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Abstract  
This thesis investigates the design of  a front seat for the "Buddy" tandem tricycle, 

focusing on key features that enhance comfort and confidence for elderly passengers 

(65+) with changing medical conditions. The research aims to identify the 

functionalities needed to effectively meet the needs of  the target group and to 

understand why existing seat designs, such as those from HP Velotechnik or VanRaam, 

are not viable solutions  currently . The subgoal is to create a prototype integrating 

these functionalities for further development by VanRaam. The design brief  addresses 

the question: òWhat are the essential features for the front seat of the ôBuddyõ tandem 

tricycle to maximize passenger comfort, confidence, and aesthetics?ó  

Using the Design Thinking approach, this study involves iterative low-fidelity 

prototyping and user -centred design. Key findings indicate that a functional seating 

angle of  123 degrees, side bolsters, lumbar support and adaptable ergonomics are 

crucial for meeting the target groupõs needs. The iterative process reveals that both 

ergonomic and perceived comfort  and stability  are critical . Furthermore, aesthetic 

design plays a vital role in perceived comfort and stability as well.  

While the study demonstrates the value of  user -centred design, it also notes 

limitations due to the time -intensive nature of  the iterative process. Future research 

should include material s, business case, bicycle access and durability tests.  

Keywords:  Design Thinking method, Ergonomics, Comfort, Stability, Aesthetics, User 

emphasizing, Prototyping  
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Preface  
My study time is coming to an end with this masterõs thesis for the Industrial Design 

Engineering program, specializing in Human -Technology Relations. When searching for 

a masterõs assignment, I was contacted by Jolien to come by and have a conversation 

about the opportunities, and here we are. After about nine months, I can now present 

my masterõs thesis, òDesign of a Front Seat for the Buddy Tandem Tricycle.ó The aim 

of  this thesis was to provide the Ideeënfabriek and Van Raam with insights into which 

functionalities are essential for a front seat when empathizing with the target user is 

the primary research method. This was a meaningful design challenge that connected 

my masterõs program, òHuman-Technology Relations,ó with the real world. My 

personal goal was to contribute something valuable to the company, learn how to 

undertake a design process in practice, and eventually obtain my masterõs degree in 

Industrial Design Engineering at the University of  Twente.  

The process provided me with the opportunity to put my coursework from the masterõs 

program into practice. Conceptual design methods aided me in realizing the 

importance of  empathizing with a target user and understanding its limitations. The 

graphic language of  products helped me in the aesthetic design of  the seat, and 

Embodied Interaction was useful for empathizing and iterating during the design 

process. Interestingly, the bachelorõs course, Design for Specific Users, also helped me 

a lot during this project.  

Throughout the research and iterative design process, I took the opportunity to talk to 

numerous target users, experts, caregivers, and stakeholders ñsomething that makes 

the design process enjoyable for me personally. I want to express my gratitude for the 

time and enthusiasm with which everyone participated. These people are the 

backbone of  this thesis, and without them, I would have probably ended up designing 

a seat for myself. Their input will take the final result to the next level.  

Finally, I would like to thank everyone working at Ideeënfabriek: Pau, Ruben, Iggy, 

Mitchel, Patrick, and Luc, as well as my company supervisor Jolien Heeman, for the 

critical feedback and questions when I needed them most. They helped me remain 

critical of  my own work and supported me through various challenges. Last but not 

least, I would like to thank my UT supervisor, Wouter Kets, for his feedback, time, and 

positive attitude throughout the entire process. His guidance helped me maintain 

confidence and motivation when challenges arose. Itõs safe to say that without him, 

this thesis would not have been completed in the time it took.  

I hope that this thesis brings joy to the reader.  

Tim Arts  

Enschede, August 23, 2024  
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Chapter 1: Introduction  
This chapter entails the initiation of  the project by looking at the company, VanRaam, 

the client, Ideeënfabriek, and the previous research done on the òBuddyó bicycle, the 

bicycle of  interest for this the sis.  This provides a structured introduction into the topic 

of  the thesis which will be further defined in the design brief  section.  A look into why 

the seat of  the Buddy needs to be addressed based on research hypotheses formed by 

Ideeënfabriek, the client of  the thesis, is provided. These hypotheses entail the target 

group of  the Buddy, the newly to be designed bicycle, the ergonomics of  the seat 

which are off  and possible stigmatization and perceived safety issues. This will form 

the backbone of  the research and development process described in this thesis.   

  

1 
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1. VanRaam  
In this chapter, a brief  introduction into the company is given. VanRaam is a 

manufacturer of  modified bicycles that specialises in the manufacturin g of  tricycles, 

mobility scooter bicycles, low entrance bicycles, duo bicycles, tandems, wheelchair 

bicycles and transport bicycles (figure 1).  

 

Figure 1: VanRaam bicycle line-up 

The core values of  VanRaam consist of  contributing to the integration and inclusion of  

impaired people within society by providing them with sustainable and contemporary 

mobility solutions. This is also embedded in their mission and vi sion  (Van Raam, 

2024) .  
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VanRaam operates in a niche market compared to conventional bicycle manufacturers, 

offering bicycles at a higher retail price. Sales figures for VanRaam in 2023 varied 

significantly, as shown in the table below:  

 

These specific bicycles are highlighted because the assumption within Ideeënfabriek is 

that the Buddy  bicycle has the potential to:  

1.  Replace the Twinny Plus bicycle.  

2.  Serve as an alternative to the Fun2Go for individuals who prefer  active  cycling 

over socializing when cycling together.  

3.  Provide an alternative to the Opair bicycle for individuals with challenges who 

want to actively engage in the cycling experience rather than just being seated.  

Additionally, the Buddy  bicycle has the potential to attract new customers to 

VanRaam, as there is no similar concept offered by competitors, potentially filling a 

gap in VanRaam's product lineup.  This is visualised in the section òTarget groupó.  

Projecting annual sales for the Buddy  bicycle is challenging, but within Ideeënfabriek, 

a figure of  300 units per year is considered realistic. This estimate will be useful in 

later stages of  the project when design for manufacturing becomes a focus. Taking 

this sales figure into account will help ensure that the design is scalable and feasible 

for production.  

  

Figure 2: Sales figures of certain VanRaam bicycles 

Bicycle  Sales numbers quantity (2023)  

VanRaam Fun2Go  +/ - 2200  

VanRaam Twinny Plus  146  

VanRaam Opair  309  
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2. Ideeënfabriek  
In addition to VanRaam, t he client for this thesis is 

"Ideeënfabriek," the pre -development research and 

development division of  VanRaam bicycle s. Ideeënfabriek 

has extensive experience in developing prototypes in 

collaboration with students. These prototypes play a crucial 

role in VanRaam's strategy to innovate and stay competitive. 

At Ideeënfabriek, prototypes are always tested with the 

target group. Once a concept is validated and deemed ready 

for production and market introduction, it is handed over to VanRaam's R&D 

department for materialization and launch. It's essential to consider these themes 

from the project's initiation  

Buddy Bicycle  

The òBuddyó bicycle has been in development for 

several years now. During this time, several students 

have worked on different topics in order to establish 

the bicycle. The bicycle started its life as an 

alternative for a competitor bicycle named the òHase 

Pinoó. However, this is a bicycle tandem and 

therefore lacks stability. The choice was therefore 

made early on to design a tricycle. Within the product 

range of  VanRaam there was also a need for a bicycle 

that gives the impaired person a sense of  autonomy 

and sportiness /activeness . This is when the idea of  

the òBuddyó bicycle was first established. The first 

research that was done by a student was the wheel 

lay-out. It was found that a tricycle with two smaller 

wheels at the front was the preferred lay -out because of  stability, sportiness and less 

stigma  (Van Dort, 2023) .  

Within Ideeënfabriek, several o ther students have already worked on the Biddy bicycle, 

or on related products. From these projects, some requirements and assumptions can 

be taken to be used for the design of  the seat. These are the following:  

 

¶ The target group is of  age 65+ and has a changing medial condition  

¶ The bicycle has to give a sense of  safety to the user  

¶ The first experience with the bicycle is very important  

¶ The straighter the seating a ngle, the less sporty the bicycle is experienced  

¶ Seating angle should be 45 degrees  and the centre of  mass of  the front rider 

should be 7,5 centimetres from the front axle inward for the bicycle to remain 

stable.  

¶ The seat has to h ave a backrest  

¶ The bicycle  should not b e difficult to get in or out from  

¶ The seat should have a daptable ergonomics  

¶ The bicycle  should give t he user a sense of  autonomy  

¶ Ergonomics should be suitable for p5 -p95 of  the decided population  

¶ Hip angle of  rider s hould be at least 95 degrees  

¶ Lumbar support should be a vailable based on dimensions of  population  

Figure 3: Hase Pino bicycle 
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Some of  these assumptions are hard requirements that can be used as the 

foundations for the ergonomics of  the seat design. It has to be seen whether all these 

assumptions are applicable to this specific project. However, it does provide for an 

insightful starting point for the design of the seat for the òBuddyó tricycle. 

 

Secondly, i n the month before m y arrival at Ideeënfabriek, my daily supervisor did 

some end user test with the òBuddyó prototype with the current, competitor seat fitted 

at a functional seating angle of  112 -116  degrees, with a sitting area angle of  12 -14 

degrees.  

The participants find the seating position on the bicycle uncomfortable, especially the 

posture required for pedalling feels awkward. The test was done at home with intended 

end users, they got the opportunity to cycle with the òBuddyó (Heeman, 2023) . The 

main takeaways are listed below.  

¶ Sitting in front gives a sense of  autonomy and is preferred over sitting in the 

back, which feels passive.  

¶ The feeling of  stability and safety is highly positive, especially compared to 

traditional two -wheel tandems.  

¶ The pedalling position is far from ideal as some find it challenging to exert 

enough force on the pedals.  

¶ Sportier users, particularly those with disabilities or injuries, tend to prefer the 

"Buddy" over the "Fun2Go" bicycle.  

¶ The current bicycle design might not be suitable for smaller adults and children 

due to the distance from the pedals and seat.  

¶ Larger individuals, over 100 kg, may also find the cycling experience 

uncomfortable due to their size.  

¶ The "Buddy" bicycle might be more suitable for individuals with mild mental or 

physical disabilities, offering a more active cycling experience with features like 

individual gearing and braking.  

 

  Figure 4: The Buddy prototype as it currently stands with the HP Velotechnik seat  
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Chapter 2: Design Brief  
In this chapter, the design brief  for the initial research phase will be established. It 

initiates the assignment by looking into assumptions from previous research at 

Ideeënfabriek from which the initial research questions are shaped. Also the scope will 

be defined in this chapter.   

2 
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1. The Assignment  

As mentioned briefly in the previous section, the current seat fitted onto the prototype 

is found to be uncomfortable when testing with target users. Thus, this problem needs 

to be tackled. Next to this, the assumption within the Ideeënfabriek exists that the 

requirements for the seat of the òBuddyó differ significantly to the requirements for 

the seat of  for instance, the Fun2Go and the EasyRider3  (figure 5). This has to do with 

the core values that the bicycle aspires to fulfil  in order to be an addition to the 

current line -up.  

 

Figure 5: VanRaam EasyRider3 seat and Fun2Go seat 

The following assumptions need to be tested:  

1.  The ergonomics of the seat are not correct, as many test subjects were sitting 

awkwardly in the chair. The backrest angle appears to be the main issue.  

2.  The Buddy is a more sporty  or active  bicycle, so the seats need to meet 

different requirements.  

3.  Because the passengers' feet are the furthest point forward, significantly in 

front of the front axle, there might be a perception that the passenger could 

touch the ground when going over speedbumps or pavements. Therefore, it 

might be necessary to add some kind of protection to the bicycle for perceived 

safety.  

4.  The bicycle's length and size might create a stigma. Consequently, the 

aesthetics of the seat could either counteract or contribute to this stigma, 

affecting the overall appearance of the bicycle.  

5.  The target audience is defined as 65+ with changing medical conditions, 

however physically or mentally challenged persons might also be included as 

well as people recovering from surgery that are under treatment at an 

occupational therapist.  

These assumptions are the initiation of the project. In the next section, research 

questions based on these assumptions will be establ ished.  
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2. Research Questions  
The main research question of  the master thesis that will be performed at 

òIdee±nfabriekó is formulated as follows:  

òWhat is the ideal cycling experience regarding the seat for the target audience 

sitting in the front seat of the òBuddyó tandem tricycle?ó 

The main question entails several aspects that are not yet defined. These aspects can 

be defined through the answering of  sub questions in specific categories.  

In order to answer the main question, several sub questions will be answered. In these 

sub questions the emphasis  will lie on the human product interaction among others. 

The sub questions have been established in the initial phase of  the project and are 

based on assumptions around the Buddy bicycle project  from previous research 

conducted at Ideeënfabriek . The following sub questions have been established:  

 

1.  How is the target  group defined?  

2.  What are the most important needs and wishes for the target group?  

3.  Wat are the ideal ergonomics for the seat with the target group in mind?  

4.  Does perceived safety affect the passenger of  the Buddy  and can this be 

influenced by the design of  the front seat?  

5.  Is the Buddy  stigmatising and can this be solved through design of  the front 

seat?  
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3. Approach  and Planning  
In this section, the approach of  this thesis will be elaborated. In order to add some 

context into the depth of  this master 

thesis, NASAõs framework for technology 

readiness will be used (figure 6) (Sauser 

et al., 2006) . This framework is used 

because it provides a clear point of  view 

to everyone in the project on the state of  

progress of  the development and the 

necessary next steps that need to be 

taken in order to move forward in the 

direction of  production. Initially, this 

project started at TRL level 0 where only 

basic observations have been made on 

the seating position issues of  the Buddy 

bicycle. The aim is to reach technology 

level four with this project; thus getting 

to a partial scale model or prototype. In order to reach this, the following approach 

will be adopted.  

 

The main approach for this thesis is somewhat different to the most common 

approach in product design. Oftentimes, the double -diamond design method is 

referred to as being the most effective approach to product design (Design Council, 

2005) . However, at Ideeënfabriek it is desired to have a low fidelity prototype early on 

in the design.  Therefore, the design thinking model will be the methodological 

approach. The design thinking approach puts the end user central in its approach in 

order to solve a problem or design challenge. The design thinking approach 

(Chasanidou et al., 2015)  generally consists of  five phases: Empathise, define, ideate, 

prototype and test. For this thesis these steps will also be followed . There is however a 

slight alteration to be made in terms of  the report structure. The design thinking 

method is visualised in figure 7 in blue; the design & development phase entails the 

ideate, prototype and test cycle that will be followed multiple times. For the sake of  

this thesis, an introduction, design brief  and final design & conclusions have been 

added.  

 

 
Figure 7: Approach for this thesis 

 

Figure 6: NASA framework for Technology Readiness Level 

(TRL) 
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Inherently, design thinking is an iterative process. However, in order to put emphasi s 

on this, the key feature of the òdesigning better businessó approach; understanding 

the point of  view at any stage of  the design process is imperative , therefore, the 

design and development phase is a non -linear process. Below, the thr ee main par ts 

will be elaborated.  

 

Empathize   

The Empathize  phase consists of  two parts, literature research and user interviews. 

The literature research has the purpose to establish a clear point of  view for the 

formulation of  the hypotheses that will be of  use in the design process. The research 

will be done through a formulation of  an initial main research question and 

corresponding sub questions. The research will be focussed on existing project 

knowledge and specific information regarding tandem seat design. The objective of  

the research is to clarify the target group, gather information about the market, 

ergonomics, stigma and safety, to eventually answer the preliminary research 

questions.  

 

Define  

The second part of  the research phase is called define . In this phase the targeted end 

users are involved in the design process through direct engagement in the form of  

interviews to understand their priorities and to empathize  with their lives. The focus 

will be on identifying the most relevant subject for the design of  the seat of  the 

òBuddyó tandem bicycle. The subjects that will be of interest come from literature 

research and are safety, ergonomics and stigma. The objective is to find out which of  

these three subjects will become the primary design theme to guide subsequent 

phases of  the design process. This phase is done when a clear framework is 

established for the design and development phase as well as a clear formulation of  

the design challenge and corresponding to be verified assumptions.  

 

Design and Development  

The next phase of  the project will be the design process. The design process is 

visualised in figure 7 and is based on the òdesign thinkingó method. The design 

process will commence by using the outcomes of  the empathize  and define phase. 

The aim is to solve the design challenge that has been formulated. This will be done 

through an iterative process that includes preliminary tests, midterm focus group, 

aesthetics questionnaire, and two target user tests. Each of  these subphases will 

consist of  a ideate, prototype and test phase in order to test and cover as many topics 

as possible.  

 

Conclusions and Recommendations  

The finalization of  this thesis will be drawing up conclusions and offer 

recommendations based on the prototype, tests and the general project outcome. The 

target is to provide finalised design guidelines and a òfinaló conceptual  design  

integrating all the findings from this thesis that will help Ideeënfabriek and VanRaam 

moving forward with this project into future endeavours.  
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Methodological framework  

The òDesign better businessó (Pijl et al., 2016)  approach of  continuous awareness 

throughout the cycle of  a design process that leads to an everchanging design 

perspective will be imperative during this design phase.  The re ason for this is that It is 

easy to get lost in your own thoughts, this method can then aid you in being critical  

and ask the question: òwhy do this, and why do this now?ó The design better business 

method does have overlap with the Design thinking method that is commonly used in 

product design; as they both incorporate an iterative design cycle with constant 

enhancement of  the understanding of  the problem and design vision. For this thesis, 

the design thinking method will be the main framework as it puts the end user central 

in the development of  a product (Chasanidou et al., 2015) . Next to this, for each 

section in this thesis, the MoSCoW method of  design criteria prioritization  (Hudaib et 

al., 2018) .will be used in order to structure the outcomes of  each section. These 

design criteria will be critically reviewed in every sec tion and chapter of  this thesis 

before being shaped into requirements in the final section .  

 

Moscow method  

The Moscow method will be used in this thesis in order to establish the priority of  

certain requirements based on the target user needs. The design thinking method 

allows for iteration based on user input. This user input however needs to be 

structured in order to make sense of  all the data obtained from these interactions. The 

Moscow method is chose because of  its ease of  use  (Hudaib et al., 2018)  and ease of  

readability  for everyone involved in the process. Furthermore, because this thesis is a 

preliminary research into the needs and wishes for the seat from a user perspective, 

specific measurable requirements will only limit development early on in the design 

process, hence these will only be of  use in the final design section of  the thesis. The 

Moscow method provides a tool th at ensures confidence  from the user, consistency, 

low difficulty and low effort, making it a suitable tool to establish the most important 

functionalities from the user involvement  (Khan et al., 2015) . The prioritizing will be 

done through the answering of  the following questions:  Must: òWhich criteria  are 

critical to success?ó, should: òWhich criteria have high impact on success but are not 

critical?ó could: òWhich criteria have low impact on success?ó wonõt: òWhich criteria 

are beyond scope and for later development?ó 

 

 

Flexibility and Iteration  

In figure 8, a broad overview of  the approach is given with all the phases. This timeline 

does not show that there is time to spare. However, time planning is an iterative 

process thus this can be subject to change.  This timeline gives a broad overview of  the 

steps needed to be taken in order to integrate the design thinking method into the 

process. At this point in time it is rather difficult to make a proper estimation of  how 

time -consuming every step will be , what is clear however is that the iterative design 

and development will be the core of  this thesis and will therefore take up close to 20 

weeks of  the timeline.  

Figure 8: Broad overview of planning for this thesis 
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4. Scope  

The primary focus of  this thesis is the initial design phase of  a prototype seat for the 

òBuddyó bicycle for the passenger. The scope will be defined by addressing the main 

and sub -questions, and this section aims to further elaborate on the scope by 

delineating the included and excluded elements of  the study.  

 

The initial part of  this thesis will delve into the target user, how are they define and 

what are their specific needs and wishes for the to be designed seat. This research 

phase will include the following topics:  

 

¶ Target group definition  

¶ Stigma and Appearance  

¶ Safety  

¶ Ergonomics  

 

Afterwards, the design phase will commence, following the design thinking method 

with constant iteration, prototyping and testing. Excluded from this phase is material 

iteration, prototyping and testing, the focus initially is to explore which functionalities 

are an absolute must have for success based on user involvement . Also, design for 

manufacturing will not be done in this part , as this will be done much further on in the 

development of  the seat . This part of  the thesis aims primarily to test hypotheses 

from the research and emphasis phase with target users to see which functionalities 

are a necessity to effectively cater for the target group.  

 

The final part of  the thesis will provide a  conclusion which addresses the design 

requirements based on the research performed for the eventual design for the 

passenger. Included in these requirements are the functionalities that have been tested 

during the design phase as well as requirements that have been set in earlier research. 

Also, a final representation of  the ideal seat with aesthetics will be provided  together 

with a ballpark cost estimation that will aid the concept choice.  What will not be 

provided are the following elements: Material recommendations, design for 

manufacturability, Finite element method force calculations and a proper business 

case with cost estimation, as this is too preliminary.  
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Chapter 3: Empathize  
In this chapter, the point of  view of  the current situation with respect to the project 

will be explored, defined and understood. This will act as the starting point for this 

master thesis. Firstly, the target group will be defined . At the end of  this chapter a set 

of  assumptions will be defined that will be the guidelines for the initial ideation and 

prototyping. The initial problem statement is defined and researched through 

literature research. These early problems are based on previous research at 

Ideeënfabriek and through some assumptions that are made. In order to challenge 

these assumptions, a literature study on ergonomics, stigma and safety will be done. 

Based on this, the initial assumptions will be analysed to see whether they are still 

relevant and if  the problem needs to be reframed. In this phase, the actual focus and 

scope of  the research will be defined. This section will then be concluded with a list of  

design criteria from which the design process can be initiated.  

  

3 
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1. Literature Research  

Target Group Analysis  

Initially, the target audience for the òBuddyó bicycle was defined as elderly people 

aged 65+ with changing medical conditions  by Ideeënfabriek . An example of  this is 

Parkinsons disease. This illness can be divided into stages. For a full breakdown, see 

Appendix C, the target group for this specific bicycle would be people suffering from 

Parkinsonõs stage three and four where they become more and more dependent. 

However, after discussions and testing, the scope expanded to include:  

 

1.  Elderly recovering from mobility -impairing injuries (e.g., brain injury, hip 

replacement).  

2.  Younger individuals with physical or mental challenges (e.g., Down syndrome).  

 

 

To better understand 

how to address these 

diverse needs, a Venn 

diagram was created.  

This diagram highlights 

both the overlapping and 

distinct characteristics 

among the three groups . 

It serves as a visual tool 

to identify common 

features that can guide 

the design process while 

prioritizing the primary 

target group.  

 

 

The Venn diagram 

reveals several shared 

needs across the groups, 

such as stability, ease of  

use, and confidence 

while cycling. These 

commonalities suggest 

that by focusing on the 

65+ group, the design 

can also meet many needs of  the other 

two groups. For instance, designing for 

stability and safety not only supports 

elderly users but also benefits those with 

Down syndrome or those recovering from 

injuries.  

 

However, distinct needs are also evident:  

¶ The 65+ group often requires 

enhanced ergonomic adjustments 

due to reduced mobility.  

¶ Younger individuals with Down 

Figure 9: VENN-diagram of the three potential target groups, Blue is 65+ 

changing medical condition, Red is younger challenged people. Yellow is 

People who are recovering from surgery 

Figure 10: VENN-diagram of supervisor-passenger needs 
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syndrome may benefit from simplified controls or visual cues.  

¶ Those recovering from injuries need temporary support features that can adapt 

as they heal.  

 

Market analysis shows that the 65+ group is the largest potential market. In the 

Netherlands, nearly 2.8 million people fall within this age range, expected to increase 

to almost 5 million within ten years  (CBS Ouderen, 2024) . Around 210,000 of  these 

individuals suffer from dementia (154,000 people) or Parkinsonõs (53,000 people) 

(Ministery of  Welfare and Environment, 2018)  

The secondary groups include 13,300 people with Down syndrome (Stichting 

Downsyndroom, 2024)  and those recovering from strokes (521,500 people) or hip 

arthritis (359,000 people, with 24,000 hip replacements annually) (Volksgezondheid 

En Zorg, 2024) ; (Hipreplacement, 2024 ). Additionally, 811 occupational therapy 

practices represent a market for caregivers purchasing the bicycle (Dutch cargiving 

autorothy, 2024)  

 

Given the significant overlap of  needs, focusing on the 65+ group allows the design to 

address the broadest range of  users. The Venn diagram analysis supports prioritizing 

this group while still considering the needs of  secondary groups without 

compromising overall functionality.  This leads to these design criteria. The first is 

critical to success where as the other has low impact on success of  the seat.  

 

 

 

 

 

 

 

 

 

 

 

 

 

-  

  

 

The seat shall  cater to the needs and wishes of  elderly with changing 

medical conditions  

The design of  the front seat shall include  people with down syndrome and 

people recovering from surgery  

Design Criteria  
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Stigma and Appearance  

òMany well meaning interventions fail; not because they are not helpful, but because 

they are not appealing. To improve day -to-day hardship, designers must do what 

clinical solutions do not: treat those in need as regular customers, whose emotions 

drive decisionsó (Vaes et al., 2014) . In other words, for the design of  the seat it is 

imperative to get involved with the target group in order to tackle product related 

stigma . This is critical for addressing product -related stigma, as empathize d by Keates 

and Clarkson (2002), who argue that inclusive, stigma -free design should be a core 

activity within the design process  (Keates & Clarkson, 2002) . Kouprie and Visser also 

illustrate this necessity (Figure 11). 

 

Stigma encompasses various definitions, including "an often visible perceived mark or 

spot," "belonging to an individual or group," "situated in a particular social context," 

and "something that violates standards and/or induces aversive emotions in others" 

(Vaes et al., 2014) . The Cambridge Dictionary (2023) defines stigma as "a strong 

feeling of  disapproval that most people in a society have about something." Stigma 

usually manifests in bystanders rather than users, especially for those using medical 

or assistive devices due to physical or mental challenges  (Vaes et al., 2014) . Such 

devices are often overlooked by designers, who focus primarily on technology, 

functionality, and basic usability, neglecting the experiential aspect, which could 

otherwise provide emotional benefits such as empowerment, autonomy, and a sense 

of  safety (Vaes et al., 2014) . 

There is however another way of  looking at stigma: The "Product Appraisal Method for 

Stigma" (PAMS) suggests that as long as the user's goals are met by the product, the 

user may minimize the impact of  stigma, encapsulated under "consequences of  

product use (meaning)" in the PAMS model. The user's goals reflect their intentions 

and desired outcomes (Vaes et al., 2014). Thus, designing to counteract stigma 

requires addressing other stakeholders as well , as they perceive stigma , whereas the 

user needs fulfilment outweighs stigma up to a limit , this limit is difficult to pinpoint 

without user empathizing . In the next section, the bicycle design will be reviewed  in 

terms of  stigma.  

  

Figure 11: User empathizing  (Kouprie & Visser, 2011)  
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Appearance of the Bicycle  

The Buddy bicycle's design includes three 

aspects that could contribute to stigma. 

Firstly, individuals who lack stability or 

confidence may avoid tricycles or recumbent 

bicycles due to associated stigmas 

(Hagemeister et al., 2018) . Krause et al. 

(2013) note that people often assume 

tricycles have many disadvantages without 

having tried them  (Krause et al., 2013) . 

Cognitive dissonance plays a role, as 

individuals recognize that a tricycle could 

solve their mobility issues but hesitate to 

use one due to stigma. Acceptance of  

tricycles increases if  they are perceived as 

non-senior products and marketed as 

"sporty" or "fun" (Krause et al., 2013).  

An entrepreneur in the Netherlands with the company "Tworby" has observed a shift 

away from tricycle stigma due to safety concerns (Van Den Berg, 2023) . This shift 

might be due to changing perceptions over time, but there is insufficient evidence to 

draw firm conclusions. For this thesis, it is assumed that the tricycle aspect of  the 

Buddy bicycle is not the primary source of  stigma  as people seek for functionalities 

that cater to their needs rather than holding themselves back by the visual appearance 

of  a product.  

Secondly, the recumbent position of  the front seat can also lead to stigma. Recumbent 

bicycles are often perceived as technical and lack status, associated with being for 

"challenged" individuals. Interviews with bicycle fitters at Van Raam revealed a 

preference for upright seating, aligning with findings that a recumbent position is seen 

as vulnerable (Daams, 1999) . However, the Buddy is mainly a tandem, not a 

recumbent bicycle, so the front seat's position is not considered the most stigmatizing 

aspect.  

Finally, the size of  the Buddy bicycle, being a tandem tricycle, raises the question of  

stigma associated with tandem bicycles. Vaes et al. argue that tandem bicycles 

empathize  the impairment of  one rider, leading to societal and bystander perceptions 

of  dependency. Despite some awareness that tandems can break down barriers 

(Buletin Mutiara, 2023) , this awareness is not widespread. Thus, the tandem aspect 

might be the most stigmatizing feature because it highlights the passenger's inability 

to cycle independently.  

These three factors cannot be considered in isolation, as the Buddy integrates all three 

into a new concept. Therefore, assumptions based on isolated aspects may be 

misleading. Thus, target group interviews are essential to understand perceptions of  

stigma and the reasons behind them.  

  

Figure 12: VanRaam EasyRider3 
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Non -Stigmatizing Design Toolbox  

In order to initiate  design to counteract stigma, Jacobsen (2010) has identified three 

strategies : 

1.  Disguising stigmatizing features.  

2.  Redirecting attention from stigmatizing features to other aspects.  

3.  Transforming stigmatizing features into elements that convey prestige or status.  

These guidelines can help minimize stigma in the Buddy bicycle's design, particularly 

the front seat. Vaes (2014) presents a non -stigmatizing design toolkit, emphasizing 

the need to address product, user, and culture interventions. Relevant product 

interventions include making the seat an eye -catching object to distract from its 

assistive function. User interventions aim to empower individuals, enhancing their 

abilities, while culture interventions focus on changing public perceptions. 

Incorporating these strategies in both design and marketing is essential for success  

and can also aid to counteract perceived stigma in the design of  the Buddy tandem 

bicycle.  

Gestalt  

Designing to reduce stigmatization involves considering the "gestalt" of  an artifact, 

encompassing colo ur, material, surface structure, taste, sound, appearance, and 

overall function (Demirbilek & Sener, 2003) . Gestalt can be divided into four semantic 

functions (Mono↓, 1997) . Specifically in the context of the òBuddyó, this implies the 

following.  

¶ To describe : defining the product's purpose and function.  

¶ To express : conveying product properties such as autonomy, stability, 

sportiness, and quality.  

¶ To signal : prompting specific user reactions, like caution , comfort or safety.  

¶ To identify : linking the product to its purpose, brand, and system.  For this, a 

Brand identity prism can be helpful.  

For the Buddy's front seat, the gestalt should describe the seat's function for the 

passenger, express autonomy, stability, activeness, and quality, and avoid signalling  

impairment. It should also align with the VanRaam brand.  
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Figure 13: Brand Translation Prism for VanRaam 

Gestalt is commonly used in graphic design but applies to 2D and 2.5D product 

design (Mulder, 2023)  Understanding visual language through a brand translation 

prism (Figure 13) helps ensure the design fits the VanRaam brand without isolating 

any single aspect.  if  a design fits with the VanRaam brand it can be considered a 

bicycle with a particular design that doesnõt necessarily indicate impairment. 

Modern rhetoric (Mulder, 2023)  aids in explaining why specific designs or 

visualizations are persuasive, using ethos, pathos, and logos. For the Buddy bicycle:  

¶ Ethos: The seat is ergonomically designed for specific human anatomies.  

¶ Pathos: The seat's appearance matches user expectations, needs, and wishes.  

¶ Logos: Literature supports the seat's comfort and stability.  

Pathos, focusing on visual language, is crucial. Colour  theory and visual balance 

contribute to stability and comfort. Red signifies activity, blue denotes premium 

quality and self -confidence, green implies safety and relaxation, and black evokes a 

premium feel ( (Aslam, 2006 ; Hiler, 1946 ; Yu et al., 2021 ). Visual balance, whether  

symmetrical or asymmetrical, enhances stability (Lundgren, 2020) . 
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MAYA Principle  

The MAYA (Most Advanced Yet Acceptable) principle balances typicality and novelty in 

product design. This principle explains why consumers prefer a mix of  familiar and 

new elements, influencing market success (Ceballos et al., 2019) . A study on apparel 

design supports a negative correlation between novelty and typicality (Hekkert et al., 

2003) . For the Buddy's seat, involving target users and bystanders in the design 

process ensures the right balance between tradition and innovation.  This can in turn 

be linked to the stigma section; where  an appealing and familiar aesthetic design can 

aid in minimising product related stigma.  

Conclusion  

To eliminate stigma in the design of  a new seat for the Buddy bicycle, the following 

points are crucial:  

  

 

¶ The seat design shall  avoid a reclining position, as recumbent 

bicycles have a negative image and are not preferred for non -

stigmatizing design.  

¶ The seat shall be designed in a way that disguises, redirects attention 

from, or transforms stigmatizing features, addressing cultural and 

user-related stigma.  

¶ The seat shall  incorporate Gestalt theory principles, focusing on 

stability, comfort, activeness, and visual balance.  

¶ The design shall follow the MAYA (Most Advanced Yet Acceptable) 

principle to ensure aesthetic appeal and user acceptance.  

 

Design Criteria  
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2. Safety  
At Ideeënfabriek, there is concern that the exposed position of  the passenger on the 

"Buddy" bicycle could be problematic. Therefore, the focus is on perceived safety for 

the passenger, which is crucial to the bicycleõs design. 

Perceived Safety  

For the passenger to feel safe, perceived safety is key. This concept involves a riderõs 

sense of  security while using the bicycle. Perceived safety is often defined as the 

"degree to which individuals anticipate potential hazards in traffic" (Meir & Dagan, 

2020)  or as "how safe users feel while using a system" (Jahanshahi et al., 2020) . For 

this thesis, it is defined as "the degree to which individuals feel safe in traffic while 

riding the bicycle, anticipating minimal accidents."  

One way to measure perceived safety is by evaluating accident rates among the target 

group. However, since no specific research has been done on this bicycle, alternative 

methods are needed. Testing the bicycle with the target group and familiarizing them 

with the design has been shown to increase confidence, thereby enhancing perceived 

safety (Meerstra, 2021) . Interestingly, for tricycles, perceived safety is generally high 

because users often feel secure while cycling, though this might be due to 

overconfidence rather than actual safety (Hagemeister & Tegen -Klebingat, n.d.) . 

Therefore, boosting user confidence is central to improving perceived safety.  

Conversations with Van Raam fitters and the owner of  ACE Bicycle Technique provided 

useful insights. For instance, many recumbent cyclists order headrests, not for 

comfort, but because they feel it offers protection in case of  a rear impact, even 

though it doesnõt actually help in an accident. Similarly, some users prefer armrests 

because they give the feeling of  being "inside" a vehicle, providing psychological 

comfort. These preferences highlight the importance of  perceived safety features, even 

if they donõt directly contribute to actual safety. 

The asymmetric design of  the Buddy bicycle also impacts perceived safety. During 

tests, one user mentioned feeling safer because the passenger couldnõt exit into traffic 

from the left side, providing a sense of  control and trust. This design aspect, along 

with the distance of  the passenger's legs from the front axle , which could increase 

insecurity in a crash , needs further investigation to determine its impact on perceived 

safety.  In summary, while perceived safety is difficult to quantify, it is crucial for the 

passengerõs confidence and overall sense of safety. This confidence is rooted in factors 

like stability, protection, and comfort, and these aspects will be explored through 

testing and interviews during the thesis research.  

   

¶ The seat shall  give the passenger confidence which in turn leads to 

safety  

Design Criteria  
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3. Ergonomics  
The most crucial aspect of  front seat design is its ergonomics, though this can be 

complex. Traditional ergonomics focus on a static seated position, but for VanRaam, 

the challenge is greater due to the diverse and unique needs of  its consumers. Despite 

this, the primary ergonomic goal remains: users should experience no pain or 

discomfort, avoiding any risk of  injury.  

This section explores key ergonomic principles to ensure comfort and safety. The 

analysis will be based on literature, target audience data, previous VanRaam projects, 

and existing seats for recumbent or specialty bicycles.  

 

Current Seat and Layout  

The Buddy bicycle currently uses the òErgo Mesh 

Premiumó seat (Figure 14). This seat features mesh 

fabric for ventilation and adjustable padding to 

create a "bucket" seat shape. Its functional seating 

angle is 112 .3 degrees, with a 14.4 -degree seat 

angle. The seat height  is 160 mm relative to the 

bottom bracket, and it is 936 mm from the seat to 

the bottom bracket.  

The seat is hammock -style, with adjustable tension 

straps. While the sitting and back support angles can be 

adjusted (11 and 14 degrees respectively), the seat's 

length and lumbar support are fixed. Adaptable 

ergonomics are crucial (Van Dort, 2023) , and current 

seat designs offer some interesting solutions:  

1.  Hase Vario Comfort Cushion : Uses Velcro -

attached individual cushions, allowing for 

customizable back support (Figure 1 5). 

2.  Hase Pino Seat : Features height and length 

adjustment through an extendable frame (Figure 

16). 

These examples will inform the design of  a new seat 

for the Buddy.  

 

  

 

  

Figure 14: HP-Velotechnik seat 

Figure 15: Hase Seat cushion with 

Velcro-inserts 

Figure 16: Extendable poles on the Hase 

Pino seat 
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Seating positions  

To determine the optimal seating position for the Buddy bicycle, we must consider two 

general types:  

1.  Recumbent Seating Position:  Here, the functional seating angle is at least 135 

degrees. This position includes two variations: one with the bottom bracket 

above the rider's center of  gravity and one below. The latter is preferred for this 

project because it simplifies pedaling and makes entering and exiting the seat 

easier.  

2.  Upright Seating Position:  In this position, the functional seating angle is less 

than 115 degrees and is commonly found on VanRaam models. This position 

offers a clear view and a comfortable, active posture.  

Expert opinion suggests a 135 -degree angle for recumbent bikes, similar to 

VanRaam's ideal of  45 degrees measured differently (Van Dort, 2023) . Angles larger 

than 135 degrees are sp ortier, while smaller angles are more relaxed. Current seating  

angle on the Buddy is around 110  degrees but could be optimized further. The seat 

angle on the HASE Pino, for example, is  more aligned with the bottom bracket than 

the Buddyõs. 

Staarink (2014) found that a static seating 

angle of  90 degrees and a semi -active 

angle of  115 degrees are effective, with 

123 degrees being the most relaxed and 

stable. Angles beyond 123 degrees may 

lead to instability, requiring more effort 

from the neck muscles  (Staarink, 2014) , 

VanRaam research also supports a 

functional seating angle of  108 to 115 

degrees for comfort (Haasjes, 2024) , with 

a 4-degree seat area angle recommended 

for optimal hip angle.  

In conclusion, the most stable seating 

angle is 123 degrees, though individual 

preferences may vary between active and 

relaxed positions. Further examination of  

hip angle, lumbar support, S -Curve support, seating pressure, and seat access will 

follow, leading to a final decision on the seating angle based on user preferences and 

ergonomic considerations.  

  

Figure 17: Functional seating angle, red arrow . Upper image is 

initial Functional seating angle. Below is the functional seating 

angle moving forward in this thesis  
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Seated anatomy  

Understanding the seated anatomy of  the 

target group for the tandem bicycle is crucial. 

The spine, which comprises the Cervical, 

Thoracic, and Lumbar sections, plays a 

significant role in determining a comfortable 

and supportive seat. From previous research, 

we know the lumbar support is vital for 

maintaining a stable seating position, but 

specific measurements for this support have 

not been clearly defined. This section aims to 

address this gap.  

A 1995 study examined spine shapes in 

seated positions to define relevant lengths for a 

given seating posture. The study used a 

functional seating angle of  109 degrees, with a hip angle of  8 degrees and a back 

angle of  101 degrees, involving 102 participants (both men and women) aged 25 to 

75. This led to a set of  measurements for seat design, which were applied in research 

by Van Raam to determine ideal back support for the EasyRider 3 (Haasjes, 2024) . 

This research provided baseline measurements for back support (see Figure 18). 

¶ The minimal support is from L2 -T8 

¶ Everything above T8 should fade away towards the rear by 20,4 mm  

¶ Everything below L2 should have an angle of  11,5 degrees.  

¶ The minimal length that the seat should support for is p5 (Dutch elderly 

DINED) = 1517 mm  

¶ The maximal length that the seat should support for is p95 (Dutch elderly 

DINED) = 1917 mm  

¶ The height from the support from t8 to S1 shall be 253 mm (p5 -p95)  

¶ The radius of  the curve for optimal S -curve support shall be R = 475 mm 

(p50)  

¶ The seat shall not be hard in the spinal column, for at least 22,5 mm width  

¶ The width is assumed to be 440 mm (Armpit width, p50) however, this 

needs to be further researched.  

These measurements will serve as a starting point for designing the Buddy bicycle 

seat. However, it is crucial to note that the functional seating angle in this study varied 

between 105, 115, and 123 degrees. For optimal stability, the Buddy front seat will 

use a 123 -degree angle. Since there is no clear data on how functional seating angles 

affect spine and seat measurements, these will need to be validated through user test  

inputs.  A 1994 study found that a wider backrest (480 mm) improves lateral stability 

in automotive contexts (Reed et al., 1994) . A full overview of  human measurements 

whilst seated can be found in appendix P.  

 

 

Figure 18: The spinal column 
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Hip angle  

The second ergonomic aspect of  the front 

seat is the hip angle. Research on the 

Fun2Go seat highlights that for elderly 

users, a hip angle of  at least 95 degrees is 

crucial. This angle helps prevent excessive 

hip bending and supports a backward -

leaning posture for maximum support, 

rather than leaning towards the 

handlebars, which can disrupt the spineõs 

natural S -curve  (Boer, 2023) ; (Staarink, 

2014) . 

To determine this hip angle, a rotation 

point at the hip joint needs to be 

determined . Previous studies, including 

the Fun2Go research, used the midpoint 

of  the cycling movement as the rotation point, estimated at the Hip Joint centre  near 

the top of  the Trochanter major. This rotation point is essential for maintaining the 

relevant 95 -degree hip angle.  

Shoulder support  

Ergonomics research highlights the importance of  back and shoulder support in semi -

reclined seating positions, such as those found in recumbent bicycles. While specific 

studies addressing a 123 -degree seating angle are limited, relevant literature on spinal 

load and vehicle ergonomics provides insights that can be applied.  

Wilke et al. (1999) found that reclining postures, reduce intervertebral disc pressure in 

the lumbar spine. However, the study does not directly address the shoulder or upper 

back support necessary in such positions  (Wilke et al., 1999) . During the visit to ACE 

Velo technic  it also became apparent that the more reclined the position is, the bigger 

the need for a proper upper back support in order t o relax the shoulder and neck 

muscles. Another study on postures in a desk environment found that the further 

reclined a supported backrest is , the better the weight of  the person in the seat is 

distributed when a proper upper back support is present  (Nag et al., 2008) . 

Overall, while specific guidelines for a 123 -degree seating angle in recumbent bicycles 

are scarce, existing ergonomic principles stress that adequate upper back and 

shoulder support is key to ensuring comfort and biomechanical efficiency in semi -

reclined positions.  

  

Figure 19: Hip angle determination (Boer, 2023)  
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Lumbar Support  

Lumbar support is crucial for rider stability and 

comfort. Proper lumbar support maintains the 

spinal S -curve, reducing muscle tension and 

improving stability (Staarink, 2014). Key 

considerations include:  A neutral S -Curve; 

Adequate lumbar support ensures a neutral 

spinal curve. Too little or excessive support can 

lead to incorrect postures and discomfort  and 

pressure distribution : Optimal lumbar support should create peak pressure in the 

lumbar area but avoid excessive pressure that can cause discomfort.  

Common issues related to inadequate lumbar support include:  

¶ Kyphosis:  Insufficient support can result in a rounded back, leading to high 

pressure on intervertebral discs and increased neck strain.  

¶ Lordosis:  Excessive support can cause lower back tension, though this is less 

common in seated bicycles.  

To address these issues, lumbar support for the Buddy bicycle should follow specific 

guidelines:  

A study on the ideal sea t  support should be positioned between the T9 and L2/3 

vertebrae, approximately 150 mm high and 120 mm wide, with the center located 

200 -250 mm from the sitting area  (Staarink, 2014) . Another study on automotive 

lumbar support suggested that  the support should be firm but sufficiently padded to 

avoid discomfort due to high pressure. Ideally, it should be adjustable in prominence 

and vertical position. The depressed contour should range from flat to convex, with a 

prominence adjustable up to 30 mm and a radius between 250 and 400 mm. The 

vertical position of  the apex should be adjustable between 195 and 295 mm above the 

seat cushion  (Reed, 2013) . Since the latter includes the envelope of  the first, this is 

assumed moving forward.  

These design parameters will ensure that the lumbar support is both comfortable and 

effective for the target user group. Given that the natural spinal curve in elderly users 

is less pronounced, a less prominent support may be more appropriate.  

The design of  lumbar support for the Buddy bicycle is integral to ensuring rider 

comfort and stability, particularly for elderly users. The guidelines provided, based on 

both literature and ergonomic standards, will serve as a foundation for developing an 

adjustable lumbar support system that caters to the varying needs of  the target 

audience. By incorporating these design considerations, the Buddy bicycle will be 

better equipped to enhance the riding experience, offering both comfort and stability, 

which are critical for user confidence and safety.  

. 
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Lateral stability  

Adding lateral support to the seat could 

improve stability, a consideration supported by 

automotive seat design research. Reinforced 

bolsters in automotive seats have been shown 

to offer better support and reduce fatigue 

(Kamp, 2012) . For the Buddy bicycle, 

evaluating the effectiveness of  side bolsters in 

enhancing stability and comfort will be 

important.  

The side bolsters should be positioned around 

the lower torso to allow for body rotation while 

assessing traffic situations, thus enhancing the user's sense of  autonomy. Testing will 

be necessary to determine if  side bolsters provide adequate support and stability.  

Dimensioning of  side bolsters is hard to find, in literature. A study on bolster height 

and radius did research into this field where it turned out that bolster height comfort 

is highly dependent on the radius and vice versa (Lee et al., 2021)  For this study the 

main focus is the added value of  the side bolster without going into depth of  

measurements.  

Seatbelts  

Seatbelts, often used to enhance lateral and longitudinal stability in bicycles, may 

conflict with the Buddy bicycleõs design philosophy of user autonomy. While seatbelts 

are an option for users who need extra stabilization, they may undermine the Buddy's 

core concept of  self -steering and cycling. If  side bolsters do not offer sufficient 

support, other stabilization solutions will need to be explored.  

Getting in and out of the seat  

Improving the ease of  entering and exiting the seat 

is important for the target audience. 

Physiotherapists suggest that swivelling after sitting 

is easier than simultaneous sitting and swivelling 

(Ergomobility, 2023) . Secondly, a 2005 study on foot 

placement when standing up, concluded that space 

underneath a seat is necessary in order to ease the 

task of  getting up from a seat, this is something to 

keep in mind and might offer a challenge in 

combination with the layout of  the Buddy bicycle 

(Kawagoe et al., 2000) . 

The Buddy bicycle features an adjustable, fold -away 

handlebar, but it should be evaluated whether this is 

adequate or if  the seat itself  needs to rotate, similar 

to the Fun2Go model.  

  

Figure 20: Wrong spinal seating positions 

Figure 22: A rotatable seat on the VanRaam 

Fun2Go 

Figure 21: Automotive side bolster form 

inspiration for the seat stability  

Figure 23: Rotatable seat on the Fun2Go 
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Conclusion from Ergonomics research  

 The ergonomics research highlighted key design criteria for the seat to ensure 

comfort and stability. However, it's important to note that some findings are 

hypotheses that need verification for this specific application. The conclusions are 

summarized in the table below. The criteria suggest that for optimal ergonomics, 

attention should be given to hip angle, seating angle, lumbar support, and accurate 

measurements. imperative for the success of  the design of  the seat.  

  

 

¶ The hip angle shall  not exceed 95 degrees to facilitate comfortable 

pedalling and force exertion, especially for elderly users.  

¶ The seat shall  maintain a functional seating angle of  123 degrees for 

optimal stability.  

¶ Lumbar support must be included to enhance stability when seated.  

¶ The Lumbar support shall be placed between 195 and 295 mm above 

sitting area  with maximum of  30 mm prominence.  

¶ The seat shall  accommodate the target groupõs anatomical 

measurements (P5 to P95 range).  

¶ The seat shall  include side bolsters positioned around the lower torso 

region to increase stability.  

¶ The seat materials shall  prioritize comfort by addressing heat 

transfer, water vapor, support, and freedom of  movement, regardless 

of  the chosen material route (conventional, ER3/Fun2Go, or 3D 

printed options).  

¶ The seat shall  incorporate adaptable ergonomics inspired by existing 

recumbent seats to better suit individual users.  

¶ The seat design shall  include a rotatable mechanism to assist users 

in getting in and out, though it requires testing with the target group 

to ensure feasibility due to potential mobility issues.  

¶ The design shall  not rely solely on the handlebar movement as a 

means for entry and exit without considering additional support 

mechanisms or ergonomic adjustments.  

 

Design Criteria  
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The requirements regarding ergonomics that have been described in the previous 

section can be visualised using a package drawing. A package drawing is something 

that has been established in the automotive industry and is defined as òthe 

arrangement of  the driving position and that of  the occupants, and all components 

and systems in the vehicle. Essentially, it is a visual requirement specification.ó (De 

Silva, 2013)  The package  drawing includes the p5 female and the p95 male. 

Furthermore, all measurements that came from literature have been added. This first 

version will be the blueprint for the initial prototype and is prone to change according 

to the needs and wishes of  the end user. Under the package drawing , a table can be 

found with the additional information of  certain measurements  

 

Figure 24: Package drawing of the ergonomically correct measurements and envelopes according to literature  
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 What? Old  Ideal  (theoretical)  

1 Functional seating angle  112 -116 deg  123 deg  

2 Sitting angle  12,3 -14,4 deg  > 4 deg  

3 Back angle  97,6 -103,7 deg  118 deg  

4 Sitting area length  250 mm  < 250 mm  

5 S-curve radius  R = 1710 mm  R = 475 mm  

6 X distance to crank  936 mm  t.b.d.  

7 Y distance to crank  160 mm  t.b.d.  

8 Lumbar support height  Not applicable  195 ð 295  mm  

9 Lumbar Support Prominence  Not Applicable  < 30 mm  

10 Hip angle (smallest)  87,25 degrees  95 degrees  

11  Lumbar support effective height  (t8 -

S1) 

310 mm  253 mm  

12 Crank length  160 mm  t.b.d.  

13  Width seat  410 mm  440  - 480  mm  

14 Entire backrest length  660 mm  660 mm  

15 Radius backrest from top  Not applicable  R= 300 mm  
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Seating Pressure  

Pressure distribution on the seat is crucial for 

comfort. Proper lumbar support ensures even 

pressure distribution (Makhsous et al., 2003) . 

Research by Staarink highlights that active, 

tense muscles distribute pressure better than 

relaxed muscles, which tend to create higher 

localized pressure (Staarink, 2014).  

Seat design involves:  

¶ Top Layer : Affects tensile stress; 

materials with less deformation are 

preferable to avoid the "Hammock effect" (Iizaka et al., 2009)  

¶ Load Structure : A spring mechanism can reduce reaction forces by increasing 

the contact surface area.  

¶ Upholstery : Softer, elastic materials like foam can enhance comfort but may 

reduce stability.  

Foam, such as Sunmate foam, has shown lower pressure distribution compared to gel -

based materials (Apatsidis et al., 2002) , making it a promising choice for the Buddy 

bicycle.  

VanRaam's existing Easy Rider seat could also be a suitable option. Additionally, 

materials used in recumbent bicycle seats often feature mesh and foam for better heat 

and moisture management, which will be considered in further development.  

Materials  

his section explores potential materials for the Buddy seat by consulting with Van 

Elburg Stoffering, examining existing seats, and reviewing literature.  

Van Elburg Stoffering recommended using a solid load structure with foam upholstery 

and a top layer of  mesh or artificial leather. They suggested "Koudschuim" 

(Polyurethane foam) for its durability and elasticity, though it requires a waterproof  

top layer due to its water absorption.  

Current seats, such as the HP Velotechnik, use:  

¶ Top Layer : Mesh and Cordura for washability, durability, and breathability (HP 

Velotechnik, 2024).  

¶ Load Structure : Aluminium tubing with adjustable tension straps (HP 

Velotechnik, 2024).  

¶ Upholstery : Spacer fabric for breathability and lightweight cushioning (HP 

Velotechnik, 2024).  

Figure 25: VanRaam EasyRider3 seat 
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One option for the materials could be to integrate the current production techniques 

into the to be designed seat. The VanRaam EasyRider3 and Fun2Go seats use a solid 

foam sitting area and a separate backrest, offering ease of  access but less 

breathability.  The backrest is made from a mesh that is injection moulded into a glass 

filled nylon frame  which in turn is connected to the load structure that offers 

adaptability and is connected to the frame. The sitting area of  the ER3 seat is injection 

moulded closed -cell EVA foam. Inside of  the foam there is a hard plastic load 

structure. The Fun2Go seat is made from a glass reinforced nylon base with an EVA 

foam insert for added comfort.  

 

An alternative is 3D printing, which allows customization of  firmness and geometry, 

though it requires a base plate made of  ABS. Create it reel's technology enables 

flexible design, with TPU prints allowing varied firmness levels (Programmable Foam, 

2024)  

A study on wheelchairs  highlights the need to avoid materials that impede heat and 

moisture transfer, ensure pressure distribution peaks at the Ischial Tuberosities, and 

avoid excessive padding that restricts posture adjustment (Apatsidis et al., 2002) . 

Three material routes are considered: conventional materials, the ER3/Fun2Go 

approach, and innovative 3D printing. The chosen material should ensure comfort, 

heat transfer, moisture management, and support. The next section will explore the 

anatomy of  the target user.  

Figure 26: ER3 and Fun2Go seat 
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Conclusions  

This material research section implies that the sea t is subject to several mechanical 

properties that decide the comfort of  the seat. The most important criteria are given 

in the òmustó section of the criteria and are based on the literature review.  

  

 

¶ The seat design shall  ensure even pressure distribution, focusing on 

comfort by minimizing deformation to reduce reaction forces and 

tensile stress (e.g., avoiding the "Hammock effect").  

¶ The top layer shall  be selected to minimize tensile stress, and load 

structure must reduce reaction forces effectively.  

¶ The material selection shall  prioritize breathability and ventilation to 

address heat and moisture issues during use.  

¶ The design shall  balance stability and comfort, considering the use of  

mesh or foam -based upholstery depending on the target userõs 

needs.  

¶ The seat shall  explore innovative manufacturing methods, such as 3D 

printing with customizable firmness levels, allowing tailored support 

and geometry.  

¶ The seat shall  incorporate materials like "Koudschuim" foam for 

upholstery, with a waterproof  top layer to enhance comfort and 

durability.  

¶ The design shall  not include alternatives like rigid or hard -shaped 

seats meant for sport -oriented recumbents, which require core 

stability and are unsuitable for the target user.  

 

Design Criteria  
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4. User interviews  
Finally, user interviews were done to gather insight into what the problems are 

according to the projected target user with regard to the bicycle and its seat. 

Secondly, the aim was to find out what the main focus of  the thesis will be.  

The interviews were conducted with five different people/duos who already had 

experience riding the Buddy  in a previous test . Two duos were caregiver/passenger , 

one person was the passenger and with two other people, only the caregiver was 

present. This mix of  people provided insights from both sides of  the equation.  

 

Figure 27: The bicycles used for the questionnaire 

  

The interview consisted of  an informal conversation about the experience when riding 

the bicycle together with getting to know the very specific situations of  all the 

interviewed people. Afterwards, four images of  competing  bicycles were shown one at 

a time and the question was asked what associations the people had and why when 

seeing the bicycle in the most broad sense  (figure 27). Then, the questions where 

asked, out of  the four bicycles on display, which bicycle they would like to be seen 

riding mostly? And, òWhich bicycle would they most like to ride themselves?ó. The final 

question was if  the exposed front end raised any safety concerns. After the questions 

there was also the possibility to view the bicycle and to ride it.  

Initially, the plan was to test two different seating angles, however due to weather 

constraints, this fell through. However, in order to do this, the bicycle had been slightly 

modified (Add image); the seat was located in such a way that the angle of  the back 

support could not be exceeded further that 116 degrees. However, for the test I 

wanted to test the difference between the upright position which is 110 degrees and 

the laying -down position which is 135 degrees. Therefore, the bar that attaches the 

seat to the frame was modified in such a way that the seat could be located at a larger 

angle. After the modifications, the seat could reach an angle of  140 degrees. . 

Afterwards, the interviews were coded into categories of  interest, from this the 

following conclusions have been drawn:  
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¶ Stigma does not appear to be a problem with the target group  

¶ Not everyone spoken to fits the primary target group  

¶ Safety does not come from shelter, rather from stability  

¶ Stability gives confidence  

¶ Tricycle takes time getting used to  

¶ It does not matter what the bicycle looks like as long as it fits function. 

However, when taking it too far by exaggerating the position of  the passenger, 

stigma does become a problem.  

¶ There is a difference in active and sporty cycling and many people want the 

Buddy bicycle to be active and to cycle as a normal bicycle.  

¶ The Buddy would appear more normal if  it looked more like a sporty bicycle  

¶ There is no consensus over sitting upright or laying down position, this has to 

be tested with two different concept directions  

¶ The Buddy is seen as more active and sporty than the fun2go and the Twinny 

thus deserves to be a model in the range of  VanRaam  

¶ Generally, the Buddy is one of  the most liked bicycles in the group of  four 

different bicycles.  

 

From these insights, the conclusion has been draw n to continue the development of  

the front seat though focussing on comfort, which can be perceived and should be 

ergonomically correct, confidence, which in term leads to a sense of  safety, and finally, 

aesthetics that play a vital role in evoking a feeling of  comfort, confidence, autonomy 

and activeness in the design of  the seat.  
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5. Expert interviews  
In this section, two interviews conducted with experts will be described. They are done 

to gather insight into the criteria that the seat needs to meet. The interviews are listed 

below.  

Interview Bicycle fitter Van Raam  

The first expert interview conducted was with one of  the fitters of  VanRaam who has 

tons of  experience with specific needs and wishes of  persons with disabilities that 

have the desire to keep cycling. The aim of  this interview was to collect information on 

specific needs and wishes. Secondly, this specific bicycle fitter had also helped during 

testing on the òBuddyó bicycle before my project so it was also helpful that he was 

familiar with the bicycle. Therefore, some insights could also be gained from him view 

on the previous user tests with the Buddy bicycle.  

The main takeaways from this interview are the following:  

¶ A softer material for the seat has to be used compared to the Easyrider  

¶ The ergonomics of  the seat need to be adaptable  

¶ A rotatable seat would be very convenient for getting in and out of  the front 

seat  

¶ Bottom bracket and seat cannot be seen separately  

¶ In general, a recumbent position is less pleasurable for the user than an 

upright position  

 

Interview ACE Velotechniek  

The second expert interview conducted was with the owner of  a Recumbent bicycle 

shop in Winterswijk. The owner had tons of  experience with these bicycles and used to 

build them himself. The aim for this interview was to find out whether users of  

recumbent bicycle want some protection to feel safe and secondly to gather insight 

into the ergonomics of  the recumbent bicycle also by looking at products on offer in 

the store.  

The main takeaways from this interview are the following:  

¶ A Recumbent bicycle needs to have a seating angle of  135 degrees  

¶ Some people choose a headrest for the perception of  safety  

¶ There exist some clever solutions for adaptable ergonomics  

¶ Hip angle becomes an issue when the bottom bracket is below the centre of  

gravity of  the rider.  
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Target Group and Bicycle  

Now that the target group has been established, a critical point is to see the 

connection between the target group needs and wishes and the current product line -

up of  VanRaam and even competitor bicycles.  

Within the current VanRaam line -up, the Buddy is envisioned as an alternative for the 

Opair, Fun2G0, KiV0 Plus and Twinny plus. These bicycles however, have specific 

qualities which not necessarily cater the target group. The competitive matrices of  the 

Buddy compared to the current VanRaam lineup gives an interesting result (figure 28). 

The competitive matrix has been scored though application of  knowledge gained from 

expert interviews and target group interviews.  

The Buddy, marked orange, scores better particularly on the autonomy and activeness 

values. This has to do with the outcomes from the user interviews and the general 

feelings all other bicycles evoke. Autonomy is a tricky concept here; all bikes in this 

overview are bikes for people who cannot cycle autonomously anymore. Hence, 

autonomy is about the sense of  autonomy and is based on the user interviews and 

expert interviews. In this matrix, the Fun2Go is marke d as more stable than the other 

bikes, this has to do with its wide appearance, making it appear  more stable. The 

Opair is indicated as being more functional; this has to do with the fact that this 

bicycle can also be used as a wheelchair and because it can be split, it is easier to 

store as well.  Compared to the Twinny plus and the KiVo plus, both tricycle tandems, 

the buddy scores better in all areas, as its lower design makes it appear more stable  

and active. The main argument for more sense of  autonomy is the possibility to sit in 

front of  the supervisor on the Buddy. All in all however, the Buddy is the only bicycle 

within VanRaam that offers good stability, functionality and sense of  autonomy whilst 

at the same time evoking a feeling of  activeness for the target user.  

 

  

Figure 28: VanRaam bikes analysis in competitive matrix  
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When assessing the possible competitors from outside of  VanRaam; four bikes are of  

interest (figure 29)  

  

When comparing these bicycles to the òBuddyó, it becomes apparent that some 

competitors offer similar levels o f  stability and functionality , based on the appearance 

of  the bicycle. However, in terms of  activeness  and autonomy, all bicycles score lower 

since on some bicycles, the passenger is seated at the rear and on all bicycles, t he 

passenger is not able to steer. Th us, the unique selling point of the òBuddyó bicycle is 

the combination of  a sense of  autonomy, functionality, stability and activeness  that 

cannot be found in competing bicycles.   

  

Figure 29: Clockwise: Hase Pino, Huka CoPilot3, Bambuk E-Trike, Urban Strada 

Figure 30: Buddy compared to outside competition  
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¶ The seat design shall  support a sense of  autonomy, allowing the 

passenger to sit in front of  the supervisor and have some control over 

the ride, enhancing the feeling of  independence.  

¶ The seat sh all  reinforce the active and sporty image of  the Buddy, 

aligning with the target users' preference for a more dynamic cycling 

experience compared to competitors.  

¶ The design shall  maintain functionality comparable to other VanRaam 

models like the Opair and Fun2Go, balancing features such as ease 

of  entry, comfort, and storage.  

¶ The seat shall  include features that enhance the appearance of  

stability, such as a wider base or visible support elements, since 

stability is a key aspect that influences user confidence.  

¶ The design shall  incorporate elements that visually communicate 

activeness and autonomy, differentiating the Buddy from other 

models and competitors.  

¶ The design shall  not prioritize features that are better suited for 

bicycles targeting users with lower levels of  autonomy or activity, as 

this goes against the active, engaging nature of  the Buddy.  

 

Design Criteria  
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6. Conclusion  
In this section, the research phase will be ended with some general conclusions that 

will be transferred into hypothesis that lay the foundations of  the design criteria that 

will be established in the next chapter. To conclude this section, the questions asked 

initially will be answered as well as forming hypotheses for the subsequent course of  

this thesis.  

 

1.  How is the target audience defined?  

 

The target audience of  the Buddy bicycle is defined as 65+ people with changing 

medical conditions that are not able to cycle through traffic alone anymore. The reason 

for this is that in terms of  numbers, the potential market for this target group is the 

largest. Secondly, the needs and characteristics that define this target group are rather 

unique, however they also have sufficient overlap with the other two projected target 

groups; thus focussing on this target group also includes a major part of  the needs 

and wishes of  the other projected target groups.  

 

2.  What are the most important needs and wishes for the target group?  

 

According to the user interviews performed, the most important need for the òBuddyó 

bicycle seat is the sense of  stability and the fact that not everyone can fit comfortably 

in the seat. Smaller individuals  struggled as well as larger ones. Finally, the target 

users prefer the òBuddyó to be more active and to cycle as much as possible like a 

normal bicycle. In terms of  appearance they like it to look more active and sporty as 

well.  

 

3.  Wat are the ideal ergonomics for the seat with the target group in mind?  

 

According to the literature study, There are specific measurements that a back support 

needs to fulfil. Furthermore, the minimal hip angle whilst pedalling should not exceed 

95 degrees. The functional seating angle is found to be most stable when it is 123 

degrees. The sitting area should then be at >4 degrees compared to the horizontal x -

axis. A lumbar support is needed in order to create maximal stability. Then, the 

material should minimise the tensile stress and reaction forces exerted on the body of  

the passenger. Then, a lumbar support and side bolsters in the lower torso might add 

to stability of  the passenger whilst riding and should thus be included. Then, a 

rotatable seat could be included to enhance the general experience of  the target user. 

Lastly, in order to cater effectively to p5 -p95 of  the target group, adaptable 

ergonomics are of  great importance. Not lastly because some individuals within the 

target group have abnormal bodies that also need to be able to ride the òBuddyó 

bicycle. However, all these measurements and conclusions are based on literature only. 

It is imperative to test these with a prototype with the target user.  

 

4. Does perceived safety affect the front driver of  the tricycle and can this be 

influenced by the design of  the front seat?  

 

From the user interviews, it can be concluded that perceived safety comes not from 

protection, rather from stability that gives the passenger and driver confidence in the 

ability of the ôBuddyó bicycle to handle the situations in traffic sufficiently. 

Fundamentally, people realise that a bicycle is inherently not very safe, however with 

sufficient stability, the bicycle does give confidence to its user thus the user perceives 
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the bicycle as more safe. Therefore, the seat of  the bicycle must offer stability and 

confidence to the passenger.  

 

5.  Is the tricycle stigmatising and can this be solved through design of  the front 

seat? 

 

The user interviews made clear that stigma is not a major issue concerning the 

òBuddyó bicycle. It is proven in literature that people are willing to diminish the effect 

of  stigma when the product enhances their abilities, which is the case with the 

òBuddyó bicycle; people who are not able to cycle through traffic alone get a sense of 

cycling through traffic alone. However, the seat should still communicate certain 

attributes to the user that evoke a sense of  autonomy, stability, activeness and quality. 

This can be done by looking at the Gestalt theory. It is also desirable in terms of  

Stigma to not put emphasis on the impairment of  the passenger. As long as this is not 

done in the design of  the seat, stigma is not an issue for the seat and possibly also 

not for the bicycle itself.  

 

 

 

 

 

 

 

 

 

  



49  

 

Next to these hypotheses, some early 

design criteria have been formed in 

this chapter of  the thesis. These 

criteria will be iterated and tested 

over the course of  this thesis. The 

design criteria will follow the 

MoSCoW method  (Hudaib et al., 

2018) . This method provides a 

structured overview into which 

requirements must, should, could 

and wonõt be included in the seat 

(figure 31) . This is a streamlined 

version of  all the design criteria that can be found at the end of  each section.  These 

design criteria are not yet  prioritized, this is done in this section.  The prioritization has 

been made based on user interviews, expert interviews and interpretation of  literature 

review.  The prior itization is done by asking the following questions : Must: òWhich 

criteria are critical to success?ó, should: òWhich criteria have high impact on success 

but are not critical?ó could: òWhich criteria have low impact on success?ó wonõt: 

òWhich criteria are beyond scope and for later development?ó 

Must  have:  

¶ The seat must cater to the needs and wishes of  elderly with changing medical 

conditions  

¶ The seat design must prioritize stability, as this is directly linked to user 

confidence and safety.  

¶ Ergonomics must be adaptable to suit a range of  user preferences and needs.  

¶ The seat must accommodate the target groupõs anatomical measurements (P5 

to P95 range).  

¶ Seat must have a functional seating angle of  123 degrees  

¶ Seating position must facilitate a minimal hip angle that does not exceeds 95 

degrees  

¶ The seat must have a lumbar support for optimal stability  

¶ The seat must  include side bolsters positioned around the lower torso region to 

increase stability.  

Should  have:  

¶ The material of  the upholstery should provide freedom of  movement to the 

user in order to switch positions  

¶ The seat should incorporate Gestalt theory principles, focusing on stability, 

comfort, activeness, and visual balance.  

¶ The design should follow the MAYA (Most Advanced Yet Acceptable) principle to 

ensure aesthetic appeal and user acceptance.  

¶ The seat should be designed with a sporty and active aesthetic to align with 

user expectations for the Buddy bicycle and to reduce stigma..  

 

 

Figure 31: Moscow method 
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Could have:  

¶ The seat could rotate to make accessing the bicycle more convenient   

¶ The design could incorporate elements that visually communicate activeness 

and autonomy, differentiating the Buddy from other models and competitors  

 

Wonõt have: 

¶ The design of the front seat wonõt exclude people with down syndrome and 

people recovering from surgery  

¶ Seat wonõt cause unpleasant pressure points around the shoulder/scapula 

region  

¶ Seat wonõt have seatbelts fitted as standard 

¶ The design will not rely solely on the handlebar movement as a means for entry 

and exit without considering additional support mechanisms or ergonomic 

adjustments.  

¶ The design will not prioritize features that are better suited for bicycles 

targeting users with lower levels of  autonomy or activity, as this contradicts  the 

active, engaging nature of  the Buddy.  

¶ The seat wonõt  include a headrest to enhance the perception of  safety for users 

who prefer it.  

¶ The seat materials  wonõt be addressed that prioritize comfort by addressing 

heat transfer, water vapor, support, and freedom of  movement, regardless of  

the chosen material route (conventional, ER3/Fun2Go, or 3D printed options).  

¶ Three different material routes could be taken for the material of  the seat  wonõt 

be addressed  
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Now that the initial research questions have been answered and the initial design 

criteria have been established, some hypotheses need to be established that can be 

answered in the design phase of  the seat can be established. The following hypotheses 

have been established based on literature research.   

 

Comfort  

1.  The ideal functional seating angle is 123 degrees with a sitting area angle of  >4 

degrees in terms of  comfort and stability.  

2.  The sitting area must be made out of  a solid material instead of  a hammock 

structure to minimise seating pressure  

3.  The prototype of  the seat should offer maximum adaptability in order to cater 

the target audience and to test as many aspects as possible.  

4.  The most important aspect of the seat for the òBuddyó is that it is 

ergonomically perceived as comfortable and gives the passenger stability.  

5.  The minimal hip angle of  the passenger cannot exceed 95 degrees whilst 

pedalling from the front seat.  

6.  The accessibility of  the front seat needs to be examined with the target user, if  

the handlebar movement is insufficient, a rotatable seat needs to be installed.  

 

Confidence  

1.  A Lumbar support is needed for the seat to offer maximal support and stability. 

The lumbar support should be adaptable for p5 -p95.  

2.  Side Bolsters are needed in order to improve stability for the passenger. They 

will be placed around the lower torso of  the passenger.  

 

Aesthetics  

1.  The design of  the front seat can evoke a certain feeling to the target user and 

should by no means cause for more stigma than the functionality of  the Buddy 

bicycle allows.  
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Chapter 4: Define  
In this chapter the design challenge will be redefined based on the emphasizing 

performed in the previous chapter. This will provide research questions for the  

subsequent parts of this thesis. In this chapter, also the terms òcomfortó and 

òconfidenceó will be elaborated.  

  

4 
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1. Design Challenge and Research questions  
The design challenge is based on the main and sub questions as defined in section 2. 

During the research phase, sub question one; How is the target audience defined? ; has 

been answered. Next to this, a clear image of  the needs and wishes for the target 

group has been shaped; this is however an iterative process and will be under scrutiny 

with every test and iteration step. With this, sub question two has also been answered. 

Sub question three, òWhat are the ideal ergonomics for the seat with the target group 

in mind?ó, has been answered only theoretically and needs to be answered through 

user testing and validation in the design process. In the initial research phase, the sub 

questions were based around the assumption that perceived safety and stigma are 

major issues for the Buddy bicycle. Therefore, sub questions four and five; òDoes 

perceived safety affect the front driver of  the tricycle and can this be influenced by the 

design of  the front seat? ó and òIs the tricycle stigmatising and can this be solved 

through design of  the front seat ?ó are not relevant moving forward with the project. 

Finally, looking at the main question, formulated in the initial phase of  the project: 

òWhat is the ideal cycling experience for the target audience sitting in the front seat of 

the òBuddyó tandem tricycle?ó This question needs to be reformulated, moving forward 

in the project. The main question in this thesis will be:  

 

òWhat are the desired features for the prototype of the front seat of the òBuddyó 

tandem tricycle to give the passenger maximal comfort and confidence whilst also 

addressing appearance?ó 

 

To answer this question, sub questions need to be established in order to structure the 

design process. These sub questions are defined as follows.  

 

1.  Are the ideal static ergonomics found in literature found to be correct, thus 

perceived as comfortable, when testing with target users in a dynamic setting?  

2.  How to give the target user a maximal sense of  stability that is better than the 

current seat, with the design of  the front seat?  

3.  How can the seat communicate stability, autonomy, activeness, comfort and 

stability through its appearance better than is done with existing seats?  

 

These questions are however difficult to measure. Thus in order to do this, some 

specific design targets need to be established, this will be done in the next section. 

Firstly however, it is imperative to define what Comfort and Confidence mean within 

this context. This will be done in the next sections.  

In order to answer these research questions, it is imperative to define what òcomfortó 

and òconfidenceó mean within the specific context of this thesis. Thus, two simple 

research questions have been established:  

1.  What is Comfort in this specific context?  

2.  What is Confidence in this specific context?   
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2. What is comfort?  
Originally, the word comfort comes from the late -Latin word òconfortareó which means 

to strengthen greatly. In product design however, a uniform definition is not evident 

(Tutton & Seers, 2003) . Thus, it is important to look at the different aspects of  

comfort. Barnard et. Al. give a four way framework that together entail òcomfortó. 

These frameworks are the following  (Barnard et al., 2004) . This framework for comfort 

is used because it offers a structured and comprehensive way to address the complex, 

multi -faceted nature of  comfort in product design. By applying this framework to the 

"Buddy" bicycle seat, it ensures that all relevant dimensions of  comfort are considered, 

leading to a well -rounded and user -centred design :  

1.  The passenger bubble , this is a specific case for aviation and is thus not 

applicable for the òBuddyó tandem as this is about isolation without 

disturbance which is contrary of  why the bicycle is being developed in the 

first place.  

2.  The health model . This model entails the absence of  discomfort, potential 

dangers, annoyance and on physical wellbeing. This is an important aspect 

of the design of the passenger seat for the òBuddyó as well.  

3.  The community model . In this model, the passengers on an aeroplane all 

share the same experience. For the òBuddyó this is not the case, however, it 

can be argued that because the passenger has the possibility to cycle 

themselves it does make them part of  the community of  cyclists and should 

therefore have similar experiences in terms of  comfort.  

4.  The Aesthetic -Economical model . This model makes comfort being 

perceived as being in an interesting, advanced and beautiful environment 

and critically, for a reasonable price. For the òBuddyó, it is not necessarily 

the case that the passenger is in a closed -off  environment; a large part is of  

the unique selling point of the òBuddyó bicycle is to have freedom that 

cannot be experienced on a conventional tandem or a Fun2Go bicycle. 

However, this model can still provide insight into texture and material use 

and design for look and feel in order to give the passenger an experience as 

comfortable as possible.  

Next to these frameworks, different points of  view on comfort also exist. These points 

of  view are useful for finding measurables in terms of  comfort that can be integrated 

into the requirement specifications. Firstly, there is the physical point of  view that 

describes the psychological comfort, bio -mechanical comfort and comfort for people 

with health problems. In this point of  view, comfort is about level of  acceptance and 

correct ergonomics, fitting to the health model as described above. This fits the 

definition of comfort that is: òThe pleasant and satisfying feeling of being physically or 

mentally free from pain and suffering, or something that provides this feelingó and òA 

feeling of freedom from worry or disappointment.ó  

The second point of  view is the psychological point of  view that argues that comfort is 

a state of  quiet enjoyment. This implies that in order to be comfortable, the passenger 

of the òBuddyó needs to be satisfied in firstly, basic material needs, like a proper seat 

with support, pedals and a handlebar. Secondly, the passenger also needs to 

experience aesthetic comfort; a subjective form of  comfort that depends on taste and 

on personal perceptions of  forms, materials, colours, textures and others. This could  

imply that some level of  customizability is desired. This has to do with autonomy in 
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design; this highlights the importance of  enabling users to make choices in design 

that empowers users to select products or configurations that align with their personal 

preferences and comfort needs (Rosala, 2020) . Another study found that for the 

material selection in the design for emotional comfort, attributes like  ôstiffnessõ, 

ôstrong wrappingõ, ôsoftnessõ, ôwear-resistantõ or ôbreathableõ were named as 

preferable. Secondly, as sustainability is becoming more relevant in material design 

nowadays, in another open -question section the participants were asked for ôattributes 

for eco -friendly materialsõ. The respondents answered quite vague, e.g. ôlow carbon-

footprint, recyclable or bio -degradableõ, ôfair-trade, veganõ, ônatural materialsõ or 

ôdurableõ. A big challenge will be to include these attributes in visual cues. 

(Quattelbaum et. al., 2021) . 

Thirdly, there is the conformity comfort, which has to do with the feeling of  belonging 

to a group and not being an outsider. This is closely related to the PAMS model as 

described in section 2 that describes the evaluation of  a product related to product 

stigma. If  the product is causing too much stigma, the conformity comfort will be 

diminished, resulting in a product that is not perceived as comfortable by the 

passenger. This conformity comfort is thus really important in order to feel safe for the 

passenger. This also fits the sociological point of  view where each individual is still 

conditioned to belong to a group.  

Finally, there is the technological point of  view where all technical and functional 

aspects of  artefacts are important as well as the visual, tactile, aesthetic, and 

symbolic aspects. The technological point of  view also highlights the gap between 

designed and manufactured parts that have been designed with comfort in mind and 

have measurable properties and the perception of  comfort which is highly subjective.  

This subjective nature of comfort is illustrated by the òcorrelation between product 

attractiveness and perceived comfortó (Quattelbaum et al., 2021) . In this research, the 

suggestion is made that attractive products are generally perceived as more 

comfortable by the target user, because they interact better with them. In short, 

companies could benefit from products that have high emotional comfort for the end 

user, this also stands for the seat of the òBuddyó bicycle, as ergonomics only take you 

thus far. The reason why emotional comfort is as important as ergonomical comfort is 

because people in general are not able to produce proper proprioceptive feedback 

from ligaments, joints, and the spine, making ergonomic features challenging to review 

(Stavrakos, 2016) . However, aesthetic features that can be related to comfort are 

easier to pinpoint. This then suggests that aesthetics may outweigh ergonomics in 

terms of  user preference, as users are often guided more by aesthetics than longer -

term ergonomic factors.  However, more research is needed to prove this, which is 

beyond the scope of  this thesis. This is something that is also backed by the findings 

of  Kamp et. Al. (2012). Their research concludes that hard seats with high side 

bolsters are perceived as sporty, whereas softer seats are associated with luxury. It has 

to be seen whether this can also be applied to the design of  the passenger seat for the 

òBuddyó; it does however provide an initial design direction. Another aspect that can 

aid the design of  the passenger seat is the study of  Quattelbaum et. Al (2021), that 

looked into emotional comfort versus actual comfort in car seats and concluded that 

òoptions to adjust the seató, òheight of the side bolstersó, and òoverall seat widthó had 

the largest influence on emotional comfort.  

Thus, for the design of the seat for the òBuddyó bicycle, the term òcomfortó entails 

several aspects. Firstly, from a health model, the seat needs to give no discomfort, 
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annoyance or potential dangers. This can be checked through a failure mode and 

effect analysis and a perception scoring. Secondly, from a psychological point of  view, 

the seat needs to fulfil basic needs that the target users demand from the seat, such 

as support in the correct areas and good stability, both at a reasonable price. Finally, 

conformity comfort also needs to be experienced as this makes for a safe feeling 

whilst using the bicycle which has to do with blending in with a group and not standing 

out. All of  this is summarised in figure 32 .  

Which framework?  Requirements  How to measure?  

Health Model  ¶ No discomfort  

¶ No annoyance  

¶ No potential 

dangers  

 

¶ Questionnaire on 

perception  

¶ Failure Mode and 

Effects analysis  

Community Model 

(Conformity comfort)  
¶ No stigma in design  

¶ Inclusive design  

¶ Design should not 

set the user apart 

from a group  

¶ Questionnaire on 

stigma with target 

group and 

bystanders  

¶ Questionnaire on 

perception with 

different designs  

Aesthetic -Economical 

model  

(Technological point of  

view)  

¶ Support in the 

correct areas  

¶ Good stability  

¶ Customization  

¶ Comfortable 

materials  

¶ Not too expensive  

¶ Concept choice  

¶ Questionnaire  

¶ Measurement on 

stability  

¶ Material selection  

¶ Business case  

 

Figure 32: Frameworks for measuring comfort 
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3. What is confidence?  
The second terms mentioned in the design question is confidence. Confidence is a 

critical part in order to make this bicycle a success among the target group. In the 

interviews conducted in the initial phase of  the research, it became apparent that 

confidence for the target user comes mainly from feeling stable in the bicycle 

(section 3.4 ). However, the term stable is also difficult to define in this case. The 

situation is similar to comfort; there is a difference between perceived stability and 

actual stability. Perceived stability is something that can be quantified through 

perception scoring and can give a good insight into the relative perceived stability 

when comparing two seats. However, in order to quantify stability even further, 

lateral and longitudinal stability should also be examined. This can be done in an 

experimental way; both for the lateral, and longitudinal displacement of  the 

passenger whilst cornering and braking. When quantifying the direction in these 

directions and measuring whether the displacement has decreased in similar 

conditions, the seat is proven to be more stable.  
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4. Conclusion and Framework design  
In this section, the framework for the design phase will be defined. It initiates with 

the three main themes of  this thesis, being: Comfort, Confidence and Aesthetics . 

These three themes need to be properly defined in order to make them measurable 

and useful for the design of the òBuddyó seat.  

 

Figure 33: Framework for translating the three outcomes of the previous parts into requirements and design 

criteria for a final prototype.  

With this framework, the design phase can commence. The focus will be on gathering 

the design requirements for the eventual final design of  the seat through several 

testing methods. These methods can then be structured in the design thinking process 

by iterating .  

This framework aims to give an overview into th e link between the three main topics 

coming from the previous chapters: comfort, confidence and appearance.  Comfort and 

confidence can both be linked to appearance via perceived comfort and confidence 

through aesthetics.  Trough the use of  this framework, ambiguous terms like comfort 

and confidence can be made measurable and can therefore structure the design to 

ensure that the main needs for the target group are being met.   
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Chapter 5: Design & Development  
In this section, the design and development phase of  the prototype, using the design 

thinking method will be described. This phase consists of  five subphases . These 

phases each have their ideation, prototype and test phases as described in the 

approach section . When these tests are conducted, design criteria and hypotheses for 

the final concept can be established. The chapter commences with six preliminary 

tests. Then, a midterm focus group will be described.  Then, a first target user test will 

be conducted . For this, a prototype needs to be designed. Fourthly, an aesthetics 

bystander questionnaire will be conducted. Finally, a second user test will be 

conducted. Each phase begins with to be tested hypotheses and finalises with design 

criteria. This chapter will conclude with a n overview of  the main  functionalities to 

include in the design of  the seat according to the research.  This section is finished 

once a clear understanding about which functionalities to include is shaped.  

  

5 
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1. Preliminary  tests 

Explaining building and testing hypotheses  

This section details six explorative tests designed to address uncertainties identified in 

the previous section. The tests to be conducted are as follows : 

1.  Functional seating angle  

2.  Lumbar support  

3.  Sitting area  

4.  Bucket seat  

5.  Hip angle envelope  

6.  Lateral stability  

These tests will be conducted with employees at Ideeënfabriek or the Civon Innovation 

Centre. This choice is due to convenience and the current stage of  the project, where 

involving target users would be too cumbersome. Target users will be included in a 

later stage with a proper prototype.  Each tests has the aim to address the hypotheses 

formed in section 3 : 

Test 1:  

¶ The ideal functional seating angle is 123 degrees with a sitting area angle of  >4 

degrees in terms of  comfort and stability.  

¶ The prototype of  the seat should offer maximum adaptability in order to cater 

the target audience and to test as many aspects as possible.  

¶ The most important aspect of the seat for the òBuddyó is that it is 

ergonomically perceived as comfortable and gives the passenger stability.  

 

Test 2:  

¶ A Lumbar support is needed for the seat to offer maximal support and stability. 

The lumbar support should be adaptable for p5 -p95.  

¶ The most important aspect of the seat for the òBuddyó is that it is 

ergonomically perceived as comfortable and gives the passenger stability.  

 

Test 3:  

¶ The sitting area must be made out of  a solid material instead of  a hammock 

structure to minimise seating pressure  

¶ The most important aspect of the seat for the òBuddyó is that it is 

ergonomically perceived as comfortable and gives the passenger stability.  

 

Test 4:  

¶ Side Bolsters are needed in order to improve stability for the passenger. They 

will be placed around the lower torso of  the passenger.  

 

Test 5: 

¶ The minimal hip angle of  the passenger cannot exceed 95 degrees whilst 

pedalling from the front seat.  
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Test 6: 

¶ The most important aspect of the seat for the òBuddyó is that it is 

ergonomically perceived as comfortable and gives the passenger stability.  

 

 

The remaining two hypotheses will be tested at a later stage:  

¶ The design of  the front seat can evoke a certain feeling to the target user and 

should by no means cause for more stigma than the functionality of  the Buddy 

bicycle allows.  

¶ The accessibility of  the front seat needs to be examined with the target user, if  

the handlebar movement is insufficient, a rotatable seat needs to be installed.  

 

 

Each test will involve five subjects, following Norman and Nielsenõs qualitative research 

recommendations (Nielsen & Landauer, 1993) . Additionally, comfort and stability 

ratings from each subject will be statistically analysed. While reliable statistical results 

typically require a minimum of  20 subjects, conducting these tests will still provide 

valuable insights into the significance of  the outcomes. A detailed breakdown of  the 

tests, including test plans and hypotheses, can be found in Appendix G. 
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Test 1: Functional Seating Angle  

Goal  

The objective of  this test is to determine the most 

desired seating angle for the "Buddy" bicycle by 

comparing two seating angles based on comfort and 

stability ratings from participants.  

Methodology  

- Participants:  5 subjects of  varying ages and 

heights.  

- Procedure:  Participants will cycle for 5 -10 

minutes in two different seating positions and provide comfort and stability 

ratings for each position.  

- Evaluation:  Ratings will be collected and qualitative feedback will be sorted into 

an affinity diagram to draw conclusions.  

Reasoning for Conducting the Test  

- Emphasizing : Understanding user preferences ensures that the final design 

meets the comfort and stability needs of  the target audience.  

- Ergonomics Optimization:  Identifying the ideal seating angle helps in designing 

a seat that promotes proper posture and reduces physical strain.  

- Literature Hypotheses check:  To see whether the most stable functional seating 

angle of  123 degrees according to literature is also applicable in this specific 

context.  

  

Figure 34: The route for all tests 

Figure 35: Two different seating angles 
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Test Plan 

1.  Initial Setup:  

a. Configure the bicycle with two seating angles:  

2.  New Position:  Functional seating angle of  123 degrees  

a. Back angle: 123 degrees  

b.  Sitting area angle: 7.85 degrees  

3.  Old  Position:  Functional seating angle of  112. 9 degrees 

a. Back angle: 112.6 degrees  

b.  Sitting area angle: 14.4 degrees  

4.  Participant Procedure:  

a. Have participants cycle for 5 -10 minutes in both positions.  

b.  Collect comfort and stability ratings for each position.  

c. Gather qualitative feedback and remarks.  

5.  Data Collection Template:  

Person  Age 

(yr)  

Gender  Height 

(cm)  

Old Back 

Angle: 

Comfort  

Old Back 

Angle: 

Stability  

New Back 

Angle: 

Comfort  

New Back 

Angle: 

Stability  

1 24  m 183  7 8.5  7.5  8.5  

2 22  m 188  4.5  5.5  6.5  8 

3 24  m 186  8 8 9 9 

4 22  f 166  7 8 8.5  9 

5 71  f 175  7 7.5  8 7 

Statistical Analysis  

Metric  p-value  CI A priori power  Significant difference?  

Comfort  0.0046  0.05  0.239  Yes 

Stability  0.098  0.05  0.239  No 

Results Interpretation  

- The ideal back angle of  123 degrees was preferred by 4 out of  5 subjects.  

- The subject who preferred the old back angle was shorter than 170 cm, 

indicating that this angle might be less comfortable for shorter individuals due 

to the need for greater core control.  

- Overall, the functional seating angle of  123 degrees received higher comfort 

ratings and was generally preferred.  
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Limitations  

- Sample Size:  With only 5 participants, the statistical significance of  the results 

is limited , although a trend might be spotted from these results.  

- Subjectivity:  Individual comfort and stability perceptions can vary, influencing 

ratings and feedback.  

Conclusion  

The test indicates a clear preference for the functional seating angle of  123 degrees 

among most participants, suggesting it as the desired seating angle moving forward 

with the project. However, for shorter individuals, adjustments to the pedal and 

handlebar positions may be necessary to enhance comfort.  

Additionally, the sitting area support is more critical with this back angle and needs to 

be adapted accordingly. A headrest might also be necessary to better support the 

passenger. This seating angle also allows for better compliance with the 95 -degree hip 

angle limit, ensuring ergonomic benefits. Despite the positive direction indicated by 

the data, the small sample size and individual variations highlight the need for further 

testing to validate these findings comprehensively  
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Test 2: Lumbar support  

Goal  

The objective of  this research is to determine whether 

integrating a lumbar support into the seat of  the "Buddy" 

bicycle enhances comfort and stability. This will be 

assessed through qualitative research involving five subjects 

of  different ages.  

Chosen lumbar Support  

The lumbar support added to the seat is the McKenzie slim 

line ergo support lumbar role which has a half  circle shape 

and is not too firm  (McKenzie Slimline) . This is done 

because elderly people tend to have a less pronounced S -

Curve, so the in theory a less pronounced lumbar support 

will be the most viable option. The Lumbar 

support has the following measurements:  

 

 

 

Reasoning for Conducting the Test  

- Emphasizing:  Understanding the impact of  lumbar support on comfort and 

stability can lead to improved user experience, particularly for longer rides 

where discomfort can become a significant issue.  

- Informed Design Decisions:  Gathering qualitative feedback from actual users 

helps in making data -driven decisions about potential modifications to the 

bicycle seat, ensuring that any changes meet the needs and preferences of  a 

diverse user base.  

- Literature Hypotheses check:  To see whether a lumbar support actually 

provides more comfort and stability for the user as is suggested in literature.  

Methodology  

- Participants:  5 subjects of  different ages (specific demographics detailed 

below).  

- Procedure:  Each participant will cycle for 5 -10 minutes using the "Buddy" 

bicycle, both with and without lumbar support.  Before cycling, eacht 

participant is asked to place the lumbar support as they think is correct at the 

backrest. This is then measured from the central point in the seat  

- Evaluation:  Post -cycling, participants will rate comfort and stability in both 

scenarios. Qualitative feedback will be collected to provide arguments in favor 

and against the lumbar support.  

Figure 36: The seat with 

Lumbar support 

Figure 37: Lumbar support dimensions 
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Test Plan 

- Initial Setup:  

o Ensure the bicycle and seat (with and without lumbar support) are ready 

for use.  

o Remove bolster foam to allow lumbar support to sit flush with the seat.  

- Participant Details and Ratings:  

o Collect basic information: age, gender, height.  

o Have participants rate comfort and stability on a scale from 1 to 10 for 

both configurations.  

Data Collection Template  
Participa
nt 

Age 
(years
) 

Gende
r 

Heigh
t (cm)  

Comfor
t With 
Suppor
t 

Stabilit
y With 
Suppor
t 

Comfor
t 
Withou
t 
Suppor
t 

Stabilit
y 
Without 
Suppor
t 

Ideal 
Comfor
t With 
Suppor
t 

Ideal 
Stabilit
y With 
Suppor
t 

Ideal 
Comfor
t 
Withou
t 
Suppor
t 

Ideal 
Stabilit
y 
Without 
Suppor
t 

Lumba
r 
Suppor
t 
Height 
(mm)  

1 24  M 183  8 9 7 8.5  9 8.5  7.5  8.5  250 

2 22  M 188  6 7 4.5  5.5  9 9 6.5  8 231 

3 24  M 186  5 8 8 8 6 9 9 9 280  

4 60  F 180  
    

7.5  8 7 7 192  

5 22  F 166  8 9 7 8 4 6 6 6 187  

6 71  F 175  8 8.5  7 7.5  9 10  8.5  9 - 

7 56  M 170  
    

7 6 8 7  

Statistical Analysis  

Metric  p-value  Confidence Interval  A priori Power  Significant Difference?  

Comfort  0.57  0.05  0.319  No 

Stability  0.175  0.05  0.3567  No 

Results Interpretation  

Although the lumbar support did not show a statistically significant improvement in 

comfort and stability (p > 0.05), qualitative feedback suggests a preference for the 

lumbar support. Four out of  seven subjects preferred using the lumbar support, citing 

increased stability and comfort. However, some issues were noted regarding the 

positioning and size of  the lumbar support in relation to the seat's sitting area.  
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In terms of  Lumbar support placement the mean is 228 mm, which is nearly identical 

to the findings from literature, 225 mm with 50 mm adjustability. This value will thus 

be kept moving forward in the project.  

Reasoning for Integration of Lumbar Support  

- Qualitative Feedback:  Most participants noted an increase in stability and 

comfort with the lumbar support. This feedback indicates potential benefits 

that quantitative measures might not fully capture.  

- User Preference:  The majority of  participants preferred the lumbar support, 

suggesting that despite the lack of  statistical significance, there is a perceptible 

improvement in the cycling experience.  

- Comfort and Ergonomics:  Proper lumbar support can enhance spinal 

alignment and reduce strain, which is particularly beneficial for longer rides  as 

indicated in literature . 

Limitations  

- Sample Size:  With only five subjects, the sample size is too small to generalize 

the findings broadly. The statistical power is low, limiting the ability to detect 

significant differences.  

- Subjectivity:  Comfort and stability ratings are subjective and can vary greatly 

between individuals.  

- Demographic Range:  While the ages of  participants vary, the sample may not 

represent the broader population of  potential users. Gender and height 

distribution is also limited.  

- Seat Modification:  Removing the bolster foam to fit the lumbar support may 

have affected overall seat comfort, independent of  the lumbar support itself.  

- Documentation:  The lumbar support placement measurements have not been 

documented properly as images have not been taken from this event. In order 

to be sure about this, a new test needs to be conducted  

Conclusion  

Despite the lack of  statistical significance, the qualitative feedback indicates that 

lumbar support could enhance comfort and stability for the "Buddy" bicycle seat. 

Adjustments to the position and size of  the lumbar support should be made to ensure 

better compatibility with the seat's geometry. Therefore, it is recommended to offer a 

lumbar support that can be adjusted according to user preference.  
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Test 3: Sitting area material  

Goal  

The objective of  this research is to determine 

whether integrating the sitting area from the 

VanRaam Easy Rider  3 onto the "Buddy" bicycle 

enhances comfort and stability. This will be assessed 

through qualitative research involving six subjects of  

different ages.  

Methodology  

- Participants:  minimal 5 subjects of  different 

ages (specific demographics detailed below).  

- Procedure:  Each participant will cycle for 5 -

10 minutes using the "Buddy" bicycle, with 

and without the ER3 sitting area.  

- Evaluation:  Post -cycling, participants will rate 

comfort and stability in both scenarios. 

Qualitative feedback will be collected to 

provide arguments in favour  and against the 

ER3 sitting area.  

Reasoning for Conducting the Test  

- Literature hypothesis check : Understanding 

the impact of  the ER3 sitting area on comfort 

and stability can decide the design direction, 

as the ER3 seat is harder and flatter than the 

HP Velotechnik seat.  It also has a different 

load structure  (figure 40). 

- Informed Design Decisions:  Gathering 

qualitative feedback from actual users helps 

in making data -driven decisions about 

potential modifications to the bicycle seat, 

ensuring that any changes meet the needs 

and preferences of  a diverse user base.  This is also based on the materials part 

in the literature research.  

  

Figure 38: Clamp to connect the 

backrest to the frame 

Figure 39: The ER3 sitting area on the 

Buddy bicycle 
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Test Plan 

- Initial Setup:  

o Disassemble the existing HP Velotechnik seat and install the ER3 sitting 

area from the VanRaam EasyRider 3.  

o Manufacture and install the necessary connections to the frame and 

headset tube to secure the ER3 sitting area.  

- Participant Details and Ratings:  

o Collect basic information: age, gender, height.  

o Have participants rate comfort and stability on a scale from 1 to 10 for 

both configurations.  

 

Data Collection Template  
Participant  Age 

(years)  
Gender  Height 

(cm)  
Comfort 
With ER3  

Stability 
With ER3  

Comfort 
Without ER3  

Stability 
Without ER3  

1 24  M 183  
  

7 8.5  

2 22  M 188  7 8.5  5 8 

3 24  M 186  5 8 9 9 

4 22  F 166  9 9 7 9 

5 71  F 175  7 9 8 7 

6 21  M 185  8 7 
  

Statistical Analysis  

Metric  p-value  Confidence Interval  A priori Power  Significant Difference?  

Comfort  0.5  0.05  0.239  No 

Stability  0.5  0.05  0.239  No 

Results Interpretation  

The ER3 sitting area did not show a statistically significant improvement in comfort 

and stability (p > 0.05) . Subjects found the ER3 sitting area too short and too slippery  

and too hard , which affected their overall perception of  comfort and stability. These 

issues were largely due to the sitting area 's placement and material.  

Limitations  

- Sample Size:  With only six subjects, the sample size is too small to generalize 

the findings broadly. The statistical power is low, limiting the ability to detect 

significant differences.  
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- Subjectivity:  Comfort and stability ratings are subjective and can vary greatly 

between individuals.  

- Demographic Range:  While the ages of  participants vary, the sample may not 

represent the broader population of  potential users. Gender and height 

distribution is also limited.  

- Seat Modification:  Modifications required to fit the ER3 sitting area may have 

impacted the overall seat comfort independently of  the ER3's design , such ls 

the stability and the placement of  the seat.  

- Foam differences:  Foam is a material that exists in thousands of  different 

shapes and hardness levels. To draw a hard conclusion after comparing to only 

one foam is too premature.  

Conclusion  

Despite the lack of  statistical significance, the qualitative feedback suggests that the 

ER3 sitting area has potential but requires modifications. The seat was found to be too 

short and slippery, which are issues that can be addressed through design 

adjustments. Given the participants' preference for a more bucket -like sitting area , a 

hammock -like structure may be more suitable. However, at this stage only one foam 

and top layer has been tested. In order verify this even further, different foams and 

slipperiness levels should be tested against the Hammock style seat. For now, the 

hammock style seat is concluded to be the better option as it had more elasticity, 

better damping and more longitudinal stability for the user.  
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Test 4: Side Bolsters 

Goal  

The objective of  this research is to determine whether 

adding side bolsters to the seat of  the "Buddy" 

bicycle enhances comfort and stability. This test aims 

to guide the potential addition of  bolsters and to 

evaluate the backrest of  the EasyRider 3, which 

allows significant sideways movement of  the 

passenger, without mounting the actual ER3 

backrest.  

Methodology  

- Participants:  5 subjects of  different ages 

(specific demographics detailed below).  

- Procedure:  Each participant will cycle for 5 -10 

minutes using the "Buddy" bicycle, with and 

without the side bolsters.  

- Evaluation:  Post -cycling, participants will rate 

comfort and stability in both scenarios. 

Qualitative feedback will be collected to 

provide arguments in favor and against the 

side bolsters.  

Reasoning for Conducting the Test  

- Enhanced Stability:  Side bolsters are 

hypothesized to increase lateral stability, 

which can enhance the passenger's sense of  

security, especially in turns and uneven 

terrain.  

- User Comfort:  Proper lateral support can 

mimic the comfort of  a bucket seat, making 

the ride more enjoyable and reducing the need 

for the passenger to constantly adjust their 

position.  

- Design Decisions:  Understanding the impact 

of  side bolsters will inform whether the 

backrest of  the EasyRider 3 should be used or if  a custom solution is more 

suitable for the "Buddy" bicycle.  

Test Plan 

- Initial Setup:  

o Construct and attach the side bolsters to the existing seat. These 

bolsters are made of  3D -printed clamps, wooden panels, and 

polyurethane foam for comfort.  

o Ensure the bolsters can be rotated and adjusted to fit the body of  the 

subject.  

- Participant Details and Ratings:  

o Collect basic information: age, gender, height.  

o Have participants rate comfort and stability on a scale from 1 to 10 for 

both configurations.  

Figure 40: The side bolsters on the 

Buddy bicycle 
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Data Collection Template  
Participant  Age 

(years)  
Gender  Height 

(cm)  
Comfort 
With 
Bolsters  

Stability 
With 
Bolsters  

Comfort 
Without 
Bolsters  

Stability 
Without 
Bolsters  

2 24  M 183  8.5  9.5  6.5  8 

3 24  M 186  9.5  9.5  9 9 

4 22  F 166  9.5  10  8.5  9 

5 77  M 173  8 9 8 7 

6 21  M 185  8.5  9 7.5  8.5  

Statistical Analysis  

Metric  p-value  Confidence Interval  A priori Power  Significant Difference?  

Comfort  0.027  0.05  0.239  Yes 

Stability  0.01  0.05  0.239  Yes 

Results Interpretation  

The addition of  side bolsters resulted in statistically significant improvements in both 

comfort and stability (p < 0.05). Participants provided positive feedback, noting 

enhanced stability and comfort similar to that of  a bucket seat. Comments included:  

- "No need to correct yourself in order to remain stable in the seat." 

- "Like sitting in a comfortable chair at home, but without feeling sleepy because of the 

activity."  

- "Cannot move from side to side anymore, which gives a secure feeling." 

However, the bolsters made core rotation difficult, meaning passengers must rely more 

on the supervisor in traffic. This issue could be mitigated with more subtle bolsters.  

Limitations  

- Sample Size:  With only five subjects, the sample size is too small to generalize 

the findings broadly. The statistical power is low, limiting the ability to detect 

significant differences.  

- Subjectivity:  Comfort and stability ratings are subjective and can vary greatly 

between individuals.  

- Demographic Range:  While the ages of  participants vary, the sample may not 

represent the broader population of  potential users. Gender and height 

distribution is also limited.  

- Bolster Design:  The current bolster design is an extreme version; more subtle 

designs may yield different results.  Exact measurements of  proper bolster 

design are difficult to find in literature. In this study, only the added value of  
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the side bolster is examined, moving forward with the project, also bolster 

dimensions should be specified.  

Conclusion  

The addition of  side bolsters significantly improved both comfort and stability for the 

"Buddy" bicycle seat. Despite the positive feedback, the difficulty in core rotation 

suggests that a more subtle bolster design may be preferable. This test also indicates 

that the backrest of  the EasyRider 3 is not suitable for transfer to the "Buddy" bicycle. 

Moving forward, a bucket seat -like structure with adjustable, less intrusive bolsters is 

recommended to ensure both comfort and stability without compromising the 

passenger's ability to move as needed.  
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Test 5: Hip angle envelope  

Goal  

The objective of  this experiment is to determine the 

necessary adaptability of  the seating position relative to 

the bottom bracket to effectively accommodate the 5th to 

95th percentile (p5 to p95) of  the target audience, 

specifically Dutch adults aged 60 and above.  

Methodology  

- Participants:  2 subjects, one at the 15th percentile 

(158 cm) and one at the 95th percentile (182 cm), representing the target 

audience.  

- Procedure:  Measure the adaptability required for the seating position to ensure 

both participants can pedal comfortably while maintaining a minimal hip angle 

greater than 95 degrees.  

- Data Source:  Use the DINED database tool for "Dutch adults 60+ mixed" to 

establish the height range of  the target audience.  

Reasoning for Conducting the Test  

- User Comfort and Safety:  Ensuring that the seating position can be adjusted to 

fit a wide range of  body sizes is critical for user comfort and safety, preventing 

discomfort and reducing the risk of  injury.  

- Inclusivity:  Designing a seating position that caters to a diverse audience range 

ensures that the bicycle can be used by a larger portion of  the target 

population, making the product more inclusive.  

- Optimal Ergonomics:  Achieving the correct seating position and pedal distance 

is crucial for maintaining proper ergonomics, which can enhance the overall 

riding experience and efficiency.  

Test Plan 

Initial Setup:  

- Establish the height range for the target audience using the DINED database.  

- Select two participants whose heights approximate the p5 and p95 percentiles.  

Experiment Setup:  

- Adjust the seating position and measure the distance from the centre  of  the 

seat to the bottom bracket for each participant.  

- Ensure that both participants can spin the pedals easily and achieve a minimal 

hip angle greater than 95 degrees.  

Data Collection:  

- Use the following conversion factors and dimensions to determine the 

necessary range of  adaptability:  

- Stature  height  p5 /  Stature  height  p15=0.968 \ text{Stature height p5 / Stature 

height p15} = 0.968 Stature  height  p5 /  Stature  height  p15 =0.968  

- Add 2% extra safety to the calculated dimensions.  

Figure 41: Test set-up 
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Measurements and Calculations  

Metric  P5 minus 

2% 

P5 (151.7 

cm)  

P15 (158 

cm)  

P95 (181.3 

cm)  

P95 plus 

2% 

X distance (Seat to 

Bottom Bracket)  

76.8 cm  78.4 cm  81 cm  95 cm  96.9 cm  

Y1 distance (Floor to 

Bottom Bracket)  

30.4 cm  31 cm  32 cm  36 cm  36.7 cm  

Y2 distance (Seat to 

Bottom Bracket)  

19.6 cm  19 cm  18 cm  14 cm  13.3 cm  

Results Interpretation  

Both participants (158 cm and 182 cm) were able to pedal comfortably and maintain 

a minimal hip angle greater than 95 degrees, indicating the seating position's 

adaptability within the defined range. This supports the conclusion that the current 

design can accommodate the p5 to p95 of  the target audience.  

Limitations  

- Sample Size:  Testing only two participants limits the generalizability of  the 

findings. A larger sample would provide more robust data.  

- Subjectivity:  The perceived comfort and adaptability can vary between 

individuals, even within the same height range.  

- Database Limitation:  The DINED database provides an average range, but 

individual variations in leg length and torso height are not accounted for, which 

could affect comfort.  

Conclusion  

The experiment demonstrated that the seating position on the "Buddy" bicycle can be 

adjusted to accommodate individuals from the 15th to the 95th percentile of  the 

target audience in terms of  height. Both participants were able to pedal comfortably, 

maintaining the required hip angle, which confirms the seating position's adaptability. 

Moving forward, it is recommended to conduct further tests with a larger sample size 

to validate these findings and consider individual variations in body proportions for 

even more tailored ergonomic adjustments.  
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Figure 42: Experiment setup 

Figure 43: p15 woman  Figure 44: p95 male  
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Test 6: Stability experiment  

Goal  

The objective of  this test is to quantify passenger stability while riding the "Buddy" 

bicycle during cornering and braking, comparing configurations with and without side 

bolsters and lumbar support.  

Methodology  

¶ Participants:  one subject  will ride the bicycle in both configurations (with and 

without side bolsters and lumbar support).  

¶ Procedure:  Measure the core displacement (in degrees) of  the passenger 

during cornering and braking manoeuvres . 

¶ Evaluation:  Compare the average core displacement between the two 

configurations to assess stability.  

Reasoning for Conducting the Test  

¶ Enhanced Stability:  Understanding the impact of  side bolsters and lumbar 

support on stability can lead to design improvements that enhance passenger 

safety and comfort.  

¶ Design Validation:  This test provides empirical data to support the inclusion of  

side bolsters in the bicycle design, ensuring that any modifications are based 

on measurable benefits.  

¶ Safety Considerations:  Improved stability reduces the risk of  falls and injuries 

during cornering and braking, which are critical moments for maintaining 

balance.  

¶ User Experience:  Enhanced stability can make the riding experience more 

enjoyable and secure for passengers, increasing the overall appeal of  the 

bicycle.  

Test Plan 

1.  Initial Setup:  

o Attach side bolsters and lumbar support to the existing seat.  

o Ensure both configurations (with and without side bolsters and lumbar 

support) are ready for testing.  

2.  Participant Procedure:  

o Have participants ride the bicycle through a set course involving 

cornering and braking.  

o Measure the core displacement of  the passenger during these 

maneuvers using motion capture or similar technology.  

Data Collection Template:  

Configuration  Core Displacement (degrees)  

Without Side Bolsters and Lumbar Support  9.6  

With Side Bolsters and Lumbar Support  3.6  
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Results Interpretation  

The configuration with side bolsters and lumbar support showed a significantly lower 

average core displacement (3.6 degrees) compared to the configuration without (9.6 

degrees), indicating improved stability during cornering and braking . 

Limitations  

¶ Sample Size:  The test needs more participants to provide statistically robust 

results.  

¶ Subjectivity:  Individual variations in balance and riding style can affect core 

displacement measurements.  

¶ Measurement Accuracy:  Ensuring consistent measurement of  core 

displacement is challenging and may introduce variability.  

¶ Unknown Fall Threshold:  The results do not indicate the value at which the 

bicycle would fall over. Without this critical threshold, the significance of  the 

measured core displacements remains uncertain.  

¶ Real -World Variability:  Controlled test conditions may not fully replicate real -

world scenarios, where additional factors can influence stability.  

Conclusion  

The test demonstrates that the inclusion of  side bolsters and lumbar support 

significantly improves passenger stability during cornering and braking, as evidenced 

by reduced core displacement. These findings support the design direction of  

incorporating side bolsters into the "Buddy" bicycle. However, further testing with a 

larger sample size and additional real -world scenarios is recommended to validate 

these results and better understand the stability limits. Additionally, determining the 

core displacemen t threshold at which the bicycle would fall over is crucial for fully 

assessing the safety implications of  these design modifications . 
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T1.1  T1.2  T1.3  

   

T2.1  T2.2  T2.3  

Figure 45: Stability test outcomes  



80  

 

Conclusions from tests  

These preliminary tests have provided useful insights into the criteria the seat needs to 

fulfil in order to be comfortable and stable. The conclusions are summarized below.  

¶ Seating Angle : Preferred angle is 123 degrees for comfort and stability.  

¶ Lumbar Support : Adjustable lumbar support is recommended for enhanced 

comfort and stability.  

¶ Sitting Area : A hammock -like sitting area  with modifications to length and 

surface to prevent slipperiness is preferred.  

¶ Lateral Support : Side bolsters improve comfort and stability but should be 

less intrusive to allow for core rotation.  

¶ Adaptability : The seat needs to be adaptable with respect to the bottom 

bracket.  

¶ Stability : Side bolsters reduce torso rotation, indicating improved stability; 

further assessment of  core displacement threshold is needed for safety.  
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These conclusions can be translated into the following design criteria:   

 

Must Have:  

¶ The seat must have an adjustable seating angle, with 123 degrees 

being a key reference point.  

¶ The seat must include adjustable lumbar support to cater to different 

user preferences and enhance comfort and stability.  

¶ The seat must be designed to prevent slipperiness and be ergonomic, 

taking inspiration from a hammock -like structure to improve comfort.  

¶ The seat must have side bolsters that enhance stability without 

significantly impeding core rotation or the ability to move.  

Should Have:  

¶ The side bolsters should be adjustable to cater to various user 

preferences and ensure they do not overly restrict movement.  

¶ The design should allow for adaptability with the bottom bracket, 

either through the seat or the bicycle frame.  

Could Have:  

¶ The seat could include additional ergonomic features based on user 

feedback to further enhance comfort.  

¶ The design could include optional features such as additional 

padding or accessories for further customization.  

Wonõt Have: 

¶ The seat wonõt have a fixed lumbar support, as adjustability is crucial 

for comfort and compatibility.  

¶ The seat wonõt have rigid or non-adjustable bolsters, as they may 

impede movement and reduce comfort.  

 

 

 

 

Design Criteria  
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2. Midterm Focus group  
A group of  elderly voluntary caregivers stopped by at Civon for an event. They were 

asked about their first impressions when looking at the òBuddyó bicycle whilst 

stationary. Some even sat down on the front seat and one male and one female rode a 

lap together on the DRU industrial estate.  

The questions asked were mainly about the first impressions of  the bicycle and the 

seat, also some questions were asked about some associations that the people had 

with the bicycle. Finally, some general feedback was given on the bicycle.  

This event was to get some feedback from the òsupervisorsó that have experience with 

taking care and cycling together with impaired people. No major conclusions can be 

drawn from this event, it does however provide some feedback and insight for the 

design process of the seat and the òBuddyó in general. 

The people were male and female in ages 68 until 77 years. Some had experience with 

riding on a bicycle as a supervisor, others had no experience.  

The Buddy bicycle was generally perceived as a nice new bicycle concepts. People  said 

the bicycle looked, stable tough and more practical than the Fun2Go. The caregivers 

wanted a lot of  support and possibility to secure the passengers in place. Generally, 

they thought the bicycle is meant for impaired people in a wheelchair, thus they want a 

rotatable seat. The seat feels comfortable, lumbar support can be added the bolsters 

do not need to be too big but have to offer some support. Therefore, the following 

design criteria need to be put into consideration  The full session can be found in 

Appendix R : 

 

 

  

 

Should have: 

¶ The seat should have a lumbar support and side bolsters for better 

comfort and stability  

Could have:  

¶ The seat op the Buddy bicycle could be rotatable for easier access for 

people that are less mobile and autonomous.  

 

 

 

 

Design Criteria  
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3. First User Test 
The third part of  the design & development phase entails the  first user test in which 

the design criteria that have been established in the previous parts . These criteria can 

be found in Appendix  H. In order to test these criteria, a prototype needs to be 

created, this will be covered in the next part.  

New proto vs. current seat  

After the initial partial tests have been concluded and some initial aesthetical 

designs have been made; the project needs to move forward into the target user 

phase and for this a physical prototype is needed.  

For the test with end users, realistically, two paths could be taken. The first part is 

to keep the existing seat as a basis and change it according to the previous 

findings. The second option is to design a new seat from scratch; this gives 

freedom of  adding the exact ergonomics as found in literature, downside is 

however that it will cost significantly more money. The question is also raised what 

the added value of  a completely new prototype would be. In order to clarify this an 

overview is provided in figure 4 7. 

 

Figure 46: Different prototype directions  

Eventually, the paramount arguments were the cost and lead time for not choosing 

to design a new prototype from scratch. A new prototype would cost approximately 

1500 euros and would take three to four weeks to design and manufacture; time 

that was not at hand. On top of  this, using the current seat as test prototype would 

mean next to no cost of  production. Thus, the Existing seat with modifications has 

been chosen as the test prototype. In the next section the process of  conversion 

will be elaborated.   
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Modifications to current seat  

In order to test the ergonomics as described in the requirement specifications, the 

seat needs to be modified. The following changes have been made:  

1.  Lumbar support  

The Lumbar support has 

been placed between the 

tension straps and the mesh 

fabric of  the HP Velotechnik 

seat. During the initial tests 

with the lumbar support, it 

had been placed between the 

subject back and the mesh of  

the seat. The conclusion was 

that the lumbar support was 

too pronounced in this way. 

By hiding it behind the mesh, it becomes less pronounced and subjects are less 

likely to judge the lumbar support because it cannot be seen.  The prominence 

of  the lumbar support is now 10-30 mm, 

corresponding with earlier findings (Reed, 

2013) . 

2.  Connection to frame  

In order to add stability to the backrest, 

an extra support clamp has been 3D 

printed from PETG material, see figure 

49 .  

3.  Side bolsters  

The side bolsters used for this prototype 

are an evolution of  the bolsters used for 

the preliminary test. They have been 

made smaller in depth, and are now 

upholstered with black fabric in order to 

make them more uniform with the 

current design of  the seat.  

The bolsters are connected to the frame 

of  the seat via a 3D printed clamp that 

has been modelled in Solidworks, see 

figure 50 .  

  

Figure 49: The clamp for the side bolsters 

Figure 48: Connection behind backrest to 

frame 

Figure 47: New Lumbar support position  
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4. Functional seating angle  

The functional seating angle has been changed from 11 4 degrees to 123 degrees, 

which is the most stable position according to literature. This is done by cutting away 

a part of  the seat frame in order to create some space for the seating angle. The seat 

itself  allows for the change in seating angle, see figure 51.  

 

 

Figure 50: The new functional seating angle  
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Aesthetics  ideation + Conceptualization  

Next to the functionality, the Aesthetics are also of  interest for the design of  the seat 

of  the Buddy bicycle. From the define and empathize  phase it became apparent that 

stigma is not really a problem, however aesthetics can still communicate comfort, 

stability and other values that might be desirable. In order to explore this, initial 

aesthetic sketches have been made based on the research of  the define and 

development phase.  

In order to gather even more insight into the aesthetics, a meeting has been held with 

one of  the visual designers at VanRaam Ideeënfabriek. The conclusion of  this meeting 

was in order of  design, really put emphasis on the fact that VanRaam customers do 

not expect òflashyó design. It has to evoke a sense of reliability, dependency and 

quality. This is in line with the brand translation prism as defined in section 2. In 

terms of  colour usage, if  has been advised to use as neutral colours as possible in the 

design of  the seat as the colour mainly comes from the frame; colour mismatch is 

something that should be avoided.  

Then sketching commenced. The focus was really on the aesthetics, without focussing 

too much on functionality. After the initial ideation sketches, the decision has been 

made to focus the aesthetics onto the feeling that the seat needs to evoke. The 

different feelings were, Sportiness, Activity, Comfort and Stability. In order to do so, 

mood boards have been created to gather inspiration into these ambiguous terms.  

 

Figure 51: The four mood boards 
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These mood boards are the inspiration for the ideation in each of  those directions. 

Then these ideation sketches will be conceptualised and shown to the target user 

through sketch rendering. In figure 52, some ideation is shown based on the  mood 

board s.  
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Figure 52: Different ideation sketches.  
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Eventually, four concept directions have been established (figure 54). These concepts 

will be tested with the target user during the initial user test before deciding which 

direction will be the desired direction for moving forward with the design.  

 

Clockwise, these are the different concepts:  

1.  Comfortable seat: The idea behind this seat is to create continuous lines in 

order to create a visual coherent, relaxing and comforting experience. Also, the 

side bolsters are wide and appear to be hugging the passenger. In terms of  

materials, there are the black parts, which is some kind of  mesh, and there is a 

grey part which is another top layer material.  

2.  Active seat: This seat uses a lot of  chamfers and Y -shaped lines  that might 

resemble rugged outdoors equipments . This makes the seat visually òbusyó, 

there is a lot happening. The side bolsters are separate to evoke a feeling of  

functionality before form. This is also done in the sitting area .  

3.  Sporty seat: This seat uses the VanRaam Easy Rider 3 line and a generally 

narrower design that resembles a race bucket seat as found in sportscars. Also 

the exaggerated side bolsters add to this appearance.  

4.  Stable seat: The final seat evokes stability by not adding a lot of  styling 

elements and essentially keeping it simple. The most striking feature is the 

three section approach with the middle section having exaggerated, lower place 

bolsters that aim to evoke a sense of  stability.  

 

Figure 53: The comfort seat, the Active seat, the Sporty seat and the Stable seat 
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User test 

For the development of  the seat for the passenger of  the Buddy bicycle, it is 

imperative to emphatise  with the target user. With this test, the finding in the 

literature research and early design phase testing can be checked and tested if  the 

assumptions made and conclusions drawn are also applicable for the target group.  

The aim of  this user test is to gather insight into the preferences in terms of  

comfort and stability of  the seat for the target user (65+ with changing medical 

condition) and whether the requirements set after preliminary tests are also 

correct for the target user. Next to this, also some insight in to the aesthetic wishes 

of  the target user will be explored.  

The subjects will all be people within the target group. For this they should be at 

least 65+ of  age and suffering for some sort of  (changing) medical condition that 

makes them not able to navigate through traffic independently.  

The hypotheses that will be checked in the next section are the following:  

1.  The functional seating angle of  123 degrees is preferred also by the target 

group in terms of  comfort and stability.  

2.  A lumbar support improves stability for the target group, however it should not 

be too pronounced.  

3.  The distance from the seat to the bottom bracket from the seat is decisive for 

the sense of  comfort.  

4.  The side bolsters improve the stability, sense of  stability, comfort and sense of  

comfort for the target user.  

5.  The construction and material for the sitting area  is sufficient an should not be 

changed massively . 

6.  The appearance of  the seat has influence on the perception of  comfort and can 

evoke certain feelings for the target user . 

7.  A rotatable seat can be a necessity for entering the bicycle . 

8.  The current prototype with modifications is sufficient for the time bein g. 

Test Plan (Protocol)  

¶ Introduce everyone and introduce test plan and informed consent.  

¶ Ride for 10 minutes in both positions  

o First new position then old position  

o In between the two positions, the seat needs to be positioned back to 

the old setting. This will take 10 minutes. In this time, one of  the two 

colleagues can ask questions to the end user.  

o Before leaving make sure everyone is fitted properly to the bicycle  

o During the ride, let the passenger steer and brake while 

researcher/supervisor gives directions  

¶ Afterwards a questionnaire with user feedback  This questionnaire also asks for 

an opinion on the four aesthetics sketches as presented in an earlier section.  
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Conclusions from user test  

 

Figure 54: Affinity diagram of outcomes user test  
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Figure 55: One of the user tests 
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General conclusions form the first user test:  

1. Distinguishing Seating Positions : People with Parkinson's disease find it 

difficult to distinguish between different seating positions when riding for the 

first time.  

2.  Stability and Comfort : The bicycle feels more stable and comfortable compared 

to EasyRider3 and Fun2Go models.  

3.  User Confidence : The bicycle gives users confidence, making them feel secure 

and safe.  

4.  Seat Accessibility : People with Parkinson's disease find it challenging to get in 

and out of  the seat; a rotatable seat might be beneficial.  

5.  Seat Material : Current seat materials are satisfactory; no comparison was 

made.  

6.  Pedal Distance : Distance to the pedals is crucial for stability and comfort.  

7.  Adaptable Ergonomics : Different design requirements are necessary for people 

with vision impairments, particularly regarding the seating angle.  

8.  Side Bolsters : Side bolsters are comfortable and ergonomically beneficial.  

9.  Aesthetics : A simpler design with minimal distractions is preferred by people 

with Parkinson's disease; the product should communicate activity.  

These conclusions are then transformed into design criteria using the MoSCoW 

method of  prioritization : 

1.  Stable and Comfortable Design : The bicycle must maintain or improve on the 

stability and comfort that make it preferable to EasyRider3 and Fun2Go 

models.  

2.  Adjustable Pedal Distance : The design must allow for adjustable pedal 

distance to ensure stability and comfort for different users.  

3.  Simple Aesthetics : The bicycle must have a simple design to avoid distractions, 

especially for users with Parkinson's disease.  

1.  Rotatable Seat : The seat should be rotatable to facilitate easier access for 

people with Parkinson's disease.  

2.  Adaptable Seating Angle : The seating angle should be adaptable to cater to the 

needs of  users with vision impairments and other specific requirements.  

3.  Confidence -Building Features : The design should include elements that 

enhance user confidence and the perception of  safety.  

1.  Enhanced Side Bolsters : The design could incorporate side bolsters that are 

adjustable to enhance ergonomic comfort further.  

2.  Optional Ergonomic Features : The design could include additional ergonomic 

features that can be customized based on user needs.  

3.  Material Comparison : Future iterations could involve a comparison of  different 

seat materials to optimize comfort and durability.  

1.  Overly Complex Design : The bicycle wonõt have a complex design that could 

distract or overwhelm users with Parkinson's disease.  

2.  Non-Adjustable Seating Angle : The seat wonõt have a fixed seating angle, as 

adaptability is necessary to meet the needs of  a diverse user base.  
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4. Bystanders aesthetics questionnaire  
In order to gather some insight into the aesthetics of  the to be designed seat, a survey 

was set up. The aim of  the survey was to explore reactions on different concept 

directions within the òactiveó appearance subgroup as defined in section 3 and gather 

some significant results from which the final design can be derived from. The four 

different concepts can be found in figure 57 .  

 

The general stability and comfort of  the appearance was scored on a Likert scale from 

1 to 5. Next to this, a one word association was asked for every concept. The final 

question was which concept direction for aesthetics was preferred and why. This gave 

the following results:  

Firstly, the questionnaire had 53 responses with 35 male and 18 female responses. 

The average age of  the respondents was 40,7 years, with the youngest being 13 and 

the oldest respondent had an age of  75 years. The following results were obtained:  

  

  

  
Figure 56: The four active concepts for the survey 
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 Concept 1  Concept 2  Concept 3  Concept 4  

Word 

associat

ion  

multiple 

choice  

Sporty (43,3%)  Sporty (35,8%)  Relaxed (41,5%)  Clinical (41,5%)  

Own 

word 

associat

ion  

¶ Elegant  

¶ Sporty  

¶ Comforta

ble  

¶ Comforta

ble  

¶ Luxurious  

¶ Sturdy  

¶ Comforta

ble  

¶ Wide 

¶ Sporty  

¶ Functional  

¶ Minimalis

tic  

¶ Large 

Comfort 

rating  

(avg) 

3,62  3,89  3,75  3,36  

Comfort 

rating  

(median

) 

4 4 4 3 

Stability 

rating  

(avg) 

4,01  4,23  3,66  3,79  

Stability 

rating 

(median

) 

4 4 3 4 

Figure 57: Outcomes of the survey 

Using an ANOVA analysis and a Tukeyõs HSD analysis, it can be concluded that from 

the ANOVA test, no significant result can be obtained for the comfort ratings, however 

a significant result for the stability ratings was obtained. When proceeding with the 

post hoc HSD analysis, it has been found that for the comfort ratings the between 

groups results showed that seat 2 was seen as significantly more comfortable than 

seat 4. For the stability ratings, seat 2 was again found to be significantly more stable 

than seat 3. All in all, one can conclude that in terms of  appearance, seat 2 is the 

favourable direction to take when looking at numerical data in terms of  comfort and 

stability. An important note is that seat 3 is the least stable seat in terms of  

appearance and seat 4 is the least comfortable seat in terms of  appearance. For the 

full statistical analysis, see appendix L. 
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Next to this numerical data, there were also questions in the questionnaire on word 

associations. Table x. already provided with an overview of  the number one association 

of  the four choices per concept seat. It becomes apparent that the first two concept 

appear most sporty compared to concept 3 and four. However, the aim was to design a 

seat that conveys a sense of  activity. However, questions can be raised whether people 

actually know what òactiveó is when directly compared to òsportyó, whereas sporty 

might be more clear to the general public and I therefore more easily picked as the 

favourable associative word. Next to this question, also the question was asked to 

describe each concept in one word, this lead to very different associations, however for 

each concept, there were some general words that appeared to be fitting for that 

concept  (figure 58) . The final question of  the questionnaire was for the respondents to 

pick their preferred concept out of  the four. 45,3% chose concept 2, which are 24 

respondents. This is a significant result thus it can be concluded that in terms of  

aesthetics and appearance, for this population, concept two is the preferred option. 

Finally, when looking at why people choose concept 2 as the preferred concept, mostly 

they fancy the larger side bolsters and the more sporty look which makes it appealing 

to them. The main conclusion is then that the direction of  concept two is the desired 

concept direction. The entire questionnaire can be found in Appendix  J.  

From the user tests and the questionnaire, the following aesthetics design criteria  are 

established:  

¶ Active Lifestyle Communication : The design must communicate an active 

lifestyle to appeal to users who value activity and engagement.  

¶ Continuous Lines : The design must incorporate continuous lines to ensure a 

cohesive and visually appealing appearance.  

¶ Simple Design : The design must be kept as simple as possible, avoiding 

unnecessary features to prevent overwhelming users.  

¶ Perceived Comfort : The design should incorporate side bolsters to enhance 

perceived comfort, ensuring users feel secure and supported.  

¶ Non-Clinical Appearance : The design should avoid a clinical look to make 

the bicycle more inviting and user -friendly.  

¶ Subtle Adventure Elements : The design could include subtle elements that 

hint at adventure, without overwhelming the user with an adventurous 

aesthetic.  

¶ Aesthetic Stability : The design could incorporate aesthetic features that 

contribute to the visual stability of  the bicycle, enhancing user confidence.  

¶ Overly Adventurous Design : The design wonõt communicate too much 

adventure, as this could be intimidating or inappropriate for the target user 

base.  

¶ Unstable Aesthetic Elements : The design wonõt include aesthetic elements 

that make the bicycle appear unstable, as stability is crucial for user 

confidence and safety.  
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Figure 58: The most liked concept from the questionnaire  

 

Figure 59: Further ideation 

 

Designer VanRaam input  

For the design of  the seat,  two aesthetic industrial design engineers have been 

consulted in order to gather insi ght into what VanRaam might want for the design of  

the front seat for the Buddy tricycle. They gave the following remarks:  

Firstly, the dots were placed at the most liked concepts. Then, the general remarks 

that white versus black is too high in contrast; they suggested a uniform colour and 

make subtle change in materials and textures in order to create interesting shapes and 

overall designs. Secondly, the bottom left concept was found to be most inline with 

VanRaam styling; frame has to be more graphical than the seat . However, this is also a 

òdulló design. Finally, they advised to stay away from sharp corners, thus make edges 

a little more rounded off. With this information in mind, 2 concepts have been chosen 

to develop further. Eventually, one will be chosen as the final design direction for the 

seat in this thesis.  








































































































































































































































































































