
kagirmamasi
Elimizdeki diizenegin ¢ok bliylk avantaji var. Ne
oldugunu gorebiliyoruz ama elektronik gérdigiimiz
Araci gercekte | icin cok gercekci degil. Mesela en basitinden elle
lack of VR | . o ) . .
slirme ihtiyaci | dokunamiyorsun. Bir arabayi siirmek var, bir de
bilgisayar klavyesinde araba oyunu oynamak var. Farkh
tabi.
A good e
. Kontrol masasi kolay anlasilabilir. Isaretler ve yazilarla
presentati |tasarimin s o
L yazilmis bu da iyi bir sey. Ne anlama geldigini bilmesen
on/commu | kendisini ; . S .
L . . | de seklinden semalinden gikartabilirsin. Makinaya
nication anlatabilmesi |, . 7. . Co e e
. bindigimde ¢ok rahat kullanabilecegimi diistinliyorum.
medium
Araci . .
Kontrol masasini kullanmadan bir sey diyemem rahat
kullanma ve L
birkac siirii alisir miyim. Ama buradan bakinca kolaymis gibi
lack of VR ¢ 3 duruyor. Biraz 68000'ligin Siemens'i gibi hizli tren gibi.
senaryosunu
sama Ama hareket etmem lazim tampon yapmam lazim,
.y $ aracin hassasiyetlerini anlamam alismam igin.
ihtiyaci
E:\Y;t abilme Konfor 6nemli. Bunun biraz ufak olmasi dikkatimi ¢ekti.
Realistic y Onun haricinde kapi hatlari belki biraz daha modern
Experience . olabilirdi. Kapi kolu mesela sonugta 2018 model arag
Materiyal
. ama kapi kolu metal.
anlayabilme
Belirli bir . . .
Konforu ama tam test edemiyoruz. yani buradan bir ya
3D araliktan o o
. da iki insan mi gecer. Ayaga kalkinca hemen hemen 1
movement | rahat gegip . . .
ability in ccemevecedi insan gececek bir bosluk var burada. Biraz dar. Benden
i g. ¢ yeces biraz daha kilolu bir insan burada hareket etmekte
space ni test . -
. . biraz daha zorlanabilir.
edebilmesi
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possibility
to ic ferahlik dnemli. Alani biraz dar algiliyorum ama belki
9 compare | kiyaslama gozliktendir, belki gercekte daha genis olabilir. ama
with yapabilme hissiyat olarak diger tasarimla kiyaslanamayacak kadar
existent cok iyi.
vehicle
"VRile gercek
aran ciktisi
birebir o . o
doubts of " Ferahligi elime gececek karsima cikacak Griin eger bu
9 olacaksa .
VR . olacaksa test edebiliyorum 5.
seklinde
belirtmek.
Kusku?
Bu tasarimda temizliginde soyle bir siiphem var. Bu
A good . . . o
resentati Malzeme belki cok kayabilecek bir sey olabilir. Bir tane paspasla
9 gn/commu segimine bitin demiryolunun her yerini temizliyorlar. Disarda
L yorum yapma | kullanilan paspasla burayi silerlerse burasi musamba
nication . . -, s e g
medium imkani kaygan bir yer olabilir. Hali kege gibi bir sey olabilirdi, o
da biraz leke tutardi ama kaymazdi en azindan.
Guvenli hissettirmesi 3 diyebiliriz. Bu tasarimda biraz
Aracin daha . . . L
_— .. ylksekte hissediyorum kendimi. Yukarda olmasi hem
Realistic yuksekte . . . .
9 : N gorus acimi arttiriyor hem de gilivende hissettiriyor.
Experience | oldugunu T . .
Aletlavabilme Yani bir carpma olacak olsa yiiksekte daha glivende
gliay olurum gibi hissediyorum. (gercekten daha yiiksek)
B
S:Ie lerin Su malzeme metal degil herhalde su kdsedeki onun
A good ?/ini ¥ malzemesi ne mesela? (-FRP) kauguk plastik gibi bir sey
presentati g" . yani? (-ama sert yine) Su kdsebentin i¢i ne mesela bos
gorebilme, .
9 |on/commu duvarn mu? (-yok orada metal karkas iskelet var) (kafasini
nication . duvarin arkasina uzatarak bakar) Ha o zaman tamam
. arkasindaki N N
medium yapilari saglamdir. Ama bu duvarlarin arkasini gérme olayi ¢cok
inceleyebilme iyiymis, hayalet gibi.
9 |lack of VR dok.ur?Er.]a Dok.unamadlglmlz icin bunu VR ile test edemiyoruz ama
eksikligi yani.
. . 5
3D Olas! tehlike Mesc?l'a su alan!. b.l.raz dat\a ov.él yapma @kam var mi’
movement Sanki insanin yiziine degse kose alan, bir zarar
9 e senaryolarini e e o ..
ability in . verebilirmis gibi. Bir de suraya siinger koyma
tahminetme |. ..~ . o
space ihtimalimiz var mi?( cam gubugu)
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Table F.1 Stage 4 — Raw Interview Data (Turkish) (Continued)

Manevraci ile olan iletisim kolayhgi) Telsizin uzak
A 200d Tasarim kalmasi sikinti olabilir. Peki benim sesimi suradaki
& . | iyilestirme mikrofon bu uzakliktan alabilecek mi? Mesela bu
presentati | . . . . ..
Onerisinde mikrofonu buraya degil de buraya koysak ? manevraciyi
9 |on/commu ) . L. ) :
L bulunabilme, |gorebilmek icin cama yaklastiginda mikrofondan
nication L .
. hata fark uzaklagmis oluyorum. Bu sesimi alsa da ben buna biraz
medium - . .
etme yaklagma ihtiyaci duyuyorum. Sesimi almayacakmis gibi
sanki.( tasarim bu 6neri dogrultusunda degistirildi)
Gorsel olarak begenmemize 4 diyelim. Begenmedigim
A good . N
. N bir sey yok burada. Su kumanda ekrani bayagi hos
presentati | Gorsel . .
. olmus. Yani su alan. Sade ve ulasilabilir. Tuslar sadece
9 |on/commu | begeniyi test . ) . .
L . gerekli olanlar. Gereksizler daha ilerde. Disarinin rengi
nication edebilme ) . S .
. ile suradaki renk (mavi gizgi) glizel bir ahenk
medium . .
olusturmus. Gizel uyumlu yani.
makinanin
malzemeleri,
renkleri ve
detaylariyl . . - _—
.e .ay arly'a VR ile test edilmeye 4 diyelim. 5 olmamasinin en bilyuk
birlikte neye . . .
.. . | sebebi dokunamamam. 4 olmasinin sebebi ise yani bu
benzeyecegini ) . .
.. kadar is yapilmis, gercekei bir ortama konmus. Yani bu
Helpful to | dnceden . N N . . .
9 |. . . . makinanin gelmeden 6nce bana gosterilmesi benim
imagine gosterebilme, |, . . .
kullaniciva bilmem bu bayagi etkili en azindan karsima ne
. y gelecegini dnceden gorebiliyorum ve tahmin
Onceden .
edebiliyorum.
hayal
etmesine
imkan
saglama
ibilit
f;)ss' iy Modern
combare gorintd En son 68000liklere bindik bu onunla hemen hemen
9 withp algisini yani hatta daha iyi gibi. Suan en moderni bu. Yani
existent kiyaslayabilm | teknolojik géziiklyor evet.
. e
vehicle
GO6zUimU almadigl ve rahatsiz etmeyecegi slirece
9 Visual Renkleri renklerin kullanimi cok 6nemli degil. Buradaki renk
appeal algilayabilme | kullanimi gayet hos. Turkuaz glizel. Gorsel olarak test
edebiliyoruz. En azindan ne renk oldugunu biliyorum.
- Kaliteli olup olmadigini hissedemiyorum burada.
Zaman i¢inde ) e .
Dokunarak zamanla kullanarak olgiilebilecek bir sey bu.
9 |lackof VR [testetme ) -
- Yani zamanla ne kadar az ariza yaparsa o kadar kaliteli
ihtiyaci S .
olur. Belli bir zaman ge¢mesi lazim.
Sagl I . . . R,
. 26 art1 a'el .| Saglam hissettiriyor genel olarak glivenilir gbziikuyor.
Perceived |ama slipheli . . ; .
9 ) Lo Su an bilgisayar Gzerinden bunu hissedemiyorum ama
Quality ¢linkd .
test edemiyorum cok.
dokunamiyor
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G.uven.|||r Guvenilir olmasi gok 6nemli. Korunakli ve ben kendimi
. hissediyor . . . . .
Perceived N .| rahat hissediyorum. Net bir sey diyemiyorum ama en
9 . ama sipheli . . .. .
Quality azindan bana zarar verebilecek bir unsur géremiyorum.
dokunmak . S
e Ama dokunamiyorum yani ondan kesin bilgi veremem.
istiyor
Kullanabilecegim bir makinayi boyle dnceden goriip de
kullanmak icin kendimi hazirlayabilmem agisindan hos
Onceden olmus. Gergekligi de yansittigini diislinecek olursak
gelecek gayet hos olmus yani. Gordiugiim kadariyla tek eksikligi
Helpful to ) ..
9 |. . makinayi dokunma hissiyati ama bu asamada bence o da sorun
imagine . I, - e
deneyimleme |degil ¢clinki boyle yeni bir araci daha 6niimiize
imkani gelmeden gérmek cok iyi bir sey. Yani neyle
karsilasacagimizi biliyoruz. Dokunamasam da sanal
gozliik bu asamanin amacini karsihyor.
Normal bir manevra lokomotifinden ¢ok bir farki yok.
Mevcut - ..
makine Normal manevra lokomotifinde de ayni boyle
possibility - .| gorebiliyorum. U¢ noktalar da ayni sekilde. En fazla bu
goruslyle bir e . A
to farki kadar zaten. Gozlikle anlayabiliyoruz. Yani goriintyor
compare . yani. Egilip camdan falan da bakabiliyoruz. VR yani sey
10 . olmadiginin . AT
with deserlendirili olarak gercekci duruyor. Yani gelin bir oturun bu
existent & gozliikten bakin gelin bir de bizim makineye oturun
vehicle p" . bakin. Fark eden bir sey yok yani. Gorilebilirlik
soylenebilmes .. ) .
| degismemis pek. Ama kumanda masasi glizel olmus
icerisi degismis yenilenmis. O acidan gizel.
Gergek
perspektif
10 Realistic gorebilme Sinyalleri grmemizi engelleyecek hicbir engel yok.
Experience |imkani (engel | Oyle de olmasi gerekir zaten.
var mi yk mu
anlasiimasi)
Erisebilirligin | Gaz kolunun konumu daha gulizel elime daha yakin.
test edilmesi | Kullanim kolayligi saglar. Ana kontrol ¢linkd.
10 Realistic ve diger Digerlerinde daha kenarda kaliyor. Gostergeler giizel
Experience |araglarla yerde. Kameranin olmasi en giizel seylerden biri.
kiyaslama Ozellikle telsizin olmasi ¢cok iyi 22000lerde oldugu gibi.
yapilabilmesi | En gok telsizle kamerayi begendim.
- Gergek . Gozliikle rahatga anlayabiliyoruz. Nasil yani (-hangi
Realistic perspektif o ea o o
10 . . Ozelligi test etmemizi sagliyor?) Gozlklyor anlyoruz
Experience | gbrebilme .
; iste.
imkani
erisebilirligin Er|§!m'kolayllg| 5.Suan Yuanl'dlgerme gore daha hani
L hakimiyet daha kolay. Digerinde de mesela arka tarafta
Realistic 360 derece
10 : olan seyler uzak kaliyor. Arka tarafa uzanmam burada
Experience | test A
. .| daha kolay. Digerinde daha zordu. Cok rahat test
edilebilmesi

ediyorum.
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Kolay anlasilabilir organize edilmesi 6nemli. Bu yeni
olan gok iyi yani. Yani dedigim gibi gaz kolundan olsun
suradaki seyler.. Hizi sabitleme kolu.. Her sey dedigim
gibi elimin yakininda olmasi. Ornek veriyorum biraz

10 Realistic Erisebilirligin | 6nce sdylediginiz su hiz sabitleme kolu 11000liklerin hig
Experience | test edilmesi | birinde yok. Yani kolay anlasilabilir organize edilmis V
yazmis burada ama ne bu (-hiz) Bunlari bizim
anlayacagimiz dilde yazarsaniz daha iyi olur, yani hiz
yazalim o zaman. Ya da burada back up aktif yaziyor. O
Tiirkce olabilir. VR ile ¢ok iyi test ediyorum....
360
degree . Kolay alisabilirlik cok 6nemli. Su an ilk defa gordigim
. . Her objeyi . AP P
sightview istedigi aci ve icin zor oluyor. Ama bence bir iki gline ¢ozilir bu.
gl ac (sirayla inceliyor tuslari yaklasarak) Yani el aliskanlig
10 uzakliktan o R . PR . .
3D incelevebilme olabilir. (-bdyle diisiinmenizi saglayan nedir?) Yani ne
movement | . ¥ derken, masayi gériyorum, inceliyorum. Ona gore
e imkani )
ability in konusuyorum iste.)
space
incelenen
senaryoya
gore (kullanici ayakta inceliyor suan) Su kirmizi acil durum
3D ayakta(genisli y yors o
.. | butonu herhalde. (-evet konumunu begendiniz mi?)
movement | k-darlik testi) .
10 I evet aslinda oturarak cevap vermek istiyorum bu
ability in veya ) . . .
.| soruya, tekrar koltuga oturabilirsek.. Evet glizel. Yani
space oturarak(eris . . oo .
. elimle ulasabilecegim bir yerde
me testi) test
edebilme
imkani
Sanal
modellerin
konforlu iyi
saglam Kabin i¢i konfor cok 6nemli. Konforlu derken koltuklar
10 Visual glvenilir mesela giizel. lyi gdriintiyor. Deri degil kumas,
appeal temiz (hep iyi |terletmez. Konforsuz hissettiren bir sey yok. VR ile gok
hissettirecek | iyi test edebiliyorum?! (bu kadar)
sekilde)
hissedilmesi
algilanmasi
Ferahlik hissi dnemli. (-ferah buluyor musunuz?) Evet.
(-hosunuza gitmeyen durumlar var mi?) yok ( hosunuza
- Gergekgi giden neler?) Masa hosuma gitti kameralar hosuma
Realistic - e e g S .
10 Experience derinlik ve gitti. Boyle I¢cim daraliyormus gibi hissetmiyorum.
P boyut algisi Eskisinden daha giizel. (Oda genisligini ne kadar rahat

test edebiliyorsunuz?) Cok iyi test edebiliyorum.
(birebir gercek gibi mi ?) Evet.
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Table F.1 Stage 4 — Raw Interview Data (Turkish) (Continued)

10

having
potential
for
education

Eski tasarim
ile yeni
tasarim
arasinda
farklilik
gosteren
kullanim
ayarlarini
anlayamiyor.
Yeni tasarimi
etrafindaki
ayarlan
tanimlayip
anlatarak
anlatiyoruz.
Gergek aracin
icinde nasil
olacagini
kendisine izah
ediyormusuz
gibi takip edip
anhyor. (o
sirada kafasini
karistiran
konulari
sorabiliyor)
(deneyimleye
rek 6grenme
imkani)

Temizlik konusunda sikinti yaratacak bir sey yok.
Eskisinden daha glizel. Bu alt kapaklarin acildigi  yer
nerede? (-yangin tlipliniin arkasinda arkanizda) Bu
moderabil freni oradan mi iptal ediyoruz? Eskisinde
kapagi aciyorduk oradan vanalari acip kapatip
degistiriyorduk fren modlari degisiyordu. Bunda oradan
mi yapiyoruz? Nereden yapiyoruz? (yeni kullanim
senaryosunu etrafindaki tuslari gostererek
anlatabiliyorum.)

10

Perceived
Quality

Sanal
modellerin
konforlu iyi
saglam
guvenilir
temiz (hep iyi
hissettirecek
sekilde)
hissedilmesi
algilanmasi

Guvenlik hissi vermesi ne kadar 6nemli? Burada
tehlikede hissettiren bir sey yok. (glivende hissettiren
nedir?) glivende hissettiren bir sey de yok. Yani
kullaniyoruz aracin igindeyiz sonugta.

10

3D
movement
ability in
space

Olasi
tehlikeleri 6n
gorebilme

Mikrofon ¢ok mu uzun acaba. Mesela ¢arpma aninda
bu bana etki yaratabilir mi? Yani soyle 6ne dogru
meyillenince sikinti olabilir. Baska da bir sey yok
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ses ile test
etme ihtiyaci (
ama o.rt.am Manevraci ile olan iletisim en énemlilerinden. Sadece
seslerinin . - . L
buna edre telsizle haberlesebiliyoruz. Telsizden gelecek sesin iyi
. & . ve net olmasi ¢cok dnemli. Bunu gercekte géremedigim
10 |lack of VR |analiz edilip . . R . . )
slrece buna bir sey séyleyemem. Hani telsizdeki
hazirlanmasi . . . o . .
. frekans 6nemli. Bu gérmeyle degil duyma ile alakali bir
gerekir. Baska o
bir calismanin €Y
konusu
olabilir)
Sanal Gorsel stil olarak begenmedigim bir sey yok. Gaz ve
modellerin freni begendim. Kamera. Telsiz mikrofon. Baska bir sey
konforlu iyi yok. Eskisine gore soylersek eskisi Sahin, bu Mercedes
saglam gibi duruyor yani. Bu ona gore 10 numara yani.
Perceived | glvenilir karmasik goziiken bir sey yok. On konsol mesela.
Quality temiz (hep iyi | Temizlik acisindan sdyleyeyim. Nasil séylesem. Digeri
hissettirecek | pis ve karmasikti bu boyle temiz glizel yani. Kabin igi
sekilde) teknoloji eskisine gére daha iyi. Daha teknolojik olmasi
hissedilmesi | belki biraz kafa karistirabilirdi. Bu boyle alistigimiz gibi
algilanmasi sade boyle iyi.
Renk kullanimi o kadar 6nemli degil. Bu glizel yani sey
Visual Renk alersi olarak.. Mesela kirmizi glizel yani dikkat gekici. Guzel
10 appeal or ekgi hissettiren yani bilemedim nasil desem. Renkler hos
PP gereexe yani. Renkleri cok rahat test ediyorum. Gergekle birebir
ayni yani.
Sanal
modellerin
konforlu iyi
. s:iglan?' Kontrollerin kaliteli olmasi) Kalitesiz hissettiren bir sey
Perceived | glivenilir . e
10 . . .. | yok. Simdi kameranin olmasi mesela kaliteli gibi
Quality temiz (hep ivi Osteriyor. Ne bileyim kaliteli duruyor iste
hissettirecek | & yor. ¥ yoriste.
sekilde)
hissedilmesi
algilanmasi
Biraz ara verebilir miyiz bu arada gozlerim agridi da.
Discomfort | kafa donmesi | Nasil bir agri oldu gézlintzde? Tipki ilk kez numarali
10 e L s -
sof VR yaratmasi gozlik kullanmak gibi. Hani ilk defa numarali gozlik
takarsiniz da basiniz déner ya biraz onun gibi oldu.
Kontrollerin saglam olmasini simdi bu ekrana gore
10 |lack of VR .do!<unma k(')r.ws,amaylz ama."Dokunmz?\k' lazim. Yani gaz kolu
ihtiyaci bizim gaz koluna gore daha iyi duruyor ama kullanip da

bakmak lazim.
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10

lack of VR

Kullanarak
bakma
ihtiyaci

Kontrollerin glivenilir olmasi ne kadar 6nemli?)
Guvenilir olmasi mi ? Zaten biz o tuslara gore sey
yaplyoruz. Yani mesela su kirmizi tus glivenilir olmazsa
bozuk olursa niye kullanalim. Su an bir de sadece
gorerek bakiyoruz. Uygulamali olmasi lazim bunu test
etmek igin.

182




APPENDIX G

STAGE 4 - PARTICIPANT QUOTATIONS (TURKISH)

1) “Gozlik baya giizel yani aga¢ magag, bulutlar ortami bayagi gergekei gostermis.”
(P09)

2) “Yasadigim sanal ortam deneyimi ¢ok giizel. Her sey etrafimizda siralanmis. Sanki
birebir o ortamdaymisiz gibi. Gergekei yani orada bizimki gibi bir is ortami
yaratmis.” (P0S5)

3) “Su lokomotifin 6niindeki baca var ya o serbest goriis alanin1 engelliyor biraz. Ama
eskisinde daha yakindi aslinda dolayisiyla daha ¢ok alan1 engelliyordu.” (P08)

4) “Goz zevki tabii ki 6nemli. Operator i¢in gordiigi seyi begenmesi 6nemli tabii ki
clinkii calismak i¢in gerekli motivasyonu saglayan seydir bu. Eger gordiigim seyi
begenemezsem tiim giin nasil orda kalabilirim ki?” (P06)

5) “Eger mavi demek yerine turkuaz diyorsam yeterince etkili zaten ¢linkii yakin renk
tonlarini bile ayirt edebiliyorum.” (P05)

6) “Sanal gozliik ile gergekteki gibi kafami ¢evirdigim yerde aradigim 6zelligi
gorebiliyorum. Onceden gosterdiginiz resimlerde 6yle ¢ok anlasiimiyordu.” (P05)

7) “Bu duvarlarin arkasin1 gérme olay1 ¢ok iyiymis, hayalet gibi.” (P09)

8) “Bunlara cevap veriyorum ama eger burada gordiigiim gergek {iriinle birebir ayni
olacaksa, veriyorum. Belki ger¢ek olan bundan biraz daha farkli olacak. Belki bazi
sorulara ona gore cevap vermek lazim.” (P05)

9) “Sanal gozligiin biraz yaniltict pay1 olur gibi hissediyorum, ger¢ek olmadigini
biliyorum sonugta, sadece sanal bir taklit.” (PO1)

10) “Alam biraz dar algiliyorum ama belki gozliiktendir, belki gergekte daha genis
olabilir.” (P09)

11) “Arag simdi yeni ve temiz goziikilyor ama bdyle kalmayacak tabii. Makinistler bir
kullanmaya basladi m1 toz, kir, yag icinde kalacak. Beyaz duvarlar grilesecek, parlak
yerler camur i¢inde kalacak.” (PO1)

12) “Malzemeye dokunmadan kontrollerin, ekranlarin kalitesi hakkinda yorum yapmak
zor. Gorliniigte iyi, eger sadece gordiiglime dayanarak konusacaksam, iyi ve saglam
duruyorlar, ama eger gercekte dokunabilseydim belki yorumum degisirdi o yiizden
yanlis yonlendirmek istemiyorum.” (P02)

13) “Gordiigiim kadariyla tek eksikligi dokunma hissiyati ama bu agamada bence o da
sorun degil ¢iinkii boyle yeni bir arac1 daha 6niimiize gelmeden gérmek ¢ok iyi bir
sey. Yani neyle karsilagacagimizi biliyoruz. Dokunamasam da sanal gozliik bu
asamanin amacini karsiliyor.” (P09)

14) “Tipki ilk kez numarali gézliik kullanmak gibi.” (P10)
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APPENDIX H

STAGE 4 - SUMMARY OF THE INTERVIEW DATA

Table H.1 Stage 4 — Summary of the Interview Data

Potentials of

Data Evaluation | Partici
VR In User Data Content
Source Criteria pants
Evaluation
n Feeling like being in a real work environment
t‘; general
P=3 thanks to the outer world factors such as a User's
E evaluation 2,5,8,9
b3 terrain, rails, other carriages, trees, the wind comment
> of VR HMD
9: moving the trees and the sky
Researcher's
insights 1,2,4,
Perceiving and guessing the real dimensions
based on comfort 5,7,8,
regarding wideness, narrowness and spaciousness
User's 9,10
comments
1,23,
Seeing in real eye perspective - perceiving depth User's
visibility | 4,5,6,7,
of field - detecting objects preventing sight comment
8,9,10
a realistic 1,2,3,4,
User's
immersive | Defining reachable areas reachability | 5,6,7,8,
comment
experience 9,10
Sensing if the controls are suitable with the User's
ease of use 8
standards comment
visibility,
Possibility of comparing with existent real vehicles 1,2,3,
User's reachability,
in terms of visibility, reachability and interior 4,5,7,
comment interior
spaciousness 8,9,10
spaciousness
1,23,
Ability of evaluating visual appeal: what they like User's
visual appeal | 4,5,6,7,
about colors, materials and forms comment
8,9,10
comfort,
User's 4,5,6,
The ability of guessing the objects' material safety,
comment 7,9
visual appeal
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Researcher's

insights general 2,3,5,
VR's being a good communication tool between
based on evaluation 7,8,
the user and the researcher
User's of VR HMD 9,10
comments
general
User's
VR's having potential for education evaluation 8,10
comment
of VR HMD
Researcher's visibility,
the designer's ability of presenting the design to a insights ease of use, 1,2,3,
user clearly and the user's ability to focus on based on comfort, 4,5,6,7,
design details where he looks User's safety, visual | 8,9,10
comments appeal
Researcher's
360
insights
degrees of | The ability of testing if an object is in or out of the 2,3,4,
based on visibility
sight view | active sight view 8,10
User's
comments
The ability of living the moment from a user's Researcher's
general 1,2,3,
viewpoint. In other words, following the acts and | insight based
evaluation | 4,5,6,7,
the points that users look at, by observing their on user's
of VRHMD | 8,9,10
head movements and the vision on the screen movements
The ability of reporting the best sight point in 3D User's 1,2,3,
visibility
space by moving his body and head position comment 46,89
User's visibility,
Detecting problems concerning ergonomics 8
comment comfort
Foreseeing the potential dangers in the moment User's 5,6,7,
safety
of an accident comment 8,9,10
The ability of testing the free moving space in the
User's 1,3,4,
3D cabin and the ease of passing through between to comfort
comment 5,8,9
movement | objects
ability in Researcher's
11213!
space the user's ability of observing around by sitting or | insight based comfort,
4,5,6,7,
standing according to the detail he focuses on on user's reachability
8,9,10
movements
The user's ability of testing the reachability in
different body positions such as when their head
User's 1,3,6,
and one arm is out of the window or sitting in reachability
comment 8,9

different positions like sitting straight or

spreading.

186




Table H.1 Stage 4 — Summary of the Interview Data (Continued)

Researcher's

general 1,2,3,
The user's ability of observing the design in any insight based
evaluation | 4,5,6,7,
angle and distance he wants on user's
of VR HMD 8,9,10
movements
Researcher's
general 3,4,5,
Expressing himself by showing the content he insight based
evaluation 6,7,
talks about with his virtual hands on user's
of VR HMD 9,10
movements
V) User's 1,5,
L'-',; Having doubts about the accuracy of dimensions comfort
D=3 comment 7,9
|_
<Z,: Researcher's
> | therisk of
9( insights
n being Perceiving everything clean, shiny, durable and perceived 1,2,3,
(=) based on
misleading | reliable quality 7,10
User's
in some
comments
conditions
general
the need of experiencing also the real product to User's 1,2,
evaluation
be sure comment 7,9
of VR HMD
1,2,4,
User's perceived
The need of perceiving by touching 6,7,8,
comment quality
9,10
The need of testing by really interacting with the User's
ease of use 5,6,7
control elements comment
ease of use,
The need of starting the engine and operating the User's 1,2,
perceived
vehicle comment 5,9
quality
providing | The need of testing in time by really using the User's perceived 1,4,
limited vehicle comment quality 5,9
reality The need of testing with sounds such as the User's comfort, 2,3,
sound of engine, radio and environmental noises comment safety 10
Insufficient glass resolution for far and little User's 1,3,5,
ease of use
details such as labelling and writings. comment 6,8
general
User's 4,5,
Fuzzy or slightly vibrating image of VR screen. evaluation
comment 6,8
of VR HMD
the detection of VR glasses' narrower sight view User's
visibility 3,7
compared to real eyes. comment
discomfort general
User's
for users in | headset's problem of sweating the face evaluation 3,4,5
comment
long term of VR HMD
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Table H.1 Stage 4 — Summary of the Interview Data (Continued)

general
the problem of evapotation on the VR glasses' User's
evaluation 3,4
screens comment
of VR HMD
general
Feeling pressure on head and face which is caused User's
evaluation 6
by headset comment
of VR HMD
general
User's
Psychologically feeling pressure on eyes evaluation 5
comment
of VR HMD
general
User's
Eye tiring vision of glasses evaluation |1,5,10
comment
of VR HMD
general
User's
Dizziness caused by glasses evaluation 10
comment
of VR HMD
Researcher's
Some user's suffering the difficulties of being a general
insight based 1,2,
stranger to the VR system and having difficulty to evaluation
on user's 3,7
be adapted of VR HMD
movements
unfamiliari Researcher's
general
ty with the | Not being able to use the virtual hand devices insight based 1,3,
evaluation
VR system | correctly and effectively on user's 5,7
of VR HMD
movements
general
Only getting used to the VR system towards the User's
evaluation 3,7
end of the interview comment
of VR HMD
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APPENDIXI

STAGE 4 - IMPORTANCE AND SATISFACTION SCORES (TURKISH)

Table 1.1 Stage 4 — Importance and Satisfaction Scores (Turkish)

KATILIMCI|1|2[{3|4|5|6|7|8|9|10| ORTALAMA
VISIBILITY
})Aragngorugagllarmln|y| olmasi ne kadar 5slslslsls|slsls|s]s 5
onemli?
VR ile ne kadar rahat test edebiliyorsunuz? [3 |54 |3 |4|5(4|4|4|5 4,1
a. Lokom?tlfm L!gnoktalarlnmgoruleblllrllgl slslalsls|s|sls|s]s 4,9
ne kadar 6nemli?
VR ile ne kadar rahat test edebiliyorsunuz? |3 |5(4|4|4|5(4|4|3|5 4,1
b. Lokomotif alaninin ¢evresinde bulunan
vagon, sinyal vb. unsurlarin goris agillarinin |5|5(5|5|4|5|5|5|5| 5 4,9
iyi olmasi ne kadar 6nemli?
VR ile ne kadar rahat test edebiliyorsunuz? |4 [543 |3|5|5|5|5|5 4,4
EASE OF USE
1)AraC|r.1geneI anlamda koléykullamlabilir 5/s5/5(5l5(5(/5/al5] 5 49
olmasi sizce ne kadar 6nemli?
VR ile ne kadar rahat test edebiliyorsunuz? [4|5|5[4|3|5|5|5|3|5 4,4
?. Kon'.(rollereer|§|m kolayligi sizce ne kadar sls5lslsls|sl|sls|s]s 5
onemli?
VR ile ne kadar rahat test edebiliyorsunuz? [4|5|4|4|5|5|5|5|5|5 4,7
b. Kontrol masasinin kolay anlasilabilir
sekilde organize edilmesi sizce ne kadar 5|/5(5|5|5|5|5|5|5|5 5
onemli?
VR ile ne kadar rahat test edebiliyorsunuz? |3 |54 |5|4|5|5|5|4| 5 4,5
c. Kon'trol masasmm koIayaI|§|IabiIir§el.<iIde 5/si5(5l5(5(5(5(3] 5 4.8
organize edilmesi sizce ne kadar 6nemli?
VR ile ne kadar rahat test edebiliyorsunuz? |4 |5(4|4|4|/2|5|5|1|5 3,9
COMFORT
}) Kab!n icindeki genel konfor ne kadar slslalslalslsls|s]s 48
onemli?
VR ile ne kadar rahat test edebiliyorsunuz? |4|4(44|5|5[5|5|2|5 4,3
?. Kab|'n icindeki ferahlik hissi sizce ne kadar slslslslalslals|s|s 4,6
Onemli?
VR ile ne kadar rahat test edebiliyorsunuz? [4|5|5|4|5[5[3|5|5| 5 4,6
b'. Kabin iginin Ifolayt.emlzleneblllrolma5| slsl3ls(3lslsl3ls]1 4
sizce ne kadar 6nemli?
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Table I.1 Stage 4 — Importance and Satisfaction Scores (Turkish) (Continued)

VR ile ne kadar rahat test edebiliyorsunuz? |[5|5|5|5|3|5|5|5|2| 5 4,5
SAFETY

1) Kablnnlngu.venllkh|55|verme5|S|zce ne slslslsls|slsls|3]s 48
kadar 6nemli?

VR ile ne kadar rahat test edebiliyorsunuz? |43 (5|5|3 (55|52 4 4,1
a. Kabin igcindeki ylizeylerin bir carpma

aninda kisiye zarar vermeyecek sekilde 4|/5|5|5|5|5|5|5/4|5 4,8
gortiinmesi sizce ne kadar onemli?

VR ile ne kadar rahat test edebiliyorsunuz? [3|5|5(4|4|3|5|5|3|5 4,2
b. ManevtaC||Ie_oIan|Iet|§|m kolayhgi sizce alslslslslslsls|s|s 4,9
ne kadar 6nemli?

VR ile ne kadar rahat test edebiliyorsunuz? |4 (54|34 |3|5|5|3|1 3,7

1) Kabin icini gorsel olarak begenmeniz ne

kadar 6nemli? 31313144 |5(1]3)4]2 3,2
VR ile ne kadar rahat test edebiliyorsunuz? [4|5|4|4|4|5[4|5|5]|5 4,5
a. Kablp|(_;|n|.nsadegorunme5|5|zcene clolalalalslslslala 36
kadar 6nemli?

VR ile ne kadar rahat test edebiliyorsunuz? [3|5|5(4|5|5[4|5|4| 3 4,3
b. Kab|"n|(_;|n|_nteknoIOJlkgorunmeS|5|zcene alslal1lalilil3l1!1 22
kadar 6nemli?

VR ile ne kadar rahat test edebiliyorsunuz? |3 |5|4|4|5|5|4|5|5|5 4,5
C. KablP |c;|nd'ek| renk kullanimi sizce ne alslalslsl1lalals! 1 28
kadar 6nemli?

VR ile ne kadar rahat test edebiliyorsunuz? |4 |5(5/4|5|5[5|5|5|5 4,8

1) Kabindeki kontrol ve ekranlarin kaliteli

. . 5(4(3|5(4|4|5|5|5]|2 4,2
olmasi ne kadar 6nemli?
VR ile ne kadar rahat test edebiliyorsunuz? [2|3|5(2|4(1|2|5|3|5 3,2
2) Kabindeki konEroIvgekranIarm saglam slslalslslslsls|s] s 45
olmasi ne kadar 6nemli?
VR ile ne kadar rahat test edebiliyorsunuz? |3 |4(24|3(3(2|1|1|1 2,4
3) Kabindeki kontrol ve ekranlarin givenilir 5/5/5(/5!5(5(5(3|5] 5 4.8
olmasi ne kadar 6nemli?
VR ile ne kadar rahat test edebiliyorsunuz? [3 (4|43 |4(1(3|4|3|1 3
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