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Abstract 

In Schwaz, Austria, there is a company developing energy solutions and all-

terrain vehicles, i.a. the Ziesel. The wheelchair users, who constitute an estimate 

of a third of all customers, are attracted by the Ziesel particularly because it 

doesn’t look like a wheelchair. It also helps them enjoy all the benefits from 

getting out into the nature. However, the structure of the frame gives this 

customer group a challenge to enter the Ziesel, as the seat is situated both high up 

and far into the Ziesel. Because of this position of the seat and obstructing 

elements on the Ziesel, it will be problematic to choose an optimized angle 

between the wheelchair and the seat at the transfer moment. Because of the 

current frame structure of the Ziesel, the company does not have a lot of 

possibilities to make the transfer easier for wheelchair drivers. The goal of this 

project is to develop an appliance that would ease entering their vehicle for 

wheelchair users. 

The project is divided into two parts, creating a requirement specification and 

developing several concepts. The requirement specifications were written after 

taking consideration to the company, user and customer criteria. Relevant input 

and feedback was gathered through meetings and surveys directed to wheelchair 

users. Multiple concepts have been developed and sent to Mattro, some of them 

good from a user perspective and some from a time, effort and budget friendly 

perspective.  

A requirement specification and four concepts, of which two are recommended, 

are presented as a result of this project. 

During this project, a thorough study has been done to examine which transfers 

are easy or hard to practice to and from a wheelchair. With the results from this 

project, more people that did not have this opportunity before can take part of and 

enjoy nature. This knowledge will make a great difference in future development 

of new products and vehicles for Mattro.  
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1. Introduction 

1.1 Background 

It has been shown that wheelchair users have trouble to benefit all the good effects 

achieved from spending time in nature. There are solutions that give access to 

nature, such as all-terrain vehicles, on the market but they may not always be 

developed based on the input from this group of users. (Frank and De Souza, 

2013, Davies et al., 2003) It is important, as stated by the United Nations (1993), 

to give everyone equal opportunities to enjoy most environments. This project is 

an attempt to increase the accessibility of nature without changing nature itself. 

1.1.1 Mattro 

Located in Schwaz, Austria, Mattro develops vehicles and mobility tools for 

everyone. As they know that today’s vehicles burden the environment more than 

needed and it is possible to avoid this, their vision is to develop environmentally 

friendly, electronic mobility and energy concepts for a future worth living in. 

They have passionately developed ecologic and futuristic products since 2006. 

The company is divided into three subdivisions: Mattro Motors, Mattro Drives 

and Mattro Energy to provide innovative and tailored solutions for transportation, 

using only the latest high-end technologies. They are greatly rewarded from those 

whose lives are facilitated with energy and mobility solutions on a sustainable 

base. (Mattro GmbH, 2015a)   

1.1.2 The Ziesel 

The Ziesel, shown in fig. 1.1, is a 

motor vehicle developed by Mattro 

Motors, attracting and enthusing 

all-terrain vehicle (ATV) fans and 

motocross freaks as well as 

wheelchair users and elderly. At a 

full speed of 35 km/h, the electric 

motor is still almost noiseless and driven with automatic gears. As it has no 

exhaust fumes and charges quickly it is seen as a pioneer for mobility (Mattro 

GmbH, 2015b). The Ziesel is made of two caterpillar bands that enable extremely 

agile and flexible driving both on and off road. Mattros choices are selective and 

choose only the best materials for the Ziesel, to make sure the final product is 

sustainable and tough as the quality is much more important than minimizing 

costs. (Mattro GmbH, 2015d) 

The Ziesel was at first invented as a testing tool to evaluate Mattros battery and 

energy solutions, but several customers showed their great interest in the vehicle, 

Fig 1.1. The Ziesel (Mattro GmbH, 2015c) 
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some of them wheelchair users. According to the Mattro engineer and founder, 

Alois Bauer, there are three main customer groups; rental services/fun parks, 

farmers and wheelchair users. According to Mattro executives the wheelchair 

users, who constitute an estimate of a third of all customers, are attracted by the 

Ziesel particularly because it doesn’t look like a wheelchair. However, the 

structure of the frame gives this customer group a challenge to enter the Ziesel, as 

the highest point of the seat is located 63 cm above ground. A standard manual 

wheelchair seat height is 39-57 cm (Landstinget Sörmland, 2015).This means that 

the Ziesel seat is located up to 24 cm above the manual wheelchair seat height. 

The user also needs to transfer quite a horizontal distance from the wheelchair to 

the Ziesel seat. As the footrest prevents the wheelchair from rolling up close to the 

seat, it leaves a gap of almost 40 cm. Because of this position of the seat and 

obstructing elements on the Ziesel, it will be problematic to choose an optimized 

angle between the wheelchair and the seat at the transfer moment. 

1.2 Problem definition 

The main product problem is that there is a challenge for wheelchair users to 

transfer in and out of the Ziesel, due to the fact that the seat on the Ziesel is 

situated 24 cm above standard wheelchair seat height and 40 cm from the footrest 

of the Ziesel. Because of the current frame structure the company does not have a 

lot of possibilities making this easier. Still, the company wants this group to be 

able to use their product in a pleasant way without experiencing this 

discouragement. With a better solution of the problem, the Ziesel may attract even 

more individuals in the specific customer group of manual wheelchair users. 

The main tasks of this project will be: 

 To clarify the transfer issue, and determine what factors affect the transfer 

and which of these are the most crucial 

 To  examine what distinguishes the Ziesel, and why it’s appearance excites 

and attracts customers 

 To find what limitations the project has, in terms of product degrees of 

freedom.  

1.3 Purpose and goals 

The purpose of this project was to simplify the entry process of the Ziesel for 

manual wheelchair users, and thereby contribute to increased outdoor accessibility 

in off-road environments for this customer group.  

The goal of this project was to identify the roots of the problem and in what 

displacement the problem lies, in order to create a full requirement specification 
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and weigh the criteria. The product goal was to create several concepts and 

sketches of solutions that will ease the entering process, to visualize their 

function, that Mattro can use in the future to eliminate the transfer issue.  

1.4 Limitations 

This project will not pay attention to or consider any other customer group than 

manual wheelchair users with functional and mobile arms. No effort will be done 

to define and order the customers and users in terms of disability. The shape and 

comfort of the seat and backrest will not be considered. Selection of material, 

strength of material calculations and related dimensioning will not be done for the 

final concepts. 
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2. Methods 

This chapter includes both methods and applied methodology. Therefore, it has 

been decomposed into two subchapters called 2.1 Discussion of methods and 2.2 

Applied methodology. The subchapter 2.1 contains the methods that supported the 

course of action while planning how to meet the main tasks and addressing the 

product problem. Subchapter 2.2 contains descriptions of the methodology in 

chronological order. The applied methodology is divided into three parts; Initial 

phase, Collection of data and Development phase. In the Initial phase the setup 

was planned, milestones were defined and stakeholders were mapped out. 

Collection of data explains how relevant literature for the subject was found and 

how information regarding transfers was collected from users. The Development 

phase focuses on how the requirements were weighed against each other and how 

the process of the concept generation was executed. 

2.1 Discussion of methods 

2.1.1 Activity list 

An activity list is a summary of the activities that will be executed during the 

project. A lot of information might be needed for an activity, which can lead to 

that a summary of these might be difficult to read, which is why the activities is 

only named, and detailed information will be stated in another document. All 

activities will be given a name and ID as well as responsible person, expected 

duration, and what resources will be required will also be listed in an activity list. 

(Tonnquist, 2014) 

2.1.2 Work Breakdown Structure (WBS) 

WBS is a kind of mind map, where the project is broken down into different parts 

to create a better overview of the range and what activities that is included. It 

should be clearly shown if there are activities that need to be executed at once, as 

other activities may depend on it. A WBS should always comprise all the work 

included in the project which is referred to as the 100%-rule. Negligence with this 

moment may cause problems and changes in the project planning, usually delays. 

(Tonnquist, 2014)  

2.1.3 GANTT chart 

A Gantt chart is an activity plan with a timeline over the project. All moments 

within the project will be illustrated and during what time period they will be 

implemented. Milestones and deadlines will be seen in the chart as dots or 

squares, and activities will be illustrated as bands, several dots or squares in a 

row. Gantt charts are usually used to plan projects with several steps to make if 

perspicuous and manageable. (Tonnquist, 2014)  



2. Methods 

5 

 

2.1.4 SWOT analysis 

A SWOT analysis is an evaluation to map out the project's strengths, weaknesses, 

opportunities and threats. Strengths and opportunities are something positive, 

while weaknesses and threats are negative. It is important to think of all aspects of 

the project and not neglect the negative parts, but to map out everything possible. 

After a finished SWOT analysis, there should be time to identify the shortcomings 

and gaps of the project. Focus should also be put into noticing opportunities that 

aren’t taken as well as threats that aren’t prevented. (Tonnquist, 2014)  

2.1.5 Stakeholder analysis  

A stakeholder analysis, along with the SWOT analysis, constitutes to how the 

present of the project seems. All the stakeholders of the project will be mapped 

out, along with what expectations they have. Everyone that will be affected by the 

project (customers, suppliers, the project group, users, public) will belong as 

stakeholders, as well as everyone that will monitor it (management, job requestor, 

financiers). Furthermore, the stakeholders are divided into core, primary and 

secondary stakeholders depending on their influence, impact and interest. 

(Tonnquist, 2014)  

2.1.6 S.M.A.R.T. test of the goal  

This is a test used to evaluate the project goals where the user should be able to 

agree to five statements.  

Specific: The goal should be clearly stated and only concern this project. 

Measurable: The goal should contain parameters to enable measuring of how well 

the goals are fulfilled. It should be possible to ask “Is the goal fulfilled” and only 

answer by Yes or No. Accepted: The project should be understood by all parts, 

including participants and users. Realizable: The goal should be realistic. 

Time limited: The project should have an ending date when the goals should be 

met. (Tonnquist, 2014)  

2.1.7 Surveys  

Creating surveys is an indirect method without personal contact between the 

questioner and the respondent. The primary field of application is to gather data 

from a vast amount of respondents during a short period and to validate earlier 

results. It is important to have a correct question formulation, with short and clear 

questions. The results should be analyzed quantitative unless any open questions 

are asked. (Bohgard et al., 2015)  

2.1.8 Transfer Assessment Instrument (TAI) 

TAI is an outcome measure tool that can be used to assess the quality of transfers 

performed by full-time wheelchair users. The instrument assesses conservation of 
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upper-limb function, safety, and how well people can direct caregivers to assist 

them with a transfer, if necessary. The measurement is done by filling out a form 

with given assessment criteria and scales. It is made up of 2 parts. In part 1, a 

transfer is broken down from start to finish into small components, and the 

persons is evaluated on each of these small components. Part 2 evaluates the 

person's global performance on quality, conservation techniques, safety, and 

direction of care. People first requiring full-time use of a wheelchair typically 

participate in some form of rehabilitation therapy, where education of how to 

perform a safe transfer is included. The standard method to evaluate transfers is an 

observation by a therapist and qualitative assessments. To get a more precise 

result of the quality of transfers, a reliable and validated tool like the TAI could be 

practiced instead. (McClure et al., 2011) 

2.1.9 Brainwriting  

Brainwriting is a method purposed to generate ideas to a presented problem, 

performed in a group. Essentially, brainwriting is a more structured and 

sophisticated form of brainstorming. A popular method is the 6-3-5 method, 

forcing everyone to participate equally and generates ideas based on everyone’s 

creativity. 6 people in a group creates 3 ideas each during 5 minutes. After this, 

the paper is passed to the next person and continues passing around until everyone 

has developed all ideas. (Ullman, 2010)  

2.1.10 Analogies  

To generate concepts, many methods and tools are available. One very powerful 

example of this is the use of analogies, meaning to think of other tools performing 

the same task within a different field. Something that provides similar function 

could trigger ideas or concepts. The user may find that solution is applicable in 

this case as well. (Ullman, 2010) 

2.1.11 Pugh’s matrix  

This method is a resource to evaluate and choose amongst the choices available, 

usually different concepts. First off, a reference alternative called datum is 

necessary. Usually, the project group’s favorite solution serves this position. The 

matrix then orbits around comparing a concept with the reference alternative.  

The two concepts will be met with all the criteria being put on the final solution. 

The criteria should all be given a weighted importance value. If the tested concept 

is better than the reference concept for any given criteria, it is given 1 point for 

this criterion. It is given 0 points if the concepts are equally good, and -1 if the 

reference concept is the better one. An overall score should be calculated to see 



2. Methods 

7 

 

which of the concepts meet the criteria best. Pugh’s matrix is a general method 

and can be used within many fields in different ways. (Ullman, 2010) 

2.1.13 Computer Aided Design (CAD) 

CAD is a very efficient and useful tool to model and visualize 3D images of 

prototypes and products. It is also used to create drawings that are used for 

production and is therefore a good tool to communicate between designer and 

production workers. Many CAD programs also contain tools to analyze 

dimensioning by simulation forces, torques and weight on the prototype. (Ullman, 

2010) 

2.1.15 Anthropometry 

Anthropometry derives from the Greek anthropos (human) and metros 

(measurement) and is the part of ergonomics describing the human measurements. 

The purpose of using anthropometry in the development process is to 

systematically adapting the measurements and dimensions so that it suits all the 

possible users of the product. When applying anthropometric measurements, the 

5th and 95th percentiles are commonly used, engaging 90% of the population. 

(Bohgard et al., 2015) 

2.1.14 Human manikin simulation  

In the manufacturing industry, simulated environments are often used in product 

development and production preparation. For the human aspects in those 

simulations computer models of humans are used, called computer manikins, 

henceforth referred to as manikins. There are many different programs for this 

type of simulations, and one of them is Human Builder in Catia V5. In the 

program it is possible to investigate how manikins of different sizes, and gender, 

are able to perform a certain task. A main function in the program is the 

possibility to change the manikin anthropometry to be able to test products on 

people with different physique. By placing the manikin in a CAD-environment of 

a product or workplace, many of the things that can be tested by a real person in a 

full-scale model or with a complete product can be performed. Things that can be 

studied are space requirements and scopes. It is also possible to perform load 

analyzes on the manikin. Though, the program is relatively new and the 

experiences hitherto are associated with certain problems. The software needs to 

be updated and the use of dynamic analyzes needs to be simplified. To create 

manikins the programs uses anthropometrical data stored in a database. It is 

important to know the geographical origin of the data to get the correct 

measurements. (Bohgard et al., 2015) 
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2.1.17 Analytical Hierarchy Process (AHP) 

When making a decision, there may be factors or criteria hard to weigh. The AHP 

method involves comparing these factors within couples and with a mathematic 

formula point out the factors being the most important for this decision to take 

place. All criteria are being stated on both the horizontal and vertical axes of a 

table, and compared left vs top. A value between 9 (the leftmost criteria is 

significantly better) and 1/9 (the top criteria is significantly better) is given in the 

box where they meet. This method gives a percentage value of the compared 

factors. (Saaty, 2008) 

2.2 Applied methodology 

2.2.1 Initial phase 

At an early stage a SWOT analysis was made to evaluate all strengths, 

weaknesses, opportunities and threats. Two WBS maps were created, visualizing 

the methodology of the project and the development process. An activity list 

presenting all planned activities and specifying responsibilities of each person was 

written down. The list was closely followed by a GANTT-schedule. Furthermore 

the product goal was determined using a S.M.A.R.T-test. While planning the 

approach, two workshops was determined to be set up, Workshop 1 containing a 

brainwriting 6-3-5 exercise and Workshop 2 containing an evaluating 

investigation of the final concepts with the TAI.  

A visit to the company’s head office in 

Schwaz, Austria, was done relatively 

early. During four days at the head 

office, meetings with the CEO, 

construction engineer, innovation 

engineer and project manager were 

arranged. Discussions of purpose, goals 

and approach of the project were held, 

and in consultation with the company 

most of the opinions from the planning 

stage were kept. Sketches and CAD 

products were provided, and a tour in the workshop was held to present the 

manufacturing of the Ziesel. The frame structure was shown in the workshop, 

shown in fig 2.1. Constructional demands and design guidelines were given from 

the CEO. A meeting with one of the Ziesel drivers, who use a wheelchair, was 

done. Also, former solutions of the transfer problem were presented by the 

wheelchair user. To get further input from wheelchair using customers, a meeting 

was set up together with an employee who often participates in fairs, or similar 

customer meetings, and had the ability to mediate collected feedback from the 

Fig 2.1 Steel frames in the Mattro factory (Jonsson, 

2016) 
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users. Lastly, a meeting with the sales and marketing manager was performed and 

an explanation of the different customer groups and potential stakeholders were 

received. Afterwards, a stakeholder analysis was produced in consultation with 

the company. While visiting Mattro, material was collected for the final 

presentation, e.g. videos and pictures.  

2.2.2 Collection of data 

To acquire relevant background information article searches in different 

databases, e.g. ScienceDirect, Pubmed and the University library, were executed. 

The searches partly focused on the current user's situation, partly on the product 

itself and partly on the transfer from wheelchairs. Further, literature and articles 

regarding design of technology for humans has been executed, to make a staunch 

foundation for the requirement specification.  

A survey was made with different questions regarding transfers from wheelchairs. 

Input from the survey provided a user perspective to support the sort out of ideas 

in the development phase and to establish user criteria for the requirement 

specification. The survey was designed with questions where the respondents 

were supposed to rank statements from 1 to 5. An open answer alternative 

followed each question. The questions were designed as an attempt to find out 

what common transfers are easy and hard, and what factors that affects it. At the 

last question, the respondents got the alternative to send their e-mail address to us 

for a follow-up. For the full survey, see appendix 1. The survey was prepared in 

two languages, Swedish and German. The respondents were customer contacts 

referred by Mattro, members in organizations for wheelchair users in Varberg and 

Malmö and members in parasport associations from nine different regions in 

Sweden. A coordinator at Halmstad municipality forwarded a further contact who 

shared the survey link with his wheelchair using contacts. Hälsoteknikcentrum 

Halland gave invitations to attend at two occasions to present the project and 

assist with supplying of valuable contacts. An email were sent out to the survey 

respondents that left their email addresses, asking them to attend a follow-up on 

the survey at the Halmstad University premises or reply on the same task by 

email. This will be explained as the follow-up in chapter 2.2.3. 

2.2.3 Development phase 

To start the development phase, many ideas of solutions were gathered by 

organizing a brainwriting in Workshop 1. The workshop was held at 

Hälsoteknikcentrum Halland with 10 participants. All of the participants were 

between 18 and 29 years of age and students from the biomechanical engineering, 

mechanical engineering or development engineering programs, from different 

years. After a short creative exercise to warm up, the participants were split into 
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two groups, performing the 6-3-5 method of brainwriting. Afterwards, the results 

were discussed and evaluated with everyone. The many results from the workshop 

were discussed and only the ideas that were seen as plausible to fulfill the product 

goal were kept. With help from analogies, the ideas were elaborated into six 

concepts and put into one of three categories; integrated, separate with contact or 

external.  

All relevant literature was summarized. Together with the results from the survey 

and meetings with wheelchair users, the user criteria were formulated. 

Henceforth, using the input from meetings with Mattro executives, the customer- 

and company criteria were formulated. All criteria were compiled and divided into 

demands, wishes and design guidelines. Demands are criteria that cannot be 

neglected. A concept that does not fulfill one or more of the demands should be 

discarded or modified. Demands can also be overfulfilled, meaning that one 

concept can be better than another, regarding this specific demand. Wishes are 

demands that, to some extent can be neglected. Design guidelines are preferences 

achieved by the company. These are strongly advised to be followed, but it is not 

needed.  

Four wheelchair users attended the follow-up and three responded to it by email. 

The users were given the user demands and wishes, and a total of 100 points. 

They were asked to distribute the points as they wished, giving the most points to 

the most important criteria and lower points to the less important ones. All the 

values for each criterion were added up and then divided with the number of 

participants to give an average value.  

All wishes, design guidelines and the demands that can be overfulfilled were 

given a number and put into an AHP template, made by Simon Barnard at SCB 

Associates, found online. All criteria were ranked and compared with each other. 

For the user demands and wishes, an average from the input from the follow-up 

was used, as it was thought to give a better view of the importance of the criteria. 

The other criteria were arbitrarily ranked, after discussions within the project 

group. The AHP scores together with the criteria were compiled in a requirement 

specification. 

The six best concepts remaining after the first concept sort out were further 

developed, sketched and marked with all the pros and cons that came to mind, and 

sent to the Mattro CEO for an evaluation. Parallel to this, Pugh’s matrix 1 was 

performed to rank the concepts in terms of how well they met the demands and 

wishes from the company’s point of view. In this matrix, concept 3 was called the 

datum, and the other concepts were compared to it. 
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In Workshop 2 with four local wheelchair users, the six concepts were openly 

discussed from their point of view to give a greater understanding of how they 

might affect their bodies and their way of entering the Ziesel. Together with them, 

some concepts were discarded, and concept 4 was further developed and is 

henceforth called concept 7. Five concepts remained after the input from the 

company and users. The concepts were again given some more developing work 

before Pugh’s matrix 2 took place with the users point of view included. Concept 

1 was chosen as datum and it was compared to concepts 2, 3, 5 and 7 using the 

AHP scores from before. The four concepts remaining after the AHP were 

compared with all criteria. Advantages and disadvantages were listed for all 

concepts to clearly show how well they meet criteria. The remaining concepts that 

met all demands were made into basic models in the CAD program Catia V5 and 

used together with human manikins to assess how well they worked 

biomechanically and ergonomically. It was made sure that all solutions should fit 

most individuals with normal ROM in the upper extremities. The manikins were 

to attempt to reach all necessities on the concept under evaluation. During the 

simulations, the manikins were attempted to simulate the transfer process of each 

concept, so that the displacement could be evaluated. 

Lastly, the concepts were assessed to ensure they were plausible and would work 

in best possible way found out from the surveys and were sketched up separately 

with pen and paper. 

  



3. Theoretical Framework 

12 

 

3. Theoretical Framework 

This chapter contains information that will substantiate the importance of this 

project, in terms of accessibility, usability, universal design and the biomechanical 

aspects of a transfer from a wheelchair. The importance of giving everyone 

opportunities for outdoor activities is obvious, as it leads to better self-confidence 

as well as the perceived quality of life for everyone given the chance (Frank and 

De Souza, 2013, Davies et al., 2003). For wheelchair users with dysfunctional 

legs, the transfers to and from the wheelchair are some of the most demanding 

transfers in their daily life (Gagnon et al., 2008). The hand placement and torso 

position are of great importance for reducing the risk of injuries (Gagnon et al., 

2009). How products are developed and from what perspective plays a great role 

for how it will be used, such as how safe it is and is percepted (Bohgard et al., 

2015). 

3.1 Accessibility 

In order to participate and benefit from the effects of being outdoors, the 

individual has to have access to that specific environment. The term accessibility 

is mentioned, in the 5th Standard Rule on the Equalization of Opportunities for 

Persons with Disabilities by the United Nations, as “States should recognize the 

overall importance of accessibility in the process of equalization of opportunities 

in all spheres of society” (United Nations, 1993).This means that everyone should 

be able to partake in whatever he or she desires and not depend on physical 

mobility or geographical position. Many countries, especially in the Western 

world, has laws legislated to control that any individual, in spite of impairments, 

can get into and out of all public building. (Iwarsson and Ståhl, 2003) 

Another common way of defining accessibility in the physical environment is by 

dividing it into micro, meso and macro levels. The micro level of accessibility 

concerns the closest surrounding such as personal housing and close 

environments. Accessibility at the meso level concerns neighborhood at a more 

public level, city and public transport. The macro level concerns a bigger society, 

nation- or worldwide. (Iwarsson and Ståhl, 2003) As stated by Church and 

Marston (2003), accessibility of a poorly designed environment can be acquired 

by either redesigning the surroundings to ease access, or by using an environment-

specific solution.  

3.1.1 Outdoor Activity 

Severely disabled individuals benefit greatly from achieving a powered mobility 

vehicle or wheelchair. They can access, experience and participate in greater parts 

of society than before: education, work, socializing and health care (Frank and De 
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Souza, 2013), as well as improving their perceived quality of life (Davies et al., 

2003). However, certain parts of society are inaccessible and impassable for 

wheelchair users, such as woodlands and greenspace. Such areas has been shown 

to be vital and very much influential to most people’s perceived quality of life, as 

it can be seen as a therapeutic landscape, as well as it may lead to both recreation 

and tranquility. (Burns et al., 2009) A majority of the participants in their study 

didn’t want to enjoy nature for holistic or restorative motives, but for pure 

pleasure. They wanted to enjoy nature together with friends or relatives, partake in 

activities and in some cases, extreme sports. Another study shows that woodlands 

and greenspace are seen as more of a rehabilitation space and an extension of 

therapy for disabled people. It can help them come to terms with their impairment 

and making them whole again. (Gibson, 2000) No matter the reason, it is 

important to notice that many disabled people want to enjoy more of the nature, 

especially shared with other people. This can greatly improve their quality of life, 

as well as other important aspects such as perceived mobility and self-confidence. 

(Davies et al., 2003) 

3.2 Usability 

Usability concerns fulfillment of functional requirements and is defined as ease of 

learning, efficiency of use, memorability, satisfaction and preference in the 

human-computer interaction. The word usability is often used in parallel with 

accessibility even if they have two different definitions. Still, they both usually are 

defined in terms of observed task performance. It also must be stated that usability 

has no explicit definition. (Iwarsson and Ståhl, 2003)  

The relationship between the usability and the design elements of a product is 

evaluated in a study by Han et al. (2001), which claims that as technology 

advances it is more common to develop products by adding convenient functions. 

The companies often assumes that a product need various functions to be 

competitive in the market, but unfortunately, providing more functions usually 

results in a more complex user interface and makes the product neither convenient 

nor easy to use. To resolve the problem the concept of usability has emerged and 

is now considered one of the most important purchasing factors. Summarized, the 

study reveals that well developed basic functions and a simple user interface are 

preferable from a usability perspective. In the study they also points out that 

usability can be defined in two groups of dimensions, objective performance and 

subjective image/impression, which are considered equally important in designing 

and evaluating products. Although the subjective satisfaction was part of the 

original usability concept, most usability studies have been concerned mainly with 

the objective performance such as speed and accuracy of a task performed by the 
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user. According to a survey referred to in the study, more than 87% of studies 

were related to the objective performance. (Han et al., 2001) 

3.2.1 Comprehensible Design 

While using a product the senses becomes stimulated in different ways, which 

should lead to understanding of its function. There are several factors that are 

important to take into account when designing products that humans shall interact 

with, including haptic information and semantic design. Haptics is a term that 

consider the study of effects of touch and body movements. The haptic sense 

often facilitate situations in our everyday life and is sometimes directly necessary 

as an information channel when the rest of our senses are insufficient. It may 

advantageously be used when other sensory channels are congested, often as a 

complement to the sight, to increase accomplishment and comprehension. At 

investigation of a product the visual clues shape, size, depth and movement can be 

supplemented with the haptic clues temperature, weight, surface structure, size, 

firmness, gripping range and rigidity of the material. Haptic information can also 

be transmitted to the hands or the whole body through vibrations, friction or as 

tensile- and pressure forces. It is applied to help users increase the effectivity and 

precision during the handling of a product or its interface without delaying the 

final result. Semantics is the study of meaning, and focuses on the relationship 

between signifiers, e.g. words, phrases, signs and symbols, and their denotation. 

The semantic memory is the name of the knowledge memory which is a part of 

the long-term memory, and represents all the factual knowledge persons have. It 

also includes terms and the relation between terms. Thus, it is of importance to 

follow the guidelines to support the memory process while designing products. 

Examples of guidelines is that information presented in a human-technology 

system should be meaningful and easy to associate with other knowledge and 

information. Therefore, it is important to use concrete descriptions rather than 

abstract ones and to utilize accepted terms and generic knowledge to avoid 

misunderstandings. To ease the use of new products, or similar products from 

different manufacturers, it is important to embrace and take advantage of factors 

like haptics and semantics by using current standards. In that way recognition 

factors will be supported by the users’ former experiences. (Bohgard et al., 2015) 

To increase the human ability to exert force on the environment, decrease the 

effort and risks while performing different work and communicate with technical 

systems actuators, or controls, has been developed. The efficiency of transmission 

between the operator and the product depends largely on how well the controls are 

designed. Most of them are haptic. At all types of controls, the response is of 

importance, e.g. if the signal is expected the response should start within 0.2 

seconds. All actuators have to be accessible, identifiable and comprehensible. The 
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force developed by users in an actuator depends on the body posture and during 

which time the force need to act. The position of the actuator relative to joints and 

muscles determines for how long a force can be maintained. (Bohgard et al., 

2015) 

3.2.2 Design for Safety 

At incidents- and accidents investigations contributing factors that has been built 

into products or systems are often revealed. Reasons to why product developers or 

constructors make these mistakes can be due to the instructions from 

management, the requirement specification from the purchaser or lack of 

knowledge or commitment from the product developer or constructor. To get a 

good result from a development process it is important to involve users, partly to 

get a more functional and safe product and partly to get the product accepted by 

the users. Contributing factors to accidents during use of a product, besides the 

product's characteristics, can be found in the users’ characteristics, the operating 

environment and in how the product is being used. It is of importance to take the 

user population into account when designing products, and that is a main field 

within ergonomics. Key data from the user population is education, exercise, 

experience, motivation, age, anthropometry, selected group or not, disability etc. 

However, people make mistakes, therefore an action should not result in too 

severe consequences. Furthermore, interlocks can be used to prevent a dangerous 

maneuver during certain circumstances. (Bohgard et al., 2015)   

3.3 Universal design 

According to Iwarsson & Ståhl, (2003) the concept of accessible design is based 

on the existence of two different populations: the normal population and 

individuals that differ from normality. This may eventually lead to segregation 

and stigmatization. On the other hand, universal design is principled on the theory 

of only one population, including individuals with different characteristics and 

abilities. 

Universal design can be describes as a term used to describe product, building or 

environment design enabling everyone, regardless of their ability, to use its 

features. There are seven principles of universal design: equitable use, flexibility 

in use, simple and intuitive use, perceptible information, tolerance for error, low 

physical effort and size and space for approach and use. In other words, every user 

should be able to understand how to use and to use the product without faults, 

regardless of physical or psychological disabilities, without separating or 

stigmatizing users. (York, 2009) 
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Fig 3.1 Illustration of an SPT (Gagnon et al., 2009) 

3.4 Biomechanical Aspects  

For users of a wheeled mobility device (WMD) to work, go to school, visit with 

friends, go to the movies, and engage in other meaningful societal and community 

activities, it is necessary to be able to perform certain mobility skills in the 

community independently and without help. A mobility skill like this is 

transferring to and from a WMD. (Toro et al., 2013) As a result of an individual's 

impairment, the functional capacity is reduced and may thereby affect the 

integration into society. The importance of learning how to transfer with the 

lowest possible effort between surfaces is important, if not crucial, in the self-

sufficiency of these individuals. (Gagnon et al., 2003)  

3.4.1 Transfers from a wheelchair 

The act of sitting pivot transfer (SPT) may be one of the most physical demanding 

functional mobility activities for the upper extremity (UE) among people with 

spinal cord injuries, as substantial muscle strength of the shoulder flexors and 

adductors is required to lift the buttocks. The SPT is a physical displacement of 

the body in a sitting position and the most common way to transfer from a 

wheelchair, usually starting with the leading UE flexed and abducted, with the 

hand placed on or near the target surface. An illustration of the displacement is 

shown in fig 3.1. The trailing UE is placed next to the thigh on the initial surface. 

According to a rigorous study using force plates, the height of the target surface 

compared to the initial surface plays a great role for how high the joint forces will 

be. Moving from the initial surface to a higher target surfaces generates a 

significantly higher 

forces and moments in 

the trailing shoulder and 

elbow. Transferring to a 

lower surface showed 

no significant 

difference compared to 

a leveled surface, which 

is used both using force 

plates and surface 

EMG. (Gagnon et al., 

2008) 

3.4.2 Factors affecting the transfer 

The impact of setup on the transfer process was investigated in a study by Toro et 

al. (2013), evaluating 120 wheelchair users that transferred to and from a modular, 

height-adjustable platform with an optional lateral grab bar. It showed several 

factors affecting the transfer process, such as target seat height, gaps, obstacles 
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and the usage of a grab bar. Target seat heights above the WMD seat or horizontal 

gaps longer than 8.9 cm pose the most serious problems for a successful transfer. 

It showed that 95% of the users in the study were able to transfer over an 8.9 cm 

gap. (Toro et al., 2013) It has been shown that the muscular EMG activation 

greatly increases with a transfer to an increased target seat height compared to a 

leveled transfer. (Gagnon et al., 2008) Obstacles between the seats or a target 

surface below the original wheelchair seat height also showed problems for 

succeeding the transfer. A front bar on the device that was transferred to turned 

out to be a good help. The study also showed that it takes more muscle strength to 

transfer over gaps than placing the WMD side by side with the other device. 

Among all participants in the study, the easiest transfer to perform was with two 

leveled surfaces. When designing new transfer elements, it is strongly discouraged 

to combine gaps and heights as the effects of this may be transfer failure. (Toro et 

al., 2013) 

3.4.3 Range of Motion (ROM) 

This term is commonly used when talking about mobility and describes the extent 

of movement possible in a joint. Each joint has a ROM that is normal for this 

specific joint. The normal range can be limited due to several factors including 

shape of the bones, ligaments, length of the muscles or injuries, even other factors 

like age or gender. (Cael, 2010) 

For wheelchair-dependent persons an optimal shoulder ROM is especially 

important for transferring independently. Unfortunately, persons with SCI who 

use a wheelchair for their daily mobility are at risk of developing shoulder 

impairments, such as pain or limited joint ROM, both during initial rehabilitation 

and during the chronic phase. Shoulder ROM limitations in persons with SCI have 

been shown to be a problem in persons with SCI during initial clinical 

rehabilitation as well as after discharge. This correlation was not found in subjects 

with tetraplegia. (Eriks-Hoogland et al., 2011) 

3.4.4 Musculoskeletal demands and risks from a transfer 

High muscular demand has been shown in the shoulder muscles and rotator cuff 

during the lift phase in a lateral transfer. In the leading arm, the m. pectoralis 

major was observed with an elevated electromyographic (EMG) intensity, while 

in the trailing arm, the m. serratus anterior showed the highest intensity. Patients 

with a high-level spinal cord injury have been seen to have higher muscle 

activation in the upper extremity during a transfer compared to a low-level spinal 

cord injury patient. It has been shown that activation of the thoracohumeral 

muscles such as the pectoralis major/minor and latissimus dorsi muscles, as well 

as triceps brachii muscle, is of great importance in performing a weight-relief 
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raise. By successfully activating these muscle groups, the risk of rotator cuff 

impingement is greatly reduced. (Gagnon et al., 2009) 

Very few studies seems to have been done regarding posterior and vertical 

transfers. However, raising the target seat height have a huge impact on the elbow 

extension angle in both arms, resulting in higher net forces in the elbow and 

shoulder joints. Considering the patterns of joint moments, the conclusion has 

been drawn that the transfer subject is relying on the ability of bilateral shoulder 

adduction during a transfer. The rapid angular velocities in the joint extensions 

combined with extension movements and eccentric joint moments may expose the 

transfer subject to an increased risk of developing a secondary impairment related 

to the transfer. (Gagnon et al., 2008) According to Koontz et al. (2011), there is a 

high correlation of upper limb pain in subjects performing these transfers in their 

daily life. More than 58% of the individuals in a study reported upper limb pain, 

the majority of these were subject to shoulder pain (Koontz et al., 2011, Finley et 

al., 2005). The wheelchair users that have already developed a shoulder 

impingement perform transfers with an increased scapular internal rotation, which 

may lead to further pain, as well as a decreased kyphosis. (Finley et al., 2005) 

The trunk position has a large effect on the required shoulder external rotation. An 

upright position of the trunk seems to contribute to a more effortless pivot transfer 

compared to a position where the head is leaned towards the hips (Koontz et al., 

2011). The hand placement also plays a great role in the joint forces of the UE’s. 

Repeated wheelchair transfers may result in acute increases in median nerve size, 

a marker for Carpal Tunnel Syndrome. Median nerve changes were greater in 

participants who scooted forward on the seat before the transfer, but they 

transferred easier to the other surface. A proper hand positioning of the leading 

arm is a slightly dorsal flexed wrist with the palm placed on the armrest and 

fingers bended around it, to eliminate the risk of a swelling median nerve. 

(Hogaboom et al.) 

3.5 Summary of findings in Theoretical Framework 

 It is important that everyone gets the same opportunity to access outdoor 

spaces 

 Wheelchair users benefit from spending time in nature and get an 

improved perceived quality of life 

 It is important that disabled people can share activities with non-disabled 

individuals 

 Usability is amongst many people one of the most important factors to 

consider before purchasing a new product 
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 It is important to embrace and take advantage of factors like haptics and 

semantics by using current standards 

 It is important to design actuators and controllers to be accessible, 

identifiable and comprehensible 

 To get a good result from a development process it is important to involve 

users, partly to get a more functional and safe product and partly to get the 

product accepted by the users 

 Well-developed basic functions and a simple user interface are preferable 

from a usability perspective 

 If an accident happens during the use of a product, there should be safety 

interlocks built-in 

 It is important to use universal design while developing a new product, to 

make sure all populations can make use of it 

 Individuals with an SCI may have a limited ROM 

 As the SPT is such demanding and correlated to injuries, it is greatly 

needed to simplify and ease this process 

 Transferring to a target seat located higher than the original seat and with a 

horizontal gap greater than 8.9cm is strongly discouraged and may lead to 

failure 

 A grab bar may help during the transfer process 

 Performing an SPT, especially performing it incorrectly, may lead to acute 

muscle contractions, ending in injuries. 
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4. Results 

This chapter is decomposed into two subchapters called 4.1 Methodology results 

and 4.2 Final results. In 4.1 the partial results from each method are showing the 

way, and how it was narrowed down, to the final results shown in 4.2. Both 

subchapters will be divided into parts answering to one of the two goals, defining 

a requirement specification and creating concepts. At the end of this chapter, two 

concepts will be recommended solutions to the product problem. 

4.1 Methodology results 

The subchapter 4.1.1 presents main outcome from the stakeholder analysis, 

survey, collection of criteria and the follow-up, which are methods that led to and 

supported the production of the requirement specification. 4.1.2 presents main 

outcome from Workshop 1, the first concept sort out, Workshop 2 and both of the 

Pugh’s matrices, which are methods related to the development process of 

concepts. 

4.1.1 Fundamental results for the requirement specification 

The core stakeholders are Mattro and wheelchair users. The primary stakeholders 

are resellers, rental services and fun parks, i.e Mattro customers. For the full 

stakeholder analysis, see appendix 2. 

37 wheelchair users participated in the survey, of which four had tried driving the 

Ziesel. One of those four had issues entering the vehicle. For the full survey with 

questions and results, see appendix 3. Important outcome from the survey 

questions: 

Q3.  During a normal day, the hardest transfer to perform from a wheelchair 

seems to be to the toilet, tightly followed by the transfer to a car. Overall, all 

transfers seemed to demand certain effort and were ranked quite equivalent. 

Q4. Regarding what factors affect the effort required for a transfer, the distance to 

the seat received an average of 4.0 out of 5 points and seems to be the most 

critical factor along with height difference, which also scored 4.0. The angle to the 

seat received 3.3 points, but even though it was ranked lower than the other 

factors it still seems to be a critical factor. 

Q5. Examples of what could reduce the effort needed during a transfer were lifts, 

slide boards and tighten the gap between the seats. 
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Q6. Examples of what could help the user feel safer during a transfer were sensors 

in the seat that made the Ziesel impossible to drive while transferring, support, 

feedback on which pressure the body is exposed with and handles to grip. 

Q7. 49 % of the respondents prefers to perform a transfer sideways, but none 

wanted to perform it up or down. A transfer in the direction forward or backward 

was rated low as well. 

List of criteria achieved from the company during the visit to Schwaz. 

 The appliance should not affect the parts of the frame structure that 

constitutes the roll cage 

 The appliance should not require assistance from third party 

 The appliance should not affect the original impression of the Ziesel 

 The appliance should ease entering the Ziesel for users with dysfunctional 

legs 

 The appliance should be adapted to people with heights between 140 and 

190 cm 

 The appliance should not interfere with drivers that doesn’t need the 

appliance 

 It is preferable not to change the existing frame structure of the Ziesel 

 It is preferable not to divide the chair into seat and backrest 

List of user criteria achieved from survey results, meetings with wheelchair users 

and literature studies. 

 The user should not require assistance from third party 

 The appliance should be easy to comprehend by transmitting semantic 

information and haptic feedback 

 The appliance should be easy to handle for the user 

 The appliance should ease entering the Ziesel for users with dysfunctional 

legs 

 The appliance should be designed for safety  

 A Ziesel with the appliance should not differ from other Ziesels by looking 

like an aid 

 The appliance should be portable, i.e. the user is not bound to leave the 

Ziesel at the same place he entered it 

A total of 7 respondents from the survey gave average weighted values for the 

user criteria. The highest ranked criteria were The appliance should ease entering 
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the Ziesel for users with dysfunctional legs and The appliance should be designed 

for safety. For the full results, see appendix 4. Thenceforth, the answers from the 

AHP showed that the criteria The appliance should ease entering the Ziesel for 

users with dysfunctional legs was most important with a weighted score of 45.4%. 

Second and third to this, the two criteria considering preserving frame structure 

and seat seemed to be the most important. For the full results, see appendix 5. 

4.1.2 Concept generation and sort out 

The 6-3-5 brainwriting session resulted in 10 papers with three ideas each, a total 

of 30 ideas and sketches. Among these, some were used in the concepts later, like 

the sliding seat and the overhead grab bar. For the complete results and sketches, 

see appendix 6. 

After the first concept sort out there was six concepts remaining: 

Concept 1 - Elevating seat with rails on sides  

This concept comprises a solution with a movable chair in horizontal and vertical 

direction. The construction will be electronic to avoid the muscle force in upper 

extremity that will be required if the transfer would be performed mechanically. 

In result position, the chair will be situated by the foot rest, at the same height as 

an average wheelchair. 

Concept 2 - Sliding seat with extended arm supports  

This concept comprises a solution with a movable seat in horizontal direction. The 

construction will be mechanical, with extended armrests to allow easy sliding 

back to original position. In the outer position, the armrests and the seat will be 

closer to the wheelchair. The armrests will help the user perform the transfer and 

also slide back to original position. 

Concept 3 - Extendable halfway support  

This concept comprises a solution with an extendable plate situated beneath the 

seat. When the plate has been pulled out, a support will drop down from it. The 

support will be fixed between a plug and the frame structure slope. This plate will 

act like a halfway support during the transfer to or from the Ziesel. When sitting 

on the plate the horizontal and vertical gaps becomes smaller. 

Concept 4 - Overhead grab bar  

This concept comprises a solution with a grab bar attached to the overhead frame. 

It is attached with a safety hook onto a loop in the metal frame, and is easily 

detachable before driving. The bar should be reachable from a wheelchair and 

help the user pull him- or herself onto the Ziesel seat. When the transfer is done, 
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the grab bar and line should be detached and put into a storage compartment on 

the Ziesel. 

Concept 5 - Sliding board  

This concept comprises a solution with a board to slide on between the wheelchair 

and the Ziesel. It should be attached, most importantly to the Ziesel, but also to 

the wheelchair. After making sure the board is secured, the user can safely slide 

and pull him- or herself up onto the Ziesel. 

Concept 6 - External ramp  

This concept comprises a solution where an external ramp is used to get the 

wheelchair in a better position before and during transfer.  

For complete explanations, sketches, pros and cons from the first concept sort out, 

see appendix 7. 

In Pugh’s matrix 1, involving the company and customer criteria, concept 3 was 

called the datum, and by that it scored 0 points. The best score of this matrix was 

given to concept 1, the elevating chair, with 48.2 points. Concept 5, the sliding 

board, also received a positive score in this first matrix. For the full results, see 

appendix 8. 

In Workshop 2, the four wheelchair using participants agreed in most discussions 

and seemed to have similar opinions. Following is a summary of the concept 

feedback received. 

Concept 1 - The best possible solution, as it lets the user come close to the target 

seat before the transfer. The user should be able to use the borders of the Ziesel 

seat to grab whilst performing the transfer sideways.  

Concept 2 - Looks and acts like a cheap version of concept 1. As the vertical gap 

is left untouched, it is a bad idea and should be discarded. 

Concept 3 - In theory a good idea, but in effect it may lead to chafing injuries over 

the long run. The users also thought that this process consisted of too many steps 

and should be done more simple. 

Concept 4 - Bad idea, as this still requires great power from the user to be able to 

pull him or herself up in a chins position. However, making this solution 

electronic and with a harness to fasten the user in, makes this good and will also 

have a wow factor amongst many users. This idea will from this point be called 

concept 7. 
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Concept 5 - The whole focus group agreed on that this concept may feel unsafe. 

Partly because of the issue with only fastening one end, and partly because of the 

risk of unlocking the brakes of the wheelchair during the transfer, leading to the 

wheelchair rolling away. However, assuming that the user is confident not to 

release the brakes, the solution may help the user overcome the gap to the Ziesel. 

Concept 6 - As the users may want to leave the Ziesel at a place which is not the 

same as he or she entered it, it was decided to discard this concept.  

In Pugh’s matrix 2, involving user, company and customer criteria concept 1 was 

called the datum, and scored 0 points. The best score of this matrix was given to 

concept 7, the lift with harness, with 22.8 points. Concepts 3 and 5 are seen to be 

equal, with -87.3 and -91.1 points. They are implementable but give very low 

scores on the user demands. Concept 2 was discarded as it scored very low in both 

matrices. For the full results, see appendix 9. 
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4.2 Final results 

The final results are divided into two parts, answering to both of the goals. In the 

first part 4.2.1 Requirement specification, the criteria are merged in a table 

showing ID number in the AHP, type of criterion, who requires a specific 

criterion and weight in the AHP. The second part 4.2.2 consists of presentations of 

the final concepts, two of them recommended and two of them non-

recommended. 

4.2.1 Requirement specification 

 
Table 1 Table of Demands, Wishes and Design guidelines 

ID. Criteria Type SH WV 

 The appliance should not affect the parts of the 

frame structure that constitutes the roll cage 

D Co  

 The user should not require assistance from third 

party 

D Co/U  

1 The appliance should not affect the original 

impression of the Ziesel 

D Co 4,2% 

2 The appliance should be easy to comprehend by 

transmitting semantic information and haptic 

feedback 

D Cu/U 3,6% 

3 The appliance should be easy to handle for the user 

 

D U 4,6% 

4 The appliance should ease entering the Ziesel for 

users with dysfunctional legs 

D Co/U 45,9% 

5 The appliance should be adapted to people with 

heights between 140 and 190 cm 

W Co 3,4% 

6 The appliance should not interfere with drivers that 

doesn’t need the appliance 

W Co/Cu 4,9% 

7 The appliance should be designed for safety  W U 5,1% 

8 A Ziesel with the appliance should not differ from 

other Ziesels by looking like an aid 

W Cu/U 6,0% 

9 The appliance should be portable, i.e. the user is 

not bound to leave the Ziesel at the same place he 

entered it 

W U 3,5% 

10 It is preferable not to change the existing frame 

structure of the Ziesel 

DG Co 8,0% 

11 It is preferable not to divide the chair into seat and 

backrest 

DG Co 10,8% 

ID – Identification number in the AHP, D – Demand, W – Wishes, DG – Design 

guidelines, SH – Stakeholder that asks for criteria, WV – Weighted Value, C – 

Company, Cu – Customers, U – Users 
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4.2.2 The final concepts 

Four concepts seemed to fulfill all criteria to some extent. Two of them will not be 

recommended, as they received lower scores on the customer criteria. However, 

they do fulfill the main project task and will ease the entering process of the 

Ziesel and can be seen in appendix 10.  

Concept 1 - Elevating chair with rails (recommended solution) 

This concept, shown in fig 4.2, comprises a solution with a movable chair in both 

horizontal and vertical direction. It belongs to the first category of concepts, 

integrated. The construction will be electronic to avoid the muscle force in upper 

extremity that will be required if the transfer would be performed mechanically. 

In the resulting position, the chair will be situated at the same height as an average 

wheelchair. 

Analysis from manikin simulation 

This concept shows the best possible solution for the 

transfer from one seat to another, as the solution will let 

the seats come as close to each other as possible, both 

horizontally and vertically. In the result position the 

Ziesel chair will be leveled to the wheelchair seat as well 

as so far out of the Ziesel so that the wheelchair can be 

parked right next to the chair. In this position, it is easy 

for the user to perform a normal SPT without any obstacles or gaps. The user will 

need energy output to perform the transfer, however this will most probably be 

easier than most transfers performed during a normal day. A picture from the 

simulation is shown in fig 4.1. 

Fig 4.2 Concept 1 

Figur 4.1 Manikin and Concept 1 
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 An integrated, built-in solution 

 Electronic construction 

 Button to press forward/backward when moving the chair along the rails 

(like electronic car seats) 

 In original position, the chair will be non-movable 

 A catch is required to ensure that the Ziesel motor cannot start when the 

chair is not safely in its spot 

 A catch is required to ensure that the seat cannot move when the Ziesel 

motor is running 

 The rail length should be adapted to anthropometric measurements so that 

the 5th percentile of users can get close to their wheelchair seat 

 

  

 Decreases height difference 

 Decreases horizontal gap 

 Ensures the lowest possible 

distance between the Ziesel and 

the wheelchair 

 The high borders of the Ziesel 

seat can be used to grip when 

transferring to the seat 

 Minimal effort during transfer 

 Doesn’t look like an aid for 

disabled 

 The roll cage is not affected 

 Requires no assistance from third 

party 

 The attachment of the seat belt 

requires another solution, as 

the users wish to be fastened in 

the outer position 

 The frame structure will need 

major adjustments to make the 

leg space wider, to fit the chair 

and to enable rails on the sides 
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Concept 7 - Foldable lift with harness (recommended solution) 

This concept, shown in fig 4.3, comprises an electronic lift system that will lift the 

user, sitting in a harness, from the wheelchair to the Ziesel seat and belongs to the 

first category of concepts, integrated. A vertical metal bar will be fastened behind 

the chair, with a foldable and rotatable arm connected to the top of it. From the 

end of the arm a chain or wire is pulled out, and connected to a harness with a 

safety hook. With an electronic motor at the bottom of the bar, the user will be 

lifted up from the wheelchair and, by rotating the lift, turned and dropped onto the 

Ziesel seat. Once the driver is in place or is not using it, the arm is folded back 

close to the bar.  

In this concept, the main issue for the user is to wear the harness while remaining 

seated. Once in the harness, the user will press a button to go up, another to rotate 

to the target surface and a third button to descend. This should lead to no major 

muscle activation or risk factors in joints. Due to that this solution does not 

involve a transfer demanding muscle force, no manikin simulation has been done. 

Fig 4.3 Concept 7 
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 An integrated, built-in solution 

 Electronic construction 

 Easy to attach and detach the harness with a safety hook 

 Only thing visible while not using the appliance is a vertical bar 

 Chain or wire is to be dragged into the arm to lift the user 

 The harness can easily be stored in a bag on the Ziesel, if not constructed 

to be comfortable enough to wear while driving 

 Possible to adapt to anthropometric measurements 

 For rental services, it should be possible to detach the whole system when 

not using it 

 

 

  

 The only concept that does not 

require a transfer at all 

 Greatly eases the entering 

process for the user 

 Causes no extra risk while 

driving 

 Several users claim this 

solution has a wow factor 

 Requires no assistance from 

third party 

 Requires no change in the 

frame structure 

 Requires no change on the 

current chair 

 Users feel safe during the lifting 

process 

 Easy to understand as similar 

solutions are found in other 

fields 

 May stand out in a negative 

way for other users 

 The harness requires a 

design that allows getting in 

and out of it easily 
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5. Discussions 

5.1 Discussion regarding the requirement specification 

When searching for respondents to the survey most of the findings were parasport 

related groups, which may imply that the members are more active than an 

average wheelchair user. The contact users attending to the follow-up were active 

wheelchair users too, and may indicate that our target group of general WMD 

users was not fully represented. Literature and articles within the subject were 

used to cover the whole target group by gaining an understanding, partly 

regarding the user criteria and partly regarding the concepts. Furthermore, the 

formulation of the survey could have been more developed to get more thorough 

answers, e.g. follow-ups after the ranking questions where the respondents should 

evaluate how the transfer feels, specifically where the problem lays and similar, to 

get a better overview of the physical issue with a transfer. Having an open answer 

alternative and questions that demanded a written answer generated distinct 

feedback, was of good use while generating ideas for the concepts. 

The outcome from the methods chosen for collection of data may be insufficient 

due to the number of respondents in the survey. Increasing the width of 

respondents to the survey and contact persons for meetings would enhance the 

results and make them more statistically reliable. 

When gathering information and input for the requirement specification, two 

criteria that were given from the company were in fact results from their own 

customer surveys. These criteria recurred when doing the survey of this project, 

resulting in heavy weighting of these two in the AHP. The AHP scores, as well as 

the follow-up weighting of user criteria, may seem arbitrary as the comparison of 

all criteria was estimated by a limited number of respondents. However, the 

ranking of the user criteria are in line with what the users proposed during the 

meetings and could therefore be deemed trustworthy. 

The criteria were divided into the three groups; company, customer and user, to 

show that solutions that benefit one group may not be optimal for another. If the 

solution should benefit the customers as much as possible, the company may have 

to compromise with their criteria. It was also important to separate customers 

from users, as a big part of Mattros customers are rental services that wish to 

attract more users, both wheelchair users and non-wheelchair users. Customers 

want to assure that the wheelchair driving users can utilize the Ziesel without 

interfering with non-wheelchair driving users. Dividing criteria into demands, 

wishes and design guidelines was a good way to relate to criteria and an axiomatic 

way of sorting out bad concepts. As some criteria were “make it or break it”, they 
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were called to be not overfulfillable and therefore no need to count in the AHP 

table. After receiving the AHP results, some wishes had small impact even though 

they had a heavy weight as user criteria. Due to this fact, the decision to take more 

account to the heavy weighted user criteria was made. 

To use the stakeholder analysis as a foundation, during the configuration of the 

requirement specification, made it easier to take all important stakeholders into 

account. 

5.2 Discussion regarding the concept development process 

In Workshop 1- Brainwriting, with the purpose to use participants with various 

knowledges to generate as many different concept ideas as possible, all the 

participants were engineering students. To get a greater spectrum of ideas, another 

group of people could have been invited to attend the workshop. The results from 

Workshop 1 were narrowed down into six concepts, of which concept 2 was 

directly discarded by scoring negative in both of the Pugh’s matrices. Concept 6 

was discarded due to the fact that it belongs to the external category. Regarding 

the categories, the external concepts poorly fulfilled the criterion “The appliance 

should be portable”. The separate with contact concepts poorly fulfilled the 

criteria “The appliance should be easy to handle for the user” because it needs to 

be attached on both sides by the user, to not require assistance from third party, 

and to fulfill “The appliance should be portable” will imply that some sort of 

storage place on the Ziesel will be needed. 

During the initial phase a TAI was planned for Workshop 2, intending to get 

subjective feedback from wheelchair users regarding the transfer before and after 

adding the concepts. Instead, Workshop 2 became transformed into an evaluation 

session together with wheelchair users to get their aspect regarding the concepts. 

The fact that none of the contact persons participating in Workshop 2 had tried 

driving or entering the Ziesel, makes their opinions objective and does not give 

any values for how well the concepts meet the criteria. The outcome rather gives 

opinions that could be useful, although it may not be trustworthy for the entire 

target group. Besides, the participants had no technical background and their 

evaluation regarding which concept is the best one may not be trustworthy. To 

elaborate the user involvement a step further, a workshop with users evaluating 

the concepts applied on the Ziesel could be implemented at the company 

premises. None of the Swedish respondents or contact persons had ever tried 

driving the Ziesel, which had made a workshop with an actual Ziesel significant 

for the understanding of the concepts advantages and disadvantages. 
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5.3 Discussion of the final concepts 

The final concepts show four solutions, of which two are recommended and the 

best from a biomechanical aspect. They greatly decrease the effort needed to 

perform the transfer from a wheelchair to the Ziesel, as well as decrease the risk 

of injuries, because both of them are electrically powered and eliminates the 

problem with height difference and distance between the seats. However, they 

may be hard to implement if the company is unwilling to make major changes in 

the frame structure and invest money in an electronic solution, which is why two 

other concepts are presented. These two non-recommended concepts will solve 

the transfer issue and make the driver independent but requires great force and 

involves a risk for injuries. The main reasons for these simple solutions to become 

discarded, apart from the injury risk, were the potential feeling of being unsafe 

during the transfer process.  The biomechanical analyzes performed by using 

manikin simulations may have a margin of error because the manikin has a 

normal ROM in the shoulder joint even though it can be reduced for people with 

SCI (Eriks-Hoogland et al., 2011), which are included in our target group. 

Concept 1 meets the user criteria in the best possible way, but gets low scores in 

the Pugh’s matrix 2 for the two latter criteria which involved changes on the 

original Ziesel. If the company intends to make major changes on the Ziesel or 

create a new product, this concept is strongly recommended to take into 

consideration. If no such plans currently exist, or the budget limits this choice, 

concept 7 is a great way to solve the transfer issue while not performing any 

major changes to the frame structure. In addition to this, several of the WMD 

users that participated in the evaluation meeting claims that this involves a wow 

factor and may attract even more customers within the paraplegic and wheelchair 

driving customer groups. Both of the recommended concepts belong to the 

category integrated, which is the category that meets all user criteria in the 

requirement specification to a greater extent.  

The final concepts are shown as sketches and not CAD models as it is considered 

to give an even more clear view of the concepts as being not fully developed. This 

was done to allow the company to make changes to the concepts. Drawings that 

are more formal are used to keep the information organized and easily 

communicated to others (Ullman, 2010), which is important in this case. 

5.3 Critical review 

5.3.1 Ethical, economic, social and sustainable development aspects 

During the course of the last eight months, all individuals have been treated 

equally without discrimination. All individuals that participated in meetings 

and/or surveys are kept anonymous. In the survey, the respondents are not linked 
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to their answers and are completely anonymous. Neither, the answers will be 

stored and used for any other purpose than in this project. To give us their e-mail 

address was optional and cannot be linked to the answers, it was only a way to get 

in contact with the respondents later on. The final solution will most likely lead to 

higher equality between the different customer groups, while performing outdoor 

activities in the Ziesel. As this project aims to ease the transfer process, it is 

strongly expected that the injury risk due to the transfer is reduced because both 

recommended solutions provides similar transfer conditions as the ones 

wheelchair users are familiar with. 

It is important to remember that, since no one in the project group has experience 

from sitting in a wheelchair, our perspective of what may or may not look like an 

aid may be objective and uncertain as it is only based on meetings with 

wheelchair users. The same goes for the user criteria ranking, and what factors 

that affect if the concept feels safe or not.  

Regarding the economical aspect, the Ziesel is in the current situation a pretty 

expensive vehicle and costs approximately 250.000 SEK. The recommended 

solutions will probably cost a lot to manufacture, depending on which material the 

company chooses to use. Mattro’s vision is to use sustainable material on all their 

products, which hopefully will be applied to this solution as well, if it goes into 

production. Summarized, the appliance developed to ease entering the Ziesel will 

increase the total cost of the vehicle, but will in the end attract more customers 

that not have had the possibility to use the Ziesel before.                                            

5.3.2 Environmental aspects 

As no choice of material has been made, no conclusion can be drawn from that. 

However, Mattro has created an image to only choose the best possible materials 

in terms of functionality and ecology, no matter the cost, so it is trusted that the 

final solution will have the lowest possible impact on the environment. If the final 

solution leads to a better accessibility for more people is left to be seen, but if the 

purpose is fulfilled, it is justified to assume that the Ziesel is a better choice of 

ATV than most gasoline-driven vehicles from an environmental perspective.   
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6. Conclusion 

Four concepts have been presented, all of them fulfilling the goal of easing the 

transfer issue to some extent. To get the best possible solution for the users, 

Mattro should discard or modify their design guidelines. These solutions may be 

more expensive and require more work, but are better in the long-term. An 

electronic driven solution is the best possible for this problem, as it requires less 

muscle force to complete the transfer. It is recommended to take the requirement 

specification into consideration in further development of these concepts.  

6.1 Recommendation of further work  

The company is advised to use the produced requirement specification in future 

product development where this specific target group is involved. Though, with 

recommendations to change their own design guidelines or allocate them with a 

lower weight and also take the criteria weighted by users into account, found in 

appendix 3. 

It is essential that the concept sketches are given more work and should be 

developed from sketches to CAD models to show function. The two best concepts 

should be manufactured as prototypes to be able to be tested with their wheelchair 

using customers. The method we recommend to use for testing these is the TAI. 

We also recommend doing a Cognitive Walkthrough on the concepts to make sure 

that the users are able to understand how to use the product, to be able to 

eliminate issues from a safety perspective afterwards. 

We suggest that after implementing one or more of these changes to the Ziesel, 

the purpose of this project should be tested to examine if it was successful.  
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7. Individual responsibilities 

The overall responsibilities for this project have been shared, as no obvious 

project manager has been assigned. However, Elin was responsible for Workshop 

2 and also the main responsible for the manual sketching of the concepts. David 

was responsible for the CAD models and manikin analyses. The writing in this 

report has been done mostly together, with equal amount of effort.  
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9. Appendices 

Appendix 1 – Survey  

 
Part 1 
1)      Have you ever tried driving the Ziesel? 

Yes 
No 
If you answered No, please go ahead to Part 2. 
 

2)    Did you experience any problems during the transfer to the Ziesel? 
Yes 
No 
 

3)  If you answered yes in question 2), please describe the problem(s) below: 
    ___________________ 

 
Part 2 
4)  Which transfers from your wheelchair do you perform during a normal day? Below 

some examples are listed, please rank them in terms of effort from 1-5, where 1 
is easy and 5 is hard. 
Car 
Bed 
Toilet 
Other wheelchair 
Chair (or similar) 
Other, please specify and rank:______________________ 
If you answered “Yes” in question 1), also rate the Ziesel 
 

5)      If the following factors  increases, how much would they affect the effort required 
for a transfer? Below some examples are listed, please rank them in terms of 
effort from 1-5, where 1 is small impact and 5 is big impact. 
Distance to seat 
Height difference 
Angle to target surface 
Other, please specify:_______________________ 
 

6)      Can you think of any device, feature and/or appliance that would help you 
reduce effort during a transfer? 

    __________________________ 
 

7)      Can you think of anything that would help you feel safer during a transfer? 
    __________________________ 

 
8)      In what direction do you prefer to transfer? 
    Sideways 
    Backward/Forward 
    Up/down 
    Rotational  
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Appendix 2 – Stakeholder analysis 
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Appendix 3 – Survey results 
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Appendix 4 – Follow-up results 
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Appendix 5 - AHP 
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Appendix 6 – Brainwriting 6-3-5 
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Appendix 7 – First concept sort-out 
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Appendix 8 – Pugh’s matrix 1 
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Appendix 9 – Pugh’s matrix 2 
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Appendix 10 – Final results, non-recommended solutions 

 

Concept 5 - Sliding board (non-recommended solution) 

This concept, shown in fig 4.5, comprises a solution with a slide board used to 

slide between the wheelchair and the Ziesel. It belongs to the second category of 

concepts, separate with contact, as it should be attached to both vehicles, most 

importantly the Ziesel. Once the slide board is attached and secured, the user can 

safely slide and pull oneself up onto the Ziesel. 

Analysis from manikin simulation 

Biomechanically, the sitting pivot transfer onto the 

sliding board requires the user to grip the board far 

away, while it is lying on the wheelchair seat. The user 

will need to rotate the body and move sideways at the 

same time. According to survey results, rotation and 

sideways are the two most preferred directions of 

transfer. However, performing the transfer in more than 

one direction at a time is strongly discouraged. Once sitting on the board, the user 

should slide on it, and drag him- or herself up the vertical gap. Doing this, the 

torso will tilt and requires abdominal tension. Doing this multiple times may 

cause overexertion injuries. This transfer also demands great force output from the 

upper extremities, both to balance the torso and to bring the body forward towards 

the Ziesel. A picture from the simulation is shown in fig 4.4. 

 

 

 

 

  

Fig 4.5 Concept 5 

Fig 4.4 Manikin and Concept 5 
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 Visible appliance 

 Hard to adapt to anthropometric 

measurements 

 Hard to attach to both the Ziesel 

and a wheelchair and detach from 

a distance 

 Should be foldable to enable easy 

storage on the Ziesel while driving 

 Do not really make the transfer 

biomechanically better, as a great 

force is still needed to perform the 

transfer 

 The user may not feel safe, as it is 

a great risk of unlocking the 

brakes of the wheelchair while 

transferring to the slide board 

 

 Separate appliance attached to the Ziesel 

 Simple mechanical construction 

 Should be able to attach to the Ziesel, probably with a hook underneath or 

around the arm rest 

 Should be able to attach to the wheelchair, possibly with a hook or a 

lashing strap. It is important that both ends are possible to disassemble 

from the other vehicle 

  

 Requires no change to the 

frame structure 

 Requires no change to the 

current chair 

 If attached correctly it is 

completely firm and safe  

 Light weight solution, easy to 

lift and store  

 Cover the horizontal gap and 

simplifies to overcome the 

vertical gap 

 Easy to understand, as sliding 

boards are commonly used as 

a transfer appliance 

 Easy to use with already 

existing Ziesels 

 Do not require assistance 

from third party 

 Does not look like an aid for 

disabled 
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Concept 3 - Extendable halfway support (non-recommended solution) 

This concept, shown in fig 4.7, comprises a solution with an extendable plate on 

rails situated underneath the seat. This solution belongs to the second category of 

concepts, integrated. When the plate has been pulled out, a support will drop 

down from it with a hinge. The support will be fixed between a plug and the 

frame structure slope. This plate will act like a halfway support during the transfer 

to or from the Ziesel. When sitting on the plate the horizontal gap becomes 

smaller. When leaving the Ziesel, the plate should only be pulled out once the user 

is sitting on the front end of the seat, so that it does not impact the calves. 

Analysis from manikin simulation 

This concept may leave the user with a gap longer than 

8.9 cm and also at least one vertical gap of around 10 cm. 

The horizontal gap means that the user will, while 

performing the SPT, lean further towards the target 

surface. The torso will tilt toward the target surface, 

leaving the trailing arm with a bad angle. Depending on 

the wheelchair seat height, the need to perform both a 

horizontal and vertical displacement at the same time is limited. Once on the 

halfway support, the user can slide backwards until his or her back meets the front 

of the seat. A picture from the simulation is shown in fig 4.6.  

Fig 4.7 Concept 3 

Fig 4.6 Manikin and Concept 3 
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 An integrated, built-in solution 

 Mechanical construction 

 Hidden extra-seat using rails along the sides beneath the seat 

 Foldable support that holds up the plate 

 A steel plug in the frame keeps the support in position 

 The plate should be constructed as thin and flat as possible and be covered 

with leather or rubber material 

 Should feature a plate shaped so that the legs can fit on the sides of the 

plate 

 May be combined with a solution of an extendable arm rest to ensure that 

the user has a grab point during transfer 

 

 

 

 

 

 

 

 Requires no change on the 

current chair 

 Requires no assistance from 

third party 

 No visible extra appliance 

 Hidden when not used 

 The attachment points doesn’t 

need to carry external load 

when driving the Ziesel 

 Easy to understand 

 Decreases height difference 

 Decreases horizontal gap 

 The roll cage is not affected 

 Does not look like an aid for 

disabled 

 The frame structure will need 

small adjustments for the plate to 

fit between the engine and the 

seat 

 May be problematic to pull out 

while sitting in the Ziesel, unless 

sitting on the front end of the 

seat 

 Hard to adapt to anthropometric 

measurements, it may hit the 

calves of the shorter users if it is 

too long 

 Because of the need to jump up 

and back onto the Ziesel seat 

when entering, there is a risk of 

chafing injuries on the calves 

 Does not bring the user close 

enough to the target seat as 

wanted 

 Does still require a great force to 

perform the transfer 

 The users may think this transfer 

involves too many steps 
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