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Abstract 
An adjustable chair was developed for children with cerebral palsy in 

Uganda. The chairs these children use today are custom made which means 

that they cannot be used when a child outgrows a chair. Sometimes the chair 

is used by other children and does not give the support that the child needs.  

The project was executed in the capitol, Kampala, by the two design engineer 

students Faith Auma and Emma Lingehed in collaboration with Makerere 

University, Kampala school for the physically handicapped and Katalemwa 

Cheshire home. The goal of the project was to help pupils with cerebral palsy 

from a young age develop adequate sitting behaviour and become more 

physically independent. The chair should be able to be manufactured and 

assembled in Uganda and the material should be able to be found in the 

country.  

The project started by clarifying the problem, information was collected 

through literature studies, study visits and interviews. The gathered 

information was used to create a product specification focusing on safety, 

environment, manufacturing and ergonomics. 

All background information was used throughout the idea generation. A 

number of ideas were generated and evaluated until a final concept was 

found. The final concept, called Billy, was chosen through a concept scoring 

where it was evaluated against three other concepts. Billy was considered the 

easiest concept to manufacture in Uganda and had the simplest 

construction.  

Billy was developed further and became the final concept Entebbe. Entebbe 

is a chair that is adjustable and gives the support a child with cerebral palsy 

needs. A prototype was made at Katalemwa Cheshire home.   

Entebbe can be manufactured in Uganda and since it is module-based it can 

easily be repaired and resized by simply changing the concerned parts. This 

also means that parts can be reused to build other chairs. Entebbe can be 

adjusted in five different ways and requires no tools to assemble. 

Sammanfattning 
En justerbar stol utvecklades för barn med cerebral pares i Uganda. Stolarna 

dessa barn använder idag är specialdesignade vilket innebär att de inte kan 

användas när barnet växer ur stolen. Ibland används då stolen av andra barn 

och ger därmed inte det stöd som barnet behöver. 

Projektet genomfördes i huvudstaden, Kampala, av de två 

designingenjörsstudenter Faith Auma och Emma Lingehed i samarbete med 

Makerere University, Kampala school for the physically handicapped och 

Katalemwa Cheshire home. Målet med projektet var att hjälpa elever med 

cerebral pares redan från unga år att utveckla ett korrekt sittbeteende och 

bli mer fysiskt oberoende. Stolen ska kunna tillverkas och monteras i 

Uganda och materialet ska finnas i landet. 

Projektet började med att studera och klargöra problemet, information 

samlades in genom litteraturstudier, studiebesök och intervjuer. Den 

insamlade informationen användes för att skapa en kravspecifikation med 

fokus på säkerhet, miljö, tillverkning och ergonomi. 

Bakgrundsinformationen användes under idégenereringen. Ett antal idéer 

genererades och utvärderades tills ett slutgiltigt koncept hittades. Det 

slutgiltiga konceptet, Billy, valdes genom en concept scoring där det 

utvärderades mot tre andra koncept. Billy ansågs vara det koncept som var 

enklast att tillverka i Uganda och hade den enklaste konstruktionen. 

Billy vidareutvecklades och blev det slutliga konceptet Entebbe. Entebbe är 

en stol som är justerbar och ger det stöd ett barn med cerebral pares 

behöver. En prototyp tillverkades vid Katalemwa Cheshire home. 

Entebbe kan tillverkas i Uganda och eftersom den är modulbaserad är den 

lätt att reparera och ändra storlek på genom att enkelt byta ut de berörda 

delarna. Detta innebär att delarna även kan återanvändas för att bygga 

andra stolar. Entebbe kan justeras på fem olika sätt och inga verktyg krävs 

för att montera ihop stolen. 
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1 Introduction 
Africa, the world’s second largest continent with the second biggest 

population, is a continent often associated with poverty, war, starvation and 

poor development. This is mainly because of how it is portrayed in media. 

But Africa is a growing continent, a continent with many opportunities and 

a growing economy.  

Uganda, placed right at the equator besides Lake Victoria, is a country filled 

with opportunities. Despite poverty, health problems and a poorly 

developed infrastructure it is a country with an ambitious, friendly and 

young population.  

A project focusing on developing a chair for pupils with cerebral palsy was 

done in the capitol, Kampala, where a number of schools specialized for 

children with special needs can be found. 

1.1 Collaboration partners 
The project was executed in collaboration with the College of Engineering at 

Makerere University, Kampala school for the physically handicapped and 

Katalemwa Cheshire home in Kampala, Uganda. 

Makerere University, one of the oldest and most prestigious Universities in 

Africa, was founded in 1922 as a sister college to the University of London 

(Makerere University, 2014a). The university offers 142 programmes and 

over 139 postgraduate programmes (Makerere University, 2014b). 

The Uganda Spastic Society founded Kampala school for the physically 

handicapped in 1969. The majority of the children attending the school have 

some type of cerebral palsy (Kampala school for the physically handicapped, 

2014).  

Katalemwa Cheshire Home is an orthopaedic workshop, rehabilitation 

centre and home for disabled. Aids for different types of disabilities are made 

in the workshop, including chairs for children with cerebral palsy. The 

workshop has a metallic-, wood-, leather-, and plastic- and gypsum section 

(V. Maliamungu, workshop manager at Katalemwa Cheshire Home, 

personal interview, March 29, 2014). 

1.2 Background 
The world health organization refers to the term disabilities as “…an 

umbrella term, covering impairments, activity limitations, and 

participation restrictions” (WHO, 2014). According to UBOS (2012) there 

were 35 226 people with some type of disability in Uganda during 2011 with 

the largest group, representing 22 percent, being children between five and 

nine years old.  

Primary schools for physically disabled children in Uganda procure 

furniture that is not suitable for use by pupils with special needs (Eng. A. 

Ayor, centre manager at the centre for technology design and development 

College of Engineering, Design, Art and Technology, personal 

communication, November 7, 2013). This makes it difficult for the children 

to adapt to the furniture. The main problem for the schools are costs, like in 

Sweden they have a limited budget (J. Lubega, physiotherapist at Kampala 

school for the physically handicapped, personal communication, February 

5, 2014). The difference is that in Sweden persons with disability gets help 

from a well-developed government aided support system, while no support 

system exists in Uganda. 

Most of the furniture that are used in the schools today are donated and 

imported from other places around the world (J. Lubega, physiotherapist at 

Kampala school for the physically handicapped, personal communication, 

February 5, 2014). This also contributes to the furniture being harder to 

repair because of the lack of spare parts and knowledge of how to fix a large 

quantity of different types of products (V. Maliamungu, workshop manager 

at Katalemwa Cheshire Home, personal interview, March 29, 2014). 

Well-adapted furniture can make a big difference for a person with special 

needs. An adapted chair with good support can mean that the person can 

concentrate on other things than to sit in balance (Myhr, von Wendt, Norrlin 

& Radell, 1995). This means that if children get a chair with appropriate 

support they can concentrate better in school and have an easier time 

learning things. Education is a human right and a way out of poverty (FN, 

2014).  
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1.3 The project 
The focus of this project was to develop a chair for pupils with cerebral palsy 

(CP) in primary school. The chairs these children use today are custom made 

to fit one child, which means that when the child outgrows the chair or 

finishes school the chair becomes useless. Sometimes other pupils use the 

chairs but they are not offered the support they need.   

The goal of the project was to help pupils with cerebral palsy from a young 

age develop adequate sitting behaviour and become more physically 

independent. This goal could be met by developing an adjustable chair that 

could be modified in order to offer each child the support they need. 

It was also very important to adapt the cost of the chair to the schools’ 

limited budget and there is a lack of support systems for people with 

disabilities in Uganda. 

The aim of the project is to: 

 Develop a chair that accommodates the target group ergonomically 

and economically by adopting inclusive design principles. 

 Create a chair that encourages adequate sitting behaviour to help 

children become more physically independent. 

 Specify, design, and build a functional prototype of the chair that in 

the end could be given to the schools.  

 Create a product that has no negative impact on the environment. 

To get the best conditions for the project it was carried out on location in 

Uganda. 

1.4 Design strategy 
The goal with a design project is to give a full description of a product so it 

can be manufactured. The entire process of creating a product can be divided 

in to two parts where the first part only focuses on obtaining a description 

of the product’s functions and appearance and the second part aims at 

manufacturing it (Cross, 2008). 

The design model chosen for this project is based on Cross’ four stage model 

as described in Engineering design methods.  The main exploratory phase of 

the project occurred during the pre-study, but new information was 

continuously sought throughout the entire project. To emphasize this, Cross’ 

original model was slightly rearranged, see Figure 1. 

 

Figure 1: The design process for the project. 

The generation, communication and evaluation phase was continuously 

iterated, represented by the orange arrows in Figure 1. 

 

 

exploration 

generation evaluation communication 
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2 Pre-study 
The first part of the design process aims to clarify the problem. It is 

according to Cross (2008) helpful for the whole design project if the 

objectives for the project are studied properly. The pre-study therefore 

focused on gathering facts that were essential for the project.  This 

information was collected through literature studies, study visits and 

interviews. 

2.1 Disabilities in Ugandan schools 
In Uganda, schools for persons with special needs are available from 

primary school up to university level (Terre des Hommes, 2007). It has not 

always been possible for these persons to attend school. Not until 1954 was 

it possible for blind children to go to school, 1958 for deaf children, 1969 for 

physical disabled children and 1982 for intellectual disabled children (Terre 

des Hommes, 2007). 

According to Nsubuga (2011) a total of 4 347 pupils were registered to have 

special needs in all pre-primary schools in Uganda. The group represented 

2 % of the entire pre-primary school population. The different types of 

identified disabilities were grouped in six different categories, see Figure 2. 

 

Figure 2: Statistics of children with special needs in Ugandan pre-primary schools, 

cited in Nsubuga, 2011, p.35. 

In primary school during 2011 there were almost 200 000 pupils registered 

to have special needs, representing 2.4 % (Nsubuga, 2011). 

2.2  Cerebral palsy 
The Surveillance of Cerebral Palsy in Europe (SCPE) divides CP into three 

different categories: Spastic, ataxic and dyskinetic (Bax, Goldstein, 

Rosenbaum, Leviton, Paneth, Dan, Jacobsson & Damiano, 2005).  

These classifications are based on the most prominent occurring movement 

defects. It is not uncommon that people have a combination of more than 

one of the types (Bax et al., 2005). 

2.2.1 Spastic cerebral palsy 
Spastic cerebral palsy is the most common type effecting almost 80 % of all 

people with CP (Vårdguiden, 2013). The condition is characterized by 

uncontrolled movements, due to enhanced and unbalanced muscle tensions, 

effecting some parts or the entire body (Hjärnfonden, 2014; Vårdguiden, 

2013).  

The reduced muscle control leads to impaired balance ability, pain, muscle 

weakness and motoric function problems from an early age. Children with 

spastic CP often have difficulties in learning how to sit or crawl. The motoric 

ability varies a lot and the nature of the symptoms can change with age 

(Medtronic, 2011). 

2.2.2 Ataxic cerebral palsy 
Ataxic cerebral palsy is characterized by having problems with coordinating 

the size and force of movements. The muscle tension is reduced causing bad 

and often shaky balance (Hjärnfonden, 2014). Ataxic cerebral palsy is quite 

uncommon and affects about 10 % of the CP population. These often also 

have spasticity (Vårdguiden, 2013). 

2.2.3 Dyskinetic cerebral palsy 
Dyskinesia is recognized by recurring, involuntary and uncontrolled 

movements with changes in muscle tone and posture. (Bax el al., 2005).The 

condition is difficult to classify since it characterized by a number of 

different movements (Sugama & Kusano, 1995).  
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2.3 Designing for people with cerebral palsy 
The human body is very complex. The ability to move is determined by how 

the skeleton and muscles are oriented (Karlsson, Molander, Wickman, 

1995). When designing for people with cerebral palsy there are some extra 

factors that needs to be regarded, with the aim being to enable the person to 

do things within their full potential (Carlson, Lonstein, Beck & Wilkie, 1987). 

A chair designed for people with CP would ideally, from an orthopaedic point 

of view, prevent spinal- and hip deformities while maintaining a body 

position that reduces spasticity (Carlson et al., 1987). In a sitting position, 

the upper body has to balance on the pelvic bone, which means that if the 

pelvic bone is not in balance neither can the upper body be in balance 

(Engström, 2002).  

The unevenly distributed tension in the muscles, caused by CP, has an effect 

on the bones and joints that can lead to deformities such as: 

 Scoliosis (curved spine) 

 Equinus foot (inability to tread down the heel) 

 Crossed legs 

2.3.1 Characteristics of sitting 
The human body is always in a state of trying to achieve balance if no support 

is provided. In sitting positions the ability to move is decreased but the need 

to balance still exist (Engström, 2002).  

A “normal” sitting position is very changeable and variable which makes it 

hard to relate to a supported sitting position. Carlson et al. (1987) argues 

that since no standard sitting position exists, the sitting position that offers 

the most advantages for a patient with cerebral palsy must be implemented 

in the design of the chair and offered as a standard. 

A child’s body, due to its weight and size, is according to Engström (2002) 

not effected by a chair in the same way as an adult. The stability of the upper 

body will be affected negatively since the pressure against the chair is lower. 

The small body also has a lower centre of mass which makes it easier to 

balance the upper body (Engström, 2002).  To get a more active upper body  

 

in a sitting position it is important that the pelvic bone is in balance and that 

the spine is stabilized (Engström, 2002). 

The torso is the main part for all different body positions, it is the base for 

the arms, legs and head, and it sometimes needs to be stabilized and 

sometimes moveable. The torso controls the arms and head movements and 

is therefore an important part of the body in the sitting position (Engström, 

2002).   

2.3.2 Postural control 
Those with limited postural alignment often have motoric abilities similar to 

the early development stages of an infant. This is characterized by less 

control of the pelvis but greater capability of movement of the head and neck 

(Carlson et al., 1987). To give the children the chance to get the experience 

necessary to master their control of movement, it is important to make sure 

that their joints are able to move freely (Butler, 1998).  

Myhr, von Wendt, Norrlin and Radell (1995) defines a functional sitting 

position to offer postural control that “…allow optimum use of arms and 

hands e.g. when playing, eating or performing various daily activities 

when sitting at a table”.  

Studies carried out by Myhr et al. (1995) showed that children using 

inadequate seating devices developed fixed deformities. The used devices 

were often designed so they did not encourage changes in growth and 

physical ability. Eight out of ten children that were offered adequate sitting 

devices significantly improved their head-, torso- and foot-control plus arm- 

and hand-function during a five year period. Two children who were seated 

in a position where the pelvis was backward-tilted had deteriorated on torso-

control (Myhr, von Wendt, Norrlin & Radell, 1995). 

  



University of Skövde    Chair for Pupils with cerebral palsy 

School of engineering science    2014 

7 
 

2.4 Environmental responsibility 
It is important to consider the environmental impact in any project by 

looking at the whole lifecycle of a product, from raw material extraction to 

end of use (Gröndahl & Svanström, 2012). The environmental impact of 

products can be divided into two broad categories: Energy and materials 

(Ulrich & Eppinger, 2012). In this project the environmental aspect was 

focused on the selection of materials. 

One of the aims for the project was to make a chair with no negative impact 

on the environment. To reach that goal all materials used in the chair would 

ideally be 100 % recyclable. This is a tough challenge in a country where 

there is no organized recycling system. One of the biggest and most visible 

land pollutions in Uganda is solid waste, mostly including paper, metal cans, 

plastic and food, see Figure 3. The larger part of the waste is degradable but 

the part that is not gets disposed through methods that are damaging to the 

environment (NEMA, 2010). 

Natural resources are for many Ugandans vital for their survival (WWF, 

2014; NEMA, 2010). According to UBOS (2011) the dependence on land is 

largest in the rural areas, where approximately 85 % of the population 

resides. There are unfortunately many factors that contributes to 

environmental decline in the country at an alarming rate (NEMA, 2010). 

2.4.1 Materials selection 
Already in the early stages of the project, building the chair out of wood was 

discussed. The reason to why wood would be the preferable material was 

because it is easy to handle and available in large quantities in the country. 

In Uganda there are both exotic and indigenous tree species with the two 

dominating species being the Carribean pine (Pinus caribaea var. 

hondurensis) and rose gum (Eucalyptus grandis) (SPGS, 2014).  

Wood is also suitable for the way garbage is disposed in Uganda. If it ends 

up in nature it can be decomposed and it is also better to burn compared to 

many other materials.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Road side waste. 
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2.5 Field study 
A series of study visits were carried out both in Sweden and Uganda to better 

understand how people with disabilities get aided. 

2.5.1 Study visits Uganda 
Places visited in Uganda were Kampala school for the physically 

handicapped, National union of disabled persons of Uganda (NUDIPU), 

Katalemwa Cheshire home and the faculty of special needs and 

rehabilitation at Kyambogo University. 

Interviews were conducted where the personnel were asked to explain things 

they liked/disliked and suggestions on improvements for the chairs that the 

children used. Table 1 shows their main thoughts.  

Table 1: Some of the statements about the chairs used in Uganda. 

Question Statements 

Likes 

Straps for support only when  needed 

Pillows for supporting the torso 

Having the pupils changing seats 

Wood is good because it is easy to modify 

The pupils being physically independent 

The table being able to be attached to the chair 

Being able to tilt the entire seat 

Dislikes 

Having to lift heavy pupils between different seats 

Straps over the arms and legs on spastic children 

Too many supports and components 

The movement of the children will become an extra 

chore for the teachers 

Suggested 

improvements 

Make sure the back seat can be adjusted to keep the 

neck straight 

Feet-stands are needed to make sure the feet have a 

good angle. 

Neck-support for keeping the head in the right 

position 

2.5.2 Study visits Sweden 
Places visited in Sweden were Mercado Medic (manufacturer and supplier 

of medical aids), Hjälpmedelscentralen Skövde (orthopaedic centre) and 

two schools in Skövde specializing in pupils with disabilities.  

Interviews, like the ones in Uganda, were conducted where the personnel 

were asked to explain things they liked/disliked and suggestions on 

improvements for the chairs the children used. Their main thoughts can be 

seen in table 2. 

Table 2:  Statements made during the study visits in Sweden. 

Question Statements 

Likes 

Fabric that is removable and washable 

The benefit of using wood is that it is easier to 

sanitize than fabric. 

Straps are good for making sure that the user stays 

in the seat and holds an ergonomic sitting posture. 

Plastics (better than wood when cleaning) 

Dislikes 

The tables that are provided for some of the chairs 

can be troublesome since the hands sometimes are 

caught. 

Manually adjustable straps are time consuming. 

Especially during wintertime for those pupils who 

uses the same chair inside and outside. 

Noisy chairs. 

Suggested 

improvements 

Place to store backpacks and other things 

The handles for the operator moving the chair 

should be able to be adjusted to their height. 

Being able to take away the armrests when 

necessary 

A lot of flexibility 

Having adjustability is good. Short steps are better 

than limitless because the connections has to be 

sturdy and handle pressure without changing.  

Torso support should be wide and sturdy 
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2.6 Describing typical users 
Personas is a method where imaginary representations of people within the 

selected target group are made. Important details and needs can be obtained 

by observing the product in use (Cross, 2008). 

The personas seen in table 3 were made based on observing children with 

cerebral palsy in school environment. These contributed to finding 

unrecognized user requirements. 

Table 3: Personas created from pupils at Kampala school for the physically handicapped. 

   

Name Description Desired chair 

Anita 

Anita is a six year old girl that just started P1. She has a type of CP that makes her 
floppy, which means that she has a hard time moving her body. When she was a 
child, her mother thought that a witch possessed her, so she was first taken to a 
doctor when she was 5 years old. That is when she was diagnosed. Her mother then 
decided to let her start in a school for children with special needs. 
 
Anita has a hard time expressing herself in speech but loves to paint. She is a happy 
little girl that is very grateful that she is able to go to school where she has made 
many new friends. Anita is quite heavy for her age due to her condition causing low 
physical activity. She is also quite short. 

 A colourful chair that is soft to sit on, that 
at the same time supports her body so she 
can paint. 

 She wants to have easy access to the table 
and that it is easy for the teachers to put 
her in the chair. 

 A backrest that is tilted backwards so that 
her head can be kept straight. 

Solomon 

Solomon is a happy eight-year-old boy looking forward to starting P2. He has spastic 
cerebral palsy, but this does not prevent him from being very active. He loves soccer, 
so during the breaks he always goes outside and play. He never sits still when he is 
seated in the classroom because he has too much energy. You often find him 
standing or climbing on the chairs instead. 
 
Due to his hyperactivity Solomon is fairly thin and, due to his father, taller than 
most of his classmates. 

 He wants to be able to move from his 
wheelchair to the working chair on his 
own. 

 Stabile chair that does not tip over when 
he is climbing on it. 

 Few parts that he can hit so he does not 
hurt himself. 

Ephraim 

Ephraim is seven years old starting P2. He is not looking forward to starting school 
since he often gets very tired while in class. He also has a very hard time 
concentrating. He has a combination of spastic and ataxic CP. He also has scoliosis. 
 
Due to his condition he has a hard time coordinating his hand, especially while 
writing, He also has equinus foot, so he has a hard time walking. 

 A chair that allows him to concentrate on 
schoolwork. A lot of support that can help 
him sit straighter. 

 He wants support for his feet to help 
prevent equinus foot. 
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2.7 Anthropometric evaluation 
Anthropometry, meaning the measurements of the human body, is derived 

from the Greek words “anthropos” (man) and “metron” (measure). 

Anthropometric data is used in ergonomics to ensure that the product fits 

the end user physically (Bridger, 2009).  

The information provided on anthropometric data in Uganda was very 

limited so a small study was conducted at Kampala school for the physically 

handicapped (KSPH) where 14 pupils between 5 and 11 years old with 

different types of CP were evaluated. Seventeen anthropometric values were 

obtained. The results of the anthropometric study can be seen in table 4.  

Table 4: The anthropometric values obtained at KSPH. 

No. Measurement Min Max 

1 Weight [kg] 14 34 

2 Stature [cm] 106 138 

3 Sitting height [cm] 43 68 

4 Knee - Floor lenght [cm] 25 38 

5 Hip - Floor lenght [cm] 50 76 

6 Buttocks - Armpit [cm] 21 39 

7 Buttocks - Shoulder [cm] 28 46 

8 Buttocks - Elbow [cm] 4 12 

9 Elbow - Wrist [cm] 18 25 

10 Back - Knee [cm] 30 42 

11 Heel - Toe length [cm] 16 22 

12 Foot breadth [cm] 6 8,5 

13 Hip breadth [cm] 17 29 

14 Shoulder width [cm] 24 34 

15 Neck length [cm] 29 42,5 

16 Head width [cm] 12 15,5 

17 Head height [cm] 12 23 

 

The maximum and minimum value for each measurement was used in order 

to be able to figure out the appropriate dimensions of the chair. Some 

measurements were not obtainable due to the nature of some pupils’ 

condition.
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3 Establishing requirements 
The identification of customer needs is a vital part of a design project since 

it will guide the design team when establishing the specification (Ulrich & 

Eppinger, 2012). For most products, there are many intended users like 

manufacturers, repairers, assemblers and recyclers. The goal of collecting 

customer needs is to create a product that is adapted to as many users as 

possible (Cross, 2008). 

3.1 Identifying customer needs 
The gathered information and statements from the study visits, personas 

and literature study was collected into a table where they were reinterpreted 

into customer needs. The needs were then grouped by similarity and given a 

label that generalized all the needs within the group. 

All 46 customer needs were rated on their importance on a scale from 1 to 5. 

An excerpt is shown in Table 5. The entire table can be found in appendix 1. 

The needs derived from the study visits (Needs 1-23) were also rated by a 

physiotherapist at Kampala school for the physically handicapped (KSPH), 

see Table 5 and appendix 1. The results showed that the physiotherapist 

valued a good classroom environment higher than estimated in the original 

ranking. The ranking system used was based on Ulrich & Eppinger (2012) 

where: 

1. Feature is undesirable. I would not consider a product with this feature. 

2. Feature is not important, but I would not mind having it. 

3. Feature would be nice to have, but is not necessary. 

4. Feature is highly desirable, but I would consider a product without it. 

5. Feature is critical. I would not consider a product without this feature. 

 

 

 

 

 

Table 5: Some of the grouped and ranked customer needs. 

No. Need Imp. KSPH Imp. 

 The child is not able to get injured   

1 The chair has a simple structure 3  (4) 

2 The children’s limbs are not able to get stuck in unwanted places 4  (5) 

3 Straps does not prevent spasticity 5  (5) 

 The seat is ergonomically correct   

4 Enable a correct sitting position (2) 5  (5) 

5 Enable maintenance of an accurate sitting position 4  (5) 

6 The seat is comfortable 4  (5) 

7 Prevent legs from crossing 4 (4) 

 The straps are easy to use   

… … … … 

 The chair is adjustable   

38 The armrest are horizontally and vertically adjustable  3 - 

39 The chair works with a writing area 5 - 

 Avoid friction that prevents natural movement of the body   

40 The seat area cannot have too high friction 4 - 

41 The seat area cannot have too low friction 4 - 

 The chair contributes to a good classroom environment   

42 The chosen materials are easy to sanitize 4 - 

43 The chair is colourful 3 - 

 The chair is durable   

44 The chair is able to withstand the climate 4 - 

45 The chair has no negative environmental impact 5 - 

 The chair is easy to get in and out of   

46 It is easy for the teacher to move the child in to the chair 4 
- 
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3.2  Target specification 
According to Ulrich & Eppinger (2012), a specification is a description of 

what a product should be able to do.  It should contain metrics and values. 

It can be established twice with the first one being a target specification. The 

second specification is established when a final concept has been chosen, 

this specification is called the final specification.  

The target specification is created in the beginning of the design process and 

represents the design teams’ ambitions and wishes. Customer needs are 

reinterpreted into measurable requirements (Ulrich & Eppinger, 2012). A 

compressed version of the target specification can be seen in table 6; the 

whole specification can be seen in appendix 2. 

A specification must according to Ulrich and Eppinger (2012) “…reflect the 

customer needs, differentiate the product from the competitive products 

and be technically and economically realizable”. 

A list of metrics was created where the customer needs were assigned to a 

metric with a corresponding unit. Some needs corresponded to more than 

one metric. This was depicted in a needs metric matrix to get a graphic 

overview of which need that corresponded to which metric. 

The CP chair from Kampala school for the physically handicapped was 

evaluated with seven other products in a competitive benchmarking in order 

to see how well the existing solution performed. Each metric was evaluated 

for each product on a scale 1-5 where 1 was the lowest and 5 the highest. 

Criteria that could not be estimated were excluded, see appendix 1. 

Ideal and marginally acceptable values were chosen for each metric. The 

specification sets limits for the possible outcome of solutions for the design 

and results in having to do trade-offs between customer needs and product 

requirements. It is therefore important in an early stage to put an effort in 

establishing a proper specification (Cross, 2008).  

 

 

Table 6: Parts of the target specification. 

Metric 
No. 

Metric Units 
Marginal 

value 
Ideal 
value 

1 Gaps are not wider than x or narrower than y mm - - 

2 Straps do not prevent spasticity Y/N Yes Yes 

3 The user is able to sit correctly Y/N Yes Yes 

4 The user is able to maintain an accurate sitting position Y/N Yes Yes 

5 The chair is comfortable subj. 4 of 5 5 of 5 

6 Takes less than x seconds to adjust straps s 30 s 10 s 

7 Storage for straps Y/N Yes Yes 

8 The connection can withstand a maximum force of x N N 900 1200 

9 The wheels are lockable from movement Y/N Yes Yes 

… … … … … 

31 
The chair is able to withstand a pupil weighing at least x 
kg  

kg >30 >60 

32 
The chair accommodates at least x percentiles of the 
target group 

% >70 >90 

33 The backrest have a maximum width of x mm mm - - 

34 The armrest are horizontally and vertically adjustable  Y/N Yes Yes 

35 The chair works with an writing area Y/N Yes Yes 

36 The seat area cannot have too high friction µ - - 

37 The seat area cannot have too low friction µ - - 

38 The chosen material is easy to sanitize Subj. 4 of 5 5 of 5 

39 The chair has a lifespan of x years Years 5 20 

40 
The chair can handle changes in temperature between x 
and y degrees C⁰ 

C⁰ 12 & 36 
8 & 
40 

41 x percent recyclable  % 80 100 
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4 Generation and evaluation of design
 

The generation phase is the creative part of the design project (Cross, 2008). 

A number of creative methods were used to create many solutions. The 

generation phase is a divergent phase so in order to reach a final solution it 

has to be varied with a convergent phase (Cross, 2008). This mean that 

during the divergent phase a lot of solutions are generated and during the 

convergent phase the solutions are evaluated. In total the design process is 

a convergent process but the divergent phases are necessary to widen the 

search (Cross, 2008). Solutions were therefore evaluated to select the best 

ideas. This process was repeated until the final solution was chosen.  

4.1 Function analysis 
A function analysis was performed on the existing CP-chair at Kampala 

school for the physically handicapped to see which parts the chair consisted 

of and what their purpose were, see Figure 4.  

Figure 4: Function analysis. 

The chair consisted of nine main parts that were essential to give the 

children a correct sitting position. 

4.2 Generating ideas 
A concept classification tree was used to generate ideas. The possible 

solutions were divided into different categories that were further developed 

into more branches, see Figure 5. According to Ulrich and Eppinger (2012) 

the tree structure gives a good overview which makes it easier to compare 

the different ideas. The chair was divided into the seven different functions 

that were found for the existing chair in the function analysis. These were 

further developed into concrete solutions. Concept classification trees are a 

method where impossible solutions easily can be erased by just studying the 

tree (Ulrich & Eppinger, 2012). Unrealistic solutions were therefore deleted 

by studying the tree with regards to the specification. The discarded ideas 

are crossed in Figure 5.      

 

 

No materials were present in the tree to prevent the solutions from being 

restricted by material characteristics. 

Backrest: 

Support back 

Armrest: 

Support arms 

Side board: 

Fasten torso 

support 

Cushion: 

Create comfort 

Legs: 

Correct foot and 

leg angle 

Seat:  

Enable sitting 

Side cushions:  

Support torso/hip 

Straps: 

Maintain posture 

Leaning backrest: 

Control neck 

position 

Figure 5: Concept classification tree. 
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4.3 Combining solutions 
The most promising ideas from the tree were placed in a morphological 

chart. It is a method where a chart of parts of the product is made, the 

different parts are combined with each other and build whole solutions. The 

chart should include all essential parts for the product (Cross, 2008).  

This method was helpful since it was difficult to generate whole ideas on a 

product that consisted of so many parts. The chart consisted of seven 

functions, the same functions as in the classification tree (see Figure 5). It is 

according to Cross (2008) important that there are not too many functions, 

between four and eight makes the chart manageable.  

Using the morphological chart, sketches were made where functions were 

combined into complete chairs. The sketching session resulted in 12 

different ideas that can be seen in Figure 6. 

Figure 6: Sketches of the 12 different ideas. 

4.4  Activating new ideas 
To activate new ideas PMI was used. PMI is an evaluation method where the 

focus lies on finding positive, negative and interesting aspects in different 

ideas (Mind Tools, 2014).  The method is commonly used as an evaluating 

tool but was in this case used to trigger new ideas. This was considered a 

necessity since the ideas from the morphological chart were insufficient.  

A number of interesting things were found. The most interesting parts were 

the saddle-shaped seat, using less than four legs and the backrest that 

supports the hip in the lower part and becomes narrow and flat at the top. 

A sketching session was performed to combine the interesting parts from the 

PMI and resulted in more ideas (see Figure 7). Some of these ideas were 

ideas of how complicated parts of the chair could be solved.  

 

Figure 7: Example of the evolved ideas

2 1 4 3 

5 7 6 

10 9 

8 

11 12 
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4.5 Dividing and evaluating the ideas 
Evaluating the ideas was considered complicated since most of them were 

built of similar parts but in different constellations. The chair was therefore 

divided into three parts; backrest (including neck rest), legs and seat. A 

compilation of the different parts in the existing ideas were made which 

resulted in eight different types of legs, four different seats and four different 

backrests.  

Each part of the chair was evaluated with concept screening. Concept 

screening is a method to reduce and improve concepts quickly (Ulrich & 

Eppinger, 2012). The criteria were selected from the specification to be 

relevant for the part of the chair. One of the ideas was selected as a reference 

and got the score zero. The other parts were then scored with a plus (better 

than reference), minus (worse than reference) or a zero (equal to reference) 

for each criteria. No external people were involved in the evaluation process 

but the previous made input (from the pre-study) was taken in to 

consideration. 

4.5.1 Legs 
The eight different legs that were compiled from the different ideas can be 

seen in Figure 8. 

 

Figure 8: The different types of legs. 

 

Table 7 shows the result for the legs where 4A was selected as reference. The 
legs were evaluated with criteria’s taken from the customer needs. 

Table 7: Concept screening of the legs. 

Selection criteria 1A 1B 1C 2A 2B 3A 3B 4A 

Can be made out of wood 0 - 0 - 0 0 0 0 

Easy to mount foot rest + 0 + - + 0 - 0 

Few unique parts - - 0 - 0 0 - 0 

Little material used - 0 - 0 - + 0 0 

Prevent legs from crossing + 0 + 0 0 + + 0 

Easy to manufacture 0 - - - + 0 - 0 

Stabile - - + - 0 0 0 0 

Simple 0 - - - 0 0 - 0 

Enable adjustment of seat angle - - - - - - + 0 

Enable adjustment of sitting height 0 0 0 0 0 0 + 0 

Amount of parts + 0 + - + + - 0 

Weight - 0 - - - + - 0 

         

Net score -2 -6 -1 -9 0 3 -3 0 

Rank 4 6 3 7 2 1 5 2 

 

The type of leg with the highest score was 3A, see table 7. Since the result 

was unexpected a second concept screening was made for the legs with 3A 

as reference. These results were similar to the first screening. 

Even though 2B and 4A scored well they were excluded because they did not 

satisfy the need of providing enough space for the legs, which is important 

for spastic children. 2B was also considered too bulky. The legs that were 

selected to continue the work with were 1A, 1C, 3A and 3B. 

1A 1B 1C 2A 

2B 3A 3B 4A 
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4.5.2 Seat 
Four different seats were found in the previous ideas, see Figure 9.  

 

Figure 9: The different types of seats. 

The four different seats were evaluated with S2 as reference, see table 8. 

Table 8: Concept screening of the seat. 

Selection criteria S1 S2 S3 S4 

Soft + 0 0 0 

Light weight + 0 - + 

Easy to manufacture - 0 - 0 

Easy to clean - 0 0 0 

Durability - 0 + 0 

Prevent legs from crossing - 0 + + 

Comfortable + 0 + 0 

Little material used 0 0 - + 

Anatomical 0 0 + 0 

          

Net score - 1 0 1 3 

Rank 4 3 2 1 

 

Seat 3 and 4 got the highest score and was chosen to continue the work with.  

4.5.3 Backrest 
Four different backrests were found in the previous ideas, see Figure 10. 

 

Figure 10: The different types of backrests. 

For the backrest B1 was chosen as reference (see table 9).  

Table 9: Concept screening of the backrest. 

Selection criteria B1 B2 B3 B4 

Easy to manufacture 0 - - - 

Simple 0 - - - 

Light weight 0 + - 0 

Little material used 0 0 - 0 

Soft 0 + - + 

Durability 0 - 0 0 

Can be made out of wood 0 - 0 0 

Anatomical 0 0 0 + 

Offers support 0 - + + 

          

Net score 0 - 3 - 4 - 1 

Rank 1 3 4 2 
 

B1 got the highest score and B4 got the second highest score. These two were 

the two backrests that were chosen to continue to work with.   

S2 S1 

S4 S3 B1 B2 B3 B4 
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4.6 Part combination 
The parts from the concept screening were combined into four different 

concepts, see Figure 11. 

Billy is made of legs type 1A, seat type S3 and backrest type B4. The chair 

has an adjustable footrest that can changes by the tracks in different height. 

Back- and neck rest height are changed in the same way as the footrest. 

Rocket is made of legs type 3A, seat type S4 and backrest type B4. The seat 

is adjustable in height by turning the seat up or down. The table, back- and 

neck rest are adjustable in height. 

Tripod is made of legs type 3B, seat type S3 and backrest type B1. This chair 

has an adjustable angle of the seat and the backrest. The function is based 

on the same principle as a sun chair where the armrest controls the angle of 

the backrest and legs.  

Saddle is made of legs type 1C, seat type S3 and backrest type B4. This 

concept took the saddle seat one step further and is more like a whole horse. 

The footrest is adjustable with shelf-like pieces are tucked into slots in the 

big leg-part. This enables diverse height of the footrest for people with 

unequal leg lengths. 

 

Figure 11: The four different concepts  

Billy Rocket Tripod Saddle 



University of Skövde    Chair for Pupils with cerebral palsy 

School of engineering science    2014 
 

20 
 

4.7 Concept Scoring
The four concepts were evaluated with concept scoring, see table 10. The 

method was used as described in Ulrich and Eppinger (2012). They were 

evaluated with the needs that were possible to compare.  The needs that were 

considered equal for the concepts were deleted. 

Each main need was given a weight that is based on the importance of the 

need. The value from the main need was distributed to the sub needs so that 

they represent the importance of the need. It was the sub needs that were 

evaluated for each concept.  

Table 10: Concept scoring for the four concepts.           

   Billy   Rocket   Tripod   Saddle   

No. Need Weight Score Weighted Score Weighted Score Weighted Score Weighted 

  The child is not able to get injured 20                 

1 The chair has a simple structure 8 2 16 2 16 3 24 2 16 

2 The children’s limbs are not able to get stuck in unwanted places 12 4 48 4 48 3 36 4 48 

  The chair is secure 20                 

11 The connections are able to handle pressure 10 3 30 2 20 3 30 5 50 

13 The chair is stable 10 3 30 2 20 3 30 5 50 

  The chair contributes to a good classroom environment 7                 

15 Enable storage 1 3 3 3 3 3 3 4 4 

16 Enable easy movement of the chair 3,5 3 10,5 4 14 4 14 1 3,5 

17 The components are easy to clean (4) 2,5 2 5 2 5 3 7,5 3 7,5 

  The chair is easy to get in and out of 10                 

18 Easy for pupils to move from one seat to another 4 2 8 2 8 2 8 1 4 

19 Enable easy ingress and egress 3 2 6 2 6 2 6 1 3 

46 It is easy for the teacher to move the child in to the chair 3 2 6 2 6 2 6 2 6 

  The chair is adjustable 8                 

23 Enable adjustment of sitting angle 8 3 24 3 24 4 32 3 24 

  Affordable construction 25                 

26 The chair is within the same price-range as the existing ones 5 2 10 2 10 2 10 1 5 

27 The chair is able to be manufactured in Uganda 5 3 15 2 10 3 15 2 10 

29 The chair is easy to manufacture 5 2 10 2 10 2 10 1 5 

30 The chair is easy to disassemble 5 5 25 5 25 5 25 5 25 

31 The chair is easy to assemble 5 4 20 3 15 3 15 4 20 

                      

45 The chair has no negative environmental impact 10 4 40 2 20 4 40 2 20 

     306,5   260   311,5   301 
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A rating scale from 1 to 5 was used, see table 11 (Ulrich & Eppinger, 2012).  

Table 11: The rating scale. 

1 Much worse than reference 

2 Worse than reference 

3 Same as reference 

4 Better than reference 

5 Much better than reference 

 

The CP-chair at Kampala school for the physically handicapped was used as 

a reference, which also made it possible to check which needs that could be 

better compared to that chair. The score for each need was multiplied with 

the weight, which gave a weighted score. That score was summarised into a 

total score. The two concepts with highest score, Billy and Tripod, were 

chosen to continue the work with.  

4.8  Final concept selection 
Both of the concepts were developed and some small scale mock-ups were 

built, see Figure 12. The mock-ups were used to test different functions.  

 

Figure 12: Simple function mock-up of Tripod. 

When the mock-ups were made, an evaluation was performed where the 

functions for Tripod were deemed too complicated. The final concept 

therefore became Billy.
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5 Optimizing the design
At this stage of the design process the manufacturing of the chair begun. 

Most of the manufacturing took place at Katalemwa Cheshire Home which 

is the place where they today make the chairs that are used for children with 

cerebral palsy. Before the final prototype was built different types of models 

were created and tested. 

5.1 Design for manufacturing and assembling 
It is important to consider how products should be repaired, how frequently 

parts need to be replaced and what costs are involved before, during and 

after usage (Carlsson et al., 1987). The entire construction phase was 

executed with design for manufacturing (DFM) and design for assembly 

(DFA) in mind.  

5.2 Computer aided design 
Computer aided design (CAD) is used to construct a digital mock-up. The 

benefits of CAD is the ability to e.g. calculate mass and volume, create 

drawings and photorealistic pictures (Ulrich & Eppinger, 2012). By creating 

an analytical model many unnecessary and costly design decisions may be 

dealt with before manufacturing (Ulrich & Eppinger, 2012).  

CAD was used to get an idea of what the concept looked like in three 

dimensions. It was also used to be able to produce drawings. 

5.3 Small scale and full scale model 
The small scale mock-up was built in order to see how the model functioned 

and what it looked like in reality. Some changes were made to improve the 

design like e.g.; adapting the footrest to work in full scale and redesigning 

the seat to offer more support for the thighs and hips. 

When the full scale model was created further changes had to be made like; 

adapting the design so it could be made with the available tools, change the 

size of parts due to restrictions from the material. The tools required for 

building the chair was: a saw, a drill, files, scissors and a chisel. 

5.4 Assemble and disassemble study 
A study of how long time it took to assemble and disassemble the entire chair 

was conducted three times. The starting point was the same all three times, 

see Figure 13, but the conditions were a little bit different.  

The average assembly time was 23 minutes and the average disassembly 

time was 6 minutes No tools were needed for the assembly and disassembly 

process but a wrench made it easier. In this study a wrench was used.  

Not enough tests were done to draw any definite conclusions but at least it 

confirmed that the staff at Katalemwa Cheshire home would be able to both 

build and assemble the chair if given drawings and a manual. 

  

Figure 13: The starting point for the assembly.   
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6 The chair: Entebbe
Entebbe (the word for chair in Luganda) is the result of this project, see 

Figure 14. The chair is adjustable in five different ways and requires no glue 

or tools in order to assemble. 

Entebbe is designed to offer sufficient support for a child with cerebral palsy 

so they are able to concentrate on other things than to maintain their 

balance. The support prevents the child from developing deformities 

because of poor sitting positions. Since everything is placed in the middle of 

the chair there are minimal obstacles for a spastic child to hit. 

According to Engström (2002) there are some important parameters that 

needs to be taken in to consideration for a good sitting position e.g.: 

• The sitting part and the footrest needs to be stable. 

• The body should be able to move easily, especially forward if an active 

sitting position is desired. 

• The upper body needs to be stabilized by supporting the back, but not too 

much because the sitting position can then become tiresome. 

• Being able to move the feet freely to get a variable sitting position. 

• Feeling secure while sitting is important in order to feel calm. 

• The sitting weight needs to be distributed over a big area. A soft sitting 

part distributes the pressure better but is less stable. 

Entebbe’s footrest was made very large since Engström (2002) stresses the 

importance of the feet being able to move freely. With the feet placed under 

the seat, the pelvic bone is prevented from leaning backwards, which makes 

it easier to sit straight. According to Ekblom and Myhr (2002), allowing 

backward movement of the feet is also an important factor in reduction of 

spasticity.  

Another benefit with the big footrest is that it makes it hard for the children 

to get their feet stuck behind the footrest, which is a common problem in 

some wheelchairs. The footrest is also made out of two parts which makes it 

possible to place them at different heights e.g. if a child has unequal leg 

lengths. 

The shape of the seat was designed with a horse saddle in mind. The saddle-

shaped seat makes it easier to maintain a straight back. This is according to 

Engström (2002) achievable since the pelvic bone is being tilted forward.  

The saddle seat also naturally prevents the legs from crossing which is 

important for some children who according to Ekblom and Myhr (2002) 

have a tendency to contract their legs, also known as scissoring of the legs. 

This can lead to permanent deformities on the body if not treated (Ekblom 

& Myhr 2002). 

 

Figure 14: The final prototype. 



University of Skövde    Chair for Pupils with cerebral palsy 

School of engineering science    2014 
 

26 
 

6.1 Overview of functions 
Entebbe is adjustable in five different ways. The functions can be seen in 

Figure 15 where: 

1-2) Backrest and headrest 

The angle of the backrest can be adjusted to assist those who are in need of 

a tilted position. The back- and headrest can be adjusted in height to fit the 

user. The backrest part also functions as a headrest for shorter children but 

an additional headrest can be implemented for taller children. 

3) Torso support 

The width of the torso support can be made larger or smaller depending on 

the user’s needs by placing them in the suitable slot, see a) in Figure 15. 

4) Table 

The height of the table can, using two bolts, be adjusted to make sure that 

the working position is sufficient. 

5) Footrest 

The footrest consists of two main parts that can be adjusted in height by 

sliding them in to the desired height along the legs. Additional parts are then 

with the help of bolts placed on the front- and back leg as reinforcement. 

 

 

 

 

Figure 15: a) Adjustment of the torso support. b) The functions of Entebbe. 

a) b) 

1 

2 

3 

5 

4 
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6.2 Parts of the chair 
The entire chair consists of 63 parts with 29 of them being unique. An 

exploded view of the chair can be seen in Figure 16. 

 

Figure 16: a) Exploded view of the entire chair. b) Exploded view of the seat. c) 
Exploded view of the legs. 

Since Entebbe is module-based it can easily be repaired and resized by 

simply changing the concerned parts. This means that parts also can be 

reused to build other chairs.  

The module-based seat design makes it faster and easier to build the seat 

with consistent results compared to carving it from a large piece of wood. 

This also saves a lot of material. 

6.3 Ergonomic test 
The chair was taken to Kampala school for the physically handicapped to 

study how the children sat in the chair. In Figure 17a) a child with 

hydrocephalus (enlargement of the head due to fluid in the brain) tried the 

chair. This child was not part of the original target group but seemingly sat 

well in the chair. 

A girl with spastic CP tested the chair, see Figure 17b). She also had scissor 

legs and in the wheelchair, she sat with the legs tightly together. 

 

Figure 17: a) A child who was not a part of the original target group testing the chair. 
b) Child with spastic CP testing the chair. 

At the time of the ergonomic testing most of the children in the target group 

were unfortunately away on holiday, therefore no conclusion could be made 

based on the original target group. It was however found out that the chair’s 

construction was versatile enough to work for the children that tested it. The 

assumption that it would work for the original target group was therefore 

made but more studies would have to be carried out to confirm it. 

 

 

a) 

b) 

c) 

a) b) 
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6.4 Concept verification 
The chair was verified against the specification to see if it lived up to the 

requirements. This was done during the whole process but when the 

prototype had been completed, a last check was made, see table 11. The 

requirements from the target specification that seemed redundant, because 

they did not apply to the design or were not possible to test, were deleted. 

The requirements marked with green in table 12 were possible to check and 

the ones with orange were not. 

The cost of Entebbe was calculated by the carpenter at Katalemwa Cheshire 

Home. The estimated price for the material used was 53 000 Ugandan 

shillings (UGX) which is roughly 140 SEK (Fred, carpenter at Katalemwa 

Cheshire Home, personal contact, April 23, 2014). This can be compared to 

the smallest type of chair that they make today where the cost for the 

material is 65 000 UGX (170 SEK) which is sold for 81 400 UGX (214 SEK) 

(V. Maliamungu, workshop manager at Katalemwa Cheshire Home, e-mail, 

May 5, 2014).  

Some of the most important requirements were that the chair was able to be 

manufactured in Uganda by materials and tools that were available in 

Uganda. All of those requirements were satisfied.  

The chair was designed to fit the measurements of the target group, 

consisting of 14 children. Since no anthropometric data was available in 

Uganda the assumption of the chair being suitable for all children is only 

valid for the selected target group.

Table 12: Final specification. 

No. Metric Units Value 

2 Straps do not prevent spasticity Y/N Yes 

3 The user is able to sit correctly Y/N   

4 The user is able to maintain an accurate sitting position Y/N   

5 The chair is comfortable subj.   

6 Takes less than x seconds to adjust straps s   

8 The connection can withstand a maximum force of x N N   

12 The chair is not louder than x dB dB   

14 The chair is moveable Y/N Yes 

15 The chair does not weigh more than x kg kg 11 

16 The components are easy to clean Y/N   

19 The chair is adjustable Y/N Yes 

20 The sliders can be adjusted every x mm mm 50/30 

21 
The adjustment time of the sliders does not exceed x 
seconds 

s 
  

22 Easy to distinguish different parts subj.   

23 The chairs maximum cost is within x thousand UGX  UGX 53 000 

24 Manufactured in Uganda Y/N Yes 

25 Used materials are from Uganda Y/N Yes 

26 Consists of few unique parts quantity 29 

27 Use available tools Y/N Yes 

28 Use as few tools as possible quantity 3 

29 Use as few different types of materials as possible quantity 5 

30 
Different materials are not permanently fixed to each 
other 

Y/N 
Yes 

31 
The chair is able to withstand a pupil weighing at least x 
kg  

kg 60 

32 
The chair accommodates at least x percentiles of the 
target group 

% 100 

33 The backrest have a maximum width of x mm mm 200 

35 The chair works with an writing area Y/N Yes 

39 The chair has a lifespan of x years Years   

40 
The chair can handle changes in temperature between x 
and y degrees C⁰ 

C⁰ 
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7 Conclusion and discussion
The main goal with going to Uganda was to create something that would be 

of importance and could be further developed by someone when we left the 

country. During the project we were fortunate enough to come in contact 

with Katalemwa Cheshire Home (KCH) who we believe have both the 

knowledge and passion needed to make Entebbe become a functional chair 

for children with cerebral palsy. 

The overall project went well but it was challenging to execute it in another 

country because of differences in language and culture. Being able to 

conduct study visits, in schools particularly, in Kampala was limited and 

required a lot of bureaucracy, which sometimes delayed the work. 

The project was set on halt in the early stages due to complications with the 

problem definition in Uganda. There were obvious problems in the schools, 

but the question was if they were of political and economic nature, rather 

than product design related. It felt extremely important to make sure that 

the making of the product could be justified, so there were thoughts of killing 

the project. It took some time but in the end we were able to state a problem 

definition we were satisfied with. 

During the pre-study and evaluation it would have been nice if we could have 

communicated directly with the users. Many children had problems 

speaking, and those who were able to express themselves mostly did not 

speak English. Most of the time we talked to the physiotherapists, which was 

not optimal, but the best option we had. Since we wanted to have a user 

centred approach this could have affected the outcome of the product 

negatively. In order to avoid this problem as much as possible we created 

personas to get a better understanding of the children’s situation. 

It would have been interesting to explore the available materials in Uganda. 

Some attempts were made, but in the end, we had to rely on specialists, 

which worked well. If there would have been more time it would have been 

good to investigate where the material we used came from and if a more 

environmentally friendly material existed. 

In the process of building the prototype the decision to focus on using the 

available material at KCH was made. Since one of the requirements was that 

the chair should be able to be produced in Uganda this decision was 

necessary because the time was very limited. We thought it would be easier 

for them to produce the chair if they already had the material and did not 

have to change too much to start producing it. 

When the full-scale model was completed more tests should have been 

conducted. Thorough ergonomic studies should have been done in order to 

make sure that the chair lived up to three of the most important 

requirements; 

 The user is able to sit correctly 

 The user is able to maintain an accurate sitting position 

 The chair is comfortable. 

If any of these requirements is not fulfilled the whole purpose of the chair is 

lost. In the specification we also stated the chair should be secure. One of the 

biggest problems with the full-scale model was that it was a bit unstable. One 

of the reasons for that was probably the lack of accuracy during the work. 

Things that contributed negatively to the construction of the chair was that; 

 The floor was uneven, so the design should have been adapted 

accordingly. 

 The material thickness was uneven, so the design had to be adapted 

accordingly. 

 There was a lack of proper tools. 

 There was low precision in the work. 

Another problem that occurred during the building of the model was that 

the plywood used for the footrest was kind of weak. Because of that the 

footrest had to be reinforced with two extra parts and four bolts with nuts. 

This was a last minute resort, so the original design without these extra parts 

hopefully works. This was however never tested. It would also have been nice 

to look at semiotics to see how intuitive the design was and could have been. 

From the beginning we intended to give the chair a look that would appeal 

to children by implementing colours and shapes. This was unfortunately not 
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done because there was not enough time left in Uganda. The wood would 

however need some kind of surface treatment since water made the wood 

expand. 

7.1 Further recommendations 
The further recommendations we have for continuing the development of 

Entebbe is following; 

 The chair should be tested thoroughly to ensure that it lives up to 

the specification e.g. withstand weather conditions and the required 

maximum weight. 

 The amount of material and parts needed should be reduced if 

possible. 

 Templates of the drawings for the organic parts in the seat should 

be made since this is the easiest way of constructing them. The 

templates should be made in a durable material so they can be 

reused. 

 A pattern for the seat cover should be made. 

 The manufacturing method and procedure should be optimized. 
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Appendix 1:  
No. Need Imp. Krabat Mercado Panda Futura Wombat UpgradeKaye Kinder chairs Leckey  MYGO Nandu KSPH Chair

The child is not able to get injured

1 The chair has  a  s imple s tructure 3 (4) * * * * *** * ** *****

2 The chi ldren’s  l imbs  are not able to get s tuck in unwanted places 4 (5) **** *** **** *** **** **** *** ***

3 Straps  does  not prevent spastici ty 5 (5) ***** ***** ***** ***** ***** ***** ***** *****

The seat is ergonomically correct

4 Enable a  correct s i tting pos i tion (2) 5 (5) **** *** *** *** *** ***** *** **

5 Enable maintenance of an accurate s i tting pos i tion 4 (5) ***** ** *** ** *** ***** ***** ****

6 The seat i s  comfortable 4 (5) ***** ***** ***** ***** *** ***** *** **

7 Prevent legs  from cross ing 4 (x) ***** * ***** ***** ***** ***** * ***

The straps are easy to use

8 Easy to adjust s traps 3 (4) *** * - * **** **** **** **

9 Quick to adjust s traps 2 (4) **** * - * **** **** **** **

10 Enable s torage of s traps 3 (4) * * * * * * * *

The chair is secure

11 The connections  are able to handle pressure 5 (5) ***** ***** ***** ***** ***** ***** ***** *****

12 The wheels  are lockable from movement 4 (5) ***** ***** ***** ***** ***** ***** ***** *****

13 The chair i s  s table 5 (5) ***** ***** ***** ***** ***** ***** ***** *****

The chair contributes to a good classroom environment

14 The chair makes  no unnecessary noise 2 (5) - - - - - - - ****

15 Enable s torage 2 (4) ** * * ** ** ** * **

16 Enable easy movement of the chair 3 (5) ***** ***** ***** ***** ***** ***** ***** *

17 The components  are easy to clean (4) 3 (4) *** - - - **** - - **

The chair is easy to get in and out of

18 Easy for pupi ls  to move from one seat to another 4 (4) - - - - - - - -

19 Enable easy ingress  and egress 4 (5) - - - - - - - -

The chair is adjustable

20 Enable customization 5 (4) ***** ***** ***** ***** **** ***** ***** *

21 Enable adjustabi l i ty (3) 4 (5) ***** ***** ***** ***** **** ***** ***** *

22 Easy to adjust s l iders 4 (4) **** **** *** **** ** **** **** *

23 Enable adjustment of s i tting angle 3 (x) ***** ***** ***** ***** * ***** ***** *
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24 Easy to distinguish between different parts of the chair 3 (3) **** **** - - **** **** *** ****

25 Enable connections for table 4 (x) ***** * ***** ***** ***** ***** ***** *****

Affordable construction

26 The chair i s  within the same price-range as  the exis ting ones 5 * * * * * * * *****

27 The chair i s  able to be manufactured in Uganda 5 - - - - - - - *****

28 The used materia ls  are from Uganda 5 - - - - - - - *****

29 The chair i s  easy to manufacture 4 * * * * ** * * ****

30 The chair i s  easy to disassemble 5 ** ** ** ** **** ** ** *

31 The chair i s  easy to assemble 5 ** ** ** ** **** ** ** ****

The chair is secure

32 The chair i s  able to withstand at least 30 kg 5 ***** (65) ***** (75) ***** (60) *****(70) *****(45) * (22) *****(50) -

The chair is ergonomically correct

33 The chair i s  adaptable to fi t the user 5 ***** ***** ***** ***** **** ***** ***** *

34 The backrest cannot be too wide 4 ***** **** ***** **** **** ***** ***** ***

35 The feet are supported 5 ***** ***** ***** ***** ***** ***** ***** *****

36 The neck is  supported 5 ***** ***** ***** ***** * ***** * ****

37 Enable correct pos i tioning of the pelvic bone 5 ***** ***** ***** ***** * ***** ***** *

The chair is adjustable

38 The armrest are horizontal ly and vertica l ly adjustable 3 - **** **** **** * - **** *

39 The chair works  with an wri ting area 5 ***** ***** ***** ***** ***** ***** ***** *****

Avoid friction that prevents natural movement of the body

40 The seat area cannot have too high friction 4 - - - - - - - -

41 The seat area cannot have too low friction 4 - - - - - - - -

The chair contributes to a good classroom environment

42 The chosen materia ls  are easy to sanitize 4 - - - - - - - -

43 The chair i s  colourful 3 **** **** **** **** *** **** **** *

The chair is durable

44 The chair i s  able to withstand the cl imate 4 - - - - - - - ****

45 The chair has no negative environmental impact 5 - - - - - - - -

The chair is easy to get in and out of

46 It i s  easy for the teacher to move the chi ld in to the chair 4 - - - - - - - -
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Appendix 2: Target specification 
 

  

Metric 

No.

Need 

Nos.
Metric Imp. Units

Marginal 

value
Ideal value

1 2 Gaps  are not wider than x or narrower than y 4 mm - -

2 3 Straps  do not prevent spastici ty 5 Y/N Yes  Yes

3 4, 7, 41 The user i s  able to s i t correctly 5 Y/N Yes  Yes

4 5, 7, 41
The user i s  able to maintain an accurate s i tting 

pos i tion
5 Y/N Yes  Yes

5 6 The chair i s  comfortable 5 subj. 4 of 5 5 of 5

6 8, 9 Takes  less  than x seconds  to adjust s traps 3 s 30 s 10 s

7 10 Storage for s traps 3 Y/N Yes  Yes

8 11
The connection can withstand a  maximum force of x 

N
5 N 900 1200

9 12 The wheels  are lockable from movement 5 Y/N Yes  Yes

10 13, 36
The chair withstands  a  maximum horizontal  

pressure of x Pa
5 Pa - -

11 13, 36
The chair withstands  a  maximum vertica l  pressure of 

x Pa
5 Pa - -

12 14 The chair i s  not louder than x dB 3 dB <85 <60 

13 15 Place for s torage 2 Y/N Yes  Yes

14 16 The chair i s  moveable 5 Y/N Yes  Yes

15 16 The chair does  not weigh more than x kg 5 kg <10 <4 

16 17 The components  are easy to clean 4 Y/N Yes  Yes

17 17 Gaps  are not narrower than x mm 3 mm - -

18 18,19 Easy for user to move in and out of seat 4 Subj. 4 of 5 5 of 5

19

20, 21, 

23, 37, 

39, 40

The chair i s  adjustable 5 Y/N Yes  Yes

20 22 The s l iders  can be adjusted every x mm 4 mm <100 50
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21 22
The adjustment time of the s l iders  does  not exceed 

x seconds
3 s <60 <30 

22 27 Easy to dis tinguish di fferent parts 3 subj. 4 of 5 5 of 5

23 30 The chairs  maximum cost i s  within x thousand UGX 4 UGX 200 000 < 150 000

24 31 Manufactured in Uganda 5 Y/N Yes  Yes

25 32 Used materia ls  are from Uganda 5 Y/N Yes  Yes

26
1, 33, 

34, 35
Cons is ts  of few unique parts 4 quantity <20 <10

27 33 Use avai lable tools 5 Y/N Yes  Yes

28 33 Use as  few tools  as  poss ible 4 quantity <10 <5

29 33, 34 Use as  few di fferent types  of materia ls  as  poss ible 4 quantity <5 <2

30 34
Different materia ls  are not permanently fixed to 

each other
5 Y/N Yes  Yes

31 36
The chair i s  able to withstand a  pupi l  weighing at 

least x kg 
5 kg >30 >60

32 37
The chair accommodates  at least x percenti les  of the 

target group
5 % >70 >90

33 38 The backrest have a  maximum width of x mm 4 mm - -

34 42 The armrest are horizontal ly and vertica l ly adjustable 3 Y/N Yes  Yes

35 29, 43 The chair works  with an wri ting area 5 Y/N Yes  Yes

36 25, 44 The seat area cannot have too high friction 4 µ - -

37 25, 45 The seat area cannot have too low friction 4 µ - -

38 46 The chosen materia l  i s  easy to sanitize 3 Subj. 4 of 5 5 of 5

39 48 The chair has  a  l i fespan of x years 5 Years 5 20

40 48
The chair can handle changes  in temperature 

between x and y degrees  C⁰
5 C⁰ 12 & 36 8 & 40

41 49 x percent recyclable 5 % 80 100


