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Abstract  
 
 
 
 
 
This report is the result of the master thesis project in Industrial Design engineering (IDE), 
performed at Luleå University of Technology, by Erik Vesterlund.  
The task was to produce a conceptual belly boat design that enables individuals paralyzed in 
the lower extremities to use, propel, maneuver, assemble and use a belly boat.  
 
The initial stage included a pre-study of identifying and clarifying what the most common 
causes of paralysation of the lower extremities originates from as well as finding the correct 
terms and  what challenges they may include. It was discovered that there are many 
different causes and effects. Paraplegic are individuals who are unable to move, control or 
feel their legs depending on the severity of the injury. Quadriplegic individuals are unable 
to move, control or feel the entire of their body below their shoulders, depending on the 
severity of the injury.  
 
After the causes and effects were mapped, the challenges had to be identified. This was 
done through tests, interviews, literature studies and participant observations with 
individuals that are living with these types of injuries. Different problems and needs were 
mapped, and the most crucial to the usage of a belly boat was identified as the propelling 
and maneuvering of the craft. Safety aspects were also looked into and documented in 
order to ensure that the concept was safe for the users. 
 
Thereafter, a variety of methods were used in order to generate multiple ideas of how the 
identified problems and needs could be solved. The generated ideas were formulated and 
composed into complete solutions in the concept generating phase. The less good solutions 
were filtered out with the help of an evaluation matrix, and the good solutions were framed 
into different over-all concepts. Those were graded in a concept scoring matrix and 
composed into the final concept. 
 
The final concept fulfills the overall objectives and aims of the project, and also exceeds 
some of them, like allowing fully functional individuals to share the craft with Para- and 
quadriplegics, and without looking as equipment for individuals with disabilities. This 
broadens the market potential and increases the realization possibilities of a production, 
hence making the dream of assistance free wilderness adventures for Para- and 
quadriplegics all over the world, a reality. 
 
Keywords: Product design, design-for-all, disabilities, Paraplegia, quadriplegia, marine 
vehicle, belly boat. 



 

Sammanfattning 

 
 
 
 
Denna rapport är resultatet av ett examensarbete i Teknisk design, utfört vid Luleå tekniska 
universitet av Erik Vesterlund. Uppgiften var att ta fram en konceptuell båt design, som gör 
det möjligt för individer som är förlamade i de nedre extremiteterna att använda, driva, 
manöverera och använda en båt. 
 
I inledningsskedet genomfördes en förstudie för att identifiera och tydliggöra vad de 
vanligaste orsakerna till förlamning i de nedre extremiteterna, samt att ta reda på vilka 
utmaningar det omfattar. Det upptäcktes att det finns många olika orsaker och effekter. 
Paraplegi är individer som inte kan röra sig, kontrollera eller känna sina ben, beroende på 
hur allvarlig skadan är. Tetraplegi är individer som inte kan röra sig, styra eller känna hela 
sin kropp under sina axlar, beroende på hur allvarlig skadan är. Efter det att orsaker och 
effekter kartlagts, hade utmaningarna identifierats. Detta gjordes även genom tester, 
intervjuer, litteraturstudier och deltagande observationer med personer som lever med 
dessa typer av skador. Olika problem och behov kartlades, och den mest avgörande för 
användningen av en båt identifierades som framdrivning och manövrering av båten. 
Säkerhetsaspekter undersöktes och dokumenteras i syfte att säkerställa att konceptet var 
säkert för användarna. 
 
Därefter användes en mängd olika metoder för att generera flera idéer om hur de 
identifierade problemen och behoven skulle kunna lösas. De genererade idéer gestaltades i 
form av olika lösningar. De mindre bra lösningarna filtrerades bort, med hjälp av en 
utvärderingsmatris, och de goda lösningarna gestaltades i olika helhetskoncept. De 
graderades sedan i en konceptmatris och resulterade i det slutliga konceptet. 
 
Det slutgiltiga konceptet uppfyller det övergripande syftet och målen för projektet, och 
överträffar också några av dem, som att tillåta att fungerande individer delar båten med 
para- och quadriplegics, samt att konceptet inte ser ut som utrustning för personer med 
funktionshinder. Detta vidgar den potentiella marknaden och ökar 
realiseringsmöjligheterna, och bidrar därför till att drömmen om ett vildmarksäventyr för 
Para- och quadriplegics över hela världen, kan bli verklighet. 
 
 
Keywords: Produktdesign, Design för alla, funktionshinder, paraplegia, quadriplegia, 
marinfartyg, båt  
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1 Introduction  
This thesis is the result of a Master of Industrial Design Engineering (IDE) project called 
“Adaptation and design of a marine vehicle for disabilities” corresponding to 30 ECTS credits. 
The aim of the project is to create a viable concept that allows individuals with disabilities 
to use a Belly boat. The project client was Lapland Vuollerim, who uses a belly boat during 
their guided fishing tours. The project was based at Luleå University of Technology and at 
Lapland Vuollerim private fishing properties, in and around Vuollerim, in the northern 
part of Sweden. The following sections include a project background, and objectives and 
aims.  
 
1.1 Background 
 
Lapland Vuollerim is a company owned and run by the people and companies situated in 
and around the village Vuollerim, in the far north of Sweden.  Their aim is to market the 
Swedish nature and culture, and they also hold a vision of developing innovative products 
suitable for their service business. 
 
In their marketing of the Swedish nature section, they have a special department aimed 
towards guided fishing tours. It targets both the natural population of domestic fish species 
in the far north of Sweden, but also imported populations held in their own lakes. The 
tours are mostly aimed towards tourists that want to experience trophy fishing in natural 
environments. However, they are often asked if they have the possibility to bring people 
with disabilities. The most common disability among those who want to visit their sites 
suffers from paralysis of the lower body.  
The current tours are guided by using a belly boat (see figures of chapter 3). The belly boat 
is maneuvered and propelled by putting a pair of flippers (see figure 3.2) on the feet and 
using them to swim in a sitting position while seated in the belly boat. Due to the fact that 
this is impossible to persons that are paralyzed, the idea for this project was born. Lapland 
Vuollerims goal is to give everyone who visits them the experience of the arctic nature. 
They also want to give everyone the similar experiences, regardless of disabilities. 
 
Due to the fact that the company is quite small, the initial question was if it would be 
possible to modify the existing materials to make a prototype that could be adapted for 
people with paralysis. If not, could another concept that would work better be designed? 
Maneuvering and propelling the craft today is impossible with paralyzed legs. Would it be 
possible to modify the current concept without changing the experience that a non-disabled 
person would have? Would it be possible to design the craft so that it could be used by 
both fully functional and individuals with disabilities? 
 
The starting point for this Master thesis project was to produce a viable design-for-all 
concept of a belly boat, which take into consideration safety and ergonomic aspects held by 
individuals with disabilities.   
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1.2 Project stakeholders 
 
The primary target group was individuals in the ages between 18 to 55 years of age, with 
special attention of people with the inability to use/control their legs and that otherwise is 
at full health. To make the guided trips possible, Lapland Vuollerim is the primary target 
group.  
 
1.3 Project objectives and aims 

 
The over-all objective is to enable people that have difficulties to control the lower body 
limbs, to have the same experiences as an able person would from using a belly boat. In 
other words, creating a feeling of equality when using the craft. The objective is also that 
Lapland Vuollerim should be able to bring individuals with disabilities on the same trips as 
abled persons. This is going to be achieved by learning from current research, by using 
design methods and by testing the concept over and over again.  
 
The aim of this project is to create a feasible concept for how the belly boat could be 
modified/re-designed to be enable use by the target group. 
The concept shall: 
 

    Ensure a fairly high security level due to the risks associated with being restrained 
in a marine craft.  

    Originate from the construction of the original craft.  
    If possible, be able to use both disabled and abled persons. 

 
Research questions and problems that needs to be answered: 
 

 What are the constraints in terms of ergonomics, function and abilities by both 
disabled and abled persons? 

 How can ergonomics constraints cooperate with functional constraints in the design 
of a boat concept? 

 Due to the fact that the company economically is quite small, would it be possible to 
modify the existing materials to make a prototype that would be adapted for people 
with paralysis? If not, could there be another concept that would work better?  

 Is it possible to modify the existing craft without affecting the ergonomic features? 
And could they be improved? 
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1.4 Project scope 
 
Due to the projects limitations, the following delimitations are set: 

 The project is limited to produce a viable concept, and will not include the 
production of a physical prototype.  

 The mechanics will be based on what is available on the market today. The focus is 
placed on the overall assembly, not the components. 

 The potential market will not be further analyzed due to the fact that the craft will 
only be used for guiding purposes.  

 
1.5 Thesis outline 

 
The following chapter consists of brief summaries of the chapters throughout the report. 
The first chapter explains where this project originates from and the formulation of its 
goals.  
 
The second chapter declares the theory used in the project. It discusses the anatomy, 
different causes of Para-/quadriplegia, injuries and their effect of an individual and 
ergonomics. 
The third chapter explains the process used during the project. It gives an overview of the 
methods used to gather relevant information for the progression of the thesis. Experiments, 
interviews, participant observations, literature review and the formulation of a demand 
specification from the identified needs and problems. It also deals with the creation of 
ideas during the idea development and the following conceptual development.  The fourth 
chapter presents the results generated by the project and explains all of the part solutions 
that the final concept consists of. The things presented are the stabilizer, propulsion and 
maneuvering, seat and belt, leg supports and the modifications to the boat itself. It also 
presents the results from the experiments, interviews, user based observations and the idea 
and concept development. The fifth chapter discusses the different parts of the project with 
thoughts, critical aspects and recommendations. 
 
The final chapter concludes the results, answers the research questions and discusses the 
fulfilling of objectives and aims. 
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2 Theoretical framework 
In order to understand the problems and needs for this project some background 
research was needed. The relevant information gathered in the literature study, 
scientific articles and personal communication is summarized below. 

 
 
2.1 Industrial design 

engineering 
 
The field of industrial design engineering 
consists of everything from need finding 
and problem identification to the 
preparation for production of products, 
according to Johannesson, Persson, & 
Pettersson, 2004 and Bohgard, 2008. It 
generally involves a focus on optimizing 
and adapting products for the user’s 
needs, but also adapting it to function in 
the real world by using its demands 
according to Bohgard, 2008 and  
Johannesson, Persson, & Pettersson, 
2004. In the current thesis project, the 
main focus has been on ergonomics and 
design for all, making it more of an 
conceptual project within the area of 
Industrial design engineering. The main 
theoretical focus in this thesis project has 
been to better understand disabilities in 
order to understand what the final design 
concept should fulfill; this is further 
described in upcoming sections.  
 
2.2 Ergonomics 
 
As the project is aimed at people with a 
few special needs we need to look at 
some of the special ergonomics needs 
that they have. The project only involves 
the creation of a concept and therefore 
this ergonomic section is only briefly 

mentioned. 
 
Individuals that have been injured later 
in life shares the anthropometric 
measurements with everyone that has not 
been injured according to Lundström 
(2016-04-20)1. There are some ergonomic 
actions which can make the user 
experience much more pleasant. The seat 
used when designing an aid can be tilted 
a few degrees backwards. This prevents 
the user from sliding when accelerating 
and stabilizes the back which is very 
useful for users with low trunk stability 
according to Batavia, 2010 and 
Engström, 1996. A maneuvering solution 
that allows the use of either left or right 
hand allows users with a high injury 
which has limited hand coordination and 
function to use an aid in contrast to a 
two hand solution according to Batavia, 
2010 and Engström, 1996.  
Footrests and their adjustability are 
important as they affect everything from 
the trunk stability to the comfort of the 
user. If wrongly set up it could increase 
the risk of pressure wounds and other 
injuries which both Engström, 1996 and 
Batavia, 2010 discusses.  
The armrests are important to most Para-
/quadriplegics as they are used to correct 
the seated posture throughout the day. 

                                                   
1 U.Lundström – University lecturer in occupational 
therapy – Personal communication 2016-04-20. 
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Both Batavia, 2010 and Engström, 1996 
discusses the different ergonomic features 
concerning the armrests, but both agrees 
on the importance of that it should offer 
a solid and secure support.   
 
2.3 Design for all 
 
Is a term used for design purposes with 
the intention to involve as many users as 
possible into a product design project. 
The consideration of a larger user 
community is beneficial both 
economically, usability- and accessibility 
wise as well as to stimulate well 
engineered design as discussed by 
Ehrenfors & Gundjonsdottir, 2007. 
When designing products for humans it 
is important to take their physical data 
and preferences into consideration, in 
order to ensure function and usability as 
discussed by both Bohgard, 2008 and 
Ehrenfors & Gundjonsdottir, 2007. 
According to Bohgard, 2008 the use of 
percentiles is one way of countering a 
design-for-all problem. Specifically the use 
of the 95 percentile which means that the 
product is adapted to 95% of the normal 
sized users but they also suggest dividing 
the product into different sizes to fit all 
of the users. 
 
2.4 Disability and it’s causes. 
 
There are about 120 cases of 
traumatically caused spinal injuries with 
the average age of 30 years depending on 
the population amount every year in 
Sweden according to Holtz & Levi, 2006. 
The following chapters are explanations 
of what the injuries causes and how they 
are caused. 

2.4.1 The spine and Paraplegia 

 

According to Holtz & Levi, 2006 and 
Martini, Timmons, & Tallitsch, 2012 
Paraplegia is a term used for when an 
individual has completely, or to some 
degree lost the motoric 
function/control of their legs and trunk 
muscles. Holtz & Levi, 2006 divides the 
state into two subgroups which is 
complete and incomplete paraplegia. The 
two subgroups are divided by the ability 
to willingly move/control a muscle to a 
certain degree (incomplete) or to be 
completely unable to control anything 
below the injury (complete). According 
to Martini, Timmons, & Tallitsch, 
2012 this is often the result of an injury 
in the thoracic spinal cord or in the 
thoracic vertebrae (see illustration 2.1.) 
According to Lundström (2016.04.20)2 
Individuals with a higher injury in the 
thoracic region may also lose control of 
their trunk stability which results in 
problems to stay upright when in seated 
position as explained in 2.2.2. 
Depending on the degree of injury the 
individual may not be able to feel either 
pain or temperature. This adds to the 
risk of developing pressure wounds 
according to Holtz & Levi, 2006. The 
treatment for pressure wounds is that 
the patient is placed in a recumbent 
position for several days, bringing the 
patient unnecessary discomfort 

according to Lundström (2016-04-20)3. 
The state often contributes to muscular 
atrophy according to Holtz & Levi, 
2006. 
                                                   
2 U.Lundström – University lecturer in occupational 
therapy – Personal communication 2016-04-20. 
3 U.Lundström – University lecturer in occupational 
therapy – Personal communication 2016-04-20. 
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2.4.2 Other causes of inability to use 

lower extremitites. 

 
There are numerous more reasons than 
paraplegia caused by physical trauma that 
causes the loss of control of the lower 
limbs. 
 
As the focus in this project is more 
focused on the loss of motor control of 
the legs, these causes are only briefly 
mentioned. Some of them are multiple 
sclerosis, tumors and ALS according to 
Holtz & Levi, 2006 and Martini, 
Timmons, & Tallitsch, 2012.  
 
Multiple sclerosis has a wide variation of 
symptoms and in some cases causes 
scarring in the brain and spinal cord 
which could lead to paraplegic-like 
symptoms according to Holtz & Levi, 

2006. Tumors that grow in or in contact 
with the spine and spinal cord could 
cause lesions on the nerves which could 
lead to paralysis according to Holtz & 
Levi, 2006. ALS breaks down our 
motoric neurons in the spinal cord 
causing paralysis.  According to Holtz & 
Levi, 2006 and Martini, Timmons, & 
Tallitsch, 2012. 
 
As said earlier it is very important to 
understand the theory behind the 
injuries and their symptoms in order to 
identify problems and limitations of the 
users. Therefore this theory is vital for a 
usable concept.  
 
2.5 The spine and spinal cord 

 
In order to design a craft specialized for 
persons unable to control their lower 
extremities it was crucial to understand 
more about the causes, symptoms and 
effects.  As the state defined in the 
project specification was traumatically 
caused paraplegia, the most effort went 
into this.   
 
Figure 2.1 is an illustration of a human 
spine according to Holtz & Levi, 2006 
and Martini, Timmons, & Tallitsch, 
2012. It shows the names of the different 
vertebrae. Inside of the vertebrae runs the 
spinal cord which together with the 
spinal nerves transmits impulses to our 
muscles allowing us to control and feel 
them. The cord runs from our brain 
down to about L2 (see figure 2.1) but the 
nerves continue all the way down to S 
according to Marieb, 2012. It should be 
noted that if a vertebrae is damaged and 
the spinal cord/nerves are injured or 
severed in the same area, all function 
below the injury could be lost depending 

Figure 2.1 – Human vertebrae 
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of the severity according to Holtz & Levi, 
2006 and Lundström (2016-04-20)4. 
 

2.5.1 Cervical vertebrae C1-C7 

 
E.g. Martini, Timmons, & Tallitsch, 
2012 defines that these vertebrae are 
located in our neck and are together with 
nerves controlling the upper parts of our 
body such as the shoulders, arms and 
neck along with breathing. The area also 
has control over some lower muscles like 
the diaphragm. If this area is damaged, 
the individual may have difficulties in 
controlling their arms, hands, wrists and 
breathing according to Marieb, 2012 and 
Martini, Timmons, & Tallitsch, 2012.  
 
As the legs and arms are controlled below 
this stage, an injury in this area could 
cause the patient to become quadriplegic, 
which means losing the control over arms 
or legs according to Holtz & Levi, 2006 
and Martini, Timmons, & Tallitsch, 
2012. 

2.5.2 Thoracic vertebrae T1-T12 

 
The thoracic vertebrae region is where 
our ribs connect to the spine according 
to e.g. Martini, Timmons, & Tallitsch, 
2012. This, they state, together with L1, 
is where the control over our abdominal 
muscles is placed. According to 
Lundström (2016-04-20) 5  the thoracic 
area together with high L controls the 
trunk and posture stability of the body. 
An injury in the high T (1-6) will result 
in an instable trunk when placed in a 
sitting posture. This means that if 
                                                   
4 U.Lundström – University lecturer in occupational 
therapy – Personal communication 2016-04-20. 
5 U.Lundström – University lecturer in occupational 
therapy – Personal communication 2016-04-20. 

individuals leans forward when sitting, 
e.g. in a wheelchair; they would fall out 
if they did not use their arms. If the 
injury is lower T (8-12) or higher L(1) 
the person could tilt to the sides and/or 
forward without falling. An injury in 
this region could cause paraplegia. 

2.5.3 Lumbar vertebrae L1-L5 

 
According to Marieb, 2012 the lumbar 
vertebrae controls our lower abdominal 
muscles, legs and feet. A damage in this 
area results in problems/inability to 
move and control the legs/feet. 
 
It is important to understand the theory 
behind the anatomy and its functions 
and symptoms in order to understand 
problems and limitations when designing 
in the current project. 
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3 Method and Implementation 
 
The following sections explain the process and methods used in the project. The chapter is 
written in a chronological order, - starting with the process and ending with the finished 
concept.  
  
3.1 Process 
 
For the execution of this thesis project, a hybrid of the product development process 
described by Johannesson, Persson, & Pettersson, 2004 and Bohgard, 2008 was used.  They 
both consist of several iterative stages, from idea all the way to the launch of a final 
product. Iterations can be performed at the end of each stage, to ensure that the goal of 
each step is met. As this project only involves the creation of a viable concept, which will be 
produced into a real prototype at a later stage, only some of the relevant stages were chosen. 
The stages were somewhat shortened and mixed to fit the needs of this project leaving 
some parts for future development and production. There are several stages discussed by 
both Bohgard, 2008 and Johannesson, Persson, & Pettersson, 2004 that was mixed and 
used in this thesis, such as the specification of demands, the generation of concepts and 
fine tuning the concepts. Johannesson, Persson, & Pettersson, 2004 Discusses the 
importance of a pre-study and the use of CAD as representations which Bohgard, 2008 
does not in the same way. This projects process model consists of the following steps: 
 

1. Planning and prestudy 
General planning of the project and formulation of breakpoints. The pre-study 
involves researching existing solutions, market analysis and initial problem 
definitions.  

2. Product specification and demands. 
A deeper analysis of the problems, which has to be solved to achieve the goal of the 
project. The problems and demands discovered in earlier stages form a matrix that 
will be used to grade the following concepts from next stage. 

3. Concept generation 
Using a variation of creative methods to generate a number of concepts solving the 
problems and demands in different ways with different approaches. 

4. Concept evaluation 
Grading and evaluation of the concepts in relation to the matrix mentioned in 2. 

5. Detail design 
Fine tuning of the details of the highest scoring concept from stage 5. In this 
project stage 5 also involves the optimization for production of a prototype. 

6. Construction, visualization and prototyping 
CAD and CAID construction and visualization of the tuned concept of stage 6.  
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3.2 Context 

 
In order to better understand the problems and demands associated with the boat a 
number of data gathering methods were used. These were chosen to be complementing 
meaning both objective and subjective techniques. Objective means that the result is 
focused on how the machine preforms while subjective means how the user experiences the 
usage according to Bohgard, 2008. The methods used are and their result is explained in 
the following chapter along with a brief explanation of the execution. The data and exact 
execution can be seen in the appendix.  

3.2.1 Experiments 

 
In order to obtain both qualitative and quantitative experiences and data of how the belly 
boat preformed some experiments were executed, further described in up-coming sections.  

3.2.1.1 Experiment nr 1 Function and 2 Usage. 
 
To understand how the belly boat works in a user’s perspective, an experience experiment 
was set up along with Lapland Vuollerim guide Örjan Kraft (ÖK). ÖK is a well-known 
fishing “guru” in the northern parts of Sweden, and have many years of experience in 
fishing and guiding with belly boats. The goal was to identify as many user-based problems 
as possible during the session. Also the safety risks were discussed, tested and analysed. The 
location was one of Lapland Vuollerim fishing locations in the proximity of Vuollerim, 
northern part of Sweden.  
The belly boats used were equipped with an inflatable pontoon on each side and behind 
the seat. In front of the seat a detachable bar was mounted and secured with a snap-lock.  
  

Figure 3.1 – Belly boats inflating. 
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In order to not get wet, a pair of waders is used to keep the water out while sitting in the 
boat. A pair of fins was placed on “user’s” feet. They are used as both the propelling and 
manoeuvring system of the boat, according to ÖK (2016-08-12)6.  
 
After entering the water and mounting into the belly boat, the user pedals with the fins in 
order to move. The direction of motion naturally becomes backwards as the pedalling 
creates a pushing motion similar to swimming, but here in a sitting posture instead. After 
getting use to the boat for approximately 10 minutes, the fishing rods were brought out. 
The experience experiment carried on for 4 hours.  
Examples of usage-focused problems discovered when using the belly boat: 
 

 The fishing line that normally is hanging down along the fisherman was gathering 
randomly over the surface of the belly boat. This resulted in the line getting stuck 
in zippers, snap-locks and anything else on the surface of it.  

                                                   
6 Ö.Kraft – Head fishing guide at Lapland Vuollerim 2016.08.12. 

Figure 3.2 – Attaching fins. 
 

Figure 3.3 – Entangled fishing line . 
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 There are many processes going on at the same time which to an inexperienced user 

takes the focus of the fishing experience.  
 

 As the experiment lasted for 4 hours the water had a cooling effect causing the 
muscles in the legs to cramp. This despite 3 layers of clothes and constant 
movement of the muscles. 
 

 As the back of the craft is straight and does not have a streamlined shape like most 
boats, it tends to push water in from of it. This probably makes it harder to both 
manoeuvre and propel compared to other boat shapes.  
 

 The user’s elbows are used frequently in order to correct the sitting posture. This is 
due to the fact that both hands are occupied with controlling the rod and line.  
 

 Both the propelling and manoeuvring is proportional to the users input in the form 
of leg motion. This makes the boat unusable to a paraplegic individual. 
 

 Due to the direction of operation being backwards, the user needs to rotate both the 
torso and head in order to see where the boat is heading.  
 

More problems and safety risks are discussed in section 4.1. 
 

Experiment nr 2 was preformed sometime after the information from experiment 1 had 
been compiled. This was in order to confirm and complement the information discovered 
in the initial experiment. 
 

3.2.1.2 Experiment nr 3 Test rig.  
 
In order to get a better understanding of how the boat preformed in the water and how 
much force it would take to make it move a test rig was set. The location of the test was 
indoors at the swimming facility in Gammelstad, Luleå, northern part of Sweden. The test 
subject was given 10 minutes to pedal around the pool to get use to the boat and its 
capabilities.  
 
The question first to be answered was: How much force does a person create in order to 
move the boat with the fins? 
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1. A “test subject” was firstly placed in the boat, in the pool, equipped with fins and 
one end of a rope. 

2. In the other end of the rope “a measurer” were then positioned on side of the pool, 
equipped with a scale attached to the rope end.  

3. The person in the boat was then instructed to move with light, medium and 
maximum effort. This was repeated 3 times and the values were recorded. The 
measured values can be seen in appendix 1. 

4. The first “test subject” then changed position with “the measurer” and the test was 
preformed once again to verify the results. 

 
Question number two: The impact of the introduction of a foot-/leg rest.  
 
As the most equipment aimed toward paraplegics involves a foot-/leg rest, it needed to be 
investigated. The test should show how the representation of a leg rest would affect the 
craft. 

Figure 3.4 – Indoor tests of belly boat performance. 
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1. A 50x60cm piece of Plexiglas was firstly attached to “the test persons legs” legs. See 
figure 3.5.  

2. The person was then placed in the belly boat in the pool and asked to keep the glass 
in as close to a 90 degree angle to the seat. The test person was also given one end 
of the rope. 

3. On the other end of the rope “a measurer” was then placed on land with a scale.  
4. The “test subject” was instructed to tow the boat in a slow, medium, and fast pace. 
5. The person in the boat was instructed to raise its legs to an angle of 20 degrees from 

the surface. 
6. The same procedure as test number two was carried out, meaning that test person 

and measurer changed place to verify the results. 
 

 
 
 

Figure 3.5 – Plexiglas attached to legs. 
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The same test was done without the Plexiglas attached to the legs, as it showed similar 
values as test number 1, it was discarded.  
 
Test number two showed that using the Plexiglas at 90 degree angle made the steering of 
the boat completely impossible. Measured forces showed that up to 11, 8 kg was used in 
order to tow the bow in medium pace. When the glass was used at an angle of 20 degrees 
below the surface the boat was a lot easier to control. Forces measured 3-7 kg at light, 5-9 at 
medium and 9-9 kg at high speed. Other observations during the tests were that the boat 
needs to have high pressure in its pontoons in order to allow correction of the seated 
posture. If it does not, it would only flex and not give the user the needed support. 
 
 
 
 

Figure 3.6 – Plexiglas attached at angle -20 degrees. 
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Due to the fact that the person in the boat was not disabled the value may vary from when 
used by another person or one with paraplegia. Despite being told not to interact, some 
instinctive interaction may have occurred from the person in the boat. The rope was made 
out of braided 10mm thick material. Because of its braided construction it may have flexed 
during the tests. The Plexiglas used for the second test was chosen as an extreme case 
scenario, because of its solid nature. Due to the time span and the limited resources of the 
project, a test with a paraplegic test person could not be safely arranged. Despite this, the 
results were considered usable enough to inform the further concept design process. 
 

3.2.2 Interviews 

 
Interviews is a good way of obtaining the users perspective with both qualitative and 
quantitative data as result Bohgard, 2008. In order to better understand the experience of 
living with a physical disability and paraplegia, interviews were carried out. According to 
Bohgard, 2008 the semi-structured interview is a way of creating a relaxed session, while 
getting both qualitative and quantitative information.  As both qualitative and quantitative 
answers were appreciated, along with flexibility, the semi-structured version was chosen. Six 
respondents were contacted and asked if they would like to participate in an interview. Five 
of the contacted agreed, and the interviews transcriptions can be seen in the appendix 2. As 
one of the respondents was diagnosed quadriplegic, it was seen to provide a valid user 
experience perspective. The reason for choosing interviews in the current study was that it 
allows you to hear hesitations, change of mind and ask for further thoughts, and hence 
provide detailed information. 
 
The interviews were performed on phone, with the same questions in all five interviews. 
The interview guide contained the subjects of: Cause of injury and ability specification; 
Ergonomics; and their own thoughts and wishes after being introduced to the projects 
goals. As the interviews were semi-constructed, the questions consisted of both open and 
predetermined questions, which are intended to generate a wide variety of information 
compared to a strictly constructed or unconstructed interview Bohgard, 2008. The semi 
construction was also chosen in order to allow the subject to express own thoughts and 
experiences in their own way. The interview subjects were also informed that if they did not 
want some of the answers to be public, it would be removed allowing the respondent to 
generate more personal information and a deeper exploration of the experience of life in a 
wheelchair.  
 
The interviews showed that the complexity of the spinal cord brings the problem that 
similar injuries can have very different symptoms. Even if a person is diagnosed with 
quadriplegia, they can still be able to move their arms after training.7 
 
 
 

                                                   
7 Interview participant 1 – Paraplegic – personal communicantion 2016-10-07. 
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Some of the needs identified from the interviews are as follows: 
 

 An extreme case of disability has no trunk stability, resulting in problems with the 
sitting posture.8 The cause, explained by U. Lundtröm (see section 2.2.2), is the 
result of an injury in the high T(x) section. 

 Even though there is no motoric control of the legs, they can act spastically causing 
them to fall out of the footrest.8 

 Extending the legs to 90 degrees will in the spastic case worsen the symptoms, and 
create more unintentional movement, giving the user a sense discomfort.8 

 The sensation of temperature and pain differs from person to person, even if the 
injuries are similar.8, 9 

 The need for a high backrest increases with a high spinal injury.10 
 

3.2.3 Participant observation 

 
As interviews are a good way of obtaining some of the needed information, observing users 
“in real life” can be another matter. Habits, subconscious actions, and similar non-spoken 
knowledge are sometimes easier observed than spelled out in an interview.  Bohgard, 2008. 
Therefore, participatory observations were chosen as complement the qualitative 
information gathered from the interviews. The respondent was an individual with 
incomplete quadriplegia that resembles paraplegic disability, and a meeting was set up at a 
restaurant in the center of Luleå. The respondent had also participated in the interviews, so 
the interview questions were known and she was asked to re-enact the question and 
situations. Some of the re-enactment was filmed for later viewing and problem 
identification. One of the reenactments constituted of the correction of the seated posture, 
see figure 3.7. 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                   
8 Interview participant 2 – Paraplegic - Personal communication 2016-10-13. 
9 Interview participant 3 – Paraplegic – personal communication 2016-10-13 
10Interview participant 5– Quadraplegic – personal communication 2016-10-26 
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 From the figures we it can be seen that despite being classified as quadriplegic, the 
user is able to use the strength of her arms and hands to correct her posture.  

 At the moment when the lifting occurs, the holding points of the hands are close to 
parallel with the centerline of her body. Then she lifts her lower abdomen and uses 
the gravity to get into position in a pendulum motion. 

 Due to the rolling of the wheels she has to hold the rim in a firm grip while 
balancing the lift. 

 Even when being classified as paraplegic she is able to put some space between her 
back and the backrest. 

Figure 3.7 – Correction of seated posture. 
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 The biggest issue identified was falling forward when correcting the posture as can be 
seen on figure 3.5 below. If the table was not placed in front of her, the instability 
could pose a big problem. 

 

 
 

The result coincided with the answers and descriptions from the interview. It also rendered 
a deeper understanding of the legs mechanic function when paralyzed.  
 

 

 
 
 
 
 
 

Figure 3.8 – user performing different tasks. 
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3.3 Literature review 
 
In order to get more information about spinal injuries, wheelchair design, ergonomics and 
the existing market, a literature review was done. Google.com was the main domain used to 
find existing solutions and concepts. According to Johannesson, Persson, & Pettersson, 
2004 it is very important to examine the market properly to allow the final concept to be as 
close to the final product as possible. The review was also involved in the last stage of the 
process in order to find components which could make the concept buildable in a short 
period of time. Information regarding the project execution and methods were found in 
books and material from the IDE program at Luleå University of Technology or developed 
during the process of the project. Most of the information concerning spinal injuries and 
disabilities was gathered from books and found as scientific articles on the site of Google 
scholar. The books and articles were cross read in order to confirm the theories and facts in 
every subject.   
 
The words used in the search engines were: Wheelchair design, wheelchair, paraplegia, 
quadriplegia, disabilities, spinal injury, spinal cord injury, paralyzed, wheelchair 
ergonomics, belly boat, motorized belly boat, paralyzed belly boat, fishing with handicap 
and electric belly boat. 
 
3.4 Specification of requirements and evaluation matrices 
 
The gathered data from earlier stages was formulated into demands and requirements. The 
data input were the result from the interviews, participant observation, experiments and 
literature review. According to Bohgard, 2008 it is important to specify the demands and 
requirements in order to achieve a goal that meets them. The formulated demands and 
requirements were divided into sections and then outlined in a matrix. The matrix was 
used to ensure the direction of the development for the following phases of the project. If 
the direction was found to be in need of correction, the data was updated to ensure an 
optimized result. According to Johannesson, Persson, & Pettersson, 2004 the specification, 
its coverage and its updating are important to prevent unnecessary loss and use of assets in 
a product development process.   
  



 20 

3.5 Idea development 
 
The aim of the idea developments stage was to generate four conceptual designs that could 
be united into one final concept. The final concept should meet as many demands and 
requirements as possible. The following sections include descriptions of the methods used 
in order to achieve this. 
 

3.5.1 Brainstorming  

 
The aim of the brainstorming was to generate a large variety of thoughts and ideas of how 
to counter a problem from many angles. According to Johannesson, Persson, & Pettersson, 
2004 it is a useful way to solve problems by using experiences from others generating a wide 
spectrum of ideas. Both Bohgard, 2008 and Johannesson, Persson, & Pettersson, 2004 
discusses the need for a diversity of individuals, competences etc. in the group, but 
however, from earlier experiences of using the method in product development projects it 
was decided to slightly alter its execution. This was due to the experience that people do 
speak and act more freely when not positioned in a group. A personal experience is that 
integrity, self-confidence and social acceptance are parts that might hinder creativity. 
Therefore, brainstorming sessions were iterated in interviews, discussions and experiments 
in order to obtain more qualitative and quantitative results. It was also executed on an 
individual. As the problem approached in this project consisted of many sub-solutions, the 
brainstorming was iterated throughout the project. This ensured many different problem 
solution aspects to each problem. Due to the fact that many issues were discovered along 
the way the iterations rendered a more qualitative result to each sub-solution.  
 

3.5.2 Element exchange  

 
Element exchange is a concept and idea generation method developed by the author 
during the education at Luleå Technical University. The method is based on visualizing 
multiple ideas of solutions on each part solution of a problem. Unlike other methods the 
“main” problem is not involved in the different sessions. This contributes to a wider range 
of possible solutions with different components.  It can be performed by one single person 
or in a smaller group. If used by one single person it should be complemented with other 
methods to ensure validity.  
 
The visualizations may consist of drawn illustrations or pictures found on the internet. For 
example: how to solve “movement” of a concept. 
 
The word “Movement” is then placed on a paper on the wall or a whiteboard. The paper is 
important as it is being removed between each session, but recovered for the last stage and 
can be archived for later use. The team members then have six minutes to ideate different 
solutions on how to create movement. After the time is out, all thoughts and ideas are 
visualized. The words can be complemented with an extra session concerning the 
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movement in a specified medium such as “movement in water”. Sketches and pictures 
should ideally be used to further creativity. Words may be used to describe a function or 
attribute, however this method aims at the visual aspect. Also, pictures found on the 
internet can be used on screen. If presented on screen, the result is written as “screen” on 
the paper.  This is repeated for all sub-solutions from the demand specification and 
identified sub-problems from the information gathering. The different sub-problems may 
be combined into one word if it does not compromise its original meaning. In this project 
the words visualized were movement, movement in water, environmental friendly 
transportation, maneuvering, secure seating, boat safety, adaptable leg support, battery 
placement, entanglement fishing line and arm support. 
 
After all needed topics have been visualized, the project group is asked to spend thirty 
minutes to visualize a minimum of four concepts. These concepts should consist of one or 
a combination of elements from each cluster on the papers. Only one concept per paper is 
allowed. Any visualization technique is allowed as all individuals visualize in different ways. 
 
Unlike the brainstorming and the 3-6-5 method described by Bohgard, 2008 and 
Johannesson, Persson, & Pettersson, 2004 this method allows criticism and the method 
can be used by one person. The optimal would be a “group” of people but as one person 
can be inspired by the already existing solutions created by other people and nature by 
using different medias, it is considered useful. Another aspect that allows it to be used by 
one person is the sectioning of sub-problems, which brings the focus from the main 
problem, allowing for “micro-creativity”. Due to the use of internet and other medias, the 
demand for diversity in the group decreases, in contrast to the brainstorming as described 
by Johannesson, Persson, & Pettersson, 2004 and Bohgard, 2008. As some projects have 
very limited time and other resources, the gain from this method is also potential in time 
and personnel.  Unlike the 6-3-5 method as described by Bohgard, 2008, this method does 
not include the different team members in each concept, allowing the creativity of each 
person to manifest itself in four completely different concepts. Iterated use throughout the 
concept development phase of the element exchange is encouraged as more “sub- 
problems” may emerge.   
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3.5.3 Sketches and prototypes. 

 
To increase the understanding of problems, demands and sub-solutions sketches, 
visualizations, simple models and existing material were used in the process. According to 
Johannesson, Persson, & Pettersson, 2004 sketches, simple models and photos are useful 
ways to communicate an idea or a feeling. Initial sketches were made by hand and in low-
fidelity in order to not spur creativity. The complexity of the sketches increased as the 
project progressed. The later visualizations used were computer aided in order to represent 
more proportional and material like representations. Models used were simple function 
prototypes made out of simple objects such as cardboard and clay. The visualizations 
contributed to increased awareness of multiple factors from the start, to the final concept. 
These representations were integrated into some of the other topics such as the 
experiments, to inspire identification of tacit needs and whishes from the participants. 
Meaning actions, thoughts, distractions and behaviors observed during the use of the 
models, visualizations and sketches. 

 

3.5.4 Personas 

 

According to Wikberg Nilsson, Ericson, & Törlind, 2015 personas are descriptions of 
characters, which are founded on gathered information of a projects target group. The 
information in the current study as base for the personas was gathered from the interviews, 
experiments and literature studies.  Three persona characters was created and used 
throughout the project. By using this method, limitations for the primary users will get the 
chance to affect the projects outcome in another way than as just raw data according to 
Wikberg Nilsson, Ericson, & Törlind, 2015. Therefore much of the data consisted of 
similar limitations and abilities identified in the information gathering and need-finding. 

Figure 3.9 – Examples of sketches and visualization. 
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The information was mixed so that none of the personas would consist of one single 
person from the pre-study, but from a mix of their experiences and abilities. The personas 
were used as the representations they are, and emphasis was of course also on the original 
information. The personas can be seen in appendix 4. 
 

3.5.5 Evaluation matrix 

 

The specification matrix explained in 3.5 was at this point in the project used as the basis 
for an evaluation matrix. According to Bohgard, 2008 an evaluation matrix is a useful tool 
for grading concepts, consequently referring to the projects aim. Johannesson, Persson, & 
Pettersson, 2004 also discuss the importance of concept evaluation and their 
correspondence to the demands. Therefore the evaluation matrix was used throughout the 
iterations of the idea development phase. The concepts were given a 1 or 0 depending on if 
they met the requirement under each section or not. The total score was established for 
each concept and used as decision base for the continuation or discontinuation of the 
concept.   
 

 
 
  

Figure 3.10 – Example of Evaluation matrix. 
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3.6 Concept development 
 

3.6.1 Score weighted matrix 

 

Both Bohgard, 2008 and Johannesson, Persson, & Pettersson, 2004 mention the use of 
weighted matrices as a refined technique for selecting among concepts. Therefore the 
earlier iterated matrices explained in 3.5 and 3.6.5 was in the later iterations upgraded with 
weight factors. High weight points were given to concepts corresponding to important 
requirements and low points to those not seen crucial to the project Johannesson, Persson, 
& Pettersson, 2004. This was in order to optimize the results and identifying the best 
possible solutions. The concepts were then graded in the same way as earlier, but the grades 
were now from 1-3 and multiplied with the given weight factor. Sectioning the demands 
into sub-areas exposed the individual grading of the concepts sub-solutions. Even if one 
concept had the highest total score, the others sub-solutions could have a higher score than 
the final winner. This contributed to the detail development of the final concept consisting 
of an integration of higher-ranking sub-solutions. 
 

3.6.2 Visualization and presentation 

 
In order to clearly visualize the final weighted concept in combination with the higher 
graded sub-solutions, both Computer Aided Design (CAD) and Computer Aided 
Industrial Design (CAID) techniques were used. CAD was used to examine how the 
mechanical solutions would work together and was helpful in the detail construction of the 
final concept. CAID was the main tool implemented to visualize the final concept. As 
discussed by Johannesson, Persson, & Pettersson, 2004 a CAD model is a helpful visual 
substitute for a prototype.  For a concept to achieve the sensation of realization, a 
photographic representation is a good tool. CAID is a surface modeling technique in which 
a model is represented by visual surfaces, as discussed by Johannesson, Persson, & 
Pettersson, 2004. The final concept was created and realized with materials and textures 
assigned to its surfaces, to as best as possible visualize the final design. Thefinal design was 
placed in a photo studio, and not in a real-world context in order to keep the focus on the 
model and not its surroundings. The modeling techniques used with CAD and CAID were 
NURBS, polygon and solid modelings.  
 
3.7 Detail design 
 
In order to generate the best possible final concept from the material generated, the 
highest-ranking concept from the weighted matrix was revised. The best sub-solutions 
replaced the lower ranking part solutions of the final concept. Some solutions were 
combined from all 3 concepts in order to achieve a higher total score, as each had weak 
parts that were not satisfying enough. As there also were some mechanical issues to solve, 
the parts were created in CAD in order to find a solution and obtain a better overview. 
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When most of the identified issue was considered solved the team from the interviews and 
Lapland Vuollerim were contacted with visualizations of the concept, with explanations. 
They were then given the chance to give feedback on the concept. The respondents were 
encouraged to be tough, honest and say anything that came to their mind, as their user 
perspective constitutes the basis for a successful final design. The feedback was later 
implemented and the result was given some final improvements, and then visualized once 
more.  
 
3.8 Reliability and validity 

 

As the current project aimed at a specific target group, their experiences and opinions has 
had great value for a successful final product design. Also, as the same injury can cause 
completely different symptoms to different individuals, theirs and other expert’s feedback 
has been of great importance. Through the interviews, experiments, user-based observations 
and discussions a variety of crucial aspects have been identified. The five 
participants/respondents has not only shared their personal experiences, but also mediated 
a lifetime of discussions and experiences of others in the same situation.  
 
The literature study contributed to a deepened understanding of how such disabilities are 
caused and their overall effects. A combination of several specialized literatures concerning 
paraplegia and spinal injuries confirms the theories and data presented. As the author had 
little or no knowledge of paraplegia or spinal injuries before this project, this combination 
of several inputs was seen as necessary. 
 
The information from the interviews, user focused observations, experiments and literature 
review confirms each other and also the data used. The participatory design approach that 
were involving the users also exposed thoughts, feelings and views of experiences of a life 
with spinal cord injuries that could not be found in any of the the books. This is believed 
to be due to the complexity of each injury, and also because books often focuses on the 
physical aspects, and not on the personal experience. It was discovered that some questions 
concerning the user experience gave different answers when formulated as a question, 
compared to when it was discussed with the intended users. Therefore it is of importance 
to formulate questions differently, in order to confirm answers. The interviews in 
combination with the participant study confirmed the information. The personal 
communication with experts such as Ulrica Lundström showed the clinical side of the 
different injuries and how they manifest in the functionalities of the body. It also gave a 
more complete understanding as the user, by-stander, and experts view was regarded. This 
diversity of information and views is important to render qualitative information, as some 
actions can be intuitive for the user, and hence not out-spoken, but becomes obvious for 
by-standers or an expert. This combination of methods was implemented to ensure that 
multiple aspect information rendered the data, which then can be considered as valid and 
reliable by the Author. As there are many different aspects to a problem, the more of them 
you process, the more complete the picture will be. 
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3.9 The Process 
 
It has been interesting to conduct a project of this size in a one person project group. There 
is definitely an asset of having another team member for things as discussions, 
multitasking, another point of view and share of workload. But as the methods were 
adapted and modified to fit the use of a one person group it worked out very well. It has 
been interesting to keep the participant amount during the process as low as possible, 
except for the participant users that were vital to the project. The time aspect was 
something that was hard to estimate due to the conditions therefore it has been left out of 
the report. 
 
3.10 Method and implemetation 

 
In order to achieve the best possible solution, I think that we need to achieve the best 
possible understanding of the problems. 
 
The combination of several different information sources to one problem really proved 
useful, as I discovered when conducting the interviews, tests and participant observations. 
As a person could state one thing in the interviews, and act in another way when observed 
in the participant observations. Therefore, it is important to look at a problem from many 
perspectives, as a behavior can be unspecified to the users themselves. Also, it is important 
to actually visit the context and conduct tests, in order to gain own practical experience. 
The practical experience can be crucial when it comes to asking the right questions and 
unveiling hidden problems. 
 
As I had no prior experience of para-/quadriplegia, or from the experience of everyday life 
with it, the interviews and literature studies were vital. The purely theoretical/physiological 
aspect is one way to understand para-/quadriplegia, but as every injury is different, the 
user’s stories gave me much relevant information. Discussions with experts, in 
Occupational therapy also provided better understanding of the practical experience in 
aids, such as wheelchairs and also gave me tips of lots of relevant literature. The expert 
involved also helped a lot in discussing different aspects and solutions during the personal 
communication. It proved more difficult than I initially believed to get help from 
established company’s working with the same areas. Probably because of competition 
between the products or the lack of time assets.  The most time consuming task was to get 
in contact with individuals living with para-/quadriplegia. Some did not want to participate 
in an interview, due to the sensitive nature of the injuries. Therefore the project group 
treated the information from the users with great respect and kept a high confidentiality 
level when conducting the information gathering. As said earlier a lot of the relevant 
information was obtained from the literature study, where different theoretical perspectives 
were treated. Physiological and anatomical theory in both English and Swedish, literature 
by people living with disabilities, books about wheelchair design, and ergonomics was used. 
It proved that there was a lot to learn from the literature but as the nature of the injuries 
are quite complex; the user’s participation in the project was of uttermost importance. All 
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of the substantial research and testing resulted in a requirement specification, which 
reflected the problems and demands.  
 
The decision-making was based on the scoring from the matrices and resulted in the most 
relevant concepts being further detailed. However, scoring matrices should be used with 
caution and reflection, so that any valuable sub-solution is not lost due to being mixed with 
other improper solutions. The matrices could have been more specific and differently 
phrased, but rendered a good result in the end. 
 
The idea development phase resulted in multiple initial concepts that were narrowed down 
to the three final. The use of multiple methods ensured that a wide variety of ides and 
solutions were treated. As different persons creativity emerges when exposed to visual 
representations, discussions or experiences this variety is exceptional when used in a group. 
As I myself was more triggered by the visual representations, the methods used were chosen 
to stimulate this. Therefore, a lot of sketching and visual representations were used in 
combination with own and participants experiences.  
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4 Results 

This chapter describes the result from start to finished concept, divided into sections of 
each of the process phases. It follows the product development process, as described in 3.1.  
 
 
4.1 Results of Pre-study 
 
As the author had no prior experience of using a belly boat, the tests contributed with a lot 
of vital information. The first result of the test was the user experience as described in 
3.3.1. The problems identified constituted the basis for the formulation of demands which 
led up to the final result.  
 
Important findings were:  

 Towards the end of the experiment one of the users developed cramps. This is 
probably due to the lack of relevant muscle structure to propel and maneuver the 
belly boat. This could be a problem when using the belly boat in the guided 
activities also for the user without a disability. As the majority of the users will be 
inexperienced with this kind of craft, monotonous tasks should be avoided. This is 
also a safety risk as in an emergency situation; the user may be unable to dismount 
the craft due to the cramps and stability bar.  

 
 The stability bar is mounted in front of the user in order to stabilize the pontoons 

and attach a fish handling net. The bar is seen in picture 4.1. It could be used to 
correct the sitting position but as it is placed so far in the front, it will be hard for 
the higher injuries to use it and without falling forward. It poses a great safety risk 
as it might leave the user hanging into the water. The user also has to dive under it 
in order to be clear of the craft if it cannot reach the snap locks. 

 Figure 4.1 – Mounted stabilization bar. 
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The test showed that the mean values of the generated force to move the boat were:  
 

 Light effort: 2, 39 Kg  
 Medium effort: 3, 43 Kg  
 Maximal effort: 7, 12 Kg.  

 
As most of the fishing is done with fly-fishing equipment, the pulled-in line will be 
randomly distributed in the lap of the user. This brings the problem of entanglement as the 
line is getting stuck into everything sticking out in the user’s proximity. This had to be 
considered when choosing the method of maneuvering, fastening and arm support. It also 
posed a safety risk as it may entangle the user in a case of emergency. 

 The seat of the boat offered support when leaning backwards, but not forward, as it 
is foldable, as in the most models.  

 The material on the seat gave enough friction to not be slippery even when wet and 
isolation enough to be comfortable and not cooling during longer periods of usage.  

 The seat was parallel to the surface of the water, which may cause slippage of the 
buttocks, changing the seated position of the user.  

 On the experiment indoors at Gammelstads bathhouse the pontoon valves were not 
closed correctly causing the pontoons to slowly deflate. This brought the problem 
that they did not offer any support for correction of the seated posture.  
 

 
 

Figure 4.2 – Tilted aid seats. 
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When the problem was discovered, the author realized that even when fully inflated the 
pontoons did not give a rigid support for this application. The data for the customization 
and dimensioning of the propulsion were also established and can be seen in 3.3.1.2 and in 
appendix 1. 
After the information from the interviews was reviewed, a lot of the everyday life in a 
wheelchair was better understood. Through the discussions it was discovered that a 
majority did not like an “aid-like” design. Many of the respondents also tried their best to 
manage tasks by themselves, without the help of a assistant. In other words there was an 
urge for equality, meaning that they would not like to be treated in any other way that any 
other person, and felt that people were judging them by their aid. It was also learnt that 
some injuries brings spastic seizures. The seizures often occur when the legs are 
straightened out, e.g.  like if the person was standing. It was also preferred that the legs 
were kept in place because of the spastic reaction was throwing them out of the leg rest. 
Some had partial feeling of heat and pain whilst the other had no feeling at all. An issue 
that all of the respondents mentioned were the risk of pressure wounds related to the seat 
and the importance of a tilted seat, in order to stay in place. 
 
The need for a relatively high backrest was expressed from those who had little or no trunk 
stability, whilst others could manage with a low rest. From the user based observation it was 
discovered how a person in a wheelchair can correct their seated position and the issues 
that may occur. It was also a reminder of how different each injury is. Even though 
classified as a quadriplegic the respondents were able to correct the seated position using 
the hands even though the gripping force was reduced. This was a clear reminder of how to 
formulate the constraints. All of the problems, demands and risks discovered where 
formulated into demands and requirements and put into a matrix. This matrix was used as 
guidelines and a decision making tool in the earlier stages of the later concept 
development. The matrix can be seen in appendix 3. 
 
Three personas were created based on the information gathered earlier in the project. 
Together with the demand specification they helped to keep the focus on the user 
throughout the idea development and were really helpful in the individual brainstorming 
sessions. 
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4.2 Results of idea and concept development 
 
A variety of creative methods were used to develop ideas and concepts and this topic 
describes their results. 

4.2.1 Idea development 

 
The brainstorming resulted in a broad variety of thoughts and ideas around each problem 
identified. As many brainstorming sessions was performed, each of the sessions was 
influenced by the others. This helped to broaden the ideas and solutions generated and 
constituted a good starting basis for the subsequent idea generation. It was established that 
the front design of the belly boat used in the testing was not optimal due to the absence of 
a bow. As there are multiple alternatives available with bow, it was established as the main 
platform for the adaptation. The element exchange technique helped to create a lot of 
reality based ideas, in contrast to the brainstorming where a lot of ideas were not realizable. 
The element exchange contributed in the creation of a broad range of feasible aspects. As it 
involves a small amount of research time and visualization it resulted in some of the most 
important ideas and combinations for the final concept.  
 

 
 
All of the results constituted the basis for the concept development. As an initially large 
quantity of complete concepts was developed, a selection matrix was used to score and 
select the three highest valued concepts which are described in the up-coming sections:  
 
 
 

Figure 4.3 – Example of element exchange method. 
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Concept 1 was the first concept to be placed on the new platform. In order to meet the 
demand for a stable sitting posture, the seat was exchanged to an external molded 
component. Handles were placed on the outside of the side pontoons to allow stability 
when correcting the posture. As they are placed behind the storage pockets it minimizes the 
risk of line getting stuck. The motor is an ordinary electric boat motor mounted on the left 
side of the craft. The maneuvering is controlled by the user’s elbow, which is placed on a 
rubberized plate. When moving the plate right and left the mounted rod allows the motor 
to turn, allowing the craft to be maneuvered without the use of hands. As the batteries is 
placed in the storage pockets the may also double as armrests. To allow the temperature to 
be quite consistent this concept uses neoprene waders. 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.4 – Concept 1. 
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Pros: 
 

 The seat would cost more than to just re-sew the original one but would bring a more 
rigid and ergonomic alternative. 

 The free concept of the waders and seat would bring the feeling of equality and lower the 
aid-like appearance. 

 Due to not being restrained, the water pressure caused by the backwards motion would 
affect the legs just as it would on an abled person. The benefit could be a higher degree 
of blood transportation to the legs contributing to a better varied temperature. 

 Allowing the use of a life jacket. 
 Easy exit in case of emergency 

 
Cons: 
 

 A new seat would also have a need for sewing in order to be attached. and could pose 
a risk of pressure wounds when being made out of a harder material 

 Risk of line entanglement, bringing the risk of unintentional steering. 
 The side mounting does not create a centered force which brings maneuvering 

problems. 
 Placing the batteries in the storage pockets limits the size of the batteries used and 

creates a risk in case of malfunction. 
 May over-extend the legs causing trauma. Extending the legs fully could trigger a 

spastic attack to some individuals. 
 Not being restrained could in the case of slippage cause the user to unintentionally 

dismount of the craft. 
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Concept number two introduces a leg support. These have a fixed angle in order to 
pose as little resistance to the water as possible. Snap-on buttons or Velcro is placed on 
the foot rests in order to keep the feet in place. As the soles on wader shoes are 
available with felt material this would work with a wide variety of waders. The seating 
uses the original backrest stabilized by a molded seat area. This brings stability and 
allows the mounting of the leg rests.  The storage pockets are filled with a hard plastic 
frame allowing them to be used as both posture correction and armrests. The motor is 
the same as earlier but placed in the bow of the craft. The batteries are placed on both 
sides of the craft to improve stability and creating a centered equilibrium. Waders 
today are equipped with a belt, which in this concept is used to secure the user by 
snapping in to the backrest with snap-locks. The maneuvering is controlled by a radio 
controlled servo that is holding the motor. The remote is placed on the fishing rod is 
order to create easy access and a low amount of simultaneous processes. Another 
remote is held by the Guide on land I case of malfunction of the need of aid. 
 
 
 
 
 
 

Figure 4.5 – Concept 2. 
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Pros: 
 

 Very high safety level due to the double remotes. 
 The centered motor help to create a stable maneuvering. 
 Leg rests creates a stable platform for the user. 
 Very even weight distribution 
 Low amount of simultaneous processes. 
 Allows the use of a life jacket. 
 Very low entanglement risk 
 In case of malfunction the batteries will be moving away from the dismounting 

user. 
 Good support for upper body posture correction 

 
Cons: 

 
 The Velcro could potentially pose a risk of not releasing in case of emergency. 

This could be eliminated through more research. 
 Using a fixed angle on the leg rests could cause unwanted forces on the craft 

causing unnecessary energy losses and maneuvering problems. 
 With the seat made out of a molded material it could cause pressure wounds. 
 The fixed angle of the leg supports could cause the boat to roll over if contact 

with bottom occurs. 
 The open construction of the leg rests could cause the legs to snag in objects 

below the surface. 
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Concept 3 introduces the use of an adjustable 5-point belt to secure the use and to prevent 
the problems associated with a higher injury with affected trunk stability. It also prevents 
slipping when seated. In the middle of the chest area a big safety release button is placed. 
The beveled edges and slightly retracted button prevents unintentional release. When 
released the buckle is released to the side of the passenger, preventing the buckle to snag 
into or around the legs of the user. The same stiff belt material is also used to secure the 
original backrest in an upright position by attaching it to the side pontoons. In order to 
secure the legs movements a thick elastic rubber mat is attached under the seat, around the 
legs and fastened on top. This creates a natural motion of the legs as the craft is moving. It 
also lowers the risk of entanglement. A single battery is placed behind the user in a molded 
hard plastic frame to increase the stability and secure the placement of the battery when in 
motion. A water jet engine is mounted on the left side of the craft in close proximity to the 
user.  
  

Figure 4.6 – Concept 3. 
 

 



 37 

 
Pros: 
 

 Allows the use of a life jacket 
 Stable construction 
 Lower water resistance when in motion due to the rubber mat. 
 Low entanglement risk of legs into objects below surface. 
 Stable seated posture even with original seat and backrest due to belt. 
 Easily adaptable to multiple users 

 
Cons: 
 

 High entanglement risk. 
 Controlling both steering and throttle with left hand – many processes. 
 No limitation of leg movement – could cause spastic attacks, fractures and over 

extensions of joints. 
 Risk of over-turning feet. 

 
 
4.3 Concept analysis and evaluation 
 
In order to evaluate these three concepts, weight factors were put into a scoring matrix. The 
scoring areas where divided into: 
 

 Maneuvering,  
 Stability,  
 Safety,  
 Usability  
 Adaptability  

 
The reason for these areas was that they summarized the found needs and problem areas 
from the need-finding.  All areas had sub-topics under each grading area. Through this 
evaluation, it was easier to spot higher grading sub-solutions. An example is the stability of 
concept two, which were close to the stability in concept three, so they were combined in to 
a new sub-solution in order to become a better final solution. The results was analyzed and 
combined if necessary.  
 
 
 
 
 
 
 
 



 38 

4.4 Final result 
 

The final result is a design-for-all concept that due to its modularity can be used by both 
able- and disabled individuals. Due to its modular sub-solutions it also supports the switch 
between fully automated to manual use, and easy disassembly for transportation. In the 
following sections all of the sub-solutions are further presented and motivated. 
 

 
 Figure 4.7 – Final concept with open and closed mat. 
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4.4.1 The stabilizer 

 

As most belly boats today on the market are designed and made out of fabric with 
inflatable pontoons they often lack stability. The solution counters the demand for 
stability, safety, usability and adaptability as explained in the following text.  

 
 
When mounting a motor to the fabric the torque created by the motor would cause the 
crafts frame to flex. Therefore the stabilizer was created to serve as a mounting rig for the 
motor and to keep the batteries in position. 
 
The rig is placed behind the user, in a space created to store equipment when fishing. The 
weight of the batteries and motor holds it in place, which also makes it easy to remove 
when transporting the craft. As the stabilizer works as an assembly for the motor package 
along with cables and batteries, it could easily be removed in order to restore a belly boat to 
manual usage again.  
The battery compartments are placed on either side to distribute the weight evenly, as the 
motor is placed on the boats centerline. The batteries are placed inside of watertight boxes 
to prevent an unintentional discharge or shock. In addition, the open construction allows 
the batteries to be easily exchanged if one or the other should run out of energy, which in 
turn allows the craft to be used during longer sessions. It still allows the space to be used 
for storing tackle boxes and other tools needed when using the craft, as it was intended. 
This area can be seen on figure 4.8. As the weight is centered in the craft, it prevents the 
boat from diving if a pontoon should be punctured. Allowing the user to exit the craft 
safely in case an emergency.  

Figure 4.8 – Battery, motor and stabilization rig. 
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4.4.2 Propulsion and maneuvering 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The concepts propelling and maneuvering solution is inspired by the electric propelling 
and maneuvering solutions presented by America based company named Minn Kota11. 
Primarily it is their products named “iPilot”, “Terrova” and “copilot remote wireless 
system” that has been combined. All the exterior crevasses and adjusting equipment has 
been exchanged to interior to prevent line entanglement. The covers have also been 
stripped of crevasses and holes in order to prevent electric shock and damage to the 
equipment. The propeller has been changed to aluminium to ensure long lifespan, and the 
shaft to stainless to give a more “sporty” look. The following is an explanation and 
motivation why the combination of these products is the most fitting. The 
recommendation is that the project holder uses Minn Kota’s already existing solutions.  
 
The sub-solution counters the need for artificial propelling and maneuvering. As the motor 
is assembled into one package on the centerline, it increases the stability and safety factors 
heightening the usability of the concept. Due to the remote, the concept allows for 

                                                   
11 See www.minnkotamotors.com 

Figure 4.9 – Representation of motor assembly. 
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ambidexterity and for placement wherever the user needs it to be. The remote maneuvering 
sub-solution counters the adaptability need and demand, in a better way than any other 
sub-solution investigated. The sub-solution is motivated and explained below. 
 
The propulsion and steering of the craft is the main problem para-/quadriplegics face when 
using a belly boat. For this reason it was equipped with a remote controlled electric boat 
motor, in order to allow both movement and maneuvering in one assembly. It is an 
environmentally friendly solution in both the aspects of emission and sound level, but also 
allows for long session use as the batteries are easily exchanged. As it is electric it opens for 
the possibilities of complementing with a GPS, return to home feature, and more.  The 
remote control is placed on the handle of the fishing rod in order to minimize the 
simultaneous processes.  

 
 
The remote control allows the user to be in full focus of the fishing experience and not 
having to both control a steering device and a rod, making it an excellent alternative. It also 
minimizes the risk of an entangled line. As the market for light electric boat motors and 
radio-controlled servos are steadily expanding, there are multiple alternatives available for a 
short production time of a prototype. The remote is shaped in the same way as the belly 
boat to ease the understanding of its functions. 
 The placement of the motor prevents the line to get entangled, because there are no 
protruding objects in close proximity to the user or line. The electric motor additionally 
allows fast and seamless directional changes, as the spinning direction of the propeller can 
be changed with the press of a button without the need of gearboxes or physical movement 
of the motor itself. The remote controlled feature is also used as a safety aspect, as two 
remotes can be used – allowing the guide positioned on land to correct the direction and 
speed of the craft. This also expands the guide’s potential in the session as the craft can be 
guided to the “hotspots” with no demand for prior fishing knowledge but basic features 
from the user. As the remote is attached to the fishing rod it opens for the use of both left 
or right hand use if one limb has reduced function.  

Figure 4.10 – Representation of remote control on fishing rod 
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4.4.3 Seat and belt 

 
 
 
The seat in the original concept is a similar to the one used in the original belly boat. The 
difference is that the backrest is secured by adjustable belt straps, sewn into the sides of the 
rest onto the pontoons. This secures the rest from falling forward, as it otherwise might do, 
and it is also easily adjusted for the user’s needs. The front of the seat is de-stitched and 
raised to a 10 degree angle and re-sewn into the pontoons. This helps the posture of the 
user, and also prevents slipping as the craft is in motion.  

Figure 4.11 – Seat and belt. 
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The seat is constructed out of a soft foam material without seams, which prevents pressure 
wounds and isolates the seat from the water temperature. A five point racing belt with a 
fast release is attached to both the seat and the backrest. The belt straps are adjustable to fit 
a wide range of users and needs as body sizes vary. It was developed to counter the lack of 
trunk stability, which may appear with a higher injury, and also prevent slippage regardless 
of disability. It also helps to create a feeling of security and reliability; while at the same 
time contributes to creating more of a “racing experience” than that of disabled-equipment. 
The belt allows the usage of a life jacket and a wide variety of waders depending on the 
user’s needs when it comes to temperatures.  As it is tightly fitted against the body of the 
user, it poses no or a minimum risk of line entanglement. The strap between the user’s legs 
also prevents sliding, which in a worst-case scenario could result in suffocation to a 
paraplegic (Batavia, 2010).  

 
 
 
The release button, see figure 4.9 has, a high surrounding bevel, in order to prevent an 
unintentional release. It is big enough, and has a distinctive color, in order to be easily 
located in an emergency situation. As the buckle is attached to the left side belt, the user is 
prevented from getting entangled while exiting the craft.  

 

  

Figure 4.12 – Release button 
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4.4.4 Leg supports and mat. 

 
Industrial strength material “Velcro” is sewn into the bottom of the belly boat seat. Its 
counterpart is glued to the top of the board seen on picture 4.13. This allows the leg 
supports to be easily removed and easily attached if needed. In order to fit a wide variety of 
percentiles the thigh pipe is adjustable in length. So is also the pipe that runs down the 
shin. The footrests have got a bottom foot plate and a side plate to prevent the feet from 
twisting outwards and floating away to the sides.  
 

 
 
The joints between the pipes limit the extension of the legs to 60 degrees downwards and 
10 degrees under the surface. This is to prevent the triggering of spastic attacks while still 
exercising the legs and lowering the water resistance. 

Figure 4.13 – Leg rest assembly 
 

 

Figure 4.14 – Limitation of leg motion. 
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Inspired by a leaf drawn in water, the mat was introduced as a way to safely secure the legs 
from floating away, without attaching them to the construction.  
 
The elastic rubber fabric is attached in the front edge of the seat, wrapped around the leg 
rests and secured on each side of the user’s legs by push lock buttons. Therefore the user 
only has to grab the edge of the mat and pull upwards in order to have their legs completely 
released. As it is elastic, many different users can use it, and it also keeps the feet straight in 
the footrests. Its other function is to lower the assembly’s water resistance, by using the 
water pressure created by the backwards motion, to lift the leg rests. This way the user’s legs 
are safely fixated from overextension and similar risks, while having a relatively low 
resistance and impact on the maneuvering. It also stabilizes the construction by unifying 
the separated leg rests.  
 

 Figure 4.15 – Pressure buttons 
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The bottom part of the mat is perforated by a matrix of squares, in order to reduce the 
water catching effect. The mat also helps to “camouflage” the craft and remove the visual 
aspect of the “aid-looking” leg rests. The assembly prevents the craft to roll over, if it at 
some point is in contact with the bottom, which a stiff construction could do. It also blocks 
the waters pulling forces that are applied on the user’s legs, thereby preventing slippage. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.16 – Released mat. 
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4.4.5 The boat 

 
As paraplegics often use their arms, elbows and hands to correct their seated posture, a 
support for this were needed. Therefore, the pockets usually used as storage was converted 
to a solid support with a plastic frame and a padded top. This allows the user to have full 
control of the fishing rod, line and maneuvering while still being able to correct their 
posture using their elbows. The supports also prevent fatigue in the arms when using the 
craft in longer sessions. If needed they offer a good platform for mounting a rod holder, 
rear view mirror or a GPS monitor. 
 

 
  

Figure 4.17 – Arm rests 
 

 

Figure 4.18 – The full assembly 
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5 Discussion  
 
In this final chapter, the project result is discussed in terms of theory, objectives and aims.  
 
5.1 Result 
 
The result really feels like it corresponds to the demands that were stated in the beginning. 
It has the potential to change the leisure activities for thousands of Para-/quadriplegics 
around the world, enhancing their quality of life. If the project had been carried out by 
another group the results could have looked completely different but the project group is 
very satisfied with the results. Every problem and issue discovered has been thoroughly 
processed and hopefully solved. Some changes may be necessary but a physical prototype 
has to be produced in order to test the concept in a real environment.  The modification 
threshold level has been kept low in order to allow a fast production of a prototype.  
 
Due to its modular construction the final design can be used not only by individuals with a 
disability, but also by able users. This expands the market impact for the product which 
increases the realization factor. It also creates equality to the product, as it is a design-for-all 
product, which was one of the aims.  
 
As one of the wishes from Lapland Vuollerim was to keep the craft as a belly boat, the 
project was focused on creating, optimizing and solving the structural sub-solutions. As this 
project will be the basis for the creation of a prototype, the conceptual solutions could not 
be too fictional, but should still have a high innovative level.  
 
The final craft is the result of the evaluation from the three concepts earlier described. 
Some sub-solutions were taken from the lower ranking concepts and implemented into the 
final one, in order to achieve the best possible solution. As the information was gathered 
from multiple sources such as the users, literature and experiments, the initially defined 
problems are well covered in the final design. The information has been the basis for both 
the decision-making and solution creation, which rendered a solid result.  
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5.2 Recommendations 
 

The following are some recommendations that was found during the project and that 
needs to be further investigated: 
 

 Investigate if the craft can be used by quadriplegics with both complete and 
incomplete injuries. Tests are needed to ensure safety 

 Investigate the need for rear view mirrors and how they would affect the overall 
expression and functionality. 

 Further work needs to be done on the design of the remote, and how the needed 
functions should be arranged. 

 There should be further evaluation of a physical prototype in all areas treated in this 
report.  

 Investigate safety with a life jacket by a not para-/quadriplegic individual in a 
controlled environment. 

 Calculate materials and dimensions needed in order to make the craft fully 
functional to perform optimally.   

 Investigate the ergonomic design of the craft related to measurements, materials and 
various user percentiles. 

 Build and test a physical prototype in order to identify areas that need refinement.  
 Evaluate and develop a solution for mounting and dismounting the craft in a safe 

and effective way. 
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6 Conclusions  
The headings below are the answers to the research questions posed in the first chapter of 
the thesis in relation to the result of the project. 
 
 
6.1 Research question 1 
 
Due to the fact that the company 
economically is quite small, would it be 
possible to modify the existing materials 
to make a prototype that would be 
adapted for people with paralysis? If not, 
could there be another concept that 
would work better?  
 
As shown with the final concept it is 
possible to modify the existing materials. 
As long as there is a solid information 
basis with well identified problems the 
solutions and modifications are quite 
straight forward. In order to create a craft 
that would be classified as “safe” the cost 
will be a bit higher. The costs have to be 
calculated in relation to individual deals 
created with the suppliers of the relevant 
parts and will be individual to each 
solution. But as the solutions can be 
extrapolated there are a number of 
products that could be used as substitutes 
in the creation of a function prototype. 
 
6.2 Research question 2 

 
How can ergonomics constraints 
cooperate with functional constraints in 
the design of a boat concept? 
 
As the final concept is divided into 
internal and external part solutions, the 
potential of realization is relatively high. 
Parts already produced by other 

companies could be used to produce 
the first prototype from the final 
concept of this report. So it is indeed 
possible. As the project group and U. 
Lundström 12  discussed the 
anthropometric measurements does not 
change when an individual is injured 
and therefore can the craft be used by 
both fully functional and paralyzed 
individuals. The footrests could be used 
by both categories and could be 
removed if desired. 
 
6.3 Research question 3 
 
Is it possible to modify the existing craft 
without affecting the ergonomic features? 
And could they be improved? 
 
As shown by the final result the 
ergonomic features of the original belly 
boat was not fitted for the use with 
disabilities it was improved when 
modified.  
 
6.4 Research question 4 

 
What are the constraints in terms of 
ergonomics, function and abilities by 
both disabled and abled persons? 
 
For an individual that is paraplegic with a 
high injury it is very easy to fall out of a 
normal seat that might be covered with a 
                                                   
12 U.Lundström – University lecturer in occupational 
therapy – Personal communication 2016-04-20. 
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slippery material. The seat should also be 
slightly tilted backwards in order to 
stabilize the back. A paraplegic person 
cannot control the direction or motion 
of its legs; therefore there is a need for a 
leg rest. The leg rest must secure the 
motion so that no injuries occur through, 
for an example overextension.  
 
6.5 Project objectives and aims 

 
The project objective was to generate a 
highly realization able concept that 
allowed individuals with inability to 
control their legs to use a belly boat for 
Lapland Vuollerims guided sessions. 
The disabilities were narrowed down to 
paraplegics due to the lack of hand 
coordination and strength to control a 
fishing rod of the quadriplegics. The 
result is a concept which theoretically 
enables paraplegics to use the marine 

craft. It exceeds the aims and allows the 
same craft to be used by both 
paraplegics, fully functional and 
potentially quadriplegics. It is a 
complete solution where all the 
identified problem areas have been 
equipped with a qualified solution. 
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Appendix 1 Experiment  
 
Gammelstads badhus experiment. Renskriven version. 
Närvarande testpersoner: 2st 
Vikt: 100 kg samt 83 kg 
Fysisk status:  
Testperson 1 Vältränad hockeyspelare med god benstyrka. 
Testperson 2 Vältränad löpare med medium benstyrka. 
Samtliga värden avrundadas till närmaste 50g. 
Utrustning: 
Handhållen våg för dragkraft med nogrannheten +/- 100g upp till 10 kg samt +/- 1% upp 
till 10-40kg. 
Presseningsrep polypropylen med diametern 10 och brottgräns på 1425kg enligt 13 
3 pontonig flytring av generiskt märke lånad av beställare.  
 
10 minuter ges för varje person att lära känna båten innan testerna påbörjas.  
 
Uppmätta och upplevda resultat skall redovisas i rutan under varje instruktion. 

1. Med hur mycket kraft drar en förare båten? 

 Föraren av båten skal hålla tag i ena ändan av repet. Den utrustas även med 
meföljande simfenor. 

 I den andra ändan fästes vågen och placeras i handen på en testperson på 
land. 

 Värdena som uppmäts på vågen skall antecknas av personen på land efter 
varje uppmätning. 

 Personen på land sträcker repet som leder till båten.  

 Testpersonen placerad i båden instrueras att paddla i lätt/medium samt 
maxial kapacitet. 

 Testet genomförs 3 ggr per person. 

 Personerna byter position och testet genomförs än en gång. 
 

 
 
 
 
 
 

                                                   
13 http://www.biltema.se/sv/Bat/Rep/Fortojning/Presenningssnore-2000017693/. 

http://www.biltema.se/sv/Bat/Rep/Fortojning/Presenningssnore-2000017693/


 

 

Person 1   Person2  
 

Resultat 1:    Resultat 2: 
Lätt: 2,3 kg   Lätt:2,6 kg 
Medium: 3,8 kg  Medium:3,6 kg 
Maximal: 6,9 kg  Maximal:7,8 kg 
 
 
Resultat 2:   Resultat 2: 
Lätt : 2,5 kg   Lätt: 2,7 kg 
Medium: 3,2 kg  Medium:3,3 kg 
Maximal: 6.1 kg  Maximal:7,5 kg 
 
Resultat 3:   Resultat 3: 
Lätt : 2,2 kg   Lätt:2,1 kg 
Medium: 3,4 kg  Medium:3,2 kg 
Maximal: 7,0 kg  Maximal:7,3 kg 

 
Medelvärdet räknas ut genom sammanslagning av samtliga testvärden dividerat på antalet 
försök. 
Lätt: 2,3+2,5+2,2+2,6+2,7+2,1=14.4/6= 2.4 kg 
Medium: 3,8+3,2+3,4+3,6+3,3+3,2=20.5/6= 3.4 Kg 
Maximal: 6.9+6.1+7.0+7.8+7.5+7.3=42,6/6= 7.1 Kg 
Observationer: Då sidopontonerna innehåller för lite luft, erhålls inte det stöd som krävs 
för att korrigera sittställningen på ett effektivt sätt. 
Kommentarer: Skillnaden personerna emellan är inte så stor som väntat(på grund av 
viktskillnaden.) Detta antas vara på grund av att tyngden inte påverkar lika mycket när 
personen paddlar  för egen kraft samt att personens styrka kan vara proportiornerlig mot 
dess vikt. 

2. Hur påverkar ett extremfall benstöd framförandet av båten? 
Ett extremfall valdes då det kommer utgöra det maximaxa värdet för 
dimensioneringen av vad det som drar båten kommer att behöva generera. 
 
Material: 
En skiva avplexiglas med mått 4X500x600 mm. 
Utöver detta avnänds samma material som i test 1. 
 

 Föraren av båten skall hålla tag i ena ändan av repet. På underbenen tejpas 
plexiglas skivan fast. Föraren skall i största möjliga mån försöka hålla skivan 
i 90 graders vinkel gentemot ytan. Föraren skall inte röra benen i övrigt. 

 I den andra ändan fästes vågen och placeras i handen på en testperson 
placerad vid land. 



 

 

 Värdena som uppmäts på vågen skall antecknas av personen på land efter 
varje uppmätning. 

 Personen på land sträcker repet som leder till båten och bogserar personen 
i hastigheterna motsvarande tidigare test. (då detta endast är en upplevd 
hastighet kan viss felmarginal finnas). 

Personerna byter position och testet genomförs än en gång. 
 

Person 1   Person 2  
 
Resultat 1:    Resultat 2: 
Låg: 8,6 kg      Låg: 10,2 Kg 
Medel: 9,1 Kg   Medel: 11.8 Kg 
Maximal: 12,5 Kg  Maximal: 13,2 Kg 
 
 
Resultat 2:   Resultat 2: 
Låg : 7,9 Kg   Låg: 10,4 Kg 
Medium: 9,3 Kg  Medium:11,2 Kg 
Maximal: 13,7 Kg  Maximal: 14,5 Kg 
 
Resultat 3:   Resultat 3: 
Låg : 8,3 Kg   Låg: 9,5 Kg 
Medel: 9,6 Kg   Medel: 10,8 Kg 
Maximal: 12,1 Kg  Maximal:13,6 Kg 
 

Medelvärden: 
Lätt: 8,6+7,9+8,3+10,4+10,3+9,5=54,9/6=9,15 Kg 
Medel: 9,1+9,3+9,6+11,8+11,2+10,8= 61,8/6=10,3 Kg 
Maximal: =12,5+13,7+12,1+13,2+14,5+13,6=79,6/6=13.3 Kg 
 
Observationer: Styrförmågan var klart påverkad och det krävdes mycket kraft att dra båten. 
 

3. Benstöd med vinkel 20 grader under vattenytan. 

 Instruktionerna från test 2. används men vinkeln på skivan ändras till 20 
grader under vatenytan. 

Person 1   Person 2  
 
Resultat 1:    Resultat 2: 
Lätt: 3,2 kg   Lätt: 4,2 kg 
Medium: 5,2 kg  Medium: 6,8 kg 
Maximal: 9,6 kg  Maximal: 9,3 kg 
 



 

 

 
Resultat 2:   Resultat 2: 
Lätt : 3,8 kg   Lätt: 3,6 kg 
Medium: 5,4 kg  Medium: 5,2 kg 
Maximal: 8,5 kg  Maximal: 11,4 kg 
 
Resultat 3:   Resultat 3: 
Lätt : 4,1 kg   Lätt: 3,2 kg 
Medium:  6,2 kg  Medium: 6,3 kg 
Maximal: 10,1 kg  Maximal: 10,2 kg 
 

Medelvärden: 
Lätt: 3,2+3,8+4,1+4,2+3,6+3,2=22,1/6=3,7 Kg 
Medel: 5,2+5,4+6,2+6,8+5,2+6,3=35,1/6=5,9 Kg 
Maximal: 9,6+8,5+10,1+9,3+11,4+10,2=59,1/6=9,9 Kg 
Observationer: Båten var mycket lättare att korrigera riktningen på av personen på land. 
Till skillnad från 90 grader så svängde båten inget åt sidorna.  Båten fortsatte glida mycket 
längre efter varje test än vid 90 gradiga testet. 
Slutsats: Då båten framfördes med pålattan i 90 grader vinkel var den väldigt instabil och 
riktningen varierade konstant. Detta kan dock bero på att skivan ej var fast monerad. Dock 
var det stor skillnad mot när den var monterad i en 20 gradig vinkel. Vid 20 grader följde 
båten rörelseriktingen mycket bättre och använde energin mycket mer effektivt vilket 
visades av fortsatt rörelse efter avlutad pålagd kraft. Det observerades att glidning 
förekommer i sätet varpå korrigering av sittställningen måste genomföras relativt ofta. 
Samtliga värden är avrundade till närmsta decimal. 
 
  



 

 

Appendix 2 Interviews 
 
1. Intervjufrågor 2016-10-07 
Jag berättar inte bakgrunden förrän efter intervjufrågorna. Jag ber då om personens övriga 
åsikter i ett mer öppet samtal. 
Namn:  
Bambi Elinsdotter Oscarsson. 
Ålder?  
68 
Arbete?  
Sångerska/radiopratare 
Fritidsintressen?  
Rullstolskörning (trackracing) 22 sm guld samt många fler i olika dicipliner och sporter.  
Deltar du i några sporter?  
1 mil om dagen och träning. 
Finns det aktiviteter som du undviker på grund av rörelsehindret? 
Klättring i berg. Vilket jag ägnade mig mycket åt innan skadan. 
 
Om paraplegin – orsak och rörelsemöjlighet 
Hur vill du helt att man benämner ditt tillstånd?  
Rörelsehinder. 
Vad är ditt rörelsehinder? 
Tetraplegi (Quadraplegi – engelska) med rörelse i armarna. Något nedsatt i den ena. 
Medfött eller genom annat? 
Behandlingskada. Quadrapledroplegi tetraplegi svenska.  
Hur påverkar den ditt vardagliga liv? 
Jag kan inte ägna mig åt de aktiviteter som jag ibland skulle vilja. Åtkomst till vissa saker blir svårt 
på grund av höjden mm. 
Känner du smärta eller temperaturer i benen? 
Ja och nej. Jag brukar säga att tjag har tandläkarkänsel. Visa ställen har känsel vissa har inte. Kan ej 
temperaturregulera själv så det brukar vara ett problem. Förlamningskyla är ett stort problem då enda 
sätter att återfå temperatur är att duscha varmt. 
Känner du någongång att temperaturer är ett problem? 
Ja, som jag sa tidigare, men man får försöka att klä sig rätt och göra vad man kan av det. Men det är 
svårt att hålla sig ”lagom” varm. 
 
Känner du dig någon gång rädd/obekväm vid användningen av ett hjälpmedel? Isåfall 
varför? 
Jag har vant mig efter de dryga 30 år som jag använt utrustningen.  Men då andra hjälper till kan 
jag känna rädsla eller snarare osäkerhet. De få olyckor som har hänt, har inträffat då jag fått hjälp. 
Känner du då rädsla för att falla ur? 
Ja ibland.  



 

 

Har du någon gång fallit ur? 
Ja men endast då jag fått hjälp som inte förstått hur rörelsehindret fungerar. 
Är du bekväm med att använda händerna till annat när du sitter i ditt hjälpmedel? 
Ja och nej. Jag låser hjulen på stolen då jag sitter med mobilen men kan inte ha saker i händerna 
samtidigt som jag manövrerar stolen. 
Kan du hålla dig i upprätt position på vilken stol eller soffa som helst? 
Nej. Vinkeln på stolen är mycket viktig för att jag ska kunna hålla mig kvar i sätet. Sitsen och 
ryggstödet behöver bara vara något sluttande bakåt för att lösa det. 
Känner du någon gång att det är jobbigt att använda ett hjälpmedel? Både fysiskt och 
psykiskt? 
Nej jag har vant mig genom årens lopp.  
Hur upplever du benstödet på det hjälpmedel du använder idag? 
Om jag inte har skor på mig tenderar fötterna att rotera då jag inte har kontroll över dem. På de 
gamla rullstolarna så var benen låsta rakt fram vilket inte var bra. Men den jag har idag gör att jag 
kan sitta med benen rakt ned vilket är mycket bekvämare. 
Skulle du vilja kunna variera vinkeln på benstödet? 
Ja det hade varit bra. 
 
Ergonomi 
Känner du någonsin fysiskt obehag när du använder ditt hjälpmedel? 
Man lär sig så nej. Dock kan man få sittsår, men det känner man ju inte.  
Vad är det vanligaste problemet som du upplevt med sätet på ditt hjälpmedel? 
Att det inte är tillräcklig lutning på sätet så att man glider. Det är väldigt bra att sätet är något 
vinklat bakåt. 
Brukar du behöva korrigera din sittställning emellanåt? Om ja, varför? 
Ja, med händer och armbågar för att förhindra sittsår. 
Hur gör du när du korrigerar sittställningen? 
Jag använder händerna på hjulen och lyfter mig lite på så sätt. 
Är du någon gång rädd för att falla ur ditt hjälpmedel? 
Nej inte när jag hanterar det själv, bara om någon ovan hjälper mig. 
Kan du vända dig om när du sitter i hjälpmedlet? 
Ja. 
Spelar kläderna roll för komforten? 
Kläder lätt av och på. Ej väck höga fram och back då man lätt får sittsår av t.ex sömmar eller väck i 
sätet eller underkläder. 
Egna reflektioner och önskemål? 
Missljud skrämmer. Skulle stolen gå sönder så är det sängen som gäller och det skrämmer. 
Vissa vill ha hög rygg på ryggstödet men andra vill ha lågt. Det är lite beroende på bålstabiliteten. 
  



 

 

 
2. Intervjufrågor 2016-10-13 
Jag berättar inte bakgrunden förrän efter intervjufrågorna. Jag ber då om personens övriga 
åsikter i ett mer öppet samtal. 
Namn: Daniel Willman 
Från: Gällivare 
Ålder: 42år Skadade sig vid 16 års ålder. 
Arbete? Instruktör. 
Fritidsintressen? Fiske, wildmark, skoterkörning. 
Finns det aktiviteter som du undviker på grund av rörelsehindret? 
I största mån nej. 
 
Om paraplegin– orsak och rörelsemöjlighet 
Hur vill du att man benämner ditt tillstånd?  
Rörelsehinder. 
Vad är ditt rörelsehinder?  
Paraplegi, Bröstryggsskada T3-4-5 ingen känsel från bröstvårtorna och nedåt. Benen är spastiska. 
Medfött eller genom annat?  
Olycka, fysiskt trauma. 
Hur påverkar den ditt vardagliga liv? 
Inte mer än jag låter den. Jag klarar mig utan assistenter och så. 
Känner du smärta eller temperaturer i benen? 
Ja, från ena benen kan jag få ilningar och det andra har jag lite ytkänsel på. 
Känner du någongång att temperaturer är ett problem? 
Nej.  
Känner du dig någon gång rädd/obekväm vid användningen av ett hjälpmedel? Isåfall 
varför? 
Nej. Eller ja – ibland. På badhus finns allmänna rullstolar som är till för att ta en ned i bassängen 
och de känns som att man ska falla ur. 
 
Känner du då rädsla för att falla ur? 
Nej inte i mina vanliga hjälpmedel. 
Har du någon gång fallit ur? 
Jo men då är det bara att ta sig upp igen. 
Är du bekväm med att använda händerna till annat när du sitter i ditt hjälpmedel? 
Jadå inga problem. 
Kan du hålla dig i upprätt position på vilken stol eller soffa som helst? 
Nej inte utan att hålla i mig - i och med att jag saknar bålstabiliteten. Är sitsen lite vinklad bakåt så 
går det bra. En del vill gärna ha höga ryggstöd, men jag föredrar ett lägre. 
Känner du någon gång att det är jobbigt att använda ett hjälpmedel? Både fysiskt och 
psykiskt? 
Nej. 
Hur upplever du benstödet på det hjälpmedel du använder idag? 
Bra. Det är ett fast i formen av en båge och håller allting på plats. I och med att benen ibland 



 

 

”spritter till” så kan det vara lite svårt men det fungerar bra. 
Skulle du vilja kunna variera vinkeln på benstödet? 
I och med spastisiteten så ska man inte hålla benen rakt ut för då blir spasmerna mer aktiva än om 
de är något böjda. Så något böjda till rakt nedåt är att föredra. 
 
Ergonomi 
Känner du någonsin fysiskt obehag när du använder ditt hjälpmedel? 
Nej inte med mina egna, men när man är på t.ex. badhuset. 
Vad är det vanligaste problemet som du upplevt med sätet på ditt hjälpmedel? 
Att man glider i sätet, men på den jag har nu så fungerar det utmärkt då det är något lutat bakåt. 
Tryckavlastande dyna är något som många använder och som är väldigt bra för att motverka trycksår.  
Brukar du behöva korrigera din sittställning emellanåt? Om ja, varför? 
Ja lite då och då för att att motverka sittsår och att bara ändra ställning. 
Hur gör du när du korrigerar sittställningen? 
Jag använder händerna och arma och tar spjärn emot hjulen. Man behöver dock inte lyfta så mycket 
som man kan tro utan det är i stort sett bara att lyfta lite lätt och sedan vrida. Nybörjare lyfter ofta 
väldigt högt mend et är onödigt. 
Är du någon gång rädd för att falla ur ditt hjälpmedel? 
Nej inte mitt eget, men som sagt som exemplet på badhuset så är vissa hjälpmedel dåligt utformade. 
Kan du vända dig om när du sitter i hjälpmedlet? 
Jadå inga problem. Jag testade det nu och det gick utmärkt. 
Spelar kläderna roll för komforten? 
Jo man vill inte bli för varm eller för kall. Lagom är bra. 
Egna reflektioner och önskemål 
Om jag tappar något på golvet och måste sträcka mig nedåt så använder jag andra armen som 
motvikt. Eller så använder jag armbågen mot ena knäskålen för stöd. Sittställningen är nog bra om 
den är högre i framkant så att man inte håller på att falla ur, nu när jag tänker på det. 
 
  



 

 

3. Intervjufrågor 2016-10-13 
Jag berättar inte bakgrunden förrän efter intervjufrågorna. Jag ber då om personens övriga 
åsikter i ett mer öppet samtal. 
Namn: Fredrik Flygare 
Bor: Gällivare 
Ålder? 43 år nu. Har varit skadad i 4. 
Arbete? Retail marketer fixa elektronik. 
Fritidsintressen? Fiske skoter pimpla. 
Finns det aktiviteter som du undviker på grund av rörelsehindret? 
Fotboll, innebandy och hockey som jag utövade mycket innan.  
 
Om paraplegin– orsak och rörelsemöjlighet 
Hur vill du att man benämner ditt tillstånd?  
Rörelsehinder. Men det är inte så noga. 
Vad är ditt rörelsehinder 
L1 krossades. Jag har mycket god bålstabilitet. Men ingen känsel i benen. 
Medfött eller genom annat? 
Olycka. fysiskt trauma. 
Hur påverkar den ditt vardagliga liv? 
Jag behöver hjälp med vissa saker som jag inte behövde förut och får välja bort vissa aktiviteter.  
Känner du smärta eller temperaturer i benen? 
Ja, i Ljumskarna känner jag smärta. Ibland i en fot då den blir kall. Jag får väldigt lätt sittsår just för 
att jag inte känner att det gör ont. Det gäller både rygg och sittbenen.  Nej, jag känner ingen 
temperatur alls.  
Känner du någongång att temperaturer är ett problem? 
Jo man får klä på sig ordentligt med kläder. Blir man för varmt så svettas man men att bli för kall är 
inte bra. 
Känner du dig någon gång rädd/obekväm vid användningen av ett hjälpmedel? Isåfall 
varför? 
Nej. 
Känner du då rädsla för att falla ur? 
Nej. 
 
Har du någon gång fallit ur? 
- 
Är du bekväm med att använda händerna till annat när du sitter i ditt hjälpmedel? 
Jadå det är inga problem. 
Kan du hålla dig i upprätt position på vilken stol eller soffa som helst? 
Ja. 
Känner du någon gång att det är jobbigt att använda ett hjälpmedel? Både fysiskt och 
psykiskt? 
I början kändes det lite jobbigt, rent mentalt.  
Hur upplever du benstödet på det hjälpmedel du använder idag? 
Det fungerar bra. Det har ett stöd som gör att benen inte kan åka bakåt och håller dom på plats. 



 

 

Skulle du vilja kunna variera vinkeln på benstödet? 
Ja, det skulle faktiskt vara väldigt bra. Jag ändrar ofta ställning och kastar upp benen – att avlasta är 
bra. 
Ergonomi 
Känner du någonsin fysiskt obehag när du använder ditt hjälpmedel? 
Jag får väldigt lätt trycksår i och med att jag inte känner någonting.Jag har en Star cushion luft dyna 
som är jättera och underlättar.  
Vad är det vanligaste problemet som du upplevt med sätet på ditt hjälpmedel? 
Trycksåren. Att den inte är stödjande eller mjuk nog där det behövs. I och med att jag har bålstabilitet 
så kan jag sitta på nästan vilken stol som helst sålänge inte sitsen är hård. 
Brukar du behöva korrigera din sittställning emellanåt? Om ja, varför? 
Ja för att inte få trycksår. 
Hur gör du när du korrigerar sittställningen? 
Jag brukar luta mig mot ett bort eller dylikt. Där jag sätter armbågarna i bordet och lyfter. 
Är du någon gång rädd för att falla ur ditt hjälpmedel? 
Nej. 
Kan du vända dig om när du sitter i hjälpmedlet? 
Ja, inga problem. 
Spelar kläderna roll för komforten? 
Absolut inga knappar eller sömmar. Det tänkte man inte på direkt efter olyckan men man får fort 
problem med sånt. 
Egna reflektioner och önskemål 
Jag skulle önska att båten skulle kännas stabil så att man känner sig säker.  
  



 

 

4. Intervjufrågor 
Jag berättar inte bakgrunden förrän efter intervjufrågorna. Jag ber då om personens övriga 
åsikter i ett mer öppet samtal. 
Namn:  
Magnus Norgren 
Ålder?  
37 år (14 år i rullstol) 
Bor: 
Docksta, Kramfors kommun. 
Arbete?  
Rehab assistans, rehabiliterare, aktivitetsansvarig. 
Fritidsintressen?  
Bordtennisspelare elitnivå. Rankad etta i sverige. Fiske.  
Finns det aktiviteter som du undviker på grund av rörelsehindret? 
Nja, jag gör allt på ett annat sätt och försöker göra det jag gjorde förut. 
 
Om paraplegin– orsak och rörelsemöjlighet 
Hur vill du att man benämner ditt tillstånd?  
Rörelsehinder. 
Vad är ditt rörelsehinder? 
Neuroligisk skada, ej rörlig från midja och nedåt samt nedsatt styrka i ben. Delvis känsel i benen. 
Bröstkotorna krossade T4-9.  
Medfött eller genom annat? 
Sedan 2002. 
Hur påverkar den ditt vardagliga liv? 
Jag får lite extra hjälp med en del saker. 
Känner du smärta eller temperaturer i benen? 
Ja, på vissa ställen. Kyla gör det bättre, värme gör det värre. Dock gör kyla att jag får ont i ryggen. 
Känner du någongång att temperaturer är ett problem? 
Ja, då det kan vara en balansgång mellan att ha ont i ryggen och göra det bekvämare för benen. Men 
för benen så är värme ett större problem än kyla. 
Känner du dig någon gång rädd/obekväm vid användningen av ett hjälpmedel? Isåfall 
varför? 
Nej. 
Känner du då rädsla för att falla ur? 
Nej. 
Har du någon gång fallit ur? 
Jadå nog har det hänt. Dock mest när jag hållit på med sport. 
Är du bekväm med att använda händerna till annat när du sitter i ditt hjälpmedel? 
Ja – inga problem. 
Kan du hålla dig i upprätt position på vilken stol eller soffa som helst? 
Ja, i och med att jag har full bålstabilitet så är det inget problem. 
Känner du någon gång att det är jobbigt att använda ett hjälpmedel? Både fysiskt och 
psykiskt? 



 

 

Nej.  
Hur upplever du benstödet på det hjälpmedel du använder idag? 
Idag har jag raka fotbågar på min rullstol. De fungerar mycket bra för att hålla benen på plats.  
Skulle du vilja kunna variera vinkeln på benstödet? 
Ja det skulle absolut vara bra, jag kan dock inte ha benen rakt ut i stående position för då blir 
blodtrycket för dåligt. På min kajak som jag använder är fotstödet sant sätet inställbart för olika 
längder, så jag använder det för att ändra vinkeln för benen. 
 
Ergonomi 
Känner du någonsin fysiskt obehag när du använder ditt hjälpmedel? 
Jag skulle vilja ha möjlighet att ändra läge som på min kajak som jag har. Tidigare hade jag även fel 
dyna med för dålig stoppning vilket inte var bra. Mend et finns speciella dynor för avlastning som är 
superbra. 
Vad är det vanligaste problemet som du upplevt med sätet på ditt hjälpmedel? 
Inget speciellt. 
Brukar du behöva korrigera din sittställning emellanåt? Om ja, varför? 
Ja, för att det inte är bra att sitta i samma ställning för länge. 
Hur gör du när du korrigerar sittställningen? 
Jag har skydd för däcken under armbågarna som jag ibland tar ”spjärn” emot. Eller så anänder jag 
hjulen i sig. 
Är du någon gång rädd för att falla ur ditt hjälpmedel? 
I början var jag det, men nu har jag vant mig. 
Kan du vända dig om när du sitter i hjälpmedlet? 
Kan ej vända om på grund av skelettskadan på T kotorna. 
Spelar kläderna roll för komforten? 
Ja knappar knappar bak på t.ex. byxor är inte bra. Likadant med bälte då det tenderar att 
skava då man har det en längre tid. 
 
Egna reflektioner och önskemål 

 Tappa trycket med benen rakt så att kunna vinla benen lite då och då men en rakt 
ut. 

 Att båten skulle vara smidig att transportera om man skulle äga en själv. 

  



 

 

5. Intervjufrågor 2016-10-26 
Jag berättar inte bakgrunden förrän efter intervjufrågorna. Jag ber då om personens övriga 
åsikter i ett mer öppet samtal. 
Namn:  
Andreas Joanson 
Ålder?  
31 år (15 år i rullstol) 
Bor: 
Älvsbyn 
Arbete?  
Journalist hos Luleå Hockey. 
Fritidsintressen?  
Umgås med vänner och familj. Jag älskar att fiska också men det blir mer att man blir stående vid en 
brygga så jag har tappat intresset.  
Finns det aktiviteter som du undviker på grund av rörelsehindret? 
Det är jättemycket, men det är inte att jag undviker det utan det är saker som inte är 
möjligt på grund av skadan som t.ex. hockey. 
 
Om paraplegin 
Hur vill du att man benämner ditt tillstånd?  
Rörelsehinder. 
Vad är ditt rörelsehinder? 
Bröstkotorna krossades  C5-6 efter tackling på en hockeymatch. Ej rörlig från bröstet och nedåt samt 
nedsatt rörlighet i armar. Ej bålstabilitet. 
Medfött eller genom annat? 
Då jag var 16 år. 
Hur påverkar den ditt vardagliga liv? 
Jag får lite extra hjälp med en del saker. Jag klarar av rullstolen men fingermotoriken är något nedsatt. 
Känner du smärta eller temperaturer i benen? 
Nej ingen känsel alls nedanför bröstet. På armar och händer är det även vissa punkter som jag inte 
heller har känsel. 
Känner du någongång att temperaturer är ett problem? 
Jag är ganska känslig för olika temperaturer för är det 21 grader inomhus så fryser jag medan då de är 
23 så är det bekvämt. Likadant är det på sommaren då det är 30 grader ute så blir jag väldigt lätt 
för varm och det beror på att vi tetraplegiker inte svettas. 
Känner du dig någon gång rädd/obekväm vid användningen av ett hjälpmedel? Isåfall 
varför? 
Då det är dåligt väglag ute så har jag assistenter som hjälper mig att ta mig fram, och då håller jag 
gärna en hand bakom ryggstödet. 
Känner du då rädsla för att falla ur? 
Njä, aldrig rädd. Det har ju hänt flera gånger men man är mer beredd än rädd. 
Har du någon gång fallit ur? 
Ja det har hänt. 
Är du bekväm med att använda händerna till annat när du sitter i ditt hjälpmedel? 



 

 

Jodå inga problem. 
Kan du hålla dig i upprätt position på vilken stol eller soffa som helst? 
Jag kan sittta på en vanlig stol sålänge ryggstödet är tillräckligt högt. Jag skulle inte kunna sitta på en 
pall utan ryggstöd. 
Känner du någon gång att det är jobbigt att använda ett hjälpmedel? Både fysiskt och 
psykiskt? 
Skulle jag sätta mig i en permobil så skulle det kännas jobbigt för då skulle man känna sig MER 
handikappad än vad man är. Jag undviker hjälpmedel som jag egentligen inte behöver. 
Hur upplever du benstödet på det hjälpmedel du använder idag? 
Jag har ett fast och det fungerar bra. 
Skulle du vilja kunna variera vinkeln på benstödet? 
För mig personligen är det inget behov, men det kanske skulle vara bra för andra. 
Ergonomi 
Känner du någonsin fysiskt obehag när du använder ditt hjälpmedel? 
Nä inte direkt, man har prövat ut en stol som är anpassad för sig själv. 
Vad är det vanligaste problemet som du upplevt med sätet på ditt hjälpmedel? 
Hård sits är ofta ett problem som man bör tänka på för att förhindra sitt- och trycksår. 
Brukar du behöva korrigera din sittställning emellanåt? Om ja, varför? 
Nja, ibland så att man inte sitter för länge i samma ställning utan ändrar läge lite då och då. 
Hur gör du när du korrigerar sittställningen? 
Man ”ruckar” lite på sig för att hasa upp i sätet. Jag sträcker på ryggen och ibland får jag 
hjälp. 
Är du någon gång rädd för att falla ur ditt hjälpmedel? 
Nej inte rädd, men beredd. 
Kan du vända dig om när du sitter i hjälpmedlet? 
Nej.  
Spelar kläderna roll för komforten? 
Nä inte så mycket. Jag använder mest jeans. 
Egna reflektioner och önskemål 

 Det skulle vara jättebra med en som inte visar för mycket att man har ett 
handikapp. 

  



 

 

Appendix 3 Demand specification 
 

Demands and requirements 

Functional 

Allow Propulsion  

Enviromental friendly 

Low noise level 

Allow variated speed  

Allow emergency stop 

Manuverability 

Allow rotation left and right 

Allow reverse 

Adaptability 

Easy adaptation for different individuals 

Safety 

Ensure safe seating 

Ensure direction of legs 

Allow easy dismount 

Low entanglement risk 

Allow use of life vest 

Overall safety 

Low number of simultaneous user processes 

Easy assembly 

Overall low theoretical weight 

Good theoretical weight distubution 
Allow support and direction of feet and 
knees 

Non Functional 

Appear safe/rigid 

Usability 

Low learning curve 

Intuituive usage 

Allow Equality 

Low aid-like appearance 

Usable for both disability and fully functional 

Not specified for a gender 

Proximity 

 



 

 

Appendix 4 Personas 
Daniel 
  
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Living in Gällivare. 

Age: 27 

Work: Shop assistant 

Family: Wife and two children, Charlie och Tora 

Leisure-time activities: Floor ball (Para sport), fishing and spending 

time with the family. 

Disability: Spinal injury in T 10- T11, no motoric or sensor control from 

waist down. 

Thoughts and wishes about the belly boat: 

 He would love to be able to go fishing along with his assistant as 

they share the interest. 

 
 

Illustrations: Daniel, Frida and Dan were created from meshed memories of 
several faces. Illustration: Erik Vesterlund 



 

 

Frida   
 
 
 
 
 
 
 
 
 
 

 
 

Living in Borås 

Age: 44 

Work: Radio host at Sveriges radio 

Family: The greyhound Fia 

Leisure-time activities: Taking Fia to the park, long distance training 

with wheelchair and table tennis. 

Disability: A fall from a horse caused a spinal injury on T7 region. The 

injury rendered loss of control and partial loss of feeling in her legs. 

Thoughts and wishes about the belly boat:  

 It is important that it feels safe for me to enjoy being in the water. 

 As I feel temperatures and are sensitive for cold temperatures it is 

important that I can stay warm. 

 
 
 
Representations: Daniel, Frida and Dan were created from meshed memories of 
several faces. Illustration: Erik Vesterlund. 



 

 

Dan  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Living in Mora 
    Age: 35 
    Work: Sport journalist at the local newspaper. 
    Family: Girlfriend, with 3 children. 

Leisure-time activities: Spending time with family, sporting 
activities with the kids, hunting and fishing. 
Disability: A concrete block fell on him while working as 
constructer, crushing his ribs, 4 vertebrae’s between T7 and L4. 
The injury left Dan with reduced feeling and control over his legs. 
He also suffers from mild spastic attacks. 

    Thoughts and wishes about the belly boat: 
 He would love to be able to go fishing on a guided trip with his 

kids. 
 He would love to be able to go fly-fishing and be independent. 
 As straightening his legs fully triggers the spasticity it is preferred 

that they do not fully extend while using the craft. 

 

 

Illustrations: Daniel, Frida and Dan were created from meshed memories of 
several faces. Illustration: Erik Vesterlund 



 

 

Appendix 5 Evaluation Matrix 

 
 



 

 

Appendix 6 Weighted Matrix 
 
 
 

 
 
 
 
 
 


