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Sammanfattning 
Detta examensarbete har utförts med syfte att identifiera och specificera parametrar som 

förbättrar den upplevda kvaliteten hos en diskmaskin. Projektet har genomförts på avdelningen 

för primärutveckling av diskmaskiner på Electrolux i Stockholm under 2012/2013. Idén till 

projektet föddes ur en vilja från företaget att utforska möjligheten till ökat kundvärde genom att 

förbättra den upplevda kvaliteten hos produkten. 

 

Projektets omfattning och inriktning definierades i samråd med experter på företaget inom 

mekanik, design och marknadsföring, och tidigt sattes fokus till att omfatta diskmaskinsdörren. 

Dörren är den första kontaktpunkten mellan användaren och diskmaskinen, inte minst vid 

köptillfället, och det bedömdes därför av intresse att optimera användarens känslomässiga 

upplevelse av den. Den metod som främst använts för att identifiera och specificera 

designparametrar är användarstudier, där deltagarna fick utvärdera och rangordna olika 

dörrkoncept, med fokus på egenskaperna hos låsning/upplåsning, öppning/stängning och 

dörrhandtagets konstruktion. Den mjuka datan som samlades in från studierna i form av 

kommentarer och observationer, har kvalitativt analyserats och överförts till tekniska data genom 

utförda mätningar av krafter, avstånd, vinklar och akustik i dörrarna.  

 

Baserat på resultaten från studierna, har en så kallad Design Guideline för dörren utformats. 

Denna omfattar närmare beskrivning av hur en dörr ska konstrueras från ett användarperspektiv, 

detta i termer av krafter, akustisk och mekanisk feedback, handtagets position och dörrens 

beteende vid olika vinklar.  

 

Utifrån specifikationerna som ställts upp byggdes ett antal prototyper. För att undersöka 

validiteten hos de parametrar som specificerats, och metodologin som implementerats, 

inkluderades prototyperna sedan i ytterligare användarstudier. Utöver det, har en 

sammanställning gjorts över hur väl olika tekniska system för dörrlås uppfyller kriterierna som 

ställts upp i Design Guideline.  
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Abstract 
The Master thesis was conducted to identify and specify parameters which can enhance the 

perceived quality of a dishwasher. It was carried out at the Department for R&D Dish Care at 

Electrolux in Stockholm in 2012/2013. The project originated in a desire to learn more about the 

possibility to increase consumer benefit through enhancing the perceived quality of the product 

 

The scope of the project was defined in collaboration with experts in the fields of mechanics, 

design and marketing, and was early set to focus on the door of the dishwasher. The door is the 

first contact point between a user and a dishwasher, not least at the time of the purchase, and it is 

therefore of interest to optimize the users’ emotional experience of it. The method used for 

identifying and specifying parameters of interest was primarily user interaction studies where 

participants evaluated and ranked different dishwasher door concepts, focusing on the 

characteristics of locking/unlocking, opening/closing and the door handle design. The soft data 

collected from the studies, in terms of comments and observations, was qualitatively analyzed 

and transferred into technical data by additional measurements of forces, distances, angles and 

acoustics in the doors.  

 

Based on the results from the studies a Design Guideline for the dishwasher door was set up. The 

guideline includes specification for an optimized door behavior from a user- centered 

perspective, in terms of handling forces, acoustic and mechanical feedback, handle position and 

door behavior at different angles.  

 

Several prototypes were built according to the specifications from the test analysis. To examine 

the validity of the parameters set, and the methodology implemented, the prototypes were 

included in additional user testing. In addition to this it was also investigated and demonstrated 

how well different technical door lock solutions fulfill the criteria set in the Design Guideline. 
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NOMENCLATURE 

Presented below are the Notations, Abbreviations and Definition of Key Terms that are used in 

the Master thesis. 

Notations 

Symbol Description 

F Newton (N) 

M Newtonmeter (Nm) 

mPa Decibel (dB) 

Abbreviations 

DW Dishwasher 

FFF Fit Feel Finish 

UIS1 User Interaction Study 1 

UIS2 User Interaction Study 2 

UIS3 User Interaction Study 3 

R&D Research and development 

Definition of Key Terms 

Auto lock- Door lock system that pulls the door into the locked position from a certain angle.  

Auto balance- The door hinges are balanced to keep the door still where it is left.  

Noise- Perceived disturbing sound  

Unlocking/locking- the sequence where the door lock goes from locked to unlocked  

Opening/closing- the sequence where the door goes from unlocked to fully opened 

Original locking- the reference dishwasher 

Handling force- the force needed to operate the dishwasher 

Free-standing DW – does not require mounting into the surrounding interior.  

Built-in DW  - integrated into kitchen interior, with external door panel mounted on the front. 

Alignment- Alignment of the DW door to the surrounding interior. 
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1. INTRODUCTION 
 

This chapter describes the background, purpose, hypothesis, limitations and the methods used in 

the presented project. From this point the master thesis project will be referred to as “the 

project”. 

1.1 Background 

The project been carried out at the department of Advanced Development Dish Care at 

Electrolux head office in Stockholm. Electrolux is one of the world’s largest manufacturers of 

consumer products such as dishwashers, washing machines, refrigerators and vacuum cleaners. 

When it comes to the professional segment, Electrolux is the number one provider of 

professional kitchens worldwide. 

The perceived quality of a product is an aspect the company finds increasingly interesting to look 

at in the product development process. Since quality in function is something consumers today 

both expect and take for granted, the technical performance of products are becoming less of a 

selling point. Instead there is an opportunity and need for product developers to focus more on 

the emotional design of products; i.e. what kind of emotions a product evokes and why1.

This master thesis originated in a desire from the company to learn more about the possibility to 

increase the consumer benefit through enhancing the perceived quality and thereby also the user 

experience of the product. In this project a consumer dishwasher was the product in focus.  

The scope of the project was defined, in collaboration with experts in different fields within the 

company, such as mechanics, design and marketing. It was suggested that the focus could be 

either the DW door or the upper rack of the interior.  

Electrolux is using a Concept Dalled FFF which describes three important attributes (among 

other) to consider in the process of product design. It stands for Fit, Feel and Finish. Fit stands 

for quality of construction and sturdiness of touch points.  Feel stands for perceived quality of 

touch points, tactile experience, feeling, acoustics of feedback signals to user, and Finish stands 

for surface, choice of materials, graphics, polish, color, light. In this project the focus was on the 

Feel of the dishwasher. Since the aim has been to investigate how Electrolux could benefit from 

including more elements of emotional design these are areas where there is room for 

improvement, innovation and progress.  

1.2 Purpose 

The purpose of this project was to identify and specify parameters which can optimize the user 

experience of operating a dishwasher, in regards to perceived quality. This was accomplished 

through a qualitative analysis based on data collected in user interaction studies. The analysis 

was the basis for a Design Guideline for the dishwasher door. Several prototypes were designed 

where the perceived quality was enhanced according to the design specifications. The aim in the 

prototyping phase was to enhance the perceived quality of the DW door with the lowest ranking 

from the user study, and then put it into additional testing to investigate the importance of the 

parameters identified in the test and also to see if the methodology set up in the project was 

successful. The reason for choosing the DW with the lowest ranking was based on the 

assumption that if the worst case DW can be enhanced, the methodology can be applied to other 

door concepts. It was also investigated and demonstrated how well different technical door 

solutions fulfill the criteria set in the Design Guideline.  
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1.3 Hypothesis 

The hypothesis in the study is that the perceived quality of a dishwasher can be enhanced if 

design criteria are based on data reflecting the subjective experience of users.  

 

1.4 Delimitations 

The project was carried out during the following period of time: 2012.09.05-2013.03.08. The 

focus was initially on the dishwasher, and early limited to the door of the dishwasher in terms of 

feel and acoustics regarding locking/unlocking, opening/closing and handle design. Therefore 

operating the control panel or the detergent dispenser of the door has not been considered, nor 

any other part of the dishwasher in general. The results were intended to be applicable to both a 

free-standing DW and a built-in one. An additional goal was to investigate the possibility of 

perfect alignment of the door in relation to surrounding kitchen interior. The Design Guideline 

and the presentation of how well different door solutions fulfil the criteria in the guideline are 

not presented in the report, since it was intended by Electrolux for internal use only. The 

technical solution for the prototypes (Chapter 4) has been left out due to a patent application in 

process.  

1.5 Method 

To get an overview of the dishwasher market, several stores were visited in the initial phase of 

this project; both high end retailer and larger mass product retailers. In addition to this, a prior 

project2 within the company regarding the FFF of a DW was studied. In these studies areas of 

interest concerning perceived quality had been identified, and this material was the starting point 

for the project. A functional analysis of the DW door was carried out, to identify which user 

functions to investigate. Other methods used in the pre study phase consisted of reading 

scientific articles and looking at technical roadmaps within the company. A SWOT- analysis was 

also carried out, see appendix A. 

 

Various methods for implementing user-centered design were used, primarily through user 

studies consisting of tests, observations and interview. Technical measurements have been 

performed in terms of forces, dimensions and acoustics. Several prototypes were developed in 

the prototyping phase. 
 

List of methods: 

- Store visits 

- Participation in a consumer study in Hamburg 

- Literature search 

- Benchmarking 

- SWOT-analysis  

- Functional analysis 

- User-centered design research 

- User testing 

- Qualitative analysis (more) 

- Technical measurement  

- Acoustic measurement 

- Prototyping 

- Mapping of technical solutions 
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2. FRAME OF REFERENCE 

The areas of knowledge and research that has been looked into in the project mainly concerns 

emotional design and aesthetic engineering, Kansei engineering, user-centered design, 

ergonomics in product design and literature relating to user interaction studies and usability 

testing.  

 

2.1 Aesthetic Engineering and Emotional Design 

The basis for the project was to investigate the possibility of adding to the customer experience 

by enhancing the perceived quality of the dishwasher. This is an area of product design that is 

gaining more and more attention and there is much to suggest that it is an important aspect to 

consider when product developers try to gain advantages in today´s competitive market3. The 

product reliability in terms of technical performance is today expected to be outstanding and is 

often taken for granted, which has weakened it as a selling point. Some studies even suggest that 

the so called sensibility of products is more important than functionality4. This has opened up for 

product developers to consider other aspects of user experience and quality in products, such as 

the emotional design of things.  

There are also advantageous to differentiate your product from competitor´s products by 

focusing on the emotional design. Differentiating, here in terms of optimizing perceived quality, 

is an opportunity to add value to the customer experience5. 

When a customer touches a product it will fuel a sense of ownership and thereby a wish to buy6. 

If the customer has a positive experience of handling the product, it is here assumed that she is 

more likely to extend the time of interaction with it, and thereby the probability of a purchase 

increases.  

So, what is the definition of “perceived quality”?  Is it an illusion of quality that tricks the 

consumer into thinking they buy something of high quality that later will show to be a 

disappointment? No, that is not the interpretation of the phrase used in the project. Here it is 

defined as the subjective experience of quality in a product, in terms of aesthetic characteristics. 

It offers an additional sense of quality, on top of the technical quality. The aesthetics of a product 

are here assumed to be the characteristics that affect the visual, auditory, tactile and haptic 

experience of the user3. The perceived quality is not necessary to operate the basic functions of 

the product, but it will affect the user experience to a high degree. 

 

2.2 Kansei Engineering 

An initial question asked in the project was how the subjective user experience could be 

translated into engineering language and methods, which could then be used to enhance the 

perceived quality of the product. The importance of perceived quality in products may have been 

acknowledged by many product developers, even though systematic methods that can be used to 

make qualified decisions on aesthetic design seem to lack. According to Noblet3, a lot of these 

kinds of decisions are based on “hunches”, “gut feelings” and “educated guesses”.  

With this in mind, it seemed important to establish a systematic method for investigating the 

perceived quality in a dishwasher. Here, the process was inspired by Kansei engineering, which 

is a methodology developed to translate an emotional experience of a product into product 

design parameters7. The approach was basically to start off by identifying the domain of the 

product, i.e. who is the user, in which context is the product used and what functions the product  
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has. In the initial phase, delimitations should also be set. In the project, the focus area was 

limited to the door of the dishwasher. It was important to visualize the functional characteristics 

of the dishwasher door, and this was made through setting up a functional analysis8. Here all the 

functions of the door that a user will interact with were set.  

The most typical feature of Kansei engineering is the use of so called “Kansei words” 9. These 

words are most often adjectives, collected to describe the product. A large number of product 

characteristics are gathered and then clustered together, to identify a few representative words to 

describe the products. Usually the Kansei words are proposed by the designer or researcher3, but 

in the project another approach was chosen to identify the product characteristics. The choice fell 

on using user-centered design through the implementation of user studies. This was motivated by 

the believe that no one could better define the subjective impression of the product, than the user 

herself. Research concerning the emotional experience and subjective preferences in product 

design is often considered to be a vital part of the design process4. 

In the user study a large number of words were collected that describes the characteristics of the 

product. These were then clustered according to the Kansei methodology and connected to 

certain technical characteristics of the door, identified in the pre study. In this way the aim to 

translate the emotional experience of the door to product designs parameters could be achieved.  

As Liu3 mentions it is also important to consider to what extent a user will detect small 

differences in the aesthetic design of a product. It is vital to know when further enhancement of 

the perceived quality no longer is detected by the user and therefore no longer has a positive 

impact of the user experience. This was taken into account in the analysis of the user study 

results. 

2.3 Senses and decision making 

The perceived quality experience in a product will always be a combination of all the senses 

used6. For example, studies show that visual and haptic experience are connected and will affect 

one another10. The focus of the user study was not set on the visual sense, but since the nervous 

system combine data gained from vision and touch, it was important to keep it in mind in the 

analysis.  

When it comes to decision making, Jung claimed that there are two different kinds; impulsive 

and analytic. The impulsive decision making is fast, emotional and unconscious; the analytic 

decision making is reflective and made with reason. In the project it was assumed that the 

absolute first impression the customer get from the product on the shop floor and/or at home, is 

of the impulsive nature. It was therefore very important to consider this when setting up the user 

test scenario, to best imitate the actual scenario when approaching a DW on the shop floor or at 

home. 

Regarding the perceived acoustics of the door, the parameters of loudness and annoyance were 

assumed to be of importance for the user experience11. The area of perceived acoustics is 

complex and deeper analysis is not within the scope of the project. It is discussed what type of 

sound is comfortable and uncomfortable, but only in terms of sound pressure level. Other sound 

characteristics mentioned have not been measured and specified (such as distinctness and 

sharpness).  

 

2.4 User Interaction Study 

The user interaction study was set up as a usability test where qualitative data was collected 

through comments made, according to methods presented by Osvalder; Rose and Karlsson12.  
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Usability is usually measured against three criteria: effectiveness, efficiency and satisfaction. 

Effectiveness is a measure on how well the product functions fulfill their goal. Efficiency is a 

measurement on how well the user can use her cognitive and physical resources to achieve these 

goals. Satisfaction is the subjective user experience, which is the criterion in focus in the 

project13. 

 

2.5 Ergonomics 

Scientific articles and literature about ergonomics, grip force and handles have been studied in 

the process of evaluating the door design. When it comes to the ergonomics of grip design, it is 

generally preferred that the handle is designed to operate with a grip that generates a relatively 

high force. The power grip is the hand grip that generates the highest force, since it activates the 

powerful muscles in the forearm, upper arm and shoulder. The area of contact between the hand 

and handle shall be as large as possible, to enable the highest possible force of the hand. Sharp 

edges and localities shall be avoided since these also obstruct the grip. The position of the handle 

in relation to the body will also affect the force generated and transferred to the hand14.  
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3. THE PROCESS 

Electrolux implements a Product Development Process for Advanced Development Projects that 

was used also in this project. It consists of four phases, presented in the list below. Following is 

a more detailed description of the each phase and its content.  

 

Electrolux product development process: 

1. API (Pre study) 

2. ACP00 (User Interaction Study 1- UIS1) 

3. ACP0 (Solution and Verification) 

4. ACP1 Hardware and Solution (User Interaction Study 2 and 3- UIS2 and UIS3) 

The first part of the project was focused on human- product interaction, trying to answer the 

question: what is consumer optimized when it comes to operating a dish washer door? The 

solution was found through user testing, observations of user behavior and consumer research. 

The results from the user studies were the basis for developing a final concept, which was 

prototyped with modifications in areas found to be most critical regarding user experience. To 

investigate the validity of the results, they were put into additional user testing. 

Finally, the concept and process was analyzed and specifications for technical applications were 

set. All the results were finally delivered and presented in a Design Guideline report for the 

dishwasher door. This guideline can be used as a basis for further development of a dishwasher 

door with enhanced perceived quality.  
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3.1 API (Pre Study) 

The pre study was initially focused on defining the project task, through deciding what area of 

the DW that is perceived as being most important when it comes to the user´s perception of 

quality in the DW. After that, functional demands and delimitations were formulated in a Design 

Guideline, together with members of the R&D team, design team and marketing team.  

A functional analysis8 was made, to map the functions of the DW door in terms of technical 

functions and different user scenarios of operating the door. These were later considered in 

setting up the user study.  

 

Choice of task 

The door of a DW is the first contact point between the consumer and product, not least at the 

time of the purchase, and it is therefore of interest to optimize the users’ emotional experience of 

it. This has been the main reason for choosing the DW door as the focus area of the project.  

The product that has been the focus of the project are free- standing consumer DW ´s, which 

means it is not integrated into the surrounding kitchen interior, but only connected to water and 

power. The top of the DW might be connected to the worktop above to avoid tipping. It was 

decided not to include built-in DW´s since it was not possible to arrange a test set up where the 

DW´s were mounted into kitchen interior. To get a better idea of the product, an image of a 

typical free-standing DW from Electrolux is presented in figure 1 below. The door of the DW is 

attached to the tub of the DW with hinges at both sides. 

 

 

Figure 1. Front view of free-standing DW by Electrolux. 

 

Areas of interest 

In discussion with members of the R&D team, characteristics of the dishwasher door identified 

as interesting to investigate further in terms of perceived quality were collected, and these are 

presented in the list below. Attached to these characteristics are assumptions on what might offer 

a positive user experience.  
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             Enhanced door behavior aspects: 
 

- Stability – High Sturdiness 

- Auto balance area – Controlled door behavior 

- Force of opening/closing – Easy to open/close 

- Ergonomics – Soft End of travel 

- Auto lock angle – Self closing door 

- Maximum opening – 90 degrees fully opened position 

- Force of locking/unlocking- Easy to lock/unlock  

- Opening/closing motion- Even force curve through the movement  

- Sound of unlocking – Feedback  

 

The characteristics and validity of assumptions were investigated at a later stage in a user study. 
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Functional analysis 

 To get an overall picture of the functions of a DW door and make it easier to formulate and 

delineate the problem, functional analyses were carried out. Main functions has been identified 

and thereafter segmented into member functions. The method for formulating functions was to 

put a verb connected to a noun, in order to describe the function. 

 

IDENTIFYING FUNCTIONS 

 In the first functional analysis all identified functions of a freestanding consumer DW door were 

set up and sorted into categories Must Do, Should Do, and Could Do, see Figure 2.   

 

 

 
 

 

Figure 2. First functional analysis. 

 

 

The category Must Do represents essential functions that cannot be compromised and that the 

door today fulfills. The category Should Do include functions that the door should fulfill, and 

that is not essential functions but still a part of the basic characteristics of the door.   

The Could Do functions are either part of the dishwasher door functions today but believed to be 

optional in the near future (e.g. Display Status), or areas where there is room for improvement 

(Give Impression).  

The perceived quality of a DW is assumed to fall under the function “Give Impression”, and that 

is why it was looked into in more detail, see figure 3. The channels to give impression were 

identified as human senses, and these were individually segmented into technical parameters that 

will affect the given impression. Today the aesthetic design of a DW door is primarily focused on 

the visual appearance. In this project the visual design was not included as a factor in the process 

of developing a new concept, nor the smell of the product. In trying to define what parameters 

affect the perceived quality of operating the DW door, primarily the tactile experience (feel) and 

the perceived acoustics was examined.  
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Figure 3. Further segmentation of “Give Impression” functions. 

 

ANGLES OF FUNCTIONS 

The second functional analysis, originated from the first one. The objective of the second 

analysis was to identify at which angles the identified functions of the door can be operated.  

Here, both a conventional free-standing consumer DW and a professional DW were analyzed. 

The professional DW was analyzed because it has a different design and could be interesting to 

compare in terms of functionality. The operational angles were mainly identified as positions 

were the door is not moving and has certain functions. In addition to the function tables for a 

consumer DW and a professional DW, a proposal for a new DW door scenario was set up taken 

certain aspects into consideration, see figure 4-6 below.  

 

Locked 0° Closed 1° Autobalance X-90° Opened 90 °

Display Status X X

Seal DW X

Control DW X

Control Door X X X X

Release Steam X X

Prevent Drip X X X X

Access Upper Rack X X

Access Lower Rack X X

Hold Lower Rack X

Hold Steam X

Access Dispenser X X

Consumer DW Door , conventional

  

Figure 4. Functions of a consumer DW door at different angles. 

 

The positions of a consumer DW which a user can leave the door in are locked (0°), closed (but 

not locked, 1°), the area of Auto balance (2°-89°) and fully opened (90°).  
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Locked 0° Opened 90 °

Control Door X X

Release Steam X

Prevent Drip X X

Access Lower Rack X

Hold Lower Rack X

Professional Door, below counter

 
 

Figure 5. Functions of a professional DW door at different angles 

 

As displayed in Figure 5, both the functions and angles are significantly fewer in the professional 

DW, which is partly due to the fact that it is operated under different conditions, often in caterers. 

For instance it does not have a locking function since there is no need for it to be completely 

sealed during the washing cycle. The absence of a locking system also deletes the closed (but not 

locked, 1°) position. This will also mean that the door is aligned with the surrounding interior at 

all closed positions. The door has only two positions, fully opened or closed, and only one 

basket. The user interface and control panel is not placed on the door. It can be perceived as a 

much more simple and stripped design.  

In generating ideas for a new door concept the two prior tables have been the starting point. In 

the first functional analysis, features of what a future DW door could, should and must have, was 

established. These were based on input from members of design and R&D teams and considered 

in setting up the new DW door scenario, see figure 6. The new scenario was supposed to be an 

inspiration and guidance in the proceeding work and in determining what functions to investigate 

through user testing. 

 

 

Figure 6. Possible functions of a new DW door scenario at different angles. 

 

The top six are functions the door necessarily must fulfill. The next two are of a more optional 

character; the dispenser and control panel might be located elsewhere than the door, but likely to 

remain. The two last functions are the ones considered optional, might be removed from certain 

models in the near future.   

 

CONCLUSIONS FUNCTION ANALYSIS 

Functions to investigate further in the user test were selected based on the analysis and primarily 

the new door scenario as guideline. The project do not concern the visual aspects of the user 

interface, hence the display and control functions were deselected. The door functions to seal, 

release steam, prevent drip and align with kitchen were also deselected, since the user test were 

set up in a conference room and unplugged. The remaining functions that are important to 

Locked 0° Autobalance X-90° Opened 90 °

Seal DW X

Prevent Drip X X X

Access Upper Rack X X

Access Lower Rack X X

Hold Lower Rack X

Align with kitchen X

Control Door X X X

Access Dispenser X X

Display Status X

Control DW X

New DW Door Scenario
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include in the test to get a better view of how the DW door is handled are Access and hold the 

racks and Access to the dispenser. In the lists below the included and excluded functions are 

presented 

 

Functions investigated in the test: 

- Allow access upper rack 

- Allow access lower rack 

- Allow access third rack  

- Hold lower rack 

- Allow access Dispenser 

- Control Door 

Functions not included in test: 

- Display status 

- Seal DW 

- Release steam 

- Prevent drip 

- Control DW 

- Align with kitchen 

OTHER CONSIDERATION 

Additional aspects and considerations regarding the dishwasher door functions are presented in 

the paragraph below. The bases for these are primarily from prior FFF studies and ergonomic 

projects, which have been further developed to suit the project. 

Alignment 

As mentioned earlier, perfect alignment of the door in relation to surrounding interior should be 

the ambition in design a DW door.  The closed (but not locked position, 1°) prevents the door 

from being fully aligned at all closed positions, due to the door sealing and locking system. It is 

desirable to eliminate that angle from a new door concept. This should be kept in mind in the 

development process.  

Steam outlet 

The worst position in terms of damages from the steam on the surrounding interior is to leave a 

dishwasher door in the closed but not locked position, i.e. where the door is resting on the door 

sealing and the door lock latch and is not completely sealed. That is another reason for 

eliminating the closed (but not locked, 1°) angle.  

Change of Grip Area 

An ergonomic study, within the company, showed that the users change their grip when opening 

a DW door at app 12-45 degrees. Gripping of the handle is changed to gripping the top of the 

DW door in this area.  It should be investigated what the use experience of the Auto lock and 

Auto balance is in the area where the user changes her grip. The Auto lock feature might mean 

that the door will bounce back into closed position when the grip is altered2.  
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3.2 ACP00 (Creation of Ideas UIS1) 

The focus of the project was on the usability and perceived quality of products, and it was 

considered vital to include methods for user-centered design as an instrument in the phase of the 

project called Creation of ideas.  

A user study was carried out, in order to identify and specify the technical characteristics that 

affect the user experience when operating a dishwasher door. The result from the study was the 

basis for creating ideas for a new door concept, optimized to enhance the consumers’ perception 

of quality in the door. 

 

Initial learnings 

In the process of setting up the user study of the door, attending a consumer insight study in 

Hamburg provided some important learnings. The Hamburger study focused on the interior 

design of the dishwasher and therefore did not give any specific knowledge about the user 

experience of the door. However it did give useful guidance in methodology and approach which 

later was applied to the user testing.  

 

HAMBURGER STUDY 

The method used in the Hamburger study was a focus group set up. This is a qualitative research 

method in the form of an open discussion session led by a moderator. The aim was to identify 

consumer behavior, likes, dislikes, and frustrations in order to communicate the right storytelling 

connected to the product, using consumer language. In groups of four the participants interacted 

with three dishwashers of competitive brands, where the logos were silver taped to avoid brand 

recognition.  

The main learnings from the Hamburger study when it comes to approaching the participants are 

presented below: 

 
- INFORM. Be careful to inform the participants of the purpose of the session, and explain that it 

is an open discussion with no right or wrong answers.  Also inform that they are anonymous. 
This will make them more at ease and sure about the situation. 
 

- REPEAT. Frequently repeat the instructions on the tasks they are to perform and remind them 
of the focus of the test.  

 
- OPEN QUESTIONS. Do not post leading question and emotive comments. Try to be as neutral as 

possible to get accurate information on the experience of the participants. Avoid hypothetical 
questions, since these might generate only hypothetical answers.  

 
- REFLECT. After each task the participants should be allowed to reflect upon the experience. In 

this way articulate comments can be collected to a greater extent. 

 
- ALTERNATE.  Change the order in which the participants interact with the dishwashers.  

 
- RANK. Ask the participants to rank the machines at different steps of the test, to gain data that 

can be compared to the comments made.  

 
- SUMMARIZE. At the end of the session, ask the participants to summarize their experience.  
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User Interaction Study 1- UIS1 

The user studies on the dishwasher door were conducted as usability tests, where generally the 

user experience of a product is evaluated in terms of effectiveness, efficiency and satisfaction12. 

In this project the focus was on the satisfaction of the user. The participants are asked to perform 

certain tasks while an observer collects both qualitative and quantitative data and posts questions 

connected to the task and the way they are performed.  It is a session with a clear focus, but at 

the same time the observer should be open for different turns it might take, and shall not lead the 

participants other than give information on what tasks shall be performed. The participant is 

encouraged to “think out loud” and express their feelings of the experience. 

No statistical analysis was made from the result since the number of participants is limited to 12. 

However it is considered that 75-80% of all areas of usability problems are observed if 5-6 

persons participate in the study12.  

The test included a manageable number of tasks, and the first and last task is preferably simpler 

to make the participant feel at ease. The session should not last more than 30 minutes, both due 

to the difficulties in focusing much longer12 and the fact that the test is conducted during 

working hours and it might be hard to occupy the participants longer than this.   

The methods used in the study are a combination of qualitative and quantitative methods, 

through interviews, observations, think out loud- protocol, filming and surveys. It is considered 

an appropriate combination, due to the character of the study and the fact that soft data needs to 

be collected through comments and behavior observations. 

 

Used in this study: 

- Interviews 

- Observations 

- Think out loud protocol 

- Filming 

- Survey 

 

SETUP  

When planning for the test it is important to answer a number of questions: What is the aim of 

the test? Who are the participants? Which are the products and in which context are they 

presented? What tasks shall the participants perform and what data should be collected? Below 

the questions are answered one by one.  

Aim 

As mentioned in the beginning of this chapter, the aim of the user study is to identify and specify 

parameters that affect the user experience of operating the door. The focus is mainly about the 

emotional experience of the door connected to haptic perception (sense of touch) and the 

perception of forces and motions in the door. The impact of audio feedback is also considered. 

The visual design of the door is not in focus but since it might influence the participants overall 

perception of the door, it must be taken into consideration in the analysis of the test as well. 

Through using both qualitative and quantitative methods to collect test data, the ambition is to 

generate material which can be the basis for converting the soft data, such as comments and 

behavior, into technical data, such as forces, angles, frequencies etc. 
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Participants 

The test was held in the Electrolux head quarter in Stockholm in November 2012, and includes 

12 employees from different departments, such as IT, finance and marketing. 11 out of 12 

participants do not work in the dish care team, i.e. they do not have the experience of working 

specifically with dishwashers. Therefore their level of knowledge about dishwashers is assumed 

to be comparable to that of an average consumer. However, one person worked closely with 

dishwashers, but was still included to increase the number of participants. Prior to the test they 

were all asked to fill in a survey asking for important data such as gender, height, age and 

dishwasher habits, to be used in the succeeding analysis. The age and gender spread of the 

participants are presented in appendix B. 

Since the number of participants is limited to 12 persons and the fact that they are employees of 

Electrolux with a certain degree of education and represent only a couple of professions, the 

collected data has no statistical significance, i.e. no statistical analysis can be made based on the 

test result. Instead, the result is of qualitative nature and is meant to give deeper information and 

indications on what can be perceived as better or worse quality when it comes to dishwasher 

doors.  

Concepts 

The choice of products included in the test is mainly based on the outcome of a prior FFF study 

within the company. Four different DW concepts were picked, hereafter referred to as Concept A, 

B, C and D. 

Context  

The user test was conducted in a conference room at Electrolux Head office in Stockholm during 

three days in November 2012. This was not the natural environment for the DW`s (which would 

have been a kitchen), and therefore it was set to be as neutral as possible with few disruptive 

elements. It was also considered that it might be better compared to the situation on the shop 

floor, than the home kitchen. Hence, all unnecessary items and furniture were removed 

beforehand. The room was lit with regular pendants. A camera was rigged on a table to get a 

view of the whole test settings. One by one by one, the participants spend approximately 30 

minutes in the room during the test. 

Tasks  

The setup of the test consisted of 9 steps that the participants were taken through, presented in 

the list below. In every step the participants were encouraged to express their feelings and 

experience of the machines.  

 

 Steps: 

1. First Visual Impression 

2. First Touch Impression 

3. Unlocking 

4. Locking 

5. Handle 

6. Opening 

7. Closing 

8. Quality 

9. Ranking and summary 

Even though it was not a design aspect included in the project, in the First Visual Impression 

step the participants were asked to look at the four DW`s from a distance and express their 
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feelings on the visual design. This was made mainly since the visual design might affect the 

overall perception of the products, and in the analysis of the result from the study, it can be 

investigated if there is a correlation between perception of visual design and the perception of the 

quality of the door in other areas.  

The second step of the test, called First Touch Impression, the participants were asked to have a 

first feel of the machines, by opening and closing in an undirected way.  

In the following steps the participants were directed express their experience of specific parts of 

the DW`s, such as lock/unlock, handle, open/close and stability. At the end of the test, the 

participants were asked to rank the machines between themselves, in terms of feeling of the door, 

and summarize the overall experience   

The tasks the participants were asked to perform are presented shortly in the list below.  

 

Detailed steps/tasks: 

1. Unlock: Open the door a little bit. One DW at a time.  

2. Lock the door completely 

3. Handle: Feel the handle, open the door.  

4. Open the door completely 

5. Pull out the lower rack, put in a plate wherever you want one DW at a time. 

6. Close the door, one at a time.  

7. Open the door to put in a glass in the upper rack. Close the door 

8. Open the door. Place some cutlery in the cutlery basket. Close the door. 

9. Rank and summarize.  

 

Data 

The data collected focused on the behavior of the participants and comments they made. 

Methods used for collecting data are presented below: 

 
- Survey filled in by the participants in advance 

- Notes taken by Observer 

- Video filmning 

- Consumer segmentation survey filled in by the participants afterwards 

 

The participants were informed beforehand that the personal data they gave was treated 

confidentially and that they would be made anonymous in the final results. They were asked in 

advance whether they would agree to be filmed or not. It was communicated that the film 

material was only meant as a support for the notes taken and would not be publicly displayed.  
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3.3 ACP0 (Solution and Verification) 

In this phase the outcome of the first user study was analyzed and followed by significant 

technical measurements of the DW`s used in the test.  

 

Qualitative analysis: USI1  

The test was set up as an interactive interview, where the participants were encouraged to 

express their opinions and feelings about the different doors during the session, therefore the 

information gained was not any hard data. Instead, the result was of a more qualitative, 

subjective nature and needed to be handled differently than hard numbers. The comments were 

systemized using the Kansei method (presented in Chapter 2), where certain keywords were 

identified to enable the possibility to see structures in the collected material. This was later the 

basis for identifying and specifying important factors when developing a new dishwasher door.  

The 12 participants were handled as a group in the analysis of the test results, no selection on 

gender, height or age was made. This is motivated by the fact that no significant differences 

could be found regarding these parameters. 

It should be emphasized that from the beginning it was assumed that comfortable equals high 

perceived quality, and that this has been a common thread throughout the analysis. 

 

WHAT? - FIRST HAND COMMENTS 

To identify what is the most important when it comes to the user experience of the dishwasher 

door, the frequency of certain comments on the behavior of the door were analyzed. In addition 

to this, it has also be taken into consideration whether these comments arose in the First 

Impression Step, here called first hand comments, or if they arose at a later stage, during the 

review of the detailed parts (handle, lock/unlock, open/close), here called second hand 

comments.  

The first contact the participants have with the four dishwashers in the First Touch Impression 

Step was assumed to best represent the actual situation on the shop floor.  In the process of 

identifying what is important when it comes to perceived quality in the door (likes and dislikes), 

the comments made in this step were considered to be the most important. The comments 

generated in the Detailed steps of the test, instead gave more specific information on how the 

user would like the door to behave.  

 

HOW? - SECOND HAND COMMENTS 

In the Detailed steps, the participants were asked to focus on each part separately for a couple of 

minutes. It is here assumed that this to some extent puts attention to aspects which in the natural 

environment on the shop floor might be overlooked. Therefore the comments in the detailed 

steps are called second hand comments, and was valued lower if for some reason the comments 

in the First Touch Impression step and the Detailed step would differ and conflict. However, the 

information gained through comments in the Detailed steps of the test was extremely valuable in 

specifying the user experience. If it is clear that one machine is too hard to open, it is vital to also 

know what is not too hard. The next paragraph discusses the process of specifying the 

parameters. 

In the Detailed steps, more clearly formulated opinions and feelings were offered, that later was 

transferred into technical data. Transferring the feelings into specific data was facilitated by the 

fact that the dishwashers were also compared to each other. In this part of the analysis the 
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detailed steps of the test was considered. This was motivated by the fact that the same person 

might have said the same thing twice if you include the First Touch Impression.  

Since there was no specific correlation found between the visual experience of the DW doors and 

the experience of the (senso motoric) feeling of the DW doors, the step First Visual Impression 

step has been excluded from the analysis. 

All comments were collected from the film material and the notes taken during the test, and put 

in Excel sheets. The comments were then divided into positive and negative comments and 

sorted by keywords that represent similar comments concerning the same area. The number of 

comments related to each keyword and each concept is presented in columns for each step of the 

test. The overall number of comments connected to each keyword was also visualized, see 

appendix C. The analysis of the negative and positive comments on each concept was the basis 

for specifying a good or bad user experience in terms of perceived quality. The information in 

the tables has been visualized in charts in the following paragraphs. 

Quality  

The Quality step of the test that was excluded from the analysis, this was the step where 

comments were made concerning the quality of the door. It was hard for the participants to 

approach questions regarding the quality of the dishwasher door and they started to handle the 

DW in a constrained way. They asked question on what was the meaning of quality in this case, 

and the instructions became leading and were directed to the stability of the door, therefore this 

step was no basis for analysis of a subjective experience.  

 

  



 28 

Results UIS1 

In the last step of the user test the participants were asked to rank the DW`s, all four of them 

from Nr. 1 as the most liked to Nr 4 as the least liked DW. They had to choose one DW for each 

grade and could not put two DW`s at the same ranking position.   The result is presented below, 

in figure 7 and 8.  

 

  

Figure 7. Distribution of the four DW`s in regards to 1st hand choice and last (4th) hand choice. 

 

 

 

Figure 8. Spread of ranking results. 

 

MOST LIKED/DISLIKED  

The tables above show that Concept C was ranked nr 1 the most times. However, if you look at 

the spread Concept D has nine out of twelve rating in the top two positions and was not rated 

number four at any occasion. Concept C machine got the highest number of grades in the top and 

the bottom ranking. The conclusion made from this, was that Concept D is the most liked 

machine in its overall behavior and has no big issues that people are concerned with. Concept C 

on the other hand, has certain features that either put it in the top or bottom position, more 

detailed information on this is presented in the deeper analysis of the test and the comments 

made by the participants. Concept B had the worst ranking. 

To get a better understanding of why the four dishwashers earned their individual ranking, the 

frequent comments expressed by the participants throughout the test session were taken into 

consideration.  

The numbers above does not give information on which features have a greater impact on the 

overall user experience. To be able to answer the question “What is optimized when it comes to 
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user experience?, the comments attached to the rankings have been taken into consideration. It is 

evident that several factors have had an impact in the assessment of the dishwashers. However, it 

is also evident that some factors are more important than others, both when it comes to likes and 

dislikes. To deeper analyze the material; all areas of interest, all parts of the door have been gone 

through. Based on the frequency of different comments (good and bad), assumptions has been 

made about the impact on the user experience.  

 

NEGATIVE COMMENTS 

The frequency of negative comments made during the tests is presented in figure 9, by concepts 

or area of functions.  

  
Figure 9. Negative comments distributed over concepts and area of functions 

 

It is clear that the negative comments related to the unlocking/locking sequence had the highest 

frequency when it comes to user experience. When all the keyword categories directly related to 

this sequence, i.e. keyword categories 1-5: Hard/dull lock, Not completely closed, Non distinct 

locking, Bad locking sound and Auto lock was summed up, it shows that 71 out of 168 negative 

comments were related to the lock/unlock aspect. Include the category nr.6; Handle too low that 

has an impact on the force needed to lock/unlock, and it summed up to 76 comments. 

The remaining 97 comments (if not including Handle too low) mainly concerned the handle and 

the open/close sequence. Keyword categories 6-15 are related to the handle, i.e.  Handle too low, 

Lid unnecessary Concept C, Fingers caught, Plasticky, Uncomfortable, Bad gripping, Too tight, 

Perforation, Handle edges hard, Loose parts and Material.  In total that gives 51 negative 

comments on the handles.  Keyword categories 16-22 are related to the open/close sequence, i.e. 

Too much resistance open/close, Too little resistance open/close, Auto balance nice, Slams 

down, Squeaky, Heavy and Light. These categories represent the remaining 46 negative 

comments. 

In the category Lock/unlock the majority of negative comments were made regarding Concept B, 

see Figure 10.  

 

Figure 10. Negative comments unlock/lock regarding Concept B. 
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POSITIVE COMMENTS  

The frequency of positive comments made during the tests is presented below, by concept or 

area of functions, see figure 11.  

 

  
 

Figure 11. Positive comments distributed over dishwasher brands and functions. 

 

Out of the total 156 positive comments, 77 are made on the locking/unlocking sequence and 58 

on the open/close sequence.  The Keyword categories presenting the lock/unlock sequence are 1-

6, i.e. Easy (nice) to lock/unlock, Auto lock, Nice click sound (feedback), Mechanical feedback 

and Distinct locking. Category nr.6; Helps to close (5 comments) is related both to locking and 

closing and it is not obvious where it should be included. It is here assumed that it is more 

related to the locking since the comment “It helps to close” is interpreted as “makes closing and 

locking easier”, where locking is the final goal of the task. Keyword categories presenting the 

open/close sequence are 9-19, i.e. Comfortable/nice to open /close, End position defined, Easy, 

The right resistance to open/close, Easy to open/close, Even motion, Frictionless, Auto balance, 

Dampening, Silent, Stable and Light.. The remaining 20 comments concern the handle in the 

Keyword categories 7-8, i.e. Position of handle and Nice gripping. 

 

FIRST IMPRESSION STEP 

To determine which area was the most interested to proceed working on in the project, mainly 

the negative first hand comments made in the First Impression Step (as discussed in a previous 

paragraph) were considered. The distribution of negative comments in regards to functions is 

presented in Figure 12. However, the comments generated in the Detailed Steps and the First 

Impression Step does not differ and conflict. They all point at the same conclusion that based on 

this user study; the most critical sequence is the door locking system. 

  

 
Figure 12. Negative first hand comments. 
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As shown in figure 12, Concept B had the majority of the negative comments, (42 in total and 16 

First hand comment) in the test, and not a single positive remark.  

 

Second hand comments 

The results from the detailed steps in the user test, was used as basis for setting up the 

specification for an optimal door behavior in terms of perceived quality. The analyses of the 

comments and the specifications for the unlocking/locking/handle/opening/closing are presented 

in the following paragraphs. 

 

UNLOCKING/LOCKING 

Below are identified areas that will affect the user experience of locking/unlocking the DW door, 

based on the keywords presented in appendix C. This includes both categories with comments 

that the user expressively connected to the locking system, but also categories that will affect the 

force needed to lock/unlock even if not as obvious (i.e. grip design). They are listed in order of 

importance.  

 
1. Force of locking/unlocking  

2. Feedback (auditory/mechanical)  

3. Position of handle 

4. Grip design (space and form, material) 

5. Closing characteristics (the last part of movement before locking, if the door “helps” in locking 

or get more dull at that position, consider hinges) 

6. Auto lock: YES/NO 

To convert the comments made regarding the chosen area, “Unlocking/locking”, into technical 

data, measurements of forces, dimensions, distances and acoustics of the door was made.  In the 

following section, the measurement methods and outcome are presented related to each area of 

interest. The negative and positive comments are presented in the following paragraphs for each 

area of function.  

 

FORCE 

The spread of negative and positive comments over brands are presented in Figure 13.  

 

  

Figure 13. Positive and negative comments on forces on door lock distributed over brands. 

 

Concept C was the only door that did not get any negative comments about the unlocking force. 

On the contrary it had 9 positive comments on how easy it is to unlock, and also 9 comments on 

the easiness of locking. 
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Concept D got 5 comments on that it is “okay” to unlock and require just enough handling force, 

and 2 comments that it is too hard.  In locking the outcome was 5 positive comments. 

Concept A had 5 negative comments on the force in unlocking, saying it is too hard. When it 

comes to locking Concept A earns 5 positive comments on the easiness in locking the door, due 

to the fact that the Auto close/lock function reduces the force needed. Whether the participants 

like the Auto lock function or not, it is obvious that they appreciate the help it offers in locking. 

Three of the participants expressed a confusion regarding the Auto lock function and could not 

decide whether they liked it or not. Concept B got 12 negative comments about unlocking and 9 

about negative comments on locking.  

Specification of force  

All categories identified as important to the user experience and perceived quality in the testing 

has been specified, starting with the specification of the force. The goal for the unlocking force 

was the force in Concept C. The absolute maximum handling force in unlocking should be 

Concept D.  

For the locking the goal is to have a handling force in the area between Concept C and Concept 

D result. It is also desired to incorporate the “help” in locking that Concept A offers, i.e. a really 

low force is needed to lock the door, but in a locking system that still gives the opportunity to 

leave the door closed but unlocked as well.  

Force Measurements 

A dynamometer was used for measuring the maximum handling force required to unlock and 

lock. When measuring the unlocking force the dynamometer was placed at grip point on each 

handle, and when measuring the locking force it was placed at 1 cm from the top of the door 

front panel and pushed into locked position, see Figure 14. The points of measuring are assumed 

to best represent the gripping point in unlocking and locking. 

 

 
 

 

Figure 14. Measuring points for unlocking/locking. 
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The forces (N) in the four DW`s in UIS1 are presented in figure 15, due to the measuring 

technique, they do not represent the absolute force in the lock, but the force at the measuring 

points. To calculate the forces in the lock a balance equation is demonstrated in appendix D. 

 

 

 
 

Figure 15. Unlocking and locking forces measured at assumed grip point. 

Locking force needed 

The structure of the DW sets conditions for the design of the DW. Structural forces put on the 

door from the upper rack and gasket (sealing) in a typical consumer DW today, are presented in a 

table and picture below, figure 16. These must be considered in construction of the door lock.  

 

 
Figure 16. Structural forces on the door from upper rack and gasket. 

 

AUDITORY AND MECHANICAL FEEDBACK 

These two phenomenons have been merged into one category, due to difficulties in separating 

one from another in the test result. They represent categories 3-4 in the Negative comments 

table, and categories 3-5 in the Positive comments table. These all include comment about the 

feedback generated by the locking system; mechanical and audible. The frequency of comments 

is presented in Figure 17. 
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Figure 17. Comments on feedback from locking system. 

 

 It is clear that the clicking sound which Concept C generates is appreciated overall, 12 positive 

comments are made about feedback from the dishwasher ensuring the user that the door is 

locked/unlocked. 8 out of these 12 comments are made regarding the locking and 4 of the 

unlocking. Based on this it can be assumed that it is more important to know that the door is 

locked than unlocked.  The feedback comments are mainly related to the clicking sound of the 

lock, but there are some comments made about the distinctness of the lock. These might refer to 

the clicking sound, but could also refer to the haptic feedback in locking/unlocking the door. 

This is the reason for merging the categories.  

6 negative remarks were made about the locking feedback in Concept D, and concern the lack of 

auditory feedback and the indistinctness in the locking system. No positive remarks were made.  

Concept A generated 2 positive comments on the distinctness of the closing and two negative 

remarks about an unpleasant closing sound. Concept B generated 4 comments about the 

feedback, 3 negative and 1 positive. In this case the negative remarks were not about the lack of 

sound, but rather the character of the sound, that it sounds cheap and not premium, someone 

expressed it as “KABOOM”. The positive remark was made regarding the presence of feedback.  

Specification of feedback  

The conclusion is that auditory feedback is wanted, and preferably also haptic feedback. 

However, the character of the sound has to be considered and the goal should be to make it 

similar to the distinct sound from the Concept C machine and less like the sound generated by 

Concept B. 

Acoustic measurements 

The acoustic characteristics have not been defined for all DW concepts. In the prototyping phase 

acoustic measurements were performed on the final prototype and Concept B design to 

investigate improvements in terms of reduction of sound pressure level (dBA). 
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Handle Design 

The frequency of comments on the handle design is presented in figure 18.  

 

 

Figure 18. Comments on handle design. 

 

POSITION OF HANDLE 

The position of the handle did not gain much attention from the participants, 2 positive 

comments regarding Concept D and 3 negative regarding Concept B. Still, the remarks that were 

made are vital to consider, since they highlight the importance of the handle position in relation 

to the handling force required in locking/unlocking. Concept B differs from the other three 

concepts in terms of position of the handle. It is situated 6.5-11 cm lower than the handles of the 

other machines, and the remarks that were made suggest that it is situated too low. These 

comments came from both shorter and taller participants. 

Specification for position of handle  

Concept B was the only DW that gained negative comments on the height of the DW, saying it is 

too low. The gripping point of the handle is situated at 0,70m. Therefore the specification is to 

place the gripping point at a minimum of 0,765 m above the floor, i.e. the lowest height of the 

concepts that did not get any negative remarks. The more horizontal the pulling/pushing 

direction is when the door is operated, the less handling force is needed.  

The position of the handle has been measured in all the four concepts.  Below are the relations 

between Floor-Hinge-Handle presented in tables and pictures, see figure 19.  The relation 

between the hinge and the handle as well as the position of the handle above floor is of 

importance to the handling force experience. 
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Figure 19. Relation between floor-hinge-handle in door front panel. 

 

GRIP DESIGN 

The categories included in this area are, when it comes to Positive comments are: “Nice 

Gripping” and when it comes to Negative comments: categories 7-15. The user experience of the 

different grip designs varies a lot. But some patterns are visible in the user study result.  

Overall the shape and size of Concept B was appreciated (5 positive comments). However, it was 

observed by 3 participants that the plastic material in the handle yields when pulling it. This was 

also noted once in the Concept A door handle.  The yielding material meant that the door was 

perceived as cheap and of inferior quality. Some negative comments were also made over the 

perforated inside of the handle, and some over the lack of space. Moreover the Concept A handle 

got 4 negative comments spread among categories such as too tight, edges too hard and plastic. It 

gained 3 positive “Nice grip”- comments. 

The handle of Concept C gained 9 negative comments, and it was strongly disliked mainly due to 

the lid of the handle that was found to be disturbing and unnecessary, and the fact that fingers got 

caught inside the handle, due to the design with several loose parts.  The machine gained 2 

positive comments on the small button inside the handle which releases the lock.  The Concept D 

handle gained negative comments on the lack of space to fit hand (7 comments) and on the edges 

being too hard (2 comments). It gained 2 positive comments on the gripping.  

Specification for Grip Design 

Redesigning the handle is not within the framework of this project and from the user study most 

participants were satisfied with the solution offered by Concept B. However, the goal should be 

to encounter the discontent with the yielding material.  This can be achieved by dimensioning the 

force required to lock/unlock the door for minimal (perceived) yielding of the material in the 

door and handle. 

It is preferred that the handle is designed to operate with a grip that enables a relatively high 

force. The power grip is the hand grip that generates the highest force, since it activates the 

powerful muscles in the forearm, upper arm and shoulder. The area of contact between the hand 

and handle shall be as large as possible to enable the highest possible force of the hand, see 

figure 20. Sharp edges and localities shall be avoided since these also obstruct the grip strength. 

The DW door handle in Concept B is operated with an underhand palm grip, which is shown to 

be preferred to a pinch grip as offered by Concept D in increasing weight scenarios. There are 

also indications that this grip is preferred when operating an item in front of the body. In the 
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underhand palm grip, the load is primarily put on the palm of the hand which generates force 

from the arm and shoulder, i.e. a higher force is generated than in a finger grip14. 

 

 

Figure 20. The green represent the contact area with the handle, this should be as large as 

possible. 

 

Examples of different grip designs principals are presented in figure 21 illustrated on a chair. 

The DW´s in the user study offered either a pinch grip or a palm grip.  

 

 

 

Figure 21. Varying grip scenarios.  

Material Flexibility 

The perceived flexing of the handle and front panel material shall be avoided. The material 

flexibility shall be as low as possible, preferably as Concept D, which is 1/10 of the flexibility in 

Concept B. The flexibility of the material is illustrated in Figure 22.  

 

.  

Figure 22. Material flexibility behavior in free standing DW door.  

Measurement of door front flexibility 

A digital caliper was used to measure the flexing of the material in the door handle and front 

panel. The measurement carried out was the flexing of the front center part of the handle in 

relation the front panel. 
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AUTO LOCK 

Since the Auto lock function was not treated as a separate step in the user study, all comments on 

this has been gathered and analyzed. The category “Helps to close” has also been taken into 

account in this analysis since it represents the automatic experience of closing the door. The only 

machine in the test with this function was Concept A. A clear majority of the participants 

expressed concerns about this function, mainly due to the wide angle and high force with which 

it closes. The risk of getting fingers caught and concerns that the door will slam uncontrolled was 

frequently mentioned (6 comments). Some participants were confused about the Auto lock 

function, and could not decide whether they like it or not (3 comments). What the majority of 

them did like with the Auto lock function was that it facilitates the closing and locking sequence, 

8 appreciative comments were made on the easiness of just releasing the door when locking it. 

Concept D also got 3 appreciative comments on the fact that just little push will lock the door. In 

addition to this, several participants wanted to have the opportunity to close the door without 

locking it.  

Auto lock Specification 

To be investigated further. If the Auto lock function should be a door function, it should have a 

smaller angle and also less force in locking, to avoid slamming.  

 

STEAM ANGLE 

All participants were asked if they open the dishwasher when the cycles are completed, with the 

purpose of letting out steam to facilitate the drying process. 7 participants have a dishwasher at 

home and out of these 5 open the door afterwards to let out steam.  

It is evident that the user would like to have the possibility to leave the dishwasher door opened a 

few angles (set to app 5°) to let out steam, if the dishwasher does not contain a so called closed 

drying system. 

 

OPENING/CLOSING 

All 12 participants posted similar negative comments on the opening of the door in Concept B, 

concerning the force needed to push it down and the resistance being too high (i.e. the friction in 

the hinges). 5 participants also added that the force needed is higher at the bottom, which is 

strongly disliked. The closing of Concept B got 8 negative comments, related to the dullness of 

the door and the fact that it doesn´t close completely. 

Concept B had 3 positive comments about the Auto balance which was generally appreciated as 

a feature. Concept C had 8 positive comments about the easiness to open it. 5 negative comments 

were posted on that it falls too easy, in an uncontrolled way. Concept D had the most positive 

comments both on opening and closing.  The frequency of comments on opening and closing are 

presented in figure 23. 

  
 

Figure 23. Comments on opening and closing force. 
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Specification open/close 

Both Concept D and Concept C provided the most comfortable handling force (app. 10N) in 

opening and closing the door. Even more important than the handling force required, is the 

reduction of experienced friction. If the handling force is due to the weight of the door, it is more 

accepted (i.e. offers a better user experience) than if the force is connected to the friction of the 

hinges. 

The last part of the door travelling movement shall have the same or lower friction than the first 

part; preferably the friction at the last part of the door opening movement is reduced to the extent 

that the door falls by itself to the fully opened position. 

The bottom position of the door must be distinct and at an angle of 90°.  The distinctness means 

that the door stops and is fixed at this position and does not flex back. If it flexes back and stops 

at <90° the lower rack might not stop when pulled out completely, and instead role back into the 

DW. However, in the test the lower rack was not fully loaded (it only had a limited number of 

items loaded), and therefore such a scenario has not been taken into consideration. Concept C 

and Concept D were considered to have distinct end positions where the lower rack stopped 

when pulled out.  

Measurements open/close 

To measure the force required to open the door, the door was pushed with a dynamometer when 

it was at a distance of 10 cm from the tub. The door is pushed until it is fully opened in 3 

seconds. The door was pushed just until it touches the end position to avoid a peak value at this 

point. To measure the closing force, the door was pulled from the fully opened position to the 

locked position excluding the locking. The results are shown in figure 24. 

 

  
 

Figure 24. Opening and closing forces for all DW`s.  
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4. Hardware and solution (ACP1) 

To investigate the specifications made based on UIS1, four prototypes with modified door locks 

were constructed. The aim in the prototyping phase was to enhance the perceived quality in the 

area that was found most critical to the user experience in  the DW door with the lowest ranking   

from the user study .This was accomplished through the development of several prototypes. The 

prototypes were put into additional testing (UIS2 and UIS3) to investigate the importance of the 

parameters identified in the user testing and also to see if the methodology set up in the project 

was successful. The reason for choosing the DW with the lowest ranking was based on the 

assumption that if the worst case DW can be enhanced, the methodology can be applied to other 

door concepts.  

 

4.1 Prototyping 

Concept B was chosen as the machine to further develop and enhance since it gave the most 

negative user experience, mostly due to the locking system. The main target in the prototyping 

phase was to reduce the unlocking/locking force and also to some extent reduce the noise 

generated by the locking system in Concept B. The four prototypes all required different 

handling forces, with the intent to investigate the limits for comfortable unlocking and locking. 

Three of the prototypes were then put in a second user test (UIS2)along with Concept B to verify 

the results, and the prototype that got the highest score was put in a final user test (UIS3) against 

the top score DW`s from UIS1.  

The current door lock system is placed at the top of the inner door (inside). It locks in the 

horizontal direction, into a latch which is mounted on the tub of the DW. In figure 25 a principal 

sketch of the placement of the door lock is illustrated. 

 

 
 

Figure 25. Sketch of DW top view with placement of door lock and latch.  

 

 

Modified door locking 

Prototype 1 and Prototype 3 were redesigns of the current door lock solution. It consists of four 

parts and the locking force is generated with a spring. This design was modified to achieve lower 

handling forces in the two prototypes, see figure 26 for force values. 
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Soft Close door lock 

Prototype 2 consisted of an existing door lock prototype, called the “Soft close” door lock, which 

has a low force in locking; it requires only a small push. It has however a rather high force in 

unlocking, see figure 26 for force values.  

 

Fridge magnet locking 

In Prototype 4 the door lock had been replaced with a magnet placed where the door sealing is 

normally situated. The magnet is of the kind used in fridge doors, and the idea was generated 

during a brainstorming session. The focus of the brainstorming was to come up with alternative 

ideas for a locking system that would solve the issue of alignment of the door at all closed 

positions, at the same time as offering a good user experience in terms of forces etc. The magnet 

lock concept was considered interesting to investigate further, therefore a prototype was built. 

Prototype 4 was initially included in the second user study UIS2 but was excluded rather quickly 

since five participants perceived the door behavior as strange and without a locking system. They 

thought it was broken or not completed, which took a lot of focus in the test. It was obvious that 

the unlocking/locking force was way too low, and the feedback almost nonexistent, therefore the 

prototype was excluded.  

 The door locks included in the second user study UIS2 were finally Prototype 1, 2, 3 and 

Concept B.  

 

Acoustics 

Initially, the plan was to exclude the acoustic characteristics of the door lock completely, due to 

the complexity of the matter and lack of time to make proper measurements. It was however 

quite early in the analysis of UIS1 clear that the acoustic feedback cannot be separated from the 

user experience of the door locking. It has a great impact of the overall experience and affects 

the way users perceive both force and feedback. This is why, it was important to include the 

acoustic aspects to some extent, even if no clear specification for acoustic characteristics could 

be set. Perceived quality of sound is a complex field of knowledge, and deeper analysis was not 

within the scope of the project. This is the reason for limiting the sound analysis to 

measurements of the final prototype and Concept B. The parameters measured were limited to 

sound pressure level (dBA) and frequency (Hz), see figure 29 in Chapter 5 for measurement 

values.  

 

Forces  

The forces in the prototypes were measured with a dynamometer in the same way as earlier 

measurements. The forces of the prototypes are presented in figure 26 along with Concept B, all 

four DW´s that were included in UIS2.  
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Figure 26. The forces of the three prototypes and Concept B. 

4.2 User Interaction Study 2- UIS2 

The main target with UIS2 was to verify the outcome of UIS1 and see if the limits for 

comfortable unlocking/locking forces could be delimited even more specific than from the first 

round. It was obvious that the DW`s with the lowest force in unlocking/locking gained the best 

score in UIS1, but it was of interest to investigate where the upper and lower threshold for a 

positive user experience is when it comes to handling force.  

 

Results UIS2 

The results from UIS2 are presented in appendix E. Only the first user study is presented in detail 

in the report, the other two (UIS2 and UIS3) are put into the appendix. The reason for presenting 

UIS1 results in detail in the report is to clearly demonstrate the methodology used.  

It was clear that Prototype 1 was preferred over the Concept B lock, and also over the other 

prototypes, due to its relatively low handling force.  Prototype 1 was therefore later put into the 

third and last user study, UIS3. 

 

4.3 User Interaction Study 3- UIS3 

In the third user interaction study, UIS3, five DW`s were included. The main target was to see 

how the winning prototype from UIS2 stood against other existing concepts. The two top score 

DW`s from UIS1 were included alongside with two additional DW`s that were considered 

interesting to look at from a benchmarking point of view. The forces of the DW´s and results 

from UIS3 are presented in appendix F. 

 

Results UIS3 

It was important to consider that the results from UIS3 were not fully comparable with the results 

from UIS1, due to the different set ups of DW`s. However, when comparing how the prototype 

stood against the two DW`s that were also included in UIS1, it was clear that Prototype 1 was 

ranked higher than one, and as good as the other. When looking at the overall ranking, the two 

additional DW`s in the test were ranked highest.  
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4.4 Reflections UIS2 and UIS3 

Additional findings to UIS1 from the analysis of UIS2 and UIS3 are presented below. These 

were brought into the Design Guideline along with the results from UIS1 for final specification 

on door behavior.  

 

Force 

When a handling force above 55N is required it is clearly perceived as uncomfortable. Even at 

43N a couple of participants thought the handling force was a little bit too high, but acceptable. 

Most participants however thought that 43 N provided a comfortable unlocking experience; 

therefore the upper limit for a comfortable unlocking force is set at app 45N.  

When it comes to locking force, the specifications get more complex. Prototype 1 had a locking 

force of 36N and gained as many positive as negative comments in that area in total. The 

concepts with a lower locking force, around 24N and less, did not gain any negative comments 

on force needed. Based on this the unlocking force should be at a maximum of 35N and 

preferably around 25N or less. The negative experience of the locking system with a locking 

force of 36N was connected to the need for an “extra push” at the end of the closing sequence. A 

positive locking experience is connected to the notion that the door “helps to close” itself, as the 

Auto lock feature or easiness of locking that certain DW`s offer. Figure 27 presents an illustration 

of positive and negative user experience of locking in terms of force in relation to path. This 

illustration is based on the comments made during the user studies, and might not correlate with 

the actual locking force/path curve. 

 

 

 

Figure 27. Illustration of negative and positive experience of force character in locking 

translated based on comments made in UIS3. 

Auto lock and Auto balance 

In UIS1 the Auto lock feature was not appreciated, since it has such a wide Auto lock angle and it 

was perceived that it slammed into locked position. What is clear is that the top score DW in 

UIS3 is most liked mainly due to its Auto lock feature. The Auto lock angle is defined as the 

distance from the the top of the door to the top of the tub when the door is balanced, just before it 

closes on its own. Concept E in UIS3 is closed at a distance of <0,20m (measured from top of the 

door to the tub of the DW) and Concept A in UIS1 is closed at <0,49m. The smaller Auto lock 

angle is assumed to be the reason why the Auto lock function in UIS3 is appreciated. Both in 

UIS1 and UIS3 comments were made about that the Auto lock angle should be even smaller.  
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In addition to this, many of the participants liked the balanced feature and want to able to leave 

the door opened at a small angle to let out steam The conclusion is, that to achieve a comfortable 

opening experience that meets the needs of as many as possible, a Auto lock feature with a small 

Auto lock angle that can be balanced to let out steam. The overall conclusion is that the Auto lock 

should start at <12°, the minimum angle where people change grip in the opening sequence 

(Chapter 1), to avoid the risk of the door slamming when the user changes grip. Several 

participants also wanted to be able to leave the door closed but not locked. To combine the Auto 

lock feature with these requirements the conclusion is that the door should be Auto locked at a 

certain amount of force, and that it should not be Auto locked if positioned in the closed but not 

locked position with a lower amount of force.   

 

Feedback 

The uncertainty Prototype 1 awakes regarding if the door is really closed or not, indicates that 

there is a lack of convincing feedback. The question “Is it closed?” was posted several times. In 

general it seems that feature which awakes confusions and uncertainty are the most negative 

comments to the overall experience.  A more distinct mechanical feedback as in the top score 

DW`s from UIS3 is preferred.  

 

Material flexibility 

No comments were made on flexing material in the door of Prototype 1, which is positive, and it 

is thereby assumed that the perceived flexibility in the material is eliminated.  

 

Handle Design 

The low position of the handle in the prototype is still an issue, even though the 

unlocking/locking experience has been increased. The DW handles that offers the largest 

gripping surface and the most space gives the most positive grip experience and are perceived as 

ergonomic. 
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5. RESULTS 

The result in the project are mainly three deliverables (apart from the report), it is demonstrated 

in the list below and then presented in more detail.  

 
1. Design Guideline 

2. The final Prototype 

3. Recordal of invention 

5.1 Design Guideline 

Based on the outcome of the user research along with other technical aspects of importance, a 

Design Guideline has been compiled for Electrolux internal use only. It is a specification for a 

door behavior design optimized to enhance the perceived quality of the DW, with a special focus 

on the door lock characteristics, in terms of as angles, forces, acoustic and dimensions. It is 

intended to function as guidance in the proceeding development work of the door. It gives 

guidance in how to design a door for a good user experience, as well as an overview of other 

technical aspects that need to be considered. The guidelines are presented as door behavior and 

functions at different angles. Additional properties important to consider in designing the DW 

door are also presented. Figure 28 below shows the different angles and areas identified and 

specified in the Design Guideline. 

 

Figure 28. Angels of functions identified and specified in the project. 

 

The angles presented in figure 28 are shortly demonstrated in the following section. The 

behavior and characteristics at the angles is presented in depth in the Design Guideline. 

Angles: 

0°: Locked position 

1°: Closed but not locked position 

5°: Steam outlet 

12°: Minimum change of grip angle 

60°: End of travel starts 

90°: Fully opened.  
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The most critical issue, i.e. the handling force in the lock, has been specified according to 

thresholds for a comfortable/uncomfortable user experience, see figure 29.  

 

 
Figure 29. Table over handling forces for comfortable/uncomfortable user experience. 

 

5.2 Final Prototype 

The second part of the delivery is the final door lock prototype, Prototype 1. It offers an 

enhancement of the perceived quality in the DW door, achieved through a prototype with a 

modified door lock system. However, it still needs improvement to achieve optimal experience 

of quality. The issues addressed in the prototype are presented in the list below: 

 
1. Handling force 

2. Disturbing feedback (in terms of sound pressure level dBA) 

3. Flexing of material in handle and door panel. 

The prototype has a handling force for unlocking/locking that is perceived as comfortable. It has 

also been demonstrated that a reduction in the sound pressure level of app. 6 dBA eliminates the 

disturbing noise, see figure 30. The prototype does not offer informative feedback that is 

satisfactory enough to the user. It should also be noted that the values presented figure 30 are the 

results of measuring two DW`s, one perceived as comfortable in terms of sound level and one 

perceived as too loud. The actual threshold for what is comfortable might be somewhere in 

between these values.   

 

 

 
Figure 30. Max and mean level for sound pressure (in dBA) for Concept B and Prototype 1. 

 

When it comes to the perceived flexing of the handle it seems to be eliminated by the prototype, 

due to the reduced handling force needed in unlocking. 

Issues not addressed but considered as important for the perceived quality are presented in the 

list below. 

      Not addressed issues: 

1. Position of handle 

2. Grip design 

3. Informativ feedback 
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5.3 Recordal of Invention (ROI) 

 A “Recordal of Invention” (ROI) has been submitted at Electrolux. It is a documented 

description of the technological background of the door lock invention and a description of the 

new door lock solution. ROI is an initiation of the patent application process, where the ROI is 

the basis for a patentability study.  
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6. DISCUSSION AND CONCLUSIONS 

In this section the results are discussed and conclusions are made in relation to the hypothesis 

set up and questions asked in the first Chapter 1  

6.1 Discussion 

When it comes to user-centered design it is important to remember that there are no absolute 

truths. The assumptions made, based on the material collected in the project are not to be seen as 

statistical, but instead as indications for what might be important in the design process when it 

comes to perceived quality. The setup of the user studies will drive the results of the study. For 

example, if four other concepts were chosen as products to evaluate, it might have provided 

comments and results that led to other conclusion than in this project. In the process of 

systemizing the soft data from the user studies, the comments have been interpreted based on my 

own judgment. Perhaps another investigator would have interpreted the data differently. 

In spite of all these reservations, it is clear that the methodology to some extent was successful, 

since the verification of the results had a positive outcome.  

In retrospect I was perhaps too focused on the negative comments in the analysis of the user 

study. Afterwards I have realized that Concept D actually got good grades in the first study, in 

spite of hard unlocking force, and that the low locking force might have been the reason for good 

ranking. It indicate that a low locking force is more important than a low unlocking force, 

meaning it could have been beneficial to put more effort into a low locking force in the 

prototyping phase. 

The biggest challenge in the project was to relate to the aspect of acoustic feedback from the 

system. Initially, it was decided to focus on the handling forces primarily and the acoustics 

secondly. As it turned out, the perceived acoustic feedback was a vital part of the user 

experience. It was however not within the scope of the project to conduct deeper sound analysis 

and measurements, which I consider necessary to describe the optimal user experience in terms 

of perceived quality of the door lock. Deeper analysis of perceived sound should be a natural part 

of proceeding FFF work on the DW.   

As shown in the results, it is hard to implement the low handling forces, due to forces needed to 

seal the DW. It is of great importance to overlook if the needed forces can be minimized. 

 

6.2 Conclusions 

Several conclusions and assumptions have been made based on the outcome of the three user 

studies. The main conclusion is that the perceived quality of a product can be enhanced through 

methods of user-centered design. It is also concluded that the methodology set up in the project 

can be used in further product development of the door.  

It was also shown that a reduction of handling force will enhance the perceived quality of the 

DW door. It is evident that haptic and acoustic feedback cannot be separated from each other or 

the overall experience of the DW door system.  
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7. FUTURE 
 

Suggestions for future work are presented below.  

 

7.1 Future work 

Suggestion for future work is to implement the findings presented in the report in the proceeding 

work with the DW door design. The Design Guideline needs to be supplemented with deeper 

analysis of the acoustic and haptic feedback of the door lock system, in order to achieve an 

optimal user experience. It is also vital to include more precise methods of measuring the 

parameters, for instance it is of interest to measure not only the peak values for handling forces, 

but also the force in relation to the path it travels. When looking at the door it is important to 

included other aspects than the door lock, since the door it is a connected system were all 

components will affect the overall user experience of quality. The Design Guideline provided in 

the project is supposed to work as a dynamic document, which can be complemented and 

modified when significant information and new findings are obtained.  
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APPENDIX A: SWOT ANALYSIS 
 

SWOT is a business planning tool which advantageously can be applied to a product 

development process. The purpose is to get an overview of the project in the early phase of a 

product development process, through identifying strengths, weaknesses, opportunities and 

threats. The Strengths (S) and Weaknesses (W) treat the internal factors that can influence the 

process and the Opportunities (O) and Threats (T) are focusing on more general tendencies in 

society such as market trends, competitor’s actions and political and demographical aspects. The 

analysis can be presented in a matrix to clearly visualize the parameters. 

 

Intern relations 

S - Strengths  
W – Weaknesses 

  
Extern relations  

O - Opportunities 
T - Threats  
 

S W 

O T 

 

Door Project Analysis 

Strengths: There is lot of enthusiasm within the company for this type of projects; management 

has requested more focus on the FFF of products. 

 

Weaknesses: The result from user studies might indicate the need for a much more complex 

structure of the door then the existing one. The cost for a door might exceed the limits for what is 

acceptable.  Setting up the user studies might take longer than the time plan allows, and since the 

outcome of the studies will be the basis for the Concept Evaluation, the ACP00- phase (Creation 

of ideas) will be extended a couple of weeks, entering the ACP0 when the studies have been 

carried out and the analyzing and summary begins. This means the ACP00 phase will be longer 

than initially planned; consequently the following phases will be shortened. 

 

Opportunities: Nowadays consumers often take product reliability for granted, i.e. the product 

and its technical functions are expected to perform at its best, and since lots of products meet 

these expectations it is not much of a unique selling point to offer high technical performance. 

This means an opportunity for Electrolux to put a greater focus on the user experience through 

aesthetic design and perceived quality of products. 

 

There is also little that has been done in the area of perceived quality when it comes to the 

“feeling” of the DW. Most DW`s look the same inside, and the door operates generally the same 

way, varying a little bit in required force to open and area of auto balance. From a quick 

benchmarking it seems like there is nothing on the market that has a higher level of quality in the 

experience of opening and closing the DW door. Not even the high end integrated kitchen 

systems have a more sophisticated design/construction. The structure for dish washers is the 

same in low range and high range.  

 



 53 

Threats: Competitors might be faster on the market with a similar product feature, or a 

completely different dish washer where the whole architecture has been altered and therefore 

making it a more unique product. 

 

Summary 

Market leaders 

Support from colleagues/management 

Cost 

Project delays due to user studies  

Unique selling point 

Innovative 
Competitors activity on market 
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APPENDIX B: Age and gender spread in UIS1 
 

 

 

 
Figure 31. The purple graphics represent the female participants and the green represent the 

males. 
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APPENDIX C: Keyword Categories UIS1 
 

 

 

 
 

 
  

Negative Keyword categories Nr of  comments

1 Hard/dull lock 42

2 Not completely closed 4

3 Non distinct locking 15

4 Bad locking sound 4

5 Autolock 6

6 Handle too low 5

7 Lid unnecessary ASKO 9

8 Fingers caught 6

9 Plasticky 3

10 Uncomfortable 1

11 Too tight (bad gripping) 12

12 Perforation 4

13 Handle edges hard 3

14 Loose parts 4

15 Material Yielding 4

16 Too much resistance open/close 22

17 Too little resistant open/close 11

18 Autobalance 2

19 Slams down 1

20 Squeaky 5

21 Heavy 4

22 Light 1

Total 168

Positive Keyword categories Nr of  comments

1 Easy (nice) to lock/unlock (right resistance) 43

2 Autolock 5

3 Nice click sound (feedback) 9

4 Mechanical feedback 5

5 Distinct locking 9

6 Helps to close 6

7 Position of handle 3

8 Nice gripping 17

9 End position defined 6

10 The right resistance open/close 8

11 Nice to open/close 7

12 Easy to open/close 15

13 Even motion 3

14 Frictionless 2

15 Autobalance (controlled) 8

16 Dampening 1

17 Silent 2

18 Stable 6

19 Light 1

Total 156
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APPENDIX D: Estimation of forces in lock 
 

To estimate the pulling forces in the lock (𝐹𝑝𝑢𝑙𝑙_𝑙𝑜𝑐𝑘) based on the forces measured in the handle 

(𝐹𝑝𝑢𝑙𝑙_𝑔𝑟𝑖𝑝) for the DW´s used in UIS1, a balance equation has been set up.   

  

𝑀𝑝𝑢𝑙𝑙 = 𝐹𝑝𝑢𝑙𝑙_𝑔𝑟𝑖𝑝 × 𝑙𝑔𝑟𝑖𝑝 = 𝐹𝑝𝑢𝑙𝑙_𝑙𝑜𝑐𝑘 × 𝑙𝑙𝑜𝑐𝑘   (1) 

 

 

𝐹𝑝𝑢𝑙𝑙_𝑙𝑜𝑐𝑘 =
𝐹𝑝𝑢𝑙𝑙_𝑔𝑟𝑖𝑝×𝑙𝑔𝑟𝑖𝑝

𝑙𝑙𝑜𝑐𝑘
     (2) 

 

Figure 32. Illustration of the force scenario. 

 

Figure 33 demonstrates the reduced handling force (𝐹𝑝𝑢𝑙𝑙_𝑔𝑟𝑖𝑝_𝑚𝑜𝑑𝑖𝑓𝑖𝑒𝑑) when moving the handle 

to a higher position. 

 

Unlocking force values lgrip (m) Fpull_grip (N) llock (m) Fpull_lock (N) 

Concept A 1 71 1 67 

Concept B 1 76 1 64 

Concept C 1 20 1 19 

Concept D 1 57 1 57 

 

Figure 33. Table of dimension and forces in the four DW concepts. 

 

The relative position to the lock should be the same as Concept C (3 cm from handle), but with a 

grip that has” enough space”. (as Concept B). According to the user study results Concept D and 

Concept A had a too thin handle, therefore it needs to be placed a little bit lower to allow enough 

space inside (measure the space).  

 

                           𝐹𝑝𝑢𝑙𝑙_𝑔𝑟𝑖𝑝_𝑚𝑜𝑑𝑖𝑓𝑖𝑒𝑑 =
𝐹𝑝𝑢𝑙𝑙_𝑙𝑜𝑐𝑘×𝑙𝑙𝑜𝑐𝑘

𝑙𝑔𝑟𝑖𝑝_𝑚𝑜𝑑𝑖𝑓𝑖𝑒𝑑
=

63,935×0,65

0,62
= 67𝑁                      (3) 

 

By moving the handle 3 cm up, the handling force will be reduced by 9N.  
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APPENDIX E: UIS2 RESULTS 
 

 

In both UIS2 and UIS3 the presentation of the analysis is not presented in the same detailed way 

as the UIS1 results. The material was analyzed in the same way as in UIS1 and therefore it was 

considered unnecessary to demonstrate the whole process again. 

 

11 participants performed the test, among them five women and six men. It included four DW´s; 

three of these were the prototypes with modified door locks, presented in the previous chapter. 

The fourth was Concept B used in the first user study. The prototypes were mounted into doors 

as similar to Concept B as possible, but since only two DW´s of the exact same model were 

available, two additional DW´s similar to the model used in Concept B.  However, there were 

some minor differences in the structure of the doors that might have had an impact on the user 

experience. Apart from different user interface in terms buttons, was an almost unnoticeable 

difference in the handle design, this was later addressed in the analysis.    See Figure 34 for the 

user test settings.  

 

 
Figure 34. DW set up of UIS2. 

 

In the Concept B DW, the lock was replaced with a new one, since the force had decreased due to 

intensive usage during the project. In Figure 35 the handling forces measured in all four DW´s 

are presented. 

 

  
Figure 35. Unlock/lock forces in the DW´s used in UIS2. 

 

User test settings 

The second user test had the same set up as the first one, with First Impression Steps followed by 

Detailed Steps. However, the Detailed steps were limited to the unlocking and locking of the 

DW. The participants were informed that the focus of the test was on the user experience of 
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opening and closing of the DW doors. Some of the participants opposed to being video filmed 

during the test session, therefore this method was excluded from UIS2 and later also UIS3. This 

did not obstruct the data collecting since the test was minor compared to UIS1. The result from 

the test is presented below. The test was conducted in the same room as UIS1.  

 

Result USI2  

Since the set up and focus of the UIS2 was also related to feelings and the subjective perception 

of the user, the same qualitative analysis method has been used, where important keywords (or 

Kansei words) have been identified and grouped. The ranking of the machines has also been 

analyzed in the same way as in UIS1.  

 

FIRST TOUCH IMPRESSIONS 

In the first step, first hand comments were collected and the participants were asked to rank the 

machines, the result is presented in Figure 36-37 below.  

  

  
Figure 36. The spread of the firsthand and lasthand choice among the participants. 

 

Prototype 1 was ranked Nr 1 six times and Prototype 2 was ranked nr 1 four times, see Figure 

41. Most evident in the bottom ranking was the fact that the Concept B was put at 4th place no 

less than 9 times 

Looking at how the machines were ranked from 1st choice to 4th choice, some more information 

can be obtained. Among the prototypes, it was Prototype 1 that received the best overall score 

closely followed be Prototype 2, see Figure 37 for spread of ranking.  

 

 

Figure 37. Spread of results from UIS2. 

DETAILED STEPS 

In the analysis of the Detailed steps, every unique comment for each user was included. The 

comments are divided into three areas; force, feedback and handle design, presented one by one 

in the following section. 
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Force 

The frequency of positive and negative comments regarding the unlocking and locking force is 

presented in Figure 38. 

  

  
Figure 38. Positive and negative comments on unlocking and locking. 

 

Prototype 2 gained nine positive comments, on how it is really easy and nice in locking. 

Prototype 1 had four positive comments, also relating to the easiness of locking and that it has a 

definite close. Prototype 1 and 3 had several comments on the easiness to unlock the door. 

Concept B gained 10 and Prototype 2 gained 8 negative comments regarding the unlocking 

sequence. All these expressed that the force of unlocking was too high, and worst in Concept B. 

The negative comments on the other two DW´s instead expressed that the force was too low.  

Concept B and Prototype 3 had a lot of negative comments also on the locking. In the same way 

as in the unlocking sequence, the comments expressed that the Concept B demanded way too 

much force, and Prototype 3 does not really feel closed, feels loose and not definite. It also 

seems like it isn´t pulled in enough.  

Feedback  

The feedback comment concern primarily perceived acoustic feedback but also perceived 

mechanical feedback. In Figure 39 the result regarding feedback is presented. 

 

 

 

Figure 39. Negative and positive comments on feedback.  

 

Prototype 1 and 3 had several positive comments on how subtle and quite the unlocking sound 

is. On the other hand, Prototype 1 gained four negative comments on the lack of feedback in 

locking. Prototype 2 had five positive comments on a distinct locking feedback with a nice 

“clunck”, the negative comments meant that the sound is mechanical and you can hear the spring 

in the lock. The negative comment made on the Concept B concerns that the locking has a 

resonating noise, and sounds hollow and plastic. It was also mentioned once that you can hear 

the spring from inside.   
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Handle design 

Not many comments arose around the design of the handles, perhaps because all the DW´s had 

the same design in general and because it was not a separate step in the study. One participant 

mentioned that the handles on all DW´s were too low, and there were two comments on the 

flexing material in Prototype 2 and the Concept B (the ones with the highest unlocking force). 

Two participants expressed a like for the perforated handle and two would have wanted a button 

or snap function in the handle. 

 

 

Reflections UIS2 

It is after the analysis of UIS2 assumed that the difference in handle design was negligible in 

terms of user experience since no comments were made on this. The only thing commented was 

that the handles were alike.   

 

The rather even results from UIS2 and the fact that two different models were used, led to the 

need of an additional test, where the two high score locking solutions from UIS2 were compared 

again but same model, i.e. the same as Concept B locking was put into. The conclusion from 

UIS2 was that Prototype 1 got the overall best score. The purpose of the additional test was to 

investigate if it still was preferred over the second best Prototype (Nr 2) if both the locking 

system were put in the same model (which was the model used in the Concept B).  

 

UIS2.1 Additional clarification test 

The test included three participants, two females and one male. It was clear that all three of them 

preferred Prototype 1 over Prototype 2, due to the less force required in opening. However, one 

of the participants requested a more distinct “click” to be reassured that the locking is completed, 

the feedback experience from Prototype 2 was better. Since all of them choose Prototype 1 this 

was the basis for choosing Prototype 1 in the third user study UIS3.  
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APPENDIX F: UIS3 RESULTS 
 

In the same way as UIS2, the analysis from UIS3 is presented in a summary, since the methods 

used was the same as in UIS1. 

 

User test settings 

The setup for the third user study UIS3 included the top two DW´s from the first user test, 

Prototype 1, and two additional DW´s which were considered interesting from a benchmarking 

point of view. If comparison was to be made between the results from UIS1 and UIS3, the fact 

that the set up was not the same should be taken into account.  

 

In UIS3 the same method as in earlier studies was used. The test was limited to focus on the First 

Touch Impression and the Detailed steps in terms of unlocking/locking experience.  

 

The forces for unlocking and locking for the DW´s in the study are compiled in Figure 40. 

 

 

 

Figure 40. Unlocking and locking forces in UIS3 DW´s. 

 

 

Results UIS3 

UIS3 was analyzed in the same way as UIS1 and UIS2 and the results are presented in the same 

order in the following paragraphs. It is necessary to point out once again that the material does 

not constitute the basis for statistical analysis. Therefore the ranking is only seen as an indication 

on what might be more or less important to the user experience in terms of perceived quality. 

 

FIRST TOUCH IMPRESSION 

In UIS3 the participants were asked to rank the DW´s, this time directly after the First Touch 

Impression step. It was clear that Concept E had the most firsthand choice votes, followed by 

Concept F. Concept D was the only machine that was not ranked Nr 1 by anyone, see figure 41. 
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Figure 41. Spread of first hand choice and last hand choice in ranking.  

When it comes to the bottom ranking Concept C was put at 4th place 5 times and it is assumed it 

was the least liked machine. Prototype 1 was put last three times and Concept E two times.  

If you look at the spread of the ranking overall, the result is sprawling, see Figure 42. All the 

machines except Concept D were put both at first and last place in ranking. Concept D had most 

votes in the 4th place and less in third and second place. Prototype 1 had the most spread results 

and is represented in all the ranking positions.  

 

 

 

Figure 42. Spread of ranking from 1 to 5.  

 

The conclusion is that Concept E had the best overall scoring, closely followed by Concept F. 

Concept D and Prototype 1 has a bit different ranking profiles but the average score is app the 

same. The average grading is presented in figure 43. The differences are not conspicuous and no 

basis for statistical analysis. 

 

 

Table 43. Average score from UIS3. 

 

In the same way as in UIS1 the number of positive comments is lower than the number of 

negative ones, see figure 44. Since the focus of the UIS3 was the unlocking/locking of the DW, it 

naturally generated most comments in that area. Comments regarding the force required were 

most frequent. The category called “Other” concern comments not related to the 

Unlocking/locking experience.  

 

Concept D Concept E Concept F Prototype 1 Concept C

Average (Scale 1-5) 3,3 2,3 2,4 3,3 3,8
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Figure 44. Spread of comments on parameters. 

 

The unlocking/locking was the area that generated most negative comments in the First 

Impression Step, just as in UIS1. The difference from UIS1 is that in UIS3 only a fraction of 

those comments were made regarding the Prototype 1 compared to Concept B in UIS1 (4 out of 

23 in UIS3 compared to 16 out of 22 in UIS1.), see figure 45. 

 

 

Figure 45. Negative first hand comments. 

 

Positive and negative comments spread over concepts are presented in figure 46. The spread is 

rather even and no significant conclusions are drawn from this result. 

 

  

Figure 46. Spread of positive and negative comments over concepts. 

 

DETAILED STEP 

In the same way as in UIS1 the comments made in the Detailed Steps (here only one step; 

unlocking/locking) are the basis for the analysis on how the door should behave. Every unique 

comment from each user during the entire test session was included. 
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Force unlock/lock 

The positive comments made regarding the unlocking and locking are presented in Figure 47.  

 

 

Figure 47. Positive comments on unlocking and locking force. 

Concept F, Prototype 1 and Concept C gained positive comments on the unlocking force. 

Prototype 1 gained 7 comments on how it has the right resistance and is easy to open. It is 

appreciated that it has some resistance but not too much. Concept F was also considered easy to 

open and two participants appreciated the flexing door behavior. Concept C was considered 

really easy to open. Concept D and Concept E did not gain any positive comments on unlocking 

force.  

 

When it comes to positive comments on locking it is clear in the chart that the results are the 

opposite from unlocking. Here Concept E is the preference followed by Concept D. Concept E 

has the Auto lock feature which in terms of force is appreciated by the participants; 8 positive 

comments in total on the Auto lock feature. Out of these, two comments were made on the 

positive experience of the door being “sucked in”. However, three of them would prefer a lower 

locking angle, i.e. that the door is Auto lock from only a couple of degrees opening.  Concept D 

was considered by four participants to be easy in locking and one participant mentioned that it 

feels like the door is “sucked in”. Prototype 1 and Concept C had a few comments on that it is 

fairly easy to lock. 

The positive comments made regarding the unlocking and locking are presented in Figure 48.  

 

 

Figure 48. Negative comments on unlocking and locking force. 

 

Concept E and Concept D had the highest frequency of negative comments concerning the high 

force demanded in unlocking, 8 negative for Concept D and 10 for Concept E.  
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Concept F gained six negative comments on the unlocking force, these all concern the flexing 

characteristics of the door and the fact that it is suddenly thrown out at you when pulling the 

door. The door is considered too light in relation to the unlocking force demanded by two 

participants, and some more resistance is requested. Prototype 1 did not gain any negative 

comments about the unlocking force.  

 

Prototype 1 gained four negative comments on the locking force, concerning the need for an 

extra push in closing and that it is easy to leave it unlocked by mistake. Two participants did not 

like the Auto lock feature of Concept E, and Concept F gained three negative comments that it is 

a little bit hard in locking, since it also needs an extra push.  Concept D and Concept C did not 

gain any negative comments about the locking.  

Feedback 

The feedback area both concern comments regarding mechanical (haptic) and acoustic feedback, 

in figure 49 the frequency of comments are presented.   

 

 

Figure 49. Positive and negative comments on feedback from door lock. 

 
Concept E had seven positive comments on the feedback from the door lock, it was thought to 

have a reassuring “click” and distinct snap. Four participants thought that the sound from the 

lock is too loud. 

The negative comments made on Concept D concern the lack of a distinct clicking in locking, it 

is considered to have a bad sound, expressed as a “Clong” by two participants.  

 

Concept F gained four positive comments on the distinct but subtle snapping sound in locking. It 

had one negative comment on the “Chong”- sound when it is unlocked.   

The negative comments posted on Prototype 1 concerning feedback, were the question “Is it 

closed?” The participants were not sure about this which created an uncertainty around the 

locking system, not to its advantage. The two positive comments say it has a smooth and subtle 

sound.  

Concept C gained three positive comments on the “Click” from the locking mechanism.  It had 

one negative comment that the sound was considered to be plastic and cheap.  

Handle design 

Comments made on the handle design mainly concern position, grip, material, shape and locking 

solution. The frequency of positive and negative comments on handle design is presented in 

Figure 50.  
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Figure 50. Positive and negative comments on handle design. 

 

 

The most evident outcome of the analysis of comments on the handle design is the frequent 

negative comments on Concept C. This was also the case in UIS1 and all nine comments concern 

the lid and clasp on the handle. The lid is thought to be unnecessary and in the way, and the hand 

is squeezed in the clasp inside the handle.  

 

Concept D had four negative comments on the shape of the handle, how it is too thin, hard and 

edgy. It does not provide a good grip and limits the user to a pinch grip, i.e. only the finger tips 

can be used in opening, which generates a relatively low amount of force  (in relation to the 

power grip, or palm grip). Concept E had two negative comments, saying it is made for the grip 

of a man, and that it has sharp edges. One person suggested it provided an ergonomic grip for the 

fingers.  

 

Prototype 1 had three negative comments on how the handle is situated too low; this was also 

emphasized in the initial user study. Two positive comments were posted on the ergonomic 

shape of the handle, a solid grip with the right thickness. One comment said the Concept F 

handle offered a soft grip and one was afraid the grip would actually break due to the thin and 

soft handle.  

Other 

This category include comments that are related to other characteristics than unlock/lock force, 

feedback and handle design, see Figure 51 below for frequency of comments.  

 

 

Figure 51. Positive and negative comments on other aspects then unlocking/locking 
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Four positive comments were made regarding the opening/closing of Concept D and how it is 

easy to operate all the way down and has a nice, smooth movement. One person thought it had 

the right weight. One person thought Concept D had a negative “boxy”, industrial feeling to it. 

Concept E generated four positive comments on how it has a solid, thick door which feels 

genuine and new. Concept F had three negative comments, two regarding how the door is too 

light and in relation to the force needed to open it, this gives a cheap feeling. One person said 

that since it looks like stainless steel it should weigh more. 

 

Prototype 1 generated four positive comments on the Auto balance feature, which is appreciated. 

It had two negative remarks on that the door has too much friction in opening and closing. 

Concept C had six negative comments, of which two comments concerned the fact that the door 

falls uncontrolled to the floor. The rest concerned the old-fashioned and plastic feeling of the 

door. 

 


