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Abstract

Dishwashers are a widely used appliance in modern homes, yet their design has seen limited
ergonomic innovation in recent decades. Most models remain standing on the floor,
requiring users to bend down repeatedly during loading and unloading dishware, leading to
physical strain on the back. This study aims to improve the ergonomics of household
dishwashers by developing user-centered design solutions, in collaboration with ASKO.

Through an iterative design process, the project used a range of methods to analyze the
current situation regarding dishwasher ergonomics, gathering both numeric and qualitative
data. The data was analyzed leading to the identification of pain points and user needs, and
then the development of two ergonomic dishwasher solutions. A contemporary concept and
a future concept.

The contemporary concept features a built-in scissors lift mechanism in the door, allowing

the users to work at an ergonomically optimized height when loading and unloading the
dishwasher, where both the upper and lower basket can be reached simultaneously.

The future concept features modular baskets that can be removed and moved to a better
work height, such as the countertop, with handles for better grip. This concept is a holistic

concept that blurs the line between the dishwasher and kitchen storage by providing the
possibility to store the baskets directly in drawers and cupboards.

Both concepts aim to reduce bending, improve posture, and support usability. Ergonomic
evaluations indicate improvements compared to ASKOs dishwashers today, with lower strain
on the body in critical tasks when using a dishwasher.
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1 Introduction

This project will investigate the ergonomic challenges of using a dishwasher, address these
challenges and design a more ergonomic dishwasher solution in collaboration with ASKO. This
chapter will introduce the project by giving a background to the subject, followed by the projects
aim and objectives. The chapter will also present the project’s demarcations as well as the report
structure.

1.1 Background

For thousands of years, dishwashing was a manual task, performed by hand. This changed in 1886
when the first dishwasher was introduced to the market (Rosa, et al., 2012). This marked the
beginning of a gradual evolution in dishwashing technology. Since then, dishwashers have become
increasingly common in households. Today, dishwashers are in many homes considered a necessity.
These machines are used daily by a wide range of individuals, from children who struggle to reach
the upper baskets, to elderly users who may struggle to bend down to access the lower ones.

Since the invention of the dishwasher, the machines have become more standardized in size and
format. A width of approximately 60 cm is common in households, typically integrated under the
kitchen countertop. This standardization aligns with standard measurements of countertops, which
make the installation more convenient. The more recent development of dishwashers has largely
focused on digitalization, quality enhancements and energy optimization.

In recent decades, user-centered design and design for accessibility have become central values in
product development across many industries. While dishwashers have followed this trend to some
extent, particularly in terms of interface design and wash cycle customization, the physical
ergonomics of dishwasher use have seen minimal progress. Most dishwashers are still installed at
floor level, requiring users to bend down repeatedly, which may lead to discomfort and physical
strain. Although the fixed dimensions and format of modern kitchens making it difficult to deviate
from these standards, the lack of ergonomic innovation in this area represents a notable gap in
product development.

In contrast, industrial dishwashers have seen significant advancements. In these professional work
settings, dishwashers are considered essential work tools, and industrial kitchens are often designed
to accommodate dishwashers at optimal working heights. This has enabled the development of

more ergonomically adapted solutions that minimize physical and cognitive strain and support
efficient workflows.

Despite these advancements in professional settings, there are still only a few household
dishwashers on the market that prioritize ergonomic design. While some alternative concepts exist,
they are not widely known nor adopted as standards solutions.



Given the shift toward inclusive and user-centered design in other areas of product development,
there is a clear opportunity to explore how household dishwashers can evolve to better support
user comfort, physical accessibility and ergonomic well-being.

1.2 Aim

The aim of this thesis is to enhance the physical ergonomics of household dishwashers. This, by
creating a more user-centered and ergonomically optimized dishwasher experience that minimizes
physical discomfort and improves usability. The focus will be on improving the ergonomics when the
users interact with the dishwasher within daily use.

1.3 Objectives

1. Analyze the current ergonomic challenges of an ASKO dishwasher in everyday tasks.
2. Develop a redesigned dishwasher concept with enhanced ergonomic features.
3. Evaluate the final concept based on ergonomic performance.

1.4 Demarcations

This thesis will not address specific electric or mechanical functions or features in the current and
developed dishwasher solution.

1.5 Report structure

Chapter 1, Introduction

The report begins with an introduction describing the background, aims, objectives and
demarcations of the report.

Chapter 2, Final results

This chapter includes the result of this project and its objectives. This means that the current needs
regarding ergonomics in use of household dishwashers, concepts created to meet these needs, and
the evaluation of these concepts are presented here.

Chapter 3, Kitchen and dishwashers

This chapter introduces and explains the current situation in household kitchens and presents ASKO
dishwashers.

Chapter 4, Ergonomics



This chapter presents the basic ergonomic theories that are of importance for this project. This
chapter is divided into two parts; Physical ergonomics and Cognitive ergonomics.

Chapter 5, Methods
The methods used in this project are presented in this chapter.

Chapter 6, General description and procedures

This chapter includes the description of the project model, and its respective phases, on which the
project is based.

Chapter 7, Project execution
In this chapter, the execution of the different phases in this project are explained.

Chapter 8, Results of Empathize phase

This chapter presents the results of the empathize phase, including results from pre-studies as well
as the results from user studies.

Chapter 9, Results of Define phase

This chapter presents the results of the Define phase, including ergonomic assessments and KJ-
analyses.

Chapter 10, Results of Ideate, Prototype and Evaluate phases

This chapter presents the results of the Ideate, Prototype and Evaluate phases, including idea
generation, concept evaluations and prototyping.

Chapter 11, Results of final concept

This chapter presents the final concept, which resulted in a contemporary concept and a future
concept.

Chapter 12, Discussion

This chapter will discuss the results in relation to theory, process and methods. The aims and
objectives from the introduction chapter will be addressed and discussed. Thereafter the validation
of results will be discussed, and finally sustainability and ethics of the project will be addressed.

Chapter 13, Future work

In this chapter, opportunities for future work are presented, such as user testing, further
development and prototyping.

Chapter 14, Conclusion

This chapter presents the final conclusions of this master’s thesis.
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2 Final Results

This chapter includes the results of this project and its objectives, as can be read in chapter 1. This
means that the current user needs regarding ergonomics in dishwashers, concepts created to meet
these needs, and the evaluation of these concepts are presented here. For the complete results see
chapter 8,9, 10 and 11.

2.1 Results from user studies

The user studies included interviews, user tests and a new method for qualitative data collection, all
focusing on ergonomic pain points in dishwasher use. These user studies, after thorough analysis,
resulted in a list of user needs, consisting of insights phrased as requirements (see Appendix 6:
Complete list of user needs).

The list of user needs included user needs from all parts of the user studies, the most urgent needs
being the ones most frequently mentioned, observed throughout the study and most relevant for
the scope. A selection of these urgent needs and sub-needs can be viewed in Figure 1: Urgent
needs.

Provide adequate space
Provide a good overview
Be adjustable
Provide adjustable height of baskets
Provide flexibility
Minimize strain on back
Reduce depth of bends
Reduce amount of bends

Provide a good work height

Upright position when loading and unloading

Provide good reachability
Provide adequate grip
Adapted for critical users
Reduce coghnitive load
Provide good visibility

Feel effective

Figure 1: Urgent needs



These needs were thereafter at the center of ideation, concept generation and evaluation to
develop concepts that meet these needs.

Furthermore, ergonomic assessments were carried out to investigate the ergonomics of the current
ASKO dishwasher. These assessments were based on two ergonomic assessment methods: PEPA
and REBA (see information about these methods in 5.2). The PEPA showed that the task of loading
and unloading the dishwasher were the most straining tasks. Furthermore, the positions observed

in the user tests received points ranging from 4 to 9 in the REBA worksheet, meaning medium to
high-risk positions, with bending down to reach as the biggest cause for these points.

2.2 Final concepts

Following an iterative development process, two concepts were designed that met the user needs
on an equal level. One of the concepts focuses on minimizing bending by adjusting the lower basket
to a more favorable working height, thereby improving both visibility and overview. This concept
also reduces cognitive load by presenting the baskets at the same height, side by side, providing the
possibility to view and work with both baskets at the same time. The other concept focuses on
minimizing bends by providing the possibility to remove individual baskets and place them at a
good working height on the countertop, or store directly in kitchen storage. This provides the
possibility for adjustability, good visibility and provides adequate grip and enhances the feeling of
being effective by eliminating the need for completing a full unloading sequence. Both concepts are
also adapted for critical users.

2.2.1 Scissors-lift integrated in the door

This concept features a built-in lifting function that changes how the users interact with the lower
basket of the dishwasher (see Figure 2). The lifting function is inspired by the mechanics of a
scissors lift, where the function is smoothly integrated into the dishwasher door. The user interacts
with the solution by pressing a button, which initiates the elevation of the lower basket, elevating it
to the same height as the upper basket, eliminating the need for bending.



%

Figure 2: Scissors lift integrated in the door

In this concept the baskets are approximately 60 mm shorter in depth, to provide the possibility to
work on the lower and upper basket at the same time (see Figure 3).

Figure 3: Upper and lower basket at the same height



The raised lower basket improves the visibility and enhances the sense of proximity. Aside from

improving back ergonomics by reducing the need to bend, this concept also minimizes awkward
postures by increasing proximity.

2.2.2 Modular baskets

The second concept is created with a holistic approach, redefining how the dishwasher functions in
relation to kitchen storage. This concept blurs the line between storage and dishwasher baskets by

introducing modular baskets. These baskets can easily be removed and placed at a comfortable
working height (see Figure 4).

Figure 4: Modular baskets!

The baskets can also be placed straight into kitchen drawers and cupboards, shifting the process
from unloading each individual dish, sorting, and storing it, to simply lifting out a few modular
baskets and placing them directly onto shelves and in cabinets. The modular baskets therefore act
as an extension of the dishwasher (see Figure 5).

1 Picture published with permission from ASKO. Retrieved from ASKO (https://asko-shop.ch/products/dfi746u), edited
by the authors.
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Figure 5: Store in cabinets?

In Figure 6, a suggestion of how the modular baskets could look are visualized. The modular baskets
are designed so that the user can place the baskets correctly in the dishwasher, using hooks that
hang on the rods of the original baskets.

f— Hangs on the basket frame

Figure 6: Modular baskets

2 Picture published with permission from ASKO. Retrieved from ASKO (https://asko-shop.ch/products/dfi746u), edited
by the authors.



In addition to simplifying the unloading sequence in terms of time, this concept also offers several
ergonomic advantages when using the dishwasher. Firstly, since the user only needs to lift a few
modular baskets instead of handling each plate or glass individually, fewer bends and rotations are
required to perform the same task. Moreover, the modular baskets feature handles on each side,
providing a more ergonomic grip compared to the pinch grip typically used when holding a small
fork or the edge of a thin plate. Finally, placing the modular baskets on the countertop offers better
visibility, which reduces cognitive load.

2.3 Final evaluation

REBA Employee Assessment

Task Name: Date:
Worksheet
A. Neck, Trunk and Leg Analysis Scores B. Arm and Wrist Analysis
Step 1: Locate Neck Position — teck Step 7: Locate Upper Arm Position:
" - 1 2 3 “ a - “ ) .
& Heck S 12341234 5 ‘ k ‘ ‘ L
) @ 3 $ 1 458 5 67
st 13 s L 2 4567 7
51617 ’ 7 Step 7a: Adjust
UENEM-!W =t r‘snwuuls ralsed, 1 2
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= Tavie 8 L0 e - {stearing: 1 Upgper & Score

..i ‘ ‘ \ “’ - |13‘33 Step 8: Locate Lower Arm Position:
5 ol g;@'gﬁ,, 2

1
Upper 5 i : 5
sn iyt o 45 5 Lowes Am Scare
n 4 55 6 7
Tiunk Scvve ] 7|8/7/8'8 Sleu o Luwlu Wrist pwniuu
L] 788 99
B 1
ﬁf’ e
SE[J 9a: Adjust.
Step 4 WMU“S e in Table A 123345677 wristis bent froen midine of taiste : Add +1
" Step 10: Look-up re Score in 1.-[11 B 2
P Usine) values fiom steps. e, Wocate score in Table
Step 11: lﬂanupIing Score Fasture Score B
S wel fiting Handle and mid range power onp, Good? +0
Acceptable but nok idzal hand hold of couping
11 scceptable with another body part, fnirs +F 1
Adjust: TIF Sn:(ku agjtullj\pu‘ rce: add +1 Forcn | Lead Score 4 19 Hand hokd not acceptatle but possible, povrr +2 Couphng Scors
54 Mo Mandes, awkward, unsafe wih any Dody part, )
Step 6: Score A, Find Row in Table € 2 e
k] valises from steps 4 B 5 to obtain Score A, 2 (13 eecoeplable: +3
Fnd Aow in Table C. e 212 Step 12: Score B, Find Coumn in Tabie ©
12 A5 valuss fram seps 10 &1 to obtain 3
Scoring S5core 8. Find column in Table € and makeh with P
1 = Naghgile Risk Scote A In raw from step 6 to obtain Table C Score. .
e uue';“Lh(s‘uarnrewﬁme:nm ‘Change Soon. 2 1 3 5'“‘ 13: Activity Score
8 \I\ High Rusk, [rvestigate and Implement Change 1 or more body parts are held for longer than 1 ﬂ'nl!tslaﬁ(]
0 “#\ s I "iﬂe i Fh; e Tabla C Score ety Seere RERA Scorn r'r cated smail range actions (more than x per m
o causes 1 am arge range Changes in postires or Urtbie base

Gl TR Origral Worksheet Develozed by Dr. Alan Hiede. Eased on Technical et Ragid Entre Body Assessment (RESA], Hignit, McAtamney, Acokied Ergenomics 31 (2000) 201205

Figure 7: REBA of final concept3

The scissors lift concept received a score of 3, suggesting a low-risk position (see Figure 7). The main
reason for these low points is the straight neck position, small trunk bend, steady posture on the
legs and low extension of the arms and wrists. In this case, the person is also reaching for the plate
furthest away from them, meaning that this concept would score even lower when grabbing plates
closer to the body. This result suggests an ergonomic improvement in comparison to the ergonomic
assessments performed on an ASKO dishwasher on floor height.

3 REBA- worksheet recreated based on McAtamney, L., & Hignett, S. (2000). Rapid Entire Body Assessment (REBA).
Applied Ergonomics, 31(2), 201-205. This source also applies to all subsequent REBA-related figures in this report.
10



The modular concept combined with the scissors-lift concept also shows an improvement in an
estimated PEPA, with several improved aspects regarding, for example, the back and precision work
among others. For the complete evaluation, see chapter 11.
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3 Kitchen and dishwashers

This chapter introduces and explains the current situation in household kitchens and presents ASKO
dishwashers.

3.1 Kitchens today

Modern kitchen design prioritizes a layout that have an efficient workflow, often organized around
the “work triangle” (Baden-Powell, 2005). The triangle is a concept that connects the sink, stove
and refrigerator, the most used places in the kitchen. With this layout, unnecessary movements are
minimized, which enhances functionality.

The work triangle is based on the typical work sequence used in the kitchen. Store, wash, prepare,
serve and eat. Once the sequence is complete, there is a cleaning sequence; clear, wash up. During
the activities of the sequence, some activities are repeated, for example the use of the dishwasher
both during and after the first sequence.

Moreover, Baden-Powell states that the modern kitchens are based on key dimensions for
ergonomic efficiency, which plays a crucial role in reducing strain and improving comfort. The
ergonomic key dimensions are for example measurements of reach, vertical dimensions of
cupboards and countertop, as well as space between counters. These dimensions are based on both
men and women, where a sweet spot has been sought that suit both taller and shorter people.

For countertops, the standard heights are around 900 mm, a dimension that suits the average user
for food preparations tasks. Appliances such as microwaves and ovens are more commonly installed
at higher levels, around 1200 mm, to minimize back pain and provide a better overview.
Dishwashers are available in several sizes, where the full-size models are about 600 mm wide x 850
mm deep.

3.2 ASKO dishwashers

ASKOs products are characterized by their durability in all their product categories. (ASKO
Appliences, n.d.) Their dishwashers are built to last for 20 years. The durability and robustness can,
for example, be observed by the amount of steel the dishwashers are produced in (see Figure 8).
However, not only do the robust materials such as steel make ASKOs dishwashers durable, but they
also present the design expression of a sturdy and reliable machine, that retains elegant and sleek.
This minimalistic Scandinavian design is seen in all ASKO products.

13



Figure 8: ASKO dishwasher 8 steel*

ASKO has in recent years focused on improving flexibility, the capacity of dishware, energy and

water consumption. The biggest model of ASKO, XXL, has a capacity for washing 17 place settings
(see Figure 9).

Figure 9: ASKO dishwasher*

4 Picture published with permission from ASKO. Retrieved from ASKO
(https://se.asko.com/kok/diskmaskin er/funktioner).
14



ASKO has developed various modular inserts when moving towards a more user-friendly and
adaptable development. When there is an interaction with a part inside the machine, those parts
are colored in a distinct yellow-green color (see Figure 10). This makes it easier for the user to know
that there is a function to be used.

Figure 10: ASKO color cue®

3.3 Affecting the results

The information in this chapter has affected the results of this thesis by providing insights regarding
raising the dishwasher, to provide a more ergonomic work position in the kitchen. This has in turn
led to an improved working height in the final concepts. Moreover, the traditional work sequence in
the kitchen has been investigated, and efforts have been made to optimize efficiency by the
modular concept. Furthermore, information about standard heights and adapting the solution to
both taller and shorter people has affected the result by hindering the final concept from resulting
in a too high or too low working height.

Regarding the information about ASKO dishwashers, this has affected the results by mimicking the
form language of ASKO into the final concepts. Color cues have also been added to the modular
concept to parts that should indicate a function or interaction point, to serve as a help to the user.
Lastly, the concepts have been using mostly steel as seen in the ASKO dishwashers today to stay
consistent to the expression of durability.

5 Picture published with permission from ASKO. Retrieved from ASKO (https://se.asko.com/dw60).
15



4 Ergonomics

This chapter presents the basic ergonomic theories that are of importance for this project. This
chapter is divided into two parts: Physical ergonomics and Cognitive ergonomics.

4.1 Physical ergonomics

Physical stresses on the body can cause injury in tissues, organs, joints and muscles (Bohgard et al.,
2009). The concept of load in physical ergonomics is related to physical stresses, which includes
both static load and dynamic load. Static load entails long-term continuous load without any
variation in force or muscle length, while dynamic load is the opposite, with changes in force or
muscle length. Slightly higher static loads often result in impaired blood circulation and very often
tiredness and pain. Lower static loads do not frequently cause any acute problems; however, all
sorts of static load increase the risk for various types of illnesses of the joints and muscles in the
long run. Dynamic work can also be seen as static from a physiological point of view even though

there is movement involved. For example, when the force level applied to a curtain muscle remains
the same, even though there is movement involved to complete the activity.

Bohgard explains that an emphasis has for a long time been on reducing the size of loads within the
field of ergonomics. Thus, a long list of aids has been designed to reduce the effort needed to
execute an activity, and as a result, working life today often includes prolonged low loads instead. It
has become evident that the duration and frequency are essential in understanding how quickly
fatigue and pain arise. In many cases, a person experiencing discomfort does not understand what
the root of the cause is because the loads are so small. Furthermore, monotonous repetitive work is
also of importance in physical ergonomics. This could lead to chronic pain and discomfort, similarly
to a sudden high load, due to its repetitiveness.

It's also discussed by Bohgard that lumbago commonly is a result of unexpected load of the back in
an unexpected direction. This is probably due to small displacements of the vertebrae in the back
that in turn is due to insufficient preparation in stabilizing back muscles. The displacements are
what causes pain. Epidemiological research shows frequent heavy lifting to be a risk factor in back
problems where twisted or bent postures can increase these risks. Regardless of the work being
“light”, prolonged twisting and flexing in the back often lead to back problems, both due to the load
and the actual weight of the body itself.

When it comes to standing work it’s highly dependent on the height above the floor at which the
work is carried out. With too high working height, the arms are kept in a high position resulting in a
heavier static load, which is unbeneficial from an ergonomic standpoint. On the other hand, if the
working height is too low, the body must be bent forward, and that increases load on the back as
well as neck muscles.

16



According to Bohgard, as a result of the different possible causes, spontaneous emergence and
passing of back pain, it is difficult to provide engineers with specific musculoskeletal ergonomic
advice on designing products better suited. However, it’s reasonable to conclude that a guideline
would be to avoid working positions with deep and frequently repeated bends forward or a twisted
bodily position.

Hands and wrists are critical parts of the human body for one to be able to execute various tasks
(Berlin & Adams, 2017). The hand, wrist and arm together form a structure that is especially
complex and sensitive to injury in physical work. An injury in this complex structure could severely
hinder a human from executing a large range of activities.

Belin & Adams explain that hands are an important tool for gripping, with different functional
positions depending on the amount of power and/or precision needed for a specific activity. The
complex structures of the hand are not to be overloaded with unnecessary twisting and bending,
instead, the hand should be as close to its resting position as possible. The resting position of the
hand is when the wrist is straight, muscles are relaxed, and fingers are slightly curled. A few typical
issues that could risk injury to the hand are repetitive tasks, high forces and incorrect grips.

4.2 Cognitive ergonomics

The human cognitive abilities are a combination of certain skills: experience, attention, pattern-
recognition, ability to focus, association, memory and the ability to sort information into categories
(Berlin & Adams, 2017). A well-designed work system, focused on improving cognitive ergonomics,
can decrease the impact of fatigue by minimizing the ability to execute a task incorrectly. A more
demanding task needs carefully designed cues in products that humans use.

According to Berlin & Adams the human cognitive processes are the handling of information. The
combination of sensory stimuli, attention, perception, memory and interpretation, which combined
result in a response, is what builds these processes or mental capabilities. When designing to
support human mental capabilities there are some specific design principles aimed at supporting
the capabilities attention, perception and mental models. Three of those principles are: Minimize
time and effort for finding information, proximity (being close to the product, visibility and
reachability) and legible displays.

4.3 Affecting the results

In this thesis the literature has affected the results in regard to exploring and establishing the cause
of back-related ergonomic issues, hand and grip related ergonomic issues and cognitive related
issues. It has also guided the execution of the ergonomic assessments conducted. Furthermore, a

favorable working height and its effect on visibility, reachability and proximity, the importance of
correct grips and well-designed work systems has been implemented in the final results.
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5 Methods

The methods used in this project are presented below. The order in which the methods are

presented is based on the five phases of this project: Empathize, Define, Ideate, Prototype and
Evaluate. More about the phases can be viewed in chapter 6.1.

5.1 Methods of Empathize phase

This section presents the methods of the Empathize phase.

5.1.1 Functional analysis

A functional analysis is a method used to break down a product's functions (Johannesson, Persson,
& Pettersson, 2018). The main function is the primary purpose of the product. This main function is
divided into several sub-functions, which are necessary for the main function to work properly.

Support functions are features that enhance usability and support the product's use but are not
critical for the main function.

5.1.2 Semi-structured Interviews

A semi-structured interview is a qualitative data collection method combining open-ended
questions with a pre-defined interview guide (Knox & Burkard, 2023). It is a method widely used to
obtain participants’ perspectives, opinions and experiences regarding a topic.

5.1.3 User based evaluation

A user-based evaluation is a usability method where users participate directly (Bastien, 2010). Users
are invited to carry out typical tasks related to a specific product, while their behaviors during usage
of the product are observed and recorded with the goal of identifying design flaws that cause
issues. Once flaws in the products design have been identified, design recommendations can be
proposed to improve ergonomic qualities of the specific product.

5.1.4 Letters

Letters are a method used for obtaining information from users in their home environment, using
probes guiding the user to reflect on everyday tasks. This is a method combining diary studies and
cultural probes to reach deeper thoughts from the participants. Instead of using a diary, the user

receives letters to fill in by hand. See more information about the method letters in Appendix 2:
Letters.
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5.1.4.1 Diary studies

Diary studies is a research method used to keep log of the participants’ thoughts, experiences and
activities of a set time frame (Hanington & Martin, 2012). It is a useful tool for exploratory research,
where the participants self-report their personal details. Diary studies can be more or less guided,
depending on the context. The results are then analyzed by the researchers to understand habits
and patterns. According to Hanington and Martin, diary studies are useful when the researcher

wants to understand long-term habitual behaviors and user experiences across time. They allow
participants to reflect and report in their own words, leading to rich, user-driven data.

5.1.4.2 Cultural probe

A cultural probe is a method where provocative materials are given to the participants, to help
them reach thoughtful self-understanding about their lives, context, thoughts and interactions
(Hanington & Martin, 2012). This method is often creative, varied and imaginative. In this method,
any kind of material could be given to the participants, for example postcards or disposable

cameras, to guide personal responses. The method is not intended to be formally analyzed, but
rather to identify key patterns and themes that might emerge.

5.2 Methods of Define phase

This section presents the methods used in the Define phase.

5.2.1 KlJ-analysis

The KJ-method is a method for qualitative data formulation and analysis (Scupin, 1997). Information
relevant to the problems is written down on labels and each label contains only one concept,
thought or opinion related to the problems. The labels are then grouped into “themes”. Here, biases
should not motivate the grouping into themes, rather feelings or intuition. When repeating this
process, larger themes will emerge and when all labels have been assigned a team, the team is
given a title. The themes can then be grouped into larger “families”, helping to classify the data.
When themes and/or families have been created, a chart will start to form by organizing the teams
by occurrence and/or via arrows that indicate connections or contradictions. Finally, the chart is
explained in writing or verbally, often developing new ideas surrounding the problems.

5.2.2 PEPA

PEPA is an analytic assessment method for ergonomics in relation to a specific product (C. Berlin,

personal communication, January 29, 2025). With PEPA one can analyze the ergonomics in a specific
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task related to a critical user, to identify what steps in the task that result in strain on the body. The
PEPA-table consists of steps in the task on the X-axis which are established from an HTA. An HTA is a
task breakdown method which analyses a task and divides it into sub-steps and subgoals. On the Y-
axis there are different ergonomic themes (such as force and precision). The analyzer will then
estimate the strain for the critical user to low, medium or high for every step in the task and every
ergonomic theme.

5.2.3 REBA

REBA (Rapid Entire Body Assessment) is one of the most established methods for analyzing physical
strain on the body (Bohgard, et al., 2009). Like the name suggests, this method focuses on the
entire body. REBA also takes into consideration coupling effects, if the position of upper extremities
is caused by gravity and if large dynamic changes of posture occur. The result from REBA is then
connected to categories of action depending on the severity of the position, for example if
measures must be taken or if it should be subject to further investigation.

5.2.4 List of requirements

A list of requirements is a structured method used to define all the necessary requirements a
product must fulfill (Johannesson, Persson, & Pettersson, 2018). The list can be organized into
various themes, for example functional requirements. For a specific requirement, it is often
described and ranked in priority. Often, the requirement list is divided into requirements and
wishes, where wishes do not need to be met for the product to function.

5.3 Methods of Ideate phase

In this section the methods of the Ideate phase are presented.

5.3.1 Brainstorming

Brainstorming is a method used for idea generation (Johannesson, Persson, & Pettersson, 2018). It
is a creative and open method for exploring new ideas and solutions to problems. This method aims
to explore as many ideas as possible, where quantity precedes the quality of the solutions.

5.3.2 Brainwriting

Brainwriting is a method used to come up with new ideas but is initiated individually and
nonverbally (Tague, 2023). Participants write down ideas alone, to then be shared and added upon

when a number of ideas have been produced. Brainwriting is used when a large range of ideas are
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desired, when participation of the whole group is desired, to encourage equal participation and
when ideas might be complex and require explanations.

53.3 6-3-5

6-3-5 is a creative method used for idea generation (Johannesson, Persson, & Pettersson, 2018).
Firstly, all individuals sketch or write down several ideas that differ from each other, for a set time.
After a few minutes, the ideas are passed along to the next participant. The timer will then start

over, and each participant will be adding ideas to the already written ideas from the previous
participant. This is to encourage collaboration and development of ideas.

5.4 Methods of Prototype phase

Below the methods of the Prototype phase are presented.

5.4.1 Mock-up

Physical mock-ups are an experimental way to test design decisions (Strobl, 2012). The level of

fidelity in a physical mock-up can vary. Simple mock-ups can consist of easily obtained materials
such as cardboard boxes or tape, where ideas can be quickly tested and manipulated. Simple mock-
ups are both less expensive and less time consuming than detailed models.

5.4.2 Rapid prototyping

Rapid prototyping is a technique and method for immediate conversion of CAD models into physical
prototypes (Kamrani & Abouel Nasr, 2010). It is done through slicing the model into multiple 2D
layers and stacking them one layer at a time. This method is often used to reduce the time spent on
product development cycles, to quickly assess concepts.

5.4.3 Traditional prototyping

Prototyping is a method for exploring, testing and communicating ideas (Bdumer, Stolterman, &
Croon Fors, 2018). A traditional prototype is a physical or digital model that presents essential parts
of a design. It helps improve communication, learning and decision-making in the design process.
Depending on the design phase and the objectives, a prototype can be both high- and low fidelity.
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5.5 Methods of Evaluate phase

Below, the methods of the Evaluate phase are presented.

5.5.1 Concept selection

Concept selections are done iteratively in the product development process and can be done in
various ways (Ulrich & Eppinger, 2015). It’s a process of narrowing concepts down and eliminating
worse performing ones. Concept selection can be more or less structured and follow different

methods. Common methods are Intuition, pros and cons, multivoting, or external decision. The
concept selection can also be combining several aspects and be a mix of different methods.

5.5.2 Pugh matrix

The Pugh matrix is a decision-making tool used to evaluate and rank concepts by comparing them
with a reference product (Johannesson, Persson, & Pettersson, 2018). Each concept is assessed
based on whether it meets the requirements better (+), worse (-), or equally (0) compared to the
reference. The scores are summed up, providing a clear ranking of concepts and identifying those
most suitable for further development.
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6 General description and procedure

This chapter includes the description of the project model, and its respective phases, on which the
project is based.

6.1 Project model

ﬁ“ ﬂ /—> PROTOTYPE |[emmmpd  EVALUATE

EMPATHIZE

Figure 11: Project model

The process used in this project is a modification of the design thinking process, a non-linear
product development process. This modified process includes five phases, with their respective
goals and focus; Empathize, Define, Ideate, Prototype & Evaluate (see Figure 11). The difference
from the design thinking process is that Evaluate replaces “Test”. This is done because the

evaluation of this project is essential, both in terms of ergonomic comparisons, but also for concept
evaluations.

This project model was chosen based on several advantages. The design thinking process model
places the user at the center, which is suitable for a project focused on ergonomics. This ensures
that the final product isn’t just technically sound, but also relevant, desirable and usable for the end
user. Furthermore, it provides a structured but flexible framework, applicable to an iterative but
goal-oriented project such as this thesis work. It allows for flexibility but also supports exploration
without losing focus. This process model is also creative at its core, encouraging ideation beyond
obvious solutions through exploration, increasing chances of innovative and meaningful end
products. This encouragement also helps balance theory with practicality, for example with user
testing and prototyping, further improving validation for real-world solutions, not only theory-based
concepts.

In this project an iterative workflow is applied to guarantee that input from different phases won't
be discarded, considered equally and to its fullest potential. Thus, methods can be repeated and
overlap from one phase to another.
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6.2 Description of phases

This section presents the goal, aims and contents of each phase in the order they are presented in
the project model.

Emphasize

The emphasize phase aims to gather knowledge in the area of ergonomics, existing solutions and
essential dishwasher functions to ensure a rigid foundation for the project. The aim is also to gather
information regarding user needs in dishwasher use, preferences and ergonomic pain points to
ensure a fair problem identification (see chapter 8 for the results of the Empathize phase).

Define

This phase aims to identify the needs and requirements for the end concept(s). This, by analyzing
and summarizing the insights from the emphasize phase. With numerical data and qualitative
insights, a list of user needs will be produced as a result of this phase (see chapter 9 for the results
of the Define phase).

Ideate

The ideation phase will employ an iterative process with the aim of developing several concepts.
The goal of this phase is to produce several ideas and solutions to the problems identified in the
previous phase, it aims to refine ideas into concepts, and it also aims to try out ideas, discard,
combine and develop iteratively against the list of user needs. This is to ensure that nothing
important from the previous phase is missed and that all possibilities are explored (see chapter 10
for the results of the Ideate, Prototype and Evaluate phases).

Prototype

This phase aims to create solutions physically and thereby test ideas from the previous phases. By
the end of this phase a better idea of the solutions’ possibilities and limitations will be obtained,

benefiting potential real-world implementation (see chapter 10 for the results of the Ideate,
Prototype and Evaluate phases).

Evaluate

In the last phase, the concepts will be evaluated to know which concept to further develop and to
validate the chosen concept. This phase is iterative and is present along with other phases. The aim
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of the evaluation phase is to ensure that and investigate if the concepts meet the list of user needs
set from previous phases, mainly in terms of ergonomic improvements (see chapter 10 for the
results of the Ideate, Prototype and Evaluate phases).
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/ Project execution

Below, the execution of the different phases in this project will be presented, using the phases
explained previously as a guide. The project execution is presented in a chronological order and
since the development process is iterative, some of the phases are explained together as they
overlap.

7.1 Execution of Empathize phase

This section presents how the Empathize phase was executed, including pre-studies and user
studies (see chapter 8 for the results of the Empathize phase).

7.1.1 Online and literature research

The project began with online and literature research to obtain knowledge of the current situation
of ergonomics in dishwashers, how to best perform ergonomic assessments as well as carry out
analyses of competitors ergonomic solutions. Databases that were used during this research phase
were Chalmers library and AcessSience. Search engines such as Google Scholar was also used with
search words such as “Ergonomic solutions in home appliances” and “Design solutions for
dishwashers”. The aim was to find research on, and public solutions to similar ergonomic
challenges, as well as dishwashers and the functions of these. Furthermore, the literature research
also included gathering information on specific ergonomic assessment tools and methods from
other studies and articles on ergonomics. The goal of this was to map out aspects of ergonomic
issues to consider, as well as to get an understanding of the current solutions on the market.

7.1.2 Site visit and self-test

After finishing the online and literature research, a field trip to two showrooms was scheduled, to
see some of the competitors’ solutions firsthand. One showroom exhibited an Electrolux Comfort-
Lift, designed to raise the lower basket to a more comfortable working height. The lower basket is
lifted with the help of a handle that unlocks the basket and spring that helps elevate the lower
basket to the height of the upper basket. This, however, hinders the user from using the upper
basket simultaneously and blocks the user from refilling salt.

The other showroom exhibited a Fisher & Paykel divided drawer dishwasher, that is designed for the
purpose of making dishwashing more sustainable, running one of the two drawers at a time if the
amount of dishware is lower than a full load. However, the design for sustainability in the Fisher &
Paykel dishwasher is also beneficial for ergonomics, especially for the higher drawer. These two
dishwashers were briefly examined mechanically, functionally and during the task of opening and
pulling out the drawers to obtain an understanding of function, usability and ergonomic benefits.
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7.1.3 Functional analysis

To ensure understanding of the different functions and sub-functions of a dishwasher a functional

analysis was made. This was done with the knowledge attained from ASKO, combined with the
information gathered from literature and online research.

7.1.4 Product breakdown

A product breakdown was carried out to get a better understanding of the different parts of the
dishwasher relevant for the project. Two pictures of an ASKO dishwasher were used for labeling
different parts of the dishwasher, one of a front view, and one of an exploded view. Information
needed to label the different parts was obtained from the ASKO webpage.

7.1.5 Expertinterviews

Semi-structured interviews were held, focusing on two professional categories: Ergonomic experts,
such as physiotherapists, and dishwasher experts, such as kitchen architects. These interviews were
held with the aim of creating a rigid knowledge base in these areas. All interviews were recorded
and transcribed using Words’ transcription tool. The transcribed material was then read through,
and interesting opinions and experiences were marked, to be sorted into a Kl-analysis at a later
stage.

7.1.5.1 |Interview ergonomic experts

Two interviews were held around ergonomics. One interview with a physiotherapist and one with
an occupational therapist. For these interviews an interview guide was created (see Appendix 1:
Interview guides). During the interviews the interview guide was followed but with space for follow
up questions, probing and skipping questions already answered previously. Themes such as working
posture during dishwasher use, common user errors, bodily strain and possible improvements of
dishwashers were discussed. The interview with the physiotherapist was held in an online meeting,
lasting for about 30 minutes. The interview with the occupational therapist was held at their
workplace, lasting for about 30 minutes.

7.1.5.2 Interview dishwasher experts

Two interviews were held around dishwashers. One with a kitchen architect and one with a kitchen
appliance and dishwasher expert. For these interviews an interview guide was created similarly to
the interviews with the ergonomic experts and the interviews were conducted in a similar way (see
Appendix 1: Interview guides). However, the focus for the interviews with the dishwasher experts
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were functionality, customer opinion, surrounding structure in the kitchen area and broader
guestions around ergonomics such as other ergonomic solutions in the home.

7.1.6 Letters

Since the method Letters is a combination of different methods, the process of forming the method
began with a meeting with a lecturer within design and human factors to discuss aims,
methodology outline and layout. Once these aspects were established, the creation of the layout of
the letters began, resulting in five letters.

Each letter was based on different themes for the participant to fill out. The letters were created in
Figma and were later labeled with day 1 through day 5 (see examples in Figure 12). All the letters
can be viewed in Appendix 2: Letters. These letters were created for the purpose of obtaining
deeper thoughts and experiences from the users regarding their lifetimes with their dishwashers. To

do this, each letter has probing attributes and asks of the users to see themselves in different
scenarios, and to write letters for different purposes.

Jidrlehsbrev HATBREN Brev till min fysioterapeut

Figure 12: Letters

A pilot study was performed to establish the final layout of the letters as well as the contents to
ensure that the information that was needed for the study was obtained. The pilot study was
carried out with two participants. The pilot study had a duration of 4 days, and the filled-out letters
were then analyzed regarding information gathered, which resulted in some changes in the final
layout, such as changing the introduction of some of the letters to target specific information and
rephrasing some questions for the same purpose.

30



The letter for day 1 was a “love letter”, where the participants were asked to describe what they like
about their dishwasher.

The letter for day 2 was a “hate letter”, where the participants were asked to describe what they
dislike about their dishwasher.

The letter for day 3 was a “letter to your physiotherapist” where the participants got to fill out
where on the body they experience the most strain while using their dishwasher, what the hardest
thing is when using their dishwasher and how much they had loaded or unloaded their dishwasher
that specific day, in relation to how much strain they experienced in the body.

The letter for day 4 was an “excerpt from my diary” where the participants got to fill in a timeline
explaining about times in their life where it was especially difficult to use their dishwasher, when
the dishwasher potentially broke down or when they saw someone else having a difficult time when
using the dishwasher.

The fifth and last letter was a “letter to Santa” where the participants were asked to describe their

dream dishwasher, with no limitations. They were also able to add to their description with
drawings.

These five letters were packaged in envelopes corresponding to each of the five days and they also
came with an introduction (see Figure 13).

Figure 13: Letters in envelopes
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The introduction thanked the participant for participating in the study and included an explanation
of the context of the study in connection with this master thesis. It also explained the purpose of
the study and that it was designed the way it was to allow them to reflect from different viewpoints.

Furthermore, the introduction also encouraged them to open the letter in the morning, reflect
during the day and answer in the afternoon or evening.

The letters were sent out to seven participants, aged approximately 40-80 years old with 5 women
and 2 men, to be filled out in one week’s time (see Figure 14). These participants were chosen
based on their age (preferably over 30 years old to have some longer experience with dishwashers),
and that they owned a dishwasher. To minimize potential bias from the participants, they were
selected via indirect social connections, such as extended family acquaintances or friends-of-
friends, rather than individuals with close personal ties with the authors.

Man Woman Woman Man Woman Woman Woman
~860 ~50 ~50 ~80 ~40 ~60 ~50

Figure 14: Participant selection Letters

After one week, the letters from the participants were collected, read and answers interesting for
the study were marked and then categorized in a Kl-analysis.

7.1.7 User test

A pilot study was first performed for the user test to ensure that the information needed was
obtained. The pilot study was carried out with one participant and one ergonomic researcher that
observed the implementation of the test to later give feedback. The pilot study resulted in a few

changes to the real user tests, such as filling the dishwasher half-full of dishware to guide the user
on where to place dishes and to resemble a real situation.

Six user tests were conducted with three women and three men, ages ranging from 50-64 and
heights from 161-185 cm (see Figure 15). These participants had been chosen based on their age
(50+ to get input from users with longer experience with dishwashers), their height (to ensure
representation of different heights in the study) and to preferably not have a background in
ergonomics or product development (to not be colored by their previous knowledge). The selection
of participants was carried out through contacting the Chalmers library and Chalmers
administration and sending an open invite, and by contacting lecturers at Chalmers and asking if
they wanted to participate.
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50+ 50+ 50+

Man Man Man

185 cm 182cm 183 cm

Technical profession Non-technical profession Non-technical profession

Scoliosis

50+ 50+ 50+

Woman Woman Woman

167 cm 161cm 171cm

Non-technical profession Non-technical profession Non-technical profession

Figure 15: Participant selection User test

The user tests were carried out to get physical observations on the use of the dishwashers to later
be able to conduct ergonomic assessments. The participants were invited to a 40-minute test where
they were to use dishwashers and “think out loud” while doing so. The test procedure looked like
this:

Open and load a dishwasher with the dishware available on the table

Add the dishwasher detergent and close the door

Open and unload the dishwasher and put the dishware on the table
Answer the first part of the survey

Open and load another dishwasher with the dishware available on the table
Add the dishwasher detergent and close the door

Open and unload the dishwasher and put the dishware on the table

Answer the second part of the survey
Final questions and short discussion

L oo N A WDN R

To ensure that the tests could be completed, the set-up included two dishwashers, one ASKO
dishwasher on floor height, and one Gorenje dishwasher that was raised 35 cm of the floor using
three EU pallets. The reason for having one raised dishwasher was because the information
gathered from the literature and interviews pointed to that raising the height of the dishwasher
could be beneficial for the users’ work position. The participants also had dishware to be able to
load and unload the dishwasher.

To be able to analyze the participants’ work position during the tasks, the test was recorded with
video and audio using two Go-Pros placed at two different angles.

In the middle and at the end the participants filled in a survey regarding how they rated the strain
on the body during each task on each dishwasher on a scale from 1-6, 1 being “not straining at all”

and 6 being “very straining”. At the end of the survey the participants answered which one of the

two dishwashers was the most straining overall. The test ended with a discussion regarding the
overall feeling during the test and final thoughts. Only the audio was recorded for this part.

When the 6 tests were completed, all film and audio material were reviewed and notes were taken
on observations regarding user behavior, work positions and the comments that the participants

made during and after the test. The comments that the participants made during the tests and the
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final discussions were sorted into a Kl-analysis at a later stage. The film material was reviewed once
more to conduct ergonomic assessments.

7.2 Execution of Define phase

This section presents how the Define phase was executed, including ergonomic assessments and KJ-
analyses (see chapter 9 for the results of the Define phase).

7.2.1 Ergonomic assessments

Ergonomic assessments were conducted to identify problematic areas within the tasks completed
during the user tests. The methods used for this assessment were PEPA and REBA. PEPA was used to
analytically identify ergonomic pain points in specific steps of the tasks, based on how the user
handled the dishwasher. Thereafter, REBA was used to gather numeric data that would provide a
ranked score accompanied by a suggestion of action. The REBA score would also enable a numeric

comparison in the final evaluation. The combination of these ergonomic assessments reinforced the
validation of the project outcome.

7.2.1.1 PEPA

The method PEPA was created for assessing ergonomics for a critical user. However, in the user tests
three critical users were identified and therefore selected. The critical users chosen were the tallest,
the shortest and one participant with scoliosis. Firstly, the video and audio materials were observed
and analyzed, and an HTA was conducted to break down the steps of the task performed by the
users. Thereafter, each step was observed, discussed, and finally evaluated on the scale “low
physical effort, medium physical effort, or high physical effort”. To further understand the result, the
complete tables were imported into Figma and further analyzed with comments, pictures and
connections. Problems were grouped into themes to be a part of the merged Kl-analysis.

7.2.1.2 REBA

REBA was conducted on the most critical ergonomic positions found in the video materials and on
positions frequently repeated among the participants. Each video was observed through two angles

and paused where a critical position was observed. These still images were saved and later analyzed
through a REBA worksheet.

Among the most critical ergonomic positions observed, deep bends were one of the most
prominent positional issues among the participants, meaning that this position was a focus point in
the REBA worksheets. This position was also compared between the two dishwashers used in the
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user test. Lastly, raised shoulders, arms, positioning of legs/knees, neck extensions and twists of
wrists were also observed.

7.2.2 KJ-analysis

The data from each study (interviews, letters, and user tests) was analyzed first separately, grouping
common comments, quotes and observations together, into common themes and themes within
themes. Then a merged KJ-analysis was created to understand the overall themes and what has
been observed and mentioned in more than one study.

When the merged KJ analysis was done, connections between different themes were analyzed. The
connections between the themes were drawn with dashed arrows, one-sided arrows and
interconnected arrows, to separate the connections of something that could be a solution to a
problem, something affecting something, and to themes affecting each other. From the data in the

merged KlJ-analysis as well as the connection between these, the categories and themes were
translated into user needs.

7.2.3 List of user needs

The list of user needs created in this study was based on the data obtained from the merged KIJ-
analysis. The list was designed as a requirement list but does not include target values and hard
values. The list is more focused on soft values within the user needs and wishes collected in the
previous phase. The reason for the creation of the list of user needs was to be able to structure and
highlight some of the large number of needs gathered throughout the study, and to be able to use
as a basis for later decision making in the development process. The user needs were divided into
needs and sub-needs. The needs stemmed from the larger common themes in the hierarchy of the
KJ-analysis as well as the number of connections that had emerged for them. The sub-requirements

stemmed from the smaller themes and opinions in the hierarchy and specified and defined the
needs. The list was divided into functional, emotional, ergonomic and other requirements.

7.3 Execution of Ideate, prototype and evaluate phases

This section presents how the Ideate, Prototype and Evaluate phases were executed, including
Ideation, prototyping and decision-making. Since these phases are iterative and overlap, the
execution of them is presented together. This is to ensure a presentation of the execution that
mirrors the true order in which it was done (see chapter 10 for the results of the Ideate, Prototype
and Evaluate phases).
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7.3.1 ldeation

During the ideation methods were used iteratively: Brainwriting, brainstorming and 6-3-5. The
brainwriting and brainstorming sessions varied in being conducted individually and as a team.
Furthermore, sketches, refinements and mockups were also made in an iterative manner, whereas
sketching and refinements also varied in being conducted individually and as a team. Additionally,
some of the sketches were also refined and visualized with higher fidelity using Al, for example by
adding materials. Lastly, mockups were created.

The ideation started with brainstorming and brainwriting individually with the goal of producing as
many ideas as possible (see Figure 16). Ideas varied in visuality, some being text, rough sketches,
provisional sketches, and inspiration in combination with explanations. The individual ideation
lasted for a few days, resulting in many ideas. These ideas were then brought forth in a discussion,

where similar ideas were grouped together and thoughts, opinions and ideas of improvement were
shared, and some ideas were developed further as a part of the brainwriting process.

Figure 16: Ideation

When all ideas had been grouped and discussions had been held, a round of 6-3-5 was conducted.
This was carried out in three rounds with three different groups of concepts of interest. The aim of
using this method was to further add on to the number of ideas. A discussion was held after these
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sessions and advantages, problems and unclarities regarding the ideas were raised. Thereafter, a list
was made on possible further refinements of ideas as well as points of investigation, especially
regarding mechanics and realizations.

Different mechanical solutions on the market were investigated and knowledge was gathered to be
able to refine some of the concepts. After some refinements were made a discussion regarding the
concepts was held with ASKO, where some concepts proved to be more interesting and feasible
than others, subsequently eliminating a few concepts in a concept selection session. The concept
selection that followed these discussions was based on both the discussed requirements and on
intuition regarding the concepts overall potential. Furthermore, an external engineer with long
experience in mechanics was also asked to take part in a discussion regarding how to realize these
concepts, giving even more insight into possible construction plans.

When having ideated, explored feasibility and discussed with ASKO and the engineer, mockups were
made on a few of the concepts that moved forward from the concept selection. The mockups were
made to further understand and explore mechanics and how the concepts would work in the real
world. This was done iteratively; creating mockups; sketching on a new variant; changing the
mockup; gathering information to solve problems found; changing the mockups again.

Another discussion about the concepts was then held once more with ASKO. The aim of this

discussion was to eliminate concepts that were not feasible and to obtain construction suggestions
of prototypes for these concepts.

When the mockups were made, mechanics were sufficiently understood, and the concepts were on
the same level of fidelity another selection had to be made. The aim of this selection was to
evaluate the concepts against the list of user needs and as a result eliminate concepts accordingly.

7.3.2 Pugh matrix

To decide what concepts to continue with in the ideation phase, a Pugh matrix was created, with
the user needs on the Y-axis and the concepts on the X-axis. Each concept was discussed against
each of the user needs and scored either 0, if equal to the current ASKO dishwasher, “+” if it

“u u

performed better, if worse, and “?” if more investigation was needed to say. Each of the “+”

" "

were added and all the were subtracted from the total.

As a result of the Pugh matrix some concepts could be eliminated based on their score, leaving four
concepts. However, more information was needed on a few of the concepts that had the same
score but had “?” on some user needs. Therefore, two of the concepts were rapid prototyped to

more fairly be compared in the table. Thereafter the summarization of the scores were updated
again and decisions about what to further develop were made.
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7.3.3 Rapid prototypes

When decisions were made based on the Pugh matrix, prototyping was initiated for three concepts.
The aim of the prototyping was to test the functions, size and measurements and get an
understanding of what it would look like in reality, to later be able to make decisions on what to
further develop.

Catia V5 was used to model the prototypes and their respective parts. The parts were later
exported as STL files and imported into PrusaSlicer to be positioned and sliced as preparation for
3D-printing. The prototypes were then 3D-printed and assembled.

With the functional prototypes, function, mechanics and strain on different components of the
concepts could be investigated and based on these findings, decisions could be made regarding
what concept to move forward with.

It was decided to combine three of the four remaining concepts, while also developing the fourth
concept separately, resulting in two separate tracks for the final concept; A scissors lift concept and
a modular baskets concept.

7.3.4 CAD

When the final concept had been chosen, modeling in Catia V5 was initiated for the final concept.
The starting point of the modeling was a current ASKO dishwasher model. This model was used as

reference and as a base for building the new parts. The final CAD file was then exported into VRED
for final renderings and animations.

7.3.5 Visual prototype

Based on the CAD model of the scissors lift concept, a non-functional prototype in real scale was
created. The goal of this prototype was to be able to execute ergonomic assessments on the
concept, hence the prototype being created in 1:1 scale. To simplify and to be able to build it within
the time frame, a decision was made to build it in a static position.

Firstly, the prototype was built using pine wood sticks and thin wooden sheets as a separate
platform from the dishwasher, designed to be placed on top of the dishwasher door. In this
prototype, the measurements of the height of the platform matched the measurements of the CAD
model in the lifted position. But the width and length were over dimensioned, as well as the size of
the scissor’s arms, since the height was what mattered the most for the execution of the ergonomic
assessment. To build the prototype, a band saw was used to cut the wooden parts to the correct
size, and a drill, screwdriver and screws were used to attach the wooden sticks to the wooden sheet
(see Figure 17 for a picture of the process).
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Figure 17: Process of first prototype

A decision was made to further refine the prototype and build it more closely to how the real
product would look like. Similarly to the first prototype, this was built as a non-functional static
prototype. In this final prototype, an inner dishwasher door was used as the upper platform, and 2
mm thick 25 mm wide aluminum flat profile lists were used as the scissor’s arms. Since the
aluminum profiles were a bit too unsteady, the profiles were stacked with two profiles, attached
with double-sided tape, resulting in a thickness of 4mm. To attach the scissors lifts arms to the
upper inner dishwasher door, 90-degree angled aluminum profiles were attached and bolted to the
bottom of the inner dishwasher door. At the lower inner dishwasher door, attached to the machine,
the arms were screwed directly into the steel. Before bolting, the holes were measured and
predrilled.

When the scissors arms and upper platform were mounted, the prototype was unsteady in the X-
direction. Therefore, an extra 90-degree aluminum profile was mounted between the back of the
upper platform and into the dishwasher, to minimize movement.

Additionally, the modular basket concept was also prototyped, but with lower fidelity with the goal
of testing size and weight (see Figure 18 and Figure 19).
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Figure 19: Modular basket prototype for cups and glasses

These prototypes were created with already existing basket inserts with rods from another basket
mounted on, to be able to place plates, cups and glasses and test the weight, size and stability.

7.3.6 Visualization of modular baskets

The modular basket concept was further visualized using Figma. Pictures from ASKO dishwashers
were used as a base, edited with lines to sketch and present the concept of the modularity. A
decision was made to not refine the visualizations further and leave it as a theoretical concept that
could be combined with the scissors lift concept and as a subject for future work.
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7.3.7 Ergonomic assessment REBA

With the refined static visual prototype of the scissors lift concept, pictures were taken to be
analyzed with REBA. Since the limited time frame of the project, and the similarity to the raised
dishwasher in the user tests, it was decided to not evaluate through a second user test, but to carry
out self-tests for evaluation and validation purposes.
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8 Results of Emphasize phase

This chapter presents the results of the empathize phase, including results from pre-studies as well
as the results from user studies.

8.1 Functional analysis

The results from the functional analysis are presented in a tree-diagram, presenting the main, sub
and other functions (see Figure 20).

m Wash dishes automatically Optimize energy use

Clean dishware automatically Dry dishware automatically

Prepare for washing Perform washing Dry the dishware

Dispense Provide space | Fill with Heat Remove remaining | Spray water Circulate Rinse e . Circulate
detergent for dishware water water food from dishes on dishes detergentevenly | dishes warm air
Eliminate
bacteria

Figure 20: Functional analysis

The main function is “Wash dishes automatically” and this function is divided into “Clean dishware
automatically and “Dry dishware automatically”. Furthermore, “Clean dishware automatically” is

n u

divided into “prepare for washing”, “perform washing” and “manage waste”.

8.2 Product breakdown

The product breakdown is presented in two separate views, one of which parts can be seen from
the front view picture, and one from the exploded view picture. The most important parts of the
dishwasher for this project are viewed (see Figure 21 and Figure 22).

43



h‘l‘-\l- I—'JL

- ‘-!I {1 7 -
it
‘L - "3—-5

‘PIF- Il"“"

Course filter

Turbo fan Detergent dispensers

Frontal panel

Door

Figure 21: Product breakdown of dishwasher A®

Spray tubes Spray arms

N Top cutlary tray

,‘ %— Upper basket

Container

Dishwasher Baskets

HL Middle rack

% Lower basket

Outer base

Feet -
| - P_ Inner door

Fine filter

Figure 22: Product breakdown of dishwasher B”

6 Picture published with permission from ASKO. Retrieved from ASKO (https://se.asko.com/produkter/kok/alla-
diskmaskiner/fullintegrerad e-diskmaskin er/DISHWASH-DW60-2-DFI544H-1-ASK/p/000000000000746022), edited by
the authors.

7 Picture published with permission from ASKO. Retrieved from ASKO
(https://se.asko.com/kok/diskmaskiner/funktioner), edited by the authors.
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8.3 Interviews results

The interviews resulted in two separate KJ-analyses, one for the ergonomic experts and one for the
dishwasher experts. The KlJ-analyses were done separately since the interview guides differed from
each other.

8.3.1 Interviews ergonomic experts results

The KJ analysis from the interviews with the ergonomic experts resulted in several themes and
themes within themes (see Figure 23).

KJ-analys Fysio

Tunga lyft

Drém diskmaskin % 6 R

Robust

= Repetetativt arbete

Ergnomi ... Neutral ... Justering och... Avlastni...

Axlar

Figure 23: KJ-analysis Ergonomic Expert Interview

A few of the bigger themes were Working height, Grip & hand strength, Back & bends, Critical users
and Balance. See Appendix 5: Kl-analysis themes for a complete account for all the themes.
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From these interviews the general opinion was that the back is subjected to the most strain while
loading and unloading the dishwasher and that the cause of this is an unfavorable working height
and heavy lifts. Grip and hand strength were also important topics, where some tasks when using
the dishwasher, such as opening the lid for detergent or gripping dishware, were especially
straining. In these interviews critical users were also discussed, such as the elderly. These users
would also have issues with balance when performing dishwasher related tasks. This is because of
the low working height, deep bends and moving the center of gravity over the lower basket, trying
to avoid hitting the dishwasher door and reaching the dishware. Additionally, robustness, space in
and outside of the dishwasher, repetitive work and adjustment and adaptation were also discussed.

8.3.2 Interviews dishwasher experts results

The material from the interviews with the dishwasher experts was handled in the same way as the

interviews with the ergonomic experts. Interesting opinions and experiences from the interviews
were sorted into a Kl-analysis and several themes emerged, see Figure 24.

KJ-analys Diskmaskin/ Vitvaror expert

Utd

ing av underkorg Comfort lift

underkorg ho... ]

Comfort lift vid...

Modulara korgar och insatser
e riexiel

Problem med upphgjt? *

2 delad diskmaskin/ fisher a...

Oppningemelc) | Malgippitides ]

kr...

Likgiltigh

Figure 24: KJ-analysis: Dishwasher Expert interview

The biggest themes that emerged were for example High installation, Comfort Lift, Pulling out the

lower basket, Modular baskets & inserts and smart functions. See Appendix 5: KJ-analysis themes
for a complete account for all the themes.
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In these interviews the most prominent opinions were regarding high installation, where it was
agreed upon that dishwashers should be prioritized when raising appliances in the kitchen, since
the dishwasher is used more often. Pulling out the lower basket and for it not to derail and run
smoothly was also a reoccurring theme, where a derailing lower basket could potentially cause both
frustration, pain and injury, especially because it’s located at a very low height. Benefits and
problems with the Electrolux Comfort Lift were also discussed, for example, that it provides a good
working height, but it obstructs the use of the upper basket, forcing the user to only use one basket
at a time. Modularity was also a topic where both benefits and problems arose. Many customers
like modularity and it could improve the ergonomics, but if it becomes too modular, it becomes
hard and troublesome to use and understand the dishwasher functions. Customers typically want
something that is easy to use and that can be trusted for a long period of time, they do not want to

read through the instructions a second time. Additionally smart functions, accessibility and the
elderly were discussed.

8.4 Letters results

All letters were received from the participants about 2 weeks after they were sent out. The letters
were opened, read through and interesting opinions and experiences were marked (see Figure 25
for examples of the filled in letters).

HATRREM

Figure 25: Results Letters

The marked quotes from the letters were then categorized in a KJ-analysis where themes and
themes within themes emerged (see Figure 26).
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KJ letters
Kvalité Baskrav

i Disk blir... Diska s...
Anvandarvanlighet Korg haller sig ... Kvalité/sonder Robust Mat... Energis... sl i
Display
Antal program
Vilja att disk... Den ska diska ... Tystgéende
Sta stadigt Frustration ...
Kropp o
Ontildndrygg Bramed ...
Underhall av mask... Utseende Handdisk
Patilimng | == Upphdjd/regler...
Effektiv packning -~ Packaioch...
Kroppsliga hi... Fingrar/h@nder == Diska finp...
Ovre korg K... utfalld lu...

Rymma mycket

Figure 26: KJ analysis Letters

From the KJ-analysis several themes emerged, a few of the biggest were User friendliness, Quality,
Body, Base requirements and Packing. See Appendix 5: KJ-analysis themes for a complete account
for all the themes and sub-themes.

From the letters it became evident that quality was one of the most important aspects for the users
when it comes to dishwashers. Many of the issues explained in the letters were regarding the
dishwasher breaking, baskets derailing displays getting fainter with time etc. The second largest
theme from the letters was “body”. This theme is connected to the ergonomics of using a
dishwasher. Many of the respondents explained that lumbago is a common issue when using the
dishwasher, and that it stems from deep bends and repetitive work on a low working height. Some
also explained that they would like to have the dishwasher at a better working height, especially the
lower basket. Fingers and hands were also an issue for some respondents, where pain arose from
broken handles or when grabbing dishware. Another important theme was “packing” where
effective packing was largely discussed, the users want it to go as fast as possible when loading and
unloading the dishwasher. Additionally, some base requirements were mentioned such as running
quietly and cleaning thoroughly.

8.5 Summary of Results of Empathize phase

To summarize, the empathize phase resulted in a breakdown of the dishwashers’ various functions,
a breakdown of its different components, as well as grouped recurring themes from both interviews
and the Letters method. Key insights from this phase revealed that deep bends, grip and critical
users are important factors when designing for ergonomic improvements. Moreover, insights
regarding higher installations, robustness and existing ergonomic home appliance solutions
emerged as recurring themes.
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9 Results of Define phase

This chapter presents the results of the Define phase, including ergonomic assessments and KJ-
analyses.

9.1 PEPA results

From the PEPAs one could observe what steps during the use of a dishwasher were the most
straining and what ergonomic issue was the root of the problem. One could also observe the
difference in strain in each step between the dishwasher on floor-height and the raised dishwasher
(see Appendix 8: PEPA for all PEPAs).

The dishwasher on floor height demonstrated several issues, mostly regarding steps in relation to
loading and unloading the dishwasher. Parts of the body most affected by this activity were the back
for all participants, in combination with endurance when being in a bent position for a longer
period. The PEPA also demonstrated instances of strain on legs and knees, in connection with trying
to reach the lower basket. Furthermore, precision work, such as loading cutlery, was also on a
higher level of strain, this was because the hit area was less than 10 millimeters (see Figure 27 for
one PEPA on a dishwasher on floor height).
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Figure 27: PEPA TP3, Floor height
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In this PEPA one can also view examples of positions that result in the yellow or red fields, such as
bending down and bending both the knees and the back.

The PEPAs made for the raised dishwasher demonstrated overall lower strain on more fields in

comparison to the PEPAs for the dishwasher on floor height (see Figure 28 for a PEPA on a raised
dishwasher).
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Ergonomics darren underkorg dverkorg ner disk ner disk dver Placera diskmedel dirr full underkorg 10:Plocka ur full Gverkarg Plocka ur disk Plocka ur
Product underkorg korg bastick disk ur ur dverkarg bestick
Assessment wnderkorng
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Figure 28: PEPA TP3, raised height

Here, the strain on the back, knees, legs and neck was much lower because of the raised height.
This was true for all the participants. The yellow and red fields at the top in this PEPA represent
precision work such as placing plates and cutlery on a small area. The precision work is generally the
same for both dishwashers. However, there is one field for “opening the door” and “grip” that is

red. The reason for this is that the participant didn’t see the handle, opening the door with force
from the side, therefore there is also a yellow field for the same step but for “fingers” as well.

When comparing these two PEPAs one can observe that the PEPA for the raised dishwasher
received about ten fields less than the PEPA for the dishwasher on floor height. Meaning that the

raised dishwasher resulted in less strain overall. One could also observe that the most straining
50



steps in the sequence for the dishwasher on floor height, with four yellow fields, were step 4 and

10, loading dishware in the lower basket and unloading dishware from the lower basket (see Figure

29).
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Figure 29: PEPA, Floor height, most straining steps

Other straining steps with more than one yellow field were:

Step 2. Pull out lower basket

Step 5 Load upper basket

Step 6 Load cutlery

Step 7 Load detergent

Step 11. Unload cutlery

Steg 10:
Plocka ur disk
ur underkorg

forfiytta

m

Bidtt och
varmt

Steg 11: Dra ut
full dverkorg

forflytta

Blgtt och
varmt

Steg12:
Plocka ur
overkorg

forflytta

Bidtt och
varmt

Steg 13:
Plocka ur
bestick

forflytta

Blatt och
varmt

All the steps above except step 6 have issues when it comes to bending the back, meaning that

bending the back could be a relevant problem area to work with. The precision work received both

yellow and red fields on several steps in both PEPAs, meaning that this also could be a relevant field

to work with.
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From the PEPAs it could be observed that the raised dishwasher had fewer ergonomic issues in the
different steps, however, there was a concern regarding shoulders for shorter people when handling
the cutlery basket, since the entirety of the dishwasher was raised during the tests. As can be
observed in Figure 30 the participant experiences raised shoulders, and raised upper arms, which
was also commented on during the test, which are negative effects of raising the entirety of the
dishwasher.
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Figure 30: PEPA TP5, raised height
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9.2 REBA Result

REBA Employee Assessment
Worksheet

Task Name: Date:

A. Neck, Trunk and Leg Analysis Scores B. Arm and Wrist Analysis

= Medium Risk. Further Investigate. Change Soon.
=10 = High Risk. Investigate and Implement Change Ta
11+ = Very High Risk. Implement Change

ble C Score Activity Score REBA Score

Step 1: Locate Neck Position Table A Neck Step 7: Locate Upper Arm Position:
“ o0 42 2 1 2 3 1 E. 2 o oy .
v 2020 e
123412341234
\ Neck Score 1 12341234335G€6
| Trunk 2 2 3 4534564567 ;
Step 1a: Adjust. Posture 3 :é)s 645675678
1f neck is twisted: +1 Score 4 3 6 7567 86 7 8 9 gep7a: Adjust.
If neck is side bending: +1 5 46 7 8 6 7 8 9 7 8 9 9 Ifshoulderis raised: +1 2
- If upper arm is abducted: +1
Step! Locate Trunk Position ina: -
aes Loweer Arm 1f arm is supported or person is leaning: -1 Upper Arm Score
¥ 1 2 StepB LDG]IE lmmarArm Position:
l Wist 1 2 3 1 2 3
11221 23 2
291 2 3 2 <
Ll HEHRCE
Step 2a: Adjust. i Lower Arm Score
IF trunk is twisted: +1 e ¥ 4553567
If trunk is side bending: +1 Tk Score 5 6787388 stapD LocateWrIstPosltion
stepa legs Adjust 6 788899 5,5 2, 9
Table C r k\ Wrist Score
Leg Score Score A Score B
1234567 8 9101112 Stepda: Adjust _ )
Step 4: Look-up Posture Score in Table A 3 1112334567 7 7 Nurstisbentfrom midine or twisted : Add +1
Using values from steps 1-3 above, 2 12 2 3 44566778 N
Step 10: Look-up Posture Score in Table B
Locate score In Table A e 3 23334567 78 8 B usngualues fromsteps 79 above, locate score i Table B 3
osture Score
Step 5: Add Force/Load Score 4 344456788999 gayiy. pdd Coupling Score Pasture Score B
Ifload < 11 Ibs. : +0 5 4 -‘@5 6 7 8 8B % 9 9 9 wellfitting Handle and mid range power grip, good: +0
If load 11 to 22 Ibs. : +1 0 6 6 6 6 7 8B 8 9 9 10101010 Acceptable but not ideal hand hold or coupling
If load > 22 Ibs.: +2 7 77 7 8 9 9 9101011 11 11  ecceptable with another body part, fair: +1 0
Adjust: IF shock or rapid build up of force: add +1 Force / Load Score & 5 5 8 51010101010 11 17 17  Hand hold not acceptable but possible, poor: +2 Coupling Score
Step 6: Score A, Find Row in Table C 9 9 9 9101010 11 11 11 12 12 12 "t‘;"‘a"d‘“a';";’f"f_;“' wrsafe with any body part,
Add values from steps 4 & 5 to obtain Score A. 3 10 10 10 10 11 11 11 11 12121212 12 ‘ :
Find Row in Table C. Score A 11 1111111112 12 12 12 12 12 12 12 Step 12: Score B, Find Column in Table C
; 12 121212 12 12 12 12 12 12 12 12 12 Add values from steps 10 &1 to obtain 3
Scoring D e ) ClCl o e e Score B. Find column in Table C and match with Score B
1 = Negligible Risk Score A in row from step 6 to obtain Table C Score.
-3 = Low Risk. Change may be needed a4 1 5 Step 13: Activity S

+1 1 or more body parts are held for longer than 1 minute (static)

+1 Repeated small range actions (more than 4x per minute)
fon causes rapid large range changes in postures or unstable base

Qriginal Worksheet Developed by Dr. Alan Hedge. Based on Technical note: Rapid Entire Body Assessment (REBA), Hignett, McAtamney, Applied Ergonomics 31 (2000) 201-205

Figure 31: Reba worksheet

Fifteen REBAs were conducted. REBAs were conducted on all participants, at least two for each one.
In Figure 31, an example of a filled in REBA worksheet can be viewed. The focus for the REBAs was
the deepest bend on both the raised dishwasher and the dishwasher on floor height. The reason for
this was that bending down was seen as the most problematic position in the PEPAs. Precision was
also seen as a problem in the PEPAs, therefore some of the pictures taken to be included in the
REBAs were a combination between precision work and bending down. Lastly, some extra REBAs

were done on other awkward positions. In this section, still frames of some of the positions used in
the REBAs will be presented and the belonging worksheet can be found in Appendix 7: REBA.
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Figure 32: REBA 1

This first REBA (see Figure 32) is during the task of opening the door and about to pull out the lower
basket on the dishwasher on floor height. This position received an overall score of 5, meaning
medium risk. In this position, the trunk received the most points because of the deep bend. This
bend also results in bending of the legs, resulting in extra points for legs as well. Furthermore,

upper arms, lower arms and wrist also received points, but not as high as trunk, but these also stem
from trying to reach down, extending arms for example.

|

Figure 33: REBA 2
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This second REBA (see Figure 33) is during unloading of the lower basket on the raised dishwasher.
This position received 3 points, meaning low risk. A clear improvement from the previous REBA. The
main reason for this is that the bend isn’t as deep. This means that both trunk and legs received
lower points. One can also observe that points for extension of the upper arm are lower, which also
is a result of the less deep bend and better reachability. Other points in this position are also overall
low, but this position received two extra points for actions that result in large change movements
and small change movements. Meaning that the participant is both grabbing several plates (small

change movements) and moving away from the dishwasher to place them on a table (large change
movements).

The points were generally higher for the dishwasher on floor height and lower for the raised
dishwasher, however there were some instances where both received the same points (see Figure
34 and Figure 35)

l .'--‘_ ﬂ'-lmm
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Figure 34: REBA 3

In this instance (see Figure 34) the position that affects the points the most is once again the trunk,
but not the legs. This is because this participant is shorter, meaning that they don’t need to bend
down as low as the previous participant, and therefore bends the legs a lower degree, resulting in
lower points. However, this participant receives similar points as the previous participant when it
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comes to upper and lower arms, again because they are trying to reach down, extending the arms.
This participant also receives higher points on flexed and twisted wrist when grabbing an oven dish
as well as points for large and small change movements.

Figure 35: REBA 4

When this participant uses the raised dishwasher (see Figure 35) they receive lower points for the
trunk, but higher points for the neck and legs. The reason for the higher points for the neck is that
it’s twisted to be able to look into the dishwasher. Why it is twisted in this instance is because the
participant hasn’t pulled out the lower basket completely, resulting in lower visibility and
reachability, a frequently observed problem in the user tests. The higher points for the legs are
because this participant is leaning on one leg, leaning over to again be able to look into the

dishwasher. Points for twisted and flexed wrist are also given here, as well as points for large and
small change movements.

After doing the ergonomic assessments on the user tests it was evident that the activity of loading
and unloading the lower basket was the biggest issue. This results in deep bends, affecting the back,
legs and extension of arms. It was also evident that twisted and flexed wrists were issues in these
activities, as well as small and large change movements and precision issues when handling
dishware. Another observed problem was that the participants didn’t pull out the basket fully,
resulting in awkward positions when trying to see and reach.
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These issues would be even more prominent in some cases (see Figure 36 and Figure 37).

Figure 36: REBA 5

In this case the participant sits down on their knees to load the lower basket on the dishwasher on
floor height (see Figure 36). The reason for this is that this person has scoliosis and experience
issues when bending down and staying in that position for longer periods of time. This
demonstrates an important example of how people with different abilities approach the standard
dishwasher on floor height. This position also creates new problems for the knees when standing on
a hard surface such as the kitchen floor.
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Figure 37: REBA 6

In this position one can observe an awkward position of the arm, wrist and a pinch grip (see Figure
37). This results in higher points for the upper arm, lower arm and wrist. Here, points for large and
small change movements are also obtained. One thing also observed during the tests is that all
participants grab several plates at the same time when unloading the dishwasher, resulting in
uncomfortable grips.

With the problematic steps observed in the PEPAs in combination with the issues in working
position observed in the REBASs, it could be determined that loading and unloading the lower basket
were the biggest issues. Therefore, the focus forward was to try to minimize the deep bend and
repetition of the bend to reach the lower basket. From the points received in the REBA it was also of
interest to minimize small and large change movements, increase reachability and visibility to avoid
awkward positions, improve grip when handling dishware and minimize precision work in these
steps (steps 4 & 10 in the PEPA).

9.3 Questionnaire

The participants also answered a questionnaire during the user test. The questions were mainly
focused on rating the level of strain after using each of the dishwashers. For example, the
participants were asked to rate the strain they felt while unloading the lower basket from a scale on

1-6, 1 being no strain and 6 being high strain (see Figure 38 and Figure 39). (For complete review of
all questionnaire answers, see Appendix 4: Questionnaire answers).
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Figure 38: Questionnaire answers for loading the lower basket on the dishwasher on floor height
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Figure 39: Questionnaire answers for loading the lower basket on the raised dishwasher

As can be viewed from the participants’ answers, the dishwasher on floor level received higher
ratings than the raised dishwasher, with as high as 6 points, suggesting uncomfortable and straining
positions.

At the end of the questionnaire the participants were asked which one of the two dishwashers they
felt was more straining and 100% answered that the dishwasher on floor height was the more
straining. 100% also answered that it was in the lower back that they felt most strain, with quotes
such as “the back quickly became statically loaded, unpleasant working position”.

9.4 KJ analysis User test

To ensure that the participants’ opinions and comments in the user test were a part of the analysis,
a KJ-analysis was created for this purpose. In this KJ-analysis the observational notes taken from the
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video material were also included as well as some of the still frame pictures taken for the ergonomic
assessments (see Figure 40).

KJ- User test 1
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Figure 40: KJ analysis User test

Several themes and themes within themes emerged in this Kl-analysis, the biggest themes being
Layout & space, Taking several things at once, Hassle and fuss, Cutlery basket, Deep bends,

Dishwasher on floor (bad) and Raised dishwasher (good). See Appendix 5: KJ-analysis themes for a
complete account for all the themes and sub-themes.

The comments and observational notes from the user tests showed a large consensus among the
participants that the dishwasher on floor height felt worse ergonomically than the raised
dishwasher. In connection to this, the participants mentioned lumbago and general pain and
discomfort in the back as the biggest issues while using the dishwasher on floor height, because of
repeated deep bends and holding the deep bends for a period of time. This was improved by a large
extent in the raised dishwasher, where no pain or discomfort in the back was expressed. Layout &
space was also an important topic where the participants stressed the importance of a good
overview, organized baskets, space for pots and pans and an understandable layout. In the user
tests it was also observed what the results were when the layout or functions were unclear: When
the users were trying to make everything fit in the baskets they were forced to stay in
uncomfortable positions for longer periods of time, especially when loading the lower basket. When
forced into these uncomfortable positions frustration also arose. This frustration also led to some
compensatory behavior, such as sitting down on the floor to get a better view and reach of the
lower basket. Furthermore, there were other user behaviors that became prominent in the user
tests. For example, many participants missed the cutlery basket, or just didn’t find it. This resulted
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in awkward positions when trying to find the cutlery basket. The participants also didn’t pull out the
baskets fully. This was a behavior that was repeated among every participant. This resulted in the
participants themselves limiting their reachability and forcing themselves into awkward positions,
especially when loading and unloading the lower basket. It was also evident that all participants
wanted the loading and unloading of the dishwasher to go fast. Therefore, all participants took
several things at the same time. For example, several plates were grabbed at the same time in the
process of unloading the dishwasher, resulting in non-ergonomic grips and wrist positions that
could have been avoided if the participants took one plate at a time, or if the plates had better grip
possibilities. Additionally, themes such as an upright position, the dishwasher door and flexibility
were also mentioned during these tests.

9.5 Merged K/

To analyze all gathered data from the user studies a merged KJ-analysis was created (see Figure 41).
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Figure 41: Merged KJ

This KJ-analysis includes what was said during the interviews, what was said during the user tests,
the observations and the user responses from the letters. Larger circles represent larger themes
which include smaller circles that represent smaller themes and there are also smaller titles that do
not create an independent theme, but a category within a larger theme. In this KJ-analysis pictures
from the user tests and notes from PEPA and REBA are also included.
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The larger themes with the larger number of opinions and sub-themes were Body load, Raised
dishwasher, Compensatory behavior, Behavior & feelings / Cognitive and Functions. See Appendix 5:
KJ-analysis themes for a complete account for all the themes and sub-themes.

In the merged KJ it became evident what the users expect, want and need in regard to both general
wishes such as quality, but mainly regarding ergonomics. Through the merged KJ repeated opinions
and observations throughout the user studies could be viewed in a larger context. From all opinions
and observations, the most common points were back-related, such as pain in the back, lumbago,
deep bends and praise regarding a raised dishwasher or higher installation. This appeared across all
studies conducted. Other themes related to the body that became larger themes in the merged KJ
were fingers, hands & grip and critical users. In the merged KJ there were also repeated opinions
and observations regarding cognitive and emotional aspects, such as wanting to feel effective or not
pulling out the baskets fully, risking worse ergonomic working positions. Layout & space and quality
& robustness were also largely important aspects across all studies, where layout & space goes
hand in hand with wanting to feel effective and aligning with other cognitive aspects such as
understanding functions or the interior of the dishwasher. Quality and robustness point to the user
wanting to have the same dishwasher for a long time and they want it to look and feel like it is of
high quality, which also is a criterion for them to be able to trust the functionalities of the
dishwasher.

Since the merged KJ-analysis was rather big and had low readability, it was decided to ensure the
understanding of the themes through a mapping of them and their connections to each other (see

Figure 42). There were three different kinds of connections in this mapping; Solution, a dashed line;
leads to, a line with one arrow; and affects each other, a line with two arrows one on each side.

From the number of connections and number of opinions in each theme, the first base-themes
emerged, later translating to the user needs.
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Figure 42: Merged KJ Connections
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The base themes that came from the connections mapping of the merged KJ-analysis were:

e Critical users

e Fingers, hands & grip

e Awkward positions

e Deep bends

e Painin back

e Compensatory behaviors

e Good with higher installation
e Hardships with dishwasher on floor height
e Hussle & fuss

e Doesn’t pull out baskets fully
e Important that it goes quickly
e layout & space

e Adjustable

e Quality & Robust

To ensure that no smaller theme or category of importance were overlooked, each small theme and
category were compiled into sub-themes and later came to be combined and translated into sub-
needs. The sub-needs specified and defined the needs.

9.6 List of user needs

The list of user needs emerged from the merged KJ-analysis as mentioned above (see Appendix 6:
Complete list of user needs). The list of user needs was created by rephrasing the base-themes and
sub-themes from the merged KJ-analysis into user needs and sub-needs. This was done to structure
the problem picture and get a basis for future decision making. The needs were divided into four
sections: Product needs (connected to the dishwasher functions), Ergonomic needs (physical and
cognitive), Emotional needs (such as trust and minimizing frustration) and Other needs (not
connected to any other section).

9.7 Summary of results of Define phase

To summarize, this phase resulted in the identification of ergonomic pain points in both the task
sequence and in specific working positions. The task of loading and unloading the lower basket
were the most straining steps in the sequence and precision, trunk bend, extension of arms, and
bending of legs were some of the problems identified. In the merged KJ-analysis themes such as
deep bends, critical users, hussle & fuss and fingers, hands & grip were of importance. Lastly, these
themes were translated into a list of user needs, compiling all user needs found in this phase.
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10 Results of Ideate, Prototype and Evaluate phases

In this section the results from three phases are presented: |deate, Prototype and Evaluate. Since

these phases are iterative and overlap, the results of them are presented together. This is to ensure
a presentation of the results that mirrors the true order in which it was done.

10.1 Concepts

In Figure 43 several ideas from the idea generation sessions are presented, where the concepts
suggest various ways of designing a dishwasher that meet the user’s needs. The ideas are widely
spread from small changes of the dishwasher to whole new concepts of how it should function. In
the figure below some of the concepts can be viewed, they were grouped based on similar
performance or function.
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Figure 43: Sketches

Rotation of the baskets

To have a more ergonomic working height when loading and unloading both the upper and lower
basket, these concepts solve the problem by rotating the baskets, so that the user always interacts
with the basket at the top level.

Elevated lower basket

Several concepts solved the deep bend, visibility and reachability problem by integrating some kind
of lift or movement that vertically moved the lower basket up. Either only the basket, or the entirety
of the dishwasher door. These concepts also allowed for the user to adjust the dishwasher to their
liking in accordance with the user study findings.
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Non-standardized dishwashers

Some of the concepts solved the ergonomic problems by new ideas of the dishwasher concept,
either by a wide drawer or by raising the whole inside of the dishwasher though the kitchen
countertop. Also, ideas of sink dishwashers solved the ergonomic issues of deep bend, visibility and
reachability.

Modular baskets

Modularity of the baskets was found in several concepts as well, solving the issue of the repetitive
deep bend problem, but that still would require some deep bends. The idea of these concepts was
to minimize the repetitive workload by placing the basket on the countertop to sort the dishware
from a more optimal work height, to increase the feeling of being effective by being able to store
modular baskets directly in storage and provide optimized grip.

Several concepts from the concept groups were further refined, with for example materials, using Al
(see Figure 44). This resulted in a better understanding of how a final product might look like. By
using this Al tool, more knowledge of the possibilities and limitations of each concept was realized,
thanks to the higher fidelity.

Rotation of Elevated lower Non-standardized Modular baskets
baskets basket dishwashers

Figure 44: Sketches refined with Al
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From the iterative ideation, prototype and evaluate phases, elimination processes were carried out
through a concept selection process, discussing and eliminating concepts based on feasibility and
mechanical properties.

10.2 Selected concepts moving forward

Seven concepts that potentially could improve the ergonomic issues of dishwasher use and meet
several of the user needs were identified and are presented in Figure 45.

Figure 45: Refined concepts

1. Door lift

The door lift lifts the dishwasher door and thereby the lower basket by an electric function, to
achieve a more ergonomically suited working height.

2. Angled door

This concept is a further developed idea from the door lift. The concept lifts the lower basket when
the user closes the dishwasher door. It takes advantage of the angle and positioning of the outer
edge of the dishwasher door. The lower basket is fastened on this edge and while closing the door,
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the weight is compensated on the back edge of the lower basket through an extruding wall and the
basket is lifted.

3. Scissors lift

The scissors lift is constructed as a “basket in basket”, where the inner basket acts as the lower
dishwasher basket. The whole system is first pulled out from the dishwasher, and then the lower
part stays in place on the dishwasher door whilst the inner basket raises by a scissors lift function to
an ergonomic work height.

4. Scissors lift + reach top basket

This concept is based on the same concept as the scissors lift but ensures that the top basket can be
pulled out when the lower basket is elevated. The scissors lift is pulled out and extended from the
dishwasher door and then raised to a more ergonomic work height, providing the possibility to
work on the upper basket simultaneously.

5. Toolbox

The toolbox concept is based on that the lower basket is divided into two parts. These two parts

work as individual baskets and can be raised to a more ergonomic working height and extend
outside the dishwasher door using metal arms, like a traditional toolbox.

6. Rotation

The concept rotation is based on the idea of the user only handling dishes from the upper basket,

requiring the lower and upper basket to swap place. This is done by rotation from lower to upper
level.

7. Modular baskets

The modular baskets are a combination of concepts, where the baskets are constructed to be lifted
out from the upper and lower dishwasher baskets. The moveable baskets can then be placed on the
countertop to be loaded and unloaded on a more ergonomic work height. The baskets can also be
placed and stored directly in cupboards or shelves without having to place the plates one by one.

10.3 Mockups

Some of the above-mentioned concepts were further investigated with the help of mockups. This
was mainly done to investigate size, movement and force on concepts that lacked this information
(see Figure 46). Examples shown in the figure are the door lift concept (to the left) and the rotation
concept (in the middle and to the right).
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Figure 46: Mockups

From the mockups it became evident that the rotation concept would need a lot of space in the
dishwasher to work. Meaning that the dishwasher either would need to be larger in size, or the
baskets had to be smaller in size for the concept to work.

10.4 Decision making

To eliminate the worse performing concepts, a Pugh matrix was used. In Table 1, the results from
the matrix are shown. The reasons and comments to explain some individual columns in the table
are found in Appendix 9: Pugh matrix. From the table, the scissor lift combined with reaching the
top basket scored highest, followed by the modular baskets. The door lift and the scissor lift without
reaching the top basket scored equally, but a few question marks created difficulties in fairly
evaluating these concepts, therefore the decision was made to further refine these concepts to
understand which concept is better suited for the aim of this project.
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Table 1: Pugh matrix

Scissor lift
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10.5 Functional prototypes

In Figure 47 the first 3D-printed prototypes of the concepts that were decided to further develop
are presented. The aim of these prototypes was to explore the functions, test movement and to
address the question marks in the Pugh matrix.
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Figure 47: 3D-printed functional prototypes

The results from the prototype of the door lift showed that the lifting mechanism could potentially
result in issues related to too much strain on the attachments of the lift mechanism (see the middle
pictures of Figure 47). The reason for this is that the anchor points of the mechanism are not
equally distributed on the door and only on two points in the corners of the door. Moreover, the
rods used for the lift mechanism in this concept would in the current construction block the
movement of the baskets. Therefore, the lifting mechanism would have to be placed outside of the
dishwasher, or somewhere in between the inner and outer dishwasher walls. Furthermore, the
opening mechanism of the dishwasher door today is built with springs that allow the dishwasher
door to open and close smoothly. The placement of the spring would either have to be moved or be
reconstructed to work. With all these issues to be solved, the scissor lift resulted in a better option
to the solution.

Regarding the scissor lift, some concerns arose as well. If the scissor lift would be pulled out
together with the lower basket, and then elevated once pulled out, this would result in the scissor
lift mechanism being inside the dishwasher when running. Since electric components would have to
be sealed so that no water would enter, the lower part of the scissor lift would have to be partly
sealed. But if the lower part of the scissor lift is sealed, the dishwasher would not function as it does
today, as the baskets are made by thin strings, the food particles can easily be flushed down the
filter. But if the scissor lift blocks the filter, the food particles would be spread out on top of the
scissor lift.
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10.6 Merged Concept Development

To solve the problems regarding having to protect the components of the scissors lift mechanism,
but at the same time not blocking the filter, a combination of the scissor lift and the door lift was

created. This concept is a scissors lift, integrated in the door. Thus, the lower part of the scissor lift is
a part of the door, and the upper part will be lifted from the door once activated (see Figure 48).

Lower basket Scissor lift lifts up the lower basket to When closing the door, the scissors
pulled out optimal work height lift is integrated in the door

Figure 48: Scissors lift integrated into the door

The results from the Pugh matrix showed that the scissors lift concept combined with reaching both
the upper and lower basket simultaneously received the most points. Therefore, the aim was to
ensure that this merged concept would enable this. Since the construction of the scissors lift is
placed within the door, the space that this mechanism occupies would affect the depth of the
baskets when the door is closed to fit into the machine. If the scissors lift had been placed under
the lower basket inside the machine, like the previous scissors lift concept, the basket would have to
decrease in all directions since it needs to fit in the outer basket.

Since the aim is to enable the user to use the upper and lower basket simultaneously in this
concept, the need to decrease the depth of the baskets to accommodate for the scissors lift
mechanism, is an advantage of this concept. If both baskets decrease the depth slightly, both
baskets could be pulled out and fit next to each other at the height of the upper basket. The baskets

would also fit within the frame of the dishwasher door, sufficiently collecting food waste and water
falling from dirty dishes. The downside is less place settings.

If this construction is possible, the concept would improve the ergonomic working positions when
using a dishwasher. It could also improve the cognitive ergonomics through providing visibility of

both baskets and their content at the same time and improve reachability, but as mentioned, to the
price of less place settings.
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10.7 Final decision making

The concept chosen to further develop as the final concept is the scissors lift integrated in the door,
from here on out referred to as the “contemporary concept”. This concept reduces ergonomic pain-
points described in previous chapters and provides the possibility to have the upper and lower
basket pulled out simultaneously. To visualize this, it was decided to build this concept in a full-size
prototype.

Moreover, the modular baskets will also be further developed, both separately, and combined with
the above stated concept as a “future concept” to not be implemented within the nearest years.
The future concept is a holistic concept redefining how the dishwasher functions in relation to
kitchen storage.

10.8 Summary of results of Ideate, Prototype and Evaluate phases

The iterative process of ideation, prototyping and evaluation led to the development and
refinement of several concepts that aimed to address the ergonomic challenges of dishwasher use.
Through mockups, 3D-printed prototypes and decision making with a Pugh matrix, the concepts
were further refined and eliminated one by one. In the final stage of the phase, a merged solution
emerged that combined promising alternatives, resulting in the contemporary concept: A scissors
lift mechanism integrated into the dishwasher door. Moreover, the concept of modular baskets also
received high points in the Pugh matrix, resulting in the decision to further develop this concept as
a holistic future concept.
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11 Results of final concept

The final concept resulted in a scissors-lift integrated into the dishwasher door and modular
baskets, as described in the previous chapter. This chapter will present these final concepts.

11.1 Contemporary concept

This dishwasher allows the user to raise the lower basket of the dishwasher and work at an
ergonomic height when loading and unloading the dishwasher (see Figure 49). The concept focuses
on minimizing bending by adjusting the lower basket to a more favorable working height and
thereby improving both visibility and overview.

; -

| .Ill ﬁmn '
\ | 8 . mERY
il WG

ST M

Figure 49: The Contemporary concept

This concept features a built-in lifting function, that changes how the users interact with the lower
basket of the dishwasher. The lifting function is inspired by the mechanics of a scissors lift, where
the function is integrated into the dishwasher door. In Figure 50 the main components in the
contemporary concept are displayed.

73



Movable platform

Slot section

Inner door

Quter door

Figure 50: Exploded view

The primary modifications to the existing ASKO dishwasher are found in the door. The door is
divided into two parts, one fixed to the outer structure of the dishwasher door, and another
movable section connected through four arms. Both the upper and lower sections of the door
contain slots that guide the rod mechanism. As the basket and movable section of the door are
lifted, the rods slide toward the front of the door, making the lift rise. When the rods slide inward
toward the inside of the machine, the lift is lowered. This mechanism will be electric, with for
example an electric actuator. The electrifications and mechanics of the concept remain a subject for
future work.

The moveable part of the door includes wheel tracks, which ensure that the basket can be pulled
out smoothly and straight without derailing. At the end of the tracks, there is a stop that ensures
that the basket is fully extended once lifted (see Figure 51).
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Figure 51: Wheel tracks

To construct this concept, the depth of the baskets had to be reduced. The basket in this design is
approximately 60 mm shorter in depth, since the lift mechanism occupies space once the
dishwasher door is closed. The reduced depth also allows the upper and lower basket to fit side by

side when raised. This enables users to work with both baskets simultaneously at the same
ergonomic working height (see Figure 52).

Figure 52: Upper and lower basket
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The user activates the dishwasher door’s lifting function by pressing a button, which raises the
lower basket to the same height as the upper one, eliminating the need for bending. In Figure 53
the sequence of the scissors lift is shown.

Activate the lift by The lift raises the Pull out the
pressing a button lower basket upper basket

Figure 53: Lifting sequence

11.2 Prototype of Contemporary concept

This section presents and visualizes the contemporary concept and the user interaction with the
help of a prototype, developed as a static representation. Figure 54 shows the final prototype in a

contextual scenario.
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:

This prototype is focused on visualizing the concept and the user interaction, meaning that the

Figure 54: Final prototype

function of the scissors lift is not applied in this prototype. However, real materials (mostly metals)
commonly used in a dishwasher as well as authentic dishwasher baskets are used to convey a
higher fidelity concept.

As seen in Figure 55 the user obtains a good visibility of the dishwasher baskets and can reach both
the upper and lower basket simultaneously since they are positioned next to each other.

Figure 55: Both baskets at the same height
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In Figure 56 detailed pictures of the prototype are shown, visualizing the lower basket positioned all
the way out on the inner dishwasher door. To the right, the attachment of the scissor lift arms is
shown.
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Figure 56: Scissors lift prototype

11.3 Ergonomic assessment of contemporary concept

As mentioned, the most straining steps as seen from the PEPA in the user test (see chapter 9.1)
were step 4 and 10, loading and unloading the lower basket, which were the focus points of the
development process. Therefore, these are the steps focused on in the ergonomic assessment of

the contemporary concept. To assess the possible improvements in these steps a new REBA is
made.

A REBA of the deepest bends and most awkward positions of loading and unloading the dishwasher
of the new concept was done and showed an improvement of the ergonomic situation (see Figure
57).
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Figure 57: REBA of final concept

As seen from the REBA above, the new concept received a score of 3, suggesting a low-risk position.
The main reason for these low points is the straight neck position, small trunk bend, steady posture
on the legs and low extension of the arms and wrists. In this case, the person is also reaching for the

plate furthest away from them, meaning that this concept would score even lower when grabbing
plates closer to the body.

When looking at the position for unloading the lower basket on the dishwasher on floor height and
the position for the same task in the contemporary concept, obvious differences can be observed
(see Figure 58). The bend of the back is largely improved because the concept provides adjustability
via changing the height of the lower basket. When having the lower basket be raised, a more
favorable working height is achieved resulting in a more upright position. The raising of the lower
basket also improves both visibility (coming closer to the line of sight while standing), overview and
reachability (also resulting in avoiding twisting and extension of the neck and arms), all being
frequently mentioned or observed user needs. This concept also reduces cognitive load by

presenting the baskets at the same height, side by side, providing the possibility to view and work
with both baskets at the same time.

79



i

Figure 58: Comparison of position unloading lower basket

These prominent differences in working position are also prominent in the numbers in the REBA
(see Figure 59).
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Figure 59: Comparison of REBA

As seen in Figure 59 there is a difference in the REBA results for the contemporary concept and the
regular dishwasher on floor height during the same task (unloading the lower basket). The
contemporary concept received 3 points, suggesting a low-risk position, while the regular
dishwasher on floor height received 6 points suggesting a medium-risk position. The main reason
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for these differences stems from the higher positioning of the lower basket. This eliminates the
deep bend, provides good visibility and reachability eliminating twist of the neck, provides a stable
position on two legs when not needing to bend or lean over, provides the possibility to have the
upper arms closer to the body minimizing extensions and lastly, minimizing large change
movements since unloading in an upright position also results in a closer distance to a countertop
or work surface.

The results from the PEPA from the user tests suggested that raising the entirety of the dishwasher
could come with new issues for shorter users, where raised shoulders when trying to reach
contribute to straining positions when unloading the top cutlery basket (see chapter 9.1). This
suggests that only raising the lower basket, which was the most troublesome basket on the
dishwasher on floor height overall, does not risk this problem.

11.4 Future concept

The second concept is a holistic approach that redefines how the dishwasher functions in relation to
kitchen storage. This concept blurs the line between storage and the dishwasher’s baskets by
introducing modular baskets inside the dishwasher. These baskets can easily be removed and placed
at a comfortable working height (see Figure 60).

Figure 60: Modular baskets?!

The baskets can also be placed straight into kitchen drawers and cupboards, shifting the process
from unloading each individual dish, sorting, and storing it, to simply lifting out a few modular
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baskets and placing them directly onto shelves and in cabinets. The modular baskets therefore act
as an extension of the dishwasher (see Figure 61). The modular basket concept focuses on the main
pain points established from the user studies and ergonomic assessment such as deep bends, but
mainly regarding repetition of bend. It also focuses on improving grip and the effectiveness of using
the dishwasher, as seen as an important aspect expressed by the users.

Figure 61: Store in cupboards?

In Figure 62, a suggestion of how the modular baskets could look are visualized. The modular
baskets are designed so that the user can place the baskets correctly in the dishwasher, by hooks
that hang on the rods of the original baskets.

/— Hangs on the basket frame

Figure 62: Modular baskets

82



In addition to simplifying the unloading sequence in terms of time, this concept also offers several
ergonomic advantages when using the dishwasher. Firstly, since the user only needs to lift a few
modular baskets instead of handling each plate or glass individually, fewer bends and twists are
required to perform the same task. Moreover, the modular baskets feature handles on each side,
providing a more ergonomic grip compared to the pinch grip typically used when holding a small
fork or the edge of a thin plate. The weight of the modular baskets was tested in the prototypes
made (see section 7.3.5), ensuring that the modular baskets would not be too heavy to lift. Finally,
placing the modular baskets on the countertop offers better visibility, which reduces cognitive load.

This concept also provides the possibility to be combined with the contemporary concept, resulting
in an optimized dishwashing experience, with both elimination of deep bends, improved ergonomic
grip as well as effective dishwasher use.

11.5 PEPA estimation

Since the modular concept has not been physically developed nor tested, Figure 63 shows an
estimation of a PEPA when using the modular concept combined with the contemporary concept.
This estimation is based on the PEPA for the dishwasher on floor height for test person 1 (the tallest
participant) (see Appendix 8: PEPA). The changes that the modular concept combined with the
contemporary concept in theory would make are improving the ergonomic precision in the steps
relating to unloading dishware. Moreover, minimizing strain on the back as well as endurance for

step 4 and 10. Lastly, improving the neck position in step 12 due to the modular baskets. The cells in
the figure that are outlined are those estimated to be improved.
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Figure 63: Estimation on PEPA when combining concepts

83



Discussion



12 Discussion

This chapter will discuss the results in relation to theory, process and methods. The aims and

objectives from the introduction chapter will be addressed and discussed. Thereafter the validation
of results will be discussed, and finally sustainability and ethics of the project will be addressed.

12.1 Aim and objectives

The first objective of the thesis was to Analyze the current ergonomic challenges of an ASKO
dishwasher in everyday tasks. This objective was met through a comprehensive investigation
including several user study methods. By triangulating the results from interviews, user test (with
both REBA and PEPA as ergonomic assessment tools), as well as users own reflective thoughts of
dishwasher use from the method Letters, a robust understanding of the current ergonomic
challenges was obtained. The insights regarding this objective resulted in a merged KJ of all insights,
that was translated into a comprehensive list of user needs.

The second objective was to Develop a redesigned dishwasher concept with enhanced ergonomic
features. The ideation phase was informed by the list of user needs from the empathize phase and
pain points from the ergonomic assessments, resulting in two final concepts with a clear focus on
improving these issues. Special attention was paid to back pain regarding loading and unloading the
dishwasher, which successfully fulfilled the goal of enhancing ergonomic usability. Both concepts
stemmed from a user-centered approach improving posture and reducing strain while meeting
several of the users’ emotional and functional requirements. Thus, the objective was met through
the final concepts and their development processes.

The last objective was to Evaluate the final concept based on ergonomic performance. While a final
user test of the final concepts was not conducted due to time constraints, the contemporary
concept was partly assessed through self-evaluation using the same approach of assessing REBA as
the first user test. A new evaluation in terms of PEPA was not performed for the final concepts,
however, an estimation was made based on the previous PEPA on a raised dishwasher. Possible
changes the PEPA would result in when combining the contemporary and future concept was also
discussed. Furthermore, the concepts have continually been compared against the list of user
needs, which is the result of a comprehensive ergonomic investigation. With these assessments, a
review of the concepts from several perspectives ensured a rigid evaluation based on both
ergonomic theory and real-world user test. However, the modular concept remained unevaluated
through any type of user testing and was decided to keep as a future concept, which is more deeply
described in chapter 13.

The aim of enhancing the physical ergonomics of ASKO dishwashers is addressed through a process
allowing both user-centered as well as ergonomic principles to lead to the final outcome. By
identifying critical pain-points and translating these into requirements, the project successfully

resulted in a concept with clear ergonomic improvements. The continuous discussions with both a
85



researcher in production ergonomics and socially sustainable workplace design, a researcher in
Human-Technology Design and industrial input from ASKO as well as an external engineer, reinforce
the validation, thus achieving the thesis aim to a successful degree.

12.2 Contemporary concept

The contemporary concept primarily targets the issue of the deep bend during loading and
unloading of the lower basket, as this was identified as the biggest ergonomic problem in the
empathize phase.

The back related issues that are a result of these deep bends were suspected already before the
research was initiated and was confirmed by the literature. Bohgard states that lumbago is a
common result of unexpected load of the back in an unexpected direction (Bohgard, et al., 2009).
This could be due to small displacements in the vertebrae that are due to insufficient preparation in
stabilizing back muscles. Frequent heavy lifting is a risk factor in back problems and twisted and
bent postures can increase these risks. It’s also stated that regardless of the work being “light”,

prolonged twisting and bending of the back often lead to back problems, due to the load, but also
due to the actual weight of the body itself, which is a factor that could easily be disregarded.

Like the literature suggests, it was suspected that for example, lumbago would be a large topic
during the empathize phase. These suspicions also came to be true as participants in all studies
mentioned this issue in some way.

Furthermore, it was also suspected that raising the dishwasher from the floor could provide a better
ergonomic situation, which the literature also suggested. Baden-Powell explains how the modern
kitchen is based on some key dimension for ergonomic efficiency for reducing strain and improving
comfort (Baden-Powell, 2005). These key dimensions are, for example, measures of reach and space
between counters, where standard heights for countertops are about 900mm, adapted for the
average user. Appliances such as microwaves and ovens are also more commonly being installed at
higher levels, around 1200 mm, suggesting that minimizing back pain and providing better overview
is of importance.

The early interviews with, for example, the dishwasher experts also suggested that a high
installation would be beneficial, aligning with the literature. Therefore, the idea of raising the
entirety of the dishwasher to a better working height was then applied to the user tests, where one
of the dishwashers used was raised about 35cm of the floor. It was anticipated that this installation
would be most beneficial across all ergonomic aspects. Surprisingly, that was not the case for the
shorter participants where positional issues and static load of the shoulders were observed when
using the top basket.

When returning to the literature, Bohgard states that when it comes to standing work it’s highly
dependent on the height above the floor at which the work is carried out (Bohgard, et al., 2009).

This means that if the working height is too low, the body must be bent forward, and that increases
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load on the back as well as neck muscles, but on the other hand, if the work height is too high the
arms are kept in a high position resulting in a heavier static load, which is also unfavorable from an
ergonomic standpoint.

Thus, the idea of only raising the lower basket was implemented, to avoid creating new ergonomic
problems and to keep the concept accessible, usable and comfortable for a larger group of the
population.

Additionally, it was not anticipated that the deep bend seen in the user test would be the root cause
to such a large number of other problems. It was seen that a deep bend to reach the lower basket
also causes extensions of the arms, bending of the legs and twisting or bending of the neck. In the
Letters study and in the interviews, it was also mentioned that balance was a potential problem
caused by the deep bend. Meaning that the suspicion of a deep bend not being favorable based on
the literature, turned into an actual problem, spanning across many different bodily functions.

Another surprising factor was the cognitive and behavioral aspects of using a dishwasher. It was
anticipated that some cognitive factors would arise, but not to the extent that it did. It was
observed that users experienced frustration, for example due to not understanding how to pack the
dishwasher or not being able to see some functions, such as the cutlery basket. These issues could
be connected to the mental capabilities of perception and mental models. These problems resulted
in compensatory positions that worsen the ergonomic situation, such as twisting and bending down
at the same time. It was also observed that users had some behaviors that worsened the ergonomic
situation as well, such as not pulling out the baskets fully, reducing reachability and visibility even
more.

According to Berlin & Adams, a well-designed work system, focused on improving cognitive
ergonomics, can decrease the impact of fatigue by minimizing the ability to execute a task
incorrectly (Berlin & Adams, 2017). When designing to support mental capabilities there are a few
principles aimed at supporting the capabilities of attention, perception and mental models. Two of
these principles are minimize time and effort for finding information and proximity, meaning that
making it easy for the user to understand functions of the dishwasher fast and the user being close
to the information was seen as largely important topics and also affected the physical ergonomics.

With the above information in mind, it was seen as beneficial to provide both baskets at the same
height, while providing the possibility to be close to the information, increasing the probability of
finding the information fast, to avoid executing a task incorrectly.

12.3 Future concept

The future concept was an unanticipated concept that came about from the findings of the

connection between cognitive and physical ergonomics. This concept aims to address the deep
bend but also provides the possibility to shorten the task sequence of using the dishwasher.
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As found in the literature, it’s beneficial to minimize time and effort to find information. This was
also found as a need in the empathize phase where users expressed the need for feeling efficient.
This was also especially evident during the user tests where the users grabbed several plates at a
time while loading and unloading the dishwasher. This suggested that it might be beneficial to
reduce the time of the task itself or even eliminate or combine some steps.

In the empathize phase it was also found that grip was an important aspect for the users, where
broken handles and several slippery, thin plates could be troublesome to handle. Berlin & Adams
explain that hands and wrists are critical parts of the human body for one to be able to execute
various tasks (Berlin & Adams, 2017). The hand, wrist and arm together form a structure that is
especially complex and sensitive to injury in physical work. It’s also explained that the hand is used
as an important tool for gripping, with different functional positions depending on the amount of
power and/or precision needed for a specific activity. The complex structures of the hand are not to
be overloaded with unnecessary twisting and bending, instead, the hand should be as close to its
resting position as possible. The resting position of the hand is when the wrist is straight, muscles
are relaxed, and fingers are slightly curled. A few typical work-related issues that could risk injury to
the hand are repetitive tasks, high forces and incorrect grips.

The grip aspect was also something that was suspected to be an issue in the early stages of this
project, however, it was not anticipated to be connected to the feeling of being effective, which is a
cognitive and emotional aspect. The future concept of modular baskets, with built-in handles, that
can be stored in cabinets directly from the dishwasher was therefore a surprising concept, trying to
solve a bigger problem, spanning physical- and cognitive ergonomics but also emotional needs.

12.4 Process

The process of this project has been both iterative and user-centered, which were the aspects on
which the project model was chosen. The iterative nature has however blurred the lines between
the phases in the project model to a much larger extent than intended. Some phases, such as the
evaluate phase, have been present almost throughout all phases, making the methods used in
these phases hard to place. For example, it has been hard to place ergonomic assessments, as they
are both a part of the define phase, defining ergonomic pain-points, the evaluate phase, evaluating
ergonomic position in concepts, and the empathize phase as the ergonomic assessments are a
result of the user tests.

This iterative process has also been beneficial. It has provided the possibility to explore every
possible problem and solution in different phases of the project. For example, iterative information
retrieval between the empathize and ideate phases have multiplied the number of possible
solutions, meeting the aim of the ideate phase sufficiently. Also, the prototype phase has proved to
be positively affected by this process. Rapid prototyping, to learn more about concept functions and
to be able to evaluate them fairly, created the opportunity to realize new possibilities. In this case,
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viewing the rapid prototypes enabled a merged concept development, which would probably not
have happened without this process.

Furthermore, this project has been largely user-centered which have affected the results. The user
has not only been the center of the project in ergonomic aspects, but they have also provided their
emotional needs to this study. Emotional needs were not a part of the initial scope, however, as the
user have become known, it has become evident that the emotional needs do affect physical
ergonomics. While the acknowledgement of the emotional needs did take time from the actual
scope of ergonomics, it also created a more meaningful and holistic solution. For example, the need
to feel effective is an emotional need that emerged from the more qualitative studies such as
Letters. This need showed to affect the user in terms of taking short cuts, ignoring functions and
worsening their ergonomic situation for the purpose of being fast, meaning that ergonomic
solutions must be effortless and intuitive for the user, otherwise they won’t use it. This emotional
need was also one of the building stones for the future concept, where the idea to shorten the
unloading sequence was born, to address the emotional need of wanting to feel effective.

Finally, the needs obtained from the empathize phase were hard to weigh and prioritize. The reason
for this is the subjective nature of user opinions and experiences. Prioritization of the needs were
suggested to ASKO, but it was decided rather not to limit the development process with company
opinions, both because it narrows the solution space and because it is hard to prioritize when the
values are soft or unmeasurable. Because the needs were not prioritized, the evaluation of the
concepts against the needs were based on intuition and with all needs on the same level. Meaning

that the need of the dishwasher cleaning the dishes had the same prioritization as minimizing back
pain, which could be questionable.

12.5 Validity of methods

This section will discuss the validation of some of the methods used in the project, addressing both
limitations and advantages.

12.5.1 Letters

The method Letters was used to gain deeper insight into users’ experiences of dishwashers in their
home environment. By combining parts of both diary studies and cultural probes, the method
encourages deep reflection of long-term use of dishwashers. This method provided rich
understanding and thoughtful responses, showing that the method was successful in prompting
them to consider their experiences from different perspectives. A limitation of this method is that it

requires a high level of motivation among the participants. In this case, it was attempted to achieve
high motivation by careful participant selection, and clear instructions of the method.
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However, there was a wide spread of engagement in the answers form the letters, even though
precautions were made to avoid this. Some participants truly immersed themselves in the theme of
the letters, while others responded without much empathy. In addition, the letters were mostly
open-ended, allowing the participants to write about what they personally wished for in a dream
dishwasher, as well as what they love or hate about their current one. This led to some responses
being very specific to their individual experiences and dreams.

Regardless of variations in participant engagement and expressions in the letters, the validity of this
method is supported by the richness and depth of the themes identified through the KJ analysis, as
well as their alignment with findings from the other studies. Overall, letters provided valuable
insights and captured both physical and emotional user needs associated with long-term
dishwasher use, hence a meaningful complement to the other user studies in this project.

Creating a new method could be a risk as it has not been tested or proved to be useful in similar
processes. Nevertheless, this method is a combination of two established methods; Cultural probe
and Diary studies. Moreover, to ensure a successful combination of these methods a pilot study was
performed securing a valuable outcome. Furthermore, a researcher in the area helped to form and
evaluate the outlines of the method, further ensuring validation for this method.

Lastly, the participant selection was thoroughly thought out, ensuring a spread in ages, experiences
and included both men and women. However, the method did not reach the same saturation that
the user tests did, mainly because of the open-ended nature of the method. Thus, it would be
beneficial to have included more participants within the study, if the timeframe would have allowed
it.

12.5.2 PEPA

The method PEPA was used to analyze ergonomic pain points in a specific task sequence in
dishwasher use. As a relatively unknown and rarely cited method in broader ergonomic research,
PEPA lacks extensive validation, that is found in more established assessment tools like REBA.
However, there is a gap of ergonomic assessment tools directly linked to a specific product, and
since this method has been used in education contexts at Chalmers, and was developed by lecturers
at Chalmers, this supports the inclusion of the method in this project.

The strength of PEPA lies in the ability to identify pain points and problematic areas within the
activity steps when using a product. And moreover, what type of problematic areas in the body it
refers to. To validate the PEPA results, the method was used parallel with the more established
method REBA.

One challenge the method PEPA faces is that it involves subjective judgements from the evaluators,
regarding ergonomic knowledge and consistency in interpretation of what the “critical users” may
experience. A more accurate way might be to let the critical users themselves interpret and fill in
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the chart of the PEPA. Despite this limitation, the results from the PEPA contributed to meaningful
insights to the define phase of this project.

12.5.3 REBA

REBA method is a well-established ergonomic assessment tool, generally associated with high
validity. However, challenges can arise during the REBA analysis, as individual analysts may interpret
posture scoring differently. To minimize this issue, each step of the REBA evaluation was discussed

among the analysts and the assessments were conducted and interpreted consistently throughout
all REBAS.

Another challenge concerns the comparison of different REBAs. Since the still images used for
comparison were selected based on the most critical posture observed, for example during the
deepest bend, other body parts sometimes influenced the results. This sometimes resulted in
higher REBA scores. Which was not always connected to the back posture, but for example due to
grip or raised shoulders. This challenge and explanations of the REBA results are more deeply

explained in section 9.2. This challenge stems from the variations of how users interact with the
dishwasher, and the fact that the REBA is based on the full-body posture captured in the image.

12.5.4 User test

The user test was central to understanding how the users interact with dishwashers and to identify
ergonomic problems. The combination of video observations from two angles, audio recordings,
that the participants were asked to think out loud, as well as the survey provided rich data to be

analyzed. The study also included two dishwashers at different heights, enabling comparative
analysis that ended up being crucial for the continuous work of the project.

One limitation of the set-up was the fact that the dishwashers were not identical. The one on floor
height was an ASKO, and the one raised was a Gorenje. This may affect the results slightly if the
participants, for example, preferred one layout better than another. However, the first objective
states “Analyze the current ergonomic challenges of an ASKO dishwasher in everyday tasks” which
was the most important aspect of the user tests. The raised dishwasher was an addition, as the
potential of a raised installation had been found in previous stages of the project.

Another limitation was the small sample size. However, saturation of the results was achieved,
meaning that the final participants contributed little new information, instead, repeating points that
had already been mentioned or observed earlier. Additionally, the selection of participants was

diverse in terms of gender and height, which ensured wide spread of insights, which was crucial for
the investigation.
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12.6 Sustainability and ethics

This project aims to enhance the ergonomics of an ASKO dishwasher. This aim thereby improves
daily life for dishwasher users. By addressing the usability and ergonomic issues, this project
benefits a wide range of individuals in their daily life. This project invites actual users to give their
input into dishwasher use, creating a space for meaningful and user-centered product development.
Furthermore, this project also invited experts in the area of ergonomics to ensure a fair and
accurate representation of ergonomic issues. This way, critical users were also represented more
thoroughly, such as the elderly or people with disabilities, even though they were not frequently
participating in the user studies. The vision was to provide a more inclusive product that reduces
physical strain and discomfort when being used and therefore aims for a better quality of life.

To outline the ethical aspects of the project, a user-centered approach was used to ensure the
involvement of the end users of the product. These individuals were chosen carefully to minimize
bias that could result from a too narrow user group. The user tests and interviews were conducted
with respect to the participants privacy, ensuring that the data collection was implemented with
ethical standards with informed consent. GDPR forms were also created and signed by users in the
user tests to ensure transparency in use of their data, including pictures and videos.

The project itself does not focus on improving ecological parameters. However, since ASKO products
are made from durable materials, are energy efficient and have a long lifespan, the products of this
project are a part of that vision, aiming for the same level of sustainability. While ecological
considerations were not the main focus, this project strived to avoid creating a worse ecological
scenario. In addition, efforts were made to reduce material waste when prototyping. For example,
through using a dishwasher at the end of its life as a base and using scrap material for building
several parts.
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13 Future Work

Although this thesis successfully resulted in an ergonomically improved dishwasher, several areas
are open for further exploration and refinement. This section will give suggestions on future work.

13.1 Refine the concepts

The feasibility of the concepts is still at a theoretical design stage. Further refinement of both the
contemporary and the future concepts are needed. Regarding the contemporary concept, more
technical feasibility and mechanical integration is of importance, especially regarding the scissors lift
mechanism integrated into the dishwasher door. Moreover, since the concept at this stage has not
taken the components in the dishwasher door into consideration, changes are needed to fit all
these components and make them function properly.

One problem that arose regarding the contemporary concept was that when using the lift function,
there is a risk of the lower basket clashing into the upper basket, if the upper basket is fully pulled
out when the lower basket is raised to the final height. This problem is due to the baskets being
longer than the length of the dishwasher door, once both are pulled out fully. The maximum of
using both baskets at the same time without clashing is reached when the upper basket is
approximately a decimeter inside the dishwasher. To solve this problem, a few changes could be
made. Either, both baskets could be decreased in depth size, which would solve the problem, but,
resulting in less place settings. Or the function of raising the dishwasher door could be locked until
the user pushes the upper basket in to the correct place. A third alternative would be to hinder the
upper basket to be pulled out further than the max.

Regarding the future concept, the modular baskets need to be continually developed and

prototyped in full size. Moreover, engineering analysis of strength, durability, and manufacturability
of both concepts are needed, to meet standards set for dishwashers.

13.2 User testing of final concepts

A key limitation of the project was that there was no final user testing of the final concepts.
Therefore, this is a subject for future work. It would be interesting to complete a comprehensive
user test in realistic scenarios. This would enable validation of the ergonomic improvements
identified through REBA and PEPA in a real-world context, as well as receive users’ input of the
concepts.

When doing these tests, it would be interesting for future studies to include a broader range of
participants like children, people with physical impairments, and users with limited grip strength.
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13.3 Test concepts as combined

Once both concepts are refined, it would also be of interest to carry out a user test with both
concepts combined to observe what the ergonomic situation would result in. Moreover, it would be
interesting to do a user test of cognitive ergonomics, to compare to the ASKO dishwasher today,
since both concepts have been addressing cognitive ergonomics in various aspects.

13.4 Kitchen storage systems

Moreover, regarding the modular concepts, it would be interesting to see how kitchen storage as
cabinets and drawers could be designed so that the modular baskets seamlessly can be integrated

into these. Maybe a collaboration between kitchen architects, ASKO and furniture manufacturers
would provide insights into how this could be realized as a holistic kitchen system.
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Conclusion



14 Conclusions

As has been presented in the results of this thesis work, deep bends are the root of several
ergonomic issues when using a dishwasher. This is suggested in the literature and proved through
ergonomic assessments. There are several ways of solving this, two of them being lifting the lower
basket, and providing modularity in the dishwasher interior.

It is also evident in this thesis work that ergonomic issues can be interconnected, where cognitive
and physical ergonomics both affect each other and can solve issues related to one another.

The user tests show that raising the entirety of the dishwasher can create new ergonomic issues, for

example raised shoulders for shorter users, meaning that raising only the lower basket is better
suited for over-all ergonomic improvements.

The thesis shows that users want to feel effective, which often leads to frustration or short-cuts that
result in worse working positions, such as not pulling out the basket fully. Thus, it is of value to
consider making the sequence of using the dishwasher shorter or simpler. This, to ensure that the
most ergonomic option is the most accessible and intuitive for the user.

The dishwasher is a very common and standardized appliance, which is the reason for them looking
very similar and being placed on floor height. However, this study shows that critical users, for
example a person with scoliosis, have difficulty using the machine, sitting down on their knees to

avoid discomfort in the back. This further emphasizes the need to design ergonomically adapted
products for the home, to ensure that they are accessible and comfortable for all users.

97



References



References
ASKO Appliences. (n.d.). ASKO. Retrieved from https://se.asko.com/

Baden-Powell, C. (2005). Architecht's Pocket Book of Kitchen Design. Taylor & Francis Group.

Bastien, C. J. (2010). Usability testing: a review of some methodological and technical aspects of the
method. International Journal of Medical Informatics, 79(4), pp. 18-23.

Berlin, C., & Adams, C. (2017). Production Ergonomics: Designing Work Systems to Support Optimal
Human Performance. London: Ubiquity Press.

Bohgard, M., Karlsson, S., Lovén, E., Mikaelsson, L.-A., Martensson, L., Osvalder, A-L., . ..
Ulfvengren, P. (2009). Work and Technology on Human Terms. Prevent.

Bohgard, M., Karlsson, S., Lovén, E., Mikaelsson, L.-A., Martensson, L., Osvalder, A-L., . ..
Ulfvengren, P. (2015). Arbete och teknik pa mdnniskans villkor. Stockholm: Prevent.

Baumer, B., Stolterman, B., & Croon Fors, A. (2018). What is a Prototype? What are the Roles of
Prototypes in Companies? Proceedings of the Design Research Society Conference (DRS
2018).

Hanington, B., & Martin, B. (2012). Universal methods of design: 100 ways to research complex
problems, develop innovative ideas, and design effective solutions. Rockport Publishers.

Johannesson, H., Persson, J.-G., & Pettersson, D. (2018). Produktutveckling - Effektiva metoder for
konstruktion och design. Stockholm: Liber.

Kamrani, A., & Abouel Nasr, E. (2010). Engineering Design and Rapid Prototyping. Springer
Science+Business Media, LLC.

Knox, S., & Burkard, A. (2023). The Oxford Handbook of Qualitative Research. Oxford: Oxford
University Press.

Rosa, F., Rovida, E., Graziosi, S., Giudici, P., Guarnaschelli, C., & Bongini, D. (2012). Dishwasher
history and its role in modern design. 2012 Third IEEE HISTory of ELectro-technology
CONference (HISTELCON). Pavia, Italy: IEEE.

Scupin, R. (1997). The KJ Method: A Technique for Analyzing Data Derived from Japanese Ethnology.
Human Organization, 56(2), pp. 233-237.

Strobl, R. (2012). Brainwriting as the Future of Stakeholder Engagement. Journal of Participatory
Medicine.

Tague, N. (2023). Quality Toolbox. Milwaukee: ASQ Quality Press.

Ulrich, K., & Eppinger, S. (2015). Product design and development. McGraw-Hill Education.

99



Appendix



Appendix 1: Interview guides

Interview ergonomic experts

Inledande fragor

1.

Vad ar din erfarenhet med ergonomi kopplat till produktutveckling?

2. Vad tycker du om ergonomin i hemmet generelit?
a. ge garna bra och daliga exempel
b. Hur viktigt ar det att tanka pa ergonomin i hemmet?
3. Vad tycker du om ergonomin i koket i ett hem generelit?
a. ge garna bra och daliga exempel
4. Har du en diskmaskin hemma?
a. Vad tycker du om den?
i Skulle du séga att den ar ergonomisk?
ii. Isafall vad?
Ergonomi

1.

Vilka &r de viktigaste ergonomiska aspekterna som man ska téanka pa nar man designar
hushallsapparater for hemmabruk?
a. Vilka ar de viktigaste ergonomiska aspekterna man ska tanka pa nar man designar en
diskmaskin?

Nu kommer mer fragor specifikt om diskmaskinen sa vi kan kolla pa dessa bilder for lite visuell hjélp.
Visa bilder

2.

Vilka &r de vanligaste fysiska anstrangningarna anvandare utsatts for nar de anvander en diskmaskin?

a. Hur skulle det kunna forbattras?

3. Vilka ar nagra vanliga ergonomiska misstag som gors i design av diskmaskiner?
4. Finns det nagra specifika ergonomiska standarder eller guidelines som diskmaskiner bor félja?
5. Paverkar arbetshéjden ergonomin mycket i en diskmaskin?
a. Bade lastning och avlastning fran korgar men dven 6ppning av dorr
6. Vilka typer av personer tror du kan ha svart med att anvanda en diskmaskin?
a. Vilka ar de specifika ergonomiska problemen som de da stéter pa vid anvandningen av en
diskmaskin?
b. Aldre?
¢. Hur skulle det kunna forbattras?
7. Vilka lardomar kan dras fran andra produkter for att férbattra ergonomin i en diskmaskin?
8. Tror du att de nuvarande diskmaskinerna pa marknaden &r fullandade nar det kommer till ergonomin,
eller finns det rum till férbattring?
a. Nar vi har last pa om ergonomiska utvarderingar ar manga metoder baserade pa repetitivt
arbete eller tunga lyft under en 8-timmars arbetsdag. En diskmaskin anvands kanske 10-20
minuter per dag.
b. Ardet motiverat att lagga fokus pa ergonomiska forbattringar i en diskmaskin?
Avslut
1. Vilka ergonomiska innovationer skulle du kunna ténka dig i framtidens diskmaskiner?
2. Beskriv din dromdiskmaskin!
Extra fragor

Berétta om var studie for att utvardera ergonomin

1:

User study fragor
a. Vilka uppgifter tycker du att vi ska be anvandaren gora i vart test for att utvardera de storsta
ergonomiska problemomradena?
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Interview dishwasher experts

102

Inledande fragor

PN

Hur lange har du jobbat med diskmaskiner (eller home appliances / vitvaror) ?

Vad ar det fér funktioner som du ser att kunderna varderar mest i sina diskmaskiner?
Vilka diskmaskiner saljer bast och varfor?

Vilka ar de vanligaste klagomalen eller missndjena som anvandare uttrycker nar det

kommer till diskmaskiner?

Hur ser 6nskemalen kring diskmaskiner for olika marknader, regioner eller aldrar ut?

Ergonomi

i

2.

Har du sett nagra ergonomiska lésningar pa produkter i hemmet generellt?
a. och vad tycker du sjalv om de i sadana fall?
Har du sett nagra ergonomiska lésningar pa diskmaskiner (exempelvis comfort lift)?
a. Vad tycker du sjalv om dem i sa fall?
Vilken ar den minst ergonomiska diskmaskinen du har sett?
a. Varfor var den minst ergonomisk?
Vilka ar de vanligaste fysiska problemen som kan uppsta i anvandandet av
diskmaskiner idag anser du?
Finns det nagra vanliga misstag som anvandare gor nar de anvander sina
diskmaskiner som du tror kan férbattras?
a. Hur tror du att det kan forbattras?
Vad tycker du ar de viktigaste sakerna att tanka pa om man ska designa en mer
ergonomisk diskmaskin?
Hur viktigt tror du det ar med moduléra och/eller anpassningsbara diskmaskiner?
(Exempelvis hdj- och sankbara korgar, uttagbara delar att stélla pa banken etc.)
Hur mycket tror du att hdjden av diskmaskinen paverkar komforten och
anvandarvanligheten?
Vad tror du ar det basta sattet att designa en diskmaskin for att minimera nedbdjning,
utstrackning eller andra svarare positioner?

Framtida trender

Vilka trender ser du i kommande diskmaskiner pa marknaden?

Hur tror du att diskmaskiner kan bli mer ergonomiska och anvandarvanliga i
framtiden?

Hur skulle du beskriva din dromdiskmaskin? Om du inte hade nagra begransningar!



Appendix 2: Letters

Overview

The “Letters” method is a user research tool designed to gather deep reflective insights from
participants in their home environment. Inspired by a combination of diary studies and cultural
probes, the method replaces traditional diaries with handwritten letters. Participants receive letters
with various themes, which encourage them to reflect on everyday interactions. See the method
section 5.1.4 for more details about Diary studies and cultural probes.

Purpose

The goal of the method is to gain qualitative insights into long-term use of everyday items, in this

case dishwashers. These insights should cover both emotional and functional experiences from
various perspectives.

Procedure and format

In the beginning of the test period, the user receives five letters in envelopes, stating which
envelope to begin with. Each letter contains probes relating to the theme of the letter. Each day of
the week, the user opens a letter and reads the probe. The user can then reflect over the day and
fill the letter in later during the day, giving time to the participant to reflect on the theme and
questions.

Before opening the first letter, a note of instructions of the method were given to the participant to
explain the study, how to use the letters and encourage the participants to be open minded to the
unusual type of format of the method. It also asked the participants to open the letter in the
morning, reflect during the day, and write it later during the day.

The letters are delivered in a physical, analogue format. The reason was to engage the participants

and let them take their time to write down their reflections, as when writing a letter. The font of the
letters was mimicking handwriting, to evoke a personal feeling.

Participant selection

Participants were selected based on several criteria. From 30+ year olds, include both men and
women, and people thar are willing to engage with an unconventional and reflective method.
Participants needed to be curious and open, since this method is in a special, unconventional
format.
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The five letters
1. Love letter

The first letter asks participants to write a love letter. This is to get an understanding of what is good
with their current experiences and what they value the most about their dishwasher.

Jidrlelksbrev

D ool din disfanadliin frer parit igenime mychel llianunand. Din
dlishmadfiin heer hidlpt dig até sidda upp ofter boendialas, middagar och
hagiices: e oill dee wttrgcha die vppsfeatindng G din disfradsfiin. o
med abt berdtta vad fir g av disfmadsiin du hoe Ddrefter fan die
exempelvid bedfiriva parfde du giflar dine diskmadfiin da mgcohet, oo du
uppdfatior i anvdndandet ao dire disheraskin, ved som gdr den exitra
befrodm att hantera, eller vad del dr dom gor att den fungerar S bre.
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2. Hate Letter

The second letter prompted the participants to express frustrations and what they dislike about
their dishwasher. The goals was to identify pain-points, negative experiences and unmet needs.

HATBREEN

M o din dslevastin uned Shdie (obbiy Beel Brepelis SR Stvulie devy o inde bt order it
vendy, ey hiad oh dessudom goe du i e | sdiveen 0LESR Skay ettt beey o und Ao

et O e afed ndv di bley wateend

adray vid diy dpkeer e Sl veed
<’ o

dskrpsenery der ved du ker fe 0 red mrodhrdiedet der den,
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3. Letter to your physiotherapist

In the third letter the participants were asked to talk about experiences connected to their body. For
example, where they experience the most strain while using their dishwasher. This letter provides
insights into potential ergonomic challenges.

Brev till min fysioterapeut

Idag ska du skicka ett brev till din fysicterapeut som undrar hur du anvander din diskmaskin |
vardagen och hur def kiinns i din kropp nar du anvander din diskmaskin. Fysioterapeuten undrar:

Beratta | detalj hur det kéindes | kroppen senast du anvinde din diskmaskin.

Hur mycket lastade/tog du ut ur diskmaskinen da pd en skala? (Markera pd skalan)

Lite | | Mycket

Hur tungt/jobbigt kindes det di? (Markara pé skalan}
Lite | | Mycket

Wad ar svirast nar det kommer fill anvandandat av din diskmaskin och varfér? (exempelvis: att
lyfta ur tunga kastruller eller tallrikar, att nd glasen ldngst in, att lista ut var allf ska st)

Var pd kroppen kanns det jobbigast/mest ndr du anvander
din diskmaskin? Ringa in pa figurema fill héger och
beskriv varfér ach vid vilket moment av anvandningen det
géller.
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4. Excerpt from my diary

The fourth letter asked the participants got to fill in a timeline explaining about times in their life
where it was especially difficult to use their dishwasher, when the dishwasher potentially broke
down, when they saw someone else having a difficult time when using the dishwasher. This letter
was included to gain knowledge not only of the participants' experiences in their current state of
mind, but also in other aspects of their life. This letter also opened to include reflections of
participants observations of others, relating to dishwasher use.
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5. Letter to Santa

The last letter asked the participants to describe their dream dishwasher, with no limitations. They
were also able to add to their description with drawings. This letter aimed to give the participants
an opportunity to think outside of the box and reflect on their imaginative dream scenario when it

comes to dishwashers. This is to get an understanding of the dream scenario and receive
requirements or wishes from the users.

Till Tomten

Du tka nu §8 snska dig din dramdiskmarkin av tomten. Betkriv hur du vill att den ska te ut, hur
den tka fungera, \rﬂ} dem tka ha $or funktioner och Lur den ska kanmas. Tank di'? bortom allt
!

u vet om diskmaskiner. Till tomten tir du snika dig VAD DU VIL

Zita din
drimdiskmaskin,
antingen Lela, en del
av den eller bara det
wiktigarte for dig.
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Appendix 3: Competitor analysis

Below, one can view the competitor analysis that was conducted based on ergonomic performance.
The table includes descriptions of found products and comments regarding level of interest.

Dishwashers

Fisher & Paykel's

800

ComfortLift,Electro

Tux

AEG

Concept (no

Concept: The

company): Vertical Circular

Dishwasher

dishwasher

Concept: Sink
dishwasher

k)

https:fiwww.archit https:/iwww.electr | hitps:/iwww.aeq.s https:/fdornob.co  https:/iwww.beha hitps:/fliveaco.co
ecturaldigest.com/ oluxhome.sefvitva | /taste/inspiration/ m/vertical-dishwa nce.netfaallery/21  m/fotile-sink-dish
sponsored/storyft | ror/diskmaskin/int mastery-rangefma sher-design-an-er 5884649/Reci-Th washer/
he-most-ergonomi eqrerad-diskmaski | stery-productsico  gonomic-update-f e-circular-dishwas
c-and-stylish-dish  nf/eec&73051-1/ mfortlift/?utm_sour or-a-kitchen-class  herMtracking_sour

washer-is-actually ce=chatgpt.com  ic/ cessearch_project

-a-dishdrawer s|dishwasher+gro

duct+design&l=5

Google: Google: Google: comfort  Google: Behance: Google pic:
Ergonamic Ergonomisk lift dishwasher ergonomic dishwasher Dishwasher use
dishwasher diskmaskin dishwasher product design ergonomics
Dishwasherasa  Ergonomic Ergonamic Vertical Project work Intresting concept
"drawer". The dishwasher, dishwasher, dishwasher Milano University.  with the

reason to this basket lift of lower basket lift of lower concept with Circular dishwasher from
deisgn is for basket. basket. rotational basket.  dishwasher. the countertop
sustainable Have not reached  Including some

purpose, to be
able to wash a
smaller section of
the dishwasher.

the market.

ergonomic parts,
with a simple

lifting mechanism
in the dishwasher

Comments Could also be very Very interesting.  Sister company to  Very interesting Interesting Loading and
interesting in Should look inte  elektrolux, concept, bathin  ergnomic parts unloading from
ergonomic patent. probably the same  ergenmic terms and liftting above
aspects comfort lift. but also as for mechanism

compact living.
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Appendix 4: Questionnaire answers

Answers for dishwasher on floor height

Oppna och
sténga

Lasta in

diskmaskins

luckan korgen

disk i Gvre

Lasta in
disk i
undre
korgen

Lasta ur
disk ur
dvre
korgen

Answers for raised dishwasher + final question

Lasta in
disk i
ovre
korgen

Oppna och
sténga

diskmaskin
sluckan
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in disk
i
undre
korge
n

Lasta

ur disk
ur ovre
korgen

Lasta ur
disk ur
undre
korgen

Lasta ur
disk ur
undre
korgen

e

v

Fyll pa
disktabl
eft

e

Fyll pa
diskta
blett

1 vilken/vilka

delar av kroppen
kdnde dumest v

belastning i?
Varfar?

I vilken/vilka delar av
kroppen kénde du mest
belastning i? Varfér?

nedre delen av ryggen

Ryggen. Kombinerat lyft och
vridning under en férlangd tid.

landrygg

Det kéndes som den stod langt
ner och att jag fick béja mig
mycket. Ont i ldndryggen

ryggen, blev snabbt statisk
belastad, otrevlig arbetsstéllning

Kanske lite i ryggen, eftersom
man fick sta béjd hela tiden.

Vilken av
diskmaskinerna
tycker du var mest
fysiskt krévande?

lasta i undre korgen

Ryggen. Vridning (gj
kombinerat med lyft)

léndrygg
Inte alls
axlar. Lite far hég

Inget

Diskmaskin pa golvet
Diskmaskin pa golvet

Diskmaskin pa golvet

Diskmaskin pa golvet

Diskmaskin pa golvet

Diskmaskin pa golvet



Appendix 5: KJ-analysis themes

KJ analysis themes interviews ergonomic experts

e Working height
o Heavy lifts
e Grip and hand strength
e Back and bends
e Critical users
e Space
e Balance
e Dream dishwasher
o Other wishes
e Two dishwashers next to each other
e Robust
e Repetetive work
e The average user
e Neutral opinion on dishwashers
e Adjustability
e Work surface
e Contrast
e Shoulders
e Other

KJ analysis themes interviews dishwasher experts

e High installation
o Eventual problems
e Comfort Lift
o Good properties
o Bad properties
o Further development
e Pulling out the lower basket
o Lower basket derails
e Modular baskets and inserts
o Flexibility
e Smart functions
e User behaviors
e Parted dishwasher / Fisher and Paykel’s
e Other needs and opinions
111



Opening mechanism

The elderly

No opinion on dishwashers

Where it hurts

Standard measurements for dishwashers
Ergonomic handles

Twists and flexations

KJ analysis themes Letters

112

User friendliness
o Amount of programs
o Display
o Choose to wash dishes later (timer)
Quality
o Baskets derailing
o Broken
o Robust
o Stand firm
o Frustration because of bad quality
Body
o Painin lower back
o Fingers/hands
o Bodily hinders
Base requirements
Clean the dishes
Silent
Quick
Dry the dishes
Energy efficient

o O O O

o Material
Packing

o Effective packing

o Accommodate a lot

o Automated packing

o Regular cutlary basket (good)
Raised/adjustable height

o Upper basket feels easier
Maintanence of machine



e Open door problematic for children
e Looks

e Dishing fine porcelain

e Hand dishing

KJ analysis themes user tests

e Layout and space
o Good layout
o Bad layout
e Taking several things at once
o Takes several plates at once
o Takes cutlery at once
e Hassle and fuss
o Trying to make everything fit
o Frustration because of hassle
o Hassle with wine glasses
o Leads to bends and endurance
e Cutlery basket
o Bad, hard or complicated
o Regular cutlery basket
o Likes sorted
o Doesn’t see the cutlery basket
e Deep bends
o Deep bends for dishwasher on floor
o Deep bends for middle basket
o Deep bends lower basket
o Lowest point of the machine
e Dishwasher on floor (bad)
o Bad for back
= Painin back
o Compensatory behavior
e Raised dishwasher (good)
e Doesn’t pull out baskets fully
e Upright position for raised diswasher
o Upper basket
o Lower basket
o Genereally
e Upright position
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o Cutlery basket
e Movements of baskets

o Ratly

e Flexible

e Door
o Hardships
o Easy

e Dishwasher use
o Nautral/used to the dishwasher
o Likes to use the dishwasher
o Does not like to use the dishwasher
o Maintanence
e Installation for raised dishwsher
e Compensatory position
o Sitting down on knees
e Third basket
o Missing the third basket

KJ analysis themes for Merged KJ

e Body load
o Critical users
= The elderly
= People having a hard time when using dishwashers
= Bodily hinders
» The avarage person
o lIssues with balance
= Balance
o Fingers, hands & grip
=  Grip and hand strenght
=  Fingers/hands
o Shoulders and arms
= shoulders
o Painin back
= Lumbago
= Bad for the back
= Back and bends
= Extra issues for tall people
o Deep bends

=  Generall deep bends
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= Deep bends for the middle basket
= Deep bends for the lower basket
= Furthest down on the machine
= Repetative work
o No pain using the dishwasher
Raised dishwasher
= Upright position for raised dishwasher
o Upper basket
e Lower basket
o Generally
= Upright position
e Cutlary basket
= Raised dishwasher good
= Higher installation
= |ssues with dishwasher on floor height
o Divided dishwasher
= Parted dishwasher / fisher & Paykel’s
= 2 dishwashers
o Comfort-Lift
= Comfort-lift further development
=  Comfort-Lift (good)
= Adjustable height
o lIssues with raised dishwasher/Comfort-Lift
=  Comfort-lift (bad)
= Standard measurments for dishwashers
=  Problems with raised
= |nstallation for raised
Compensatory behavior
= Compensatory position for the back
= Sits down on knees
Behavior & feelings / Cognitive
= Hassle and fuss
e Trying to make everything fit
e Fuss because of wine glasses
e Frustration because of fuss
e Leads to bends and endurance
o Feels stupid
= Ease of use
e Number of programs
e Choose to wash dishes later (timer)
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e Display
e Contrast
e Dishwasher use
o Doesn’t pull out baskets
= Doesn’t pull out baskets fully
o Wants it to go quickly
= Takes several things at once (e.g. plates, cutlery)
= Washing dishes by hand (tedious)
e Functions
o Layout & space
= Packing
e Regular cutlary basket
e Effective packing
e Fitalot
e Pack automatically
= Layout
e Good layout
e Bad layout
o Important functionality
= Dish clean
= Dish fast
®=  Running quiet
= Material
= Energy effective

= Dry dishes
o Adjustable

=  Modularity

=  Flexibility

= adjustibility
o Quality/Robust
= Basket does not stay in place
= Stand firm
= Quality/Broken
e Frustration because of bad quality
[ ]
=  Robust
= Pulling out the lower basket
o Lower basket derailing
=  Movement of baskets
e Scrambling
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Looks

Surrounding environment
= Space (in kitchen)
=  Work surface

Automatic

Opening of the door

=  Door
e Hardships
e FEasy

= Opening mechanism

=  Open door cause problems for children
Smart functions
Maintanance
Dish fine porcelain
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Appendix 6: Complete list of user needs
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Requireameant
Product requiremeants
1. Ba robust
1.1 Baskels should stay in place
1.2 Baskals should run smoathly

1.2 The lower baskel should be able o be ralled ocut all the way

withoul derailing.

1.3 Baskeals should nol be nickely

1.4 Bultons should not wear oul easily

1.5 Handle should not break easily

1.6 Dishware should stand firmily

1.7 Robust matarial (stainless steal)

2. Provide adequate space

21 Accammodale a ol of dishas

2.2 Provide a good overview

2.3 Mot too many baskets and compartments
2.4 Pravide oplimized packing surface

2.5 Easily organized

2.6 Cullary baskel: Accomandale a lol of cullary
2.7 Pravide endugh depth for bigger spoons/spatula
3. Provide automated functions

3.1 Loading and unloading dishwasher should be aulomatic

3.2 Sell-dosing dishwasher
3.3 Automalic door opening after washing
3.4 Salf-cleaning dishwasher (clean sirainer)

3.5 The machine automatically loads dishes in the mast oplimal way

4. Be adjustable

4.1 Provide flexibility

4.2 Provide possibility to demoalish and rearrange layoul
4.3 Provide replaceable inserts

4.4 Provide modular baskets and shelves

4.5 Provide liftable bottom basket

4.6 Provide adjustable height of baskels

5. Running quiet

6. Clean dishes

6.1 Wash dishes completaly clean (even when packed)
6.2 Wash dishes quickly

7. Be sustainable

71 Made of recycklable malerials

7.2 Be energy efficent

7.3 Minimize water usa

7.4 Be durable {long life-time)

8. Be compatible with standard measurments

Commaeant
Freguently menlionad

Freguently menlionad
Freguently menlionad

Freguently menlioned

Frequently mentioned + relevant

Freguently mentioned + relevant
Freguently menlionad

Freguently menlioned

Freguently menlioned

Freguently menlioned

Freguently mentioned + relevant
Freguently mentioned + relevant
Freguently menlionad

Freguently menlionad
Freguently menlionad
Freguently mentioned + relevant



Physical ergonomics

B, Minimize strain on back

B.1 Minirnize pain in Dack

8.2 Reduce depth of bends

£.3 Reduce amount of bends

2.4 Minimize heavy liftts

10. Provide a good work hesght

10.1 Minimize bodily extentions

10.2 Upright position when losding and unloading
10.3 Provide good reachability

10.4 Prowide pessibility for good bodily balance
10.5 Provide good work height for sholders

1. Mimimize high precision work

.1 Reduce fiddling

1Z. Provide adequate grip

121 Ragyuire kyw Nand Stremgn

12.2 Minimize pain in hands and fingers

13. Adapted for eritical users

131 Adapted for tall people

13.2 Adapied for short people

13.3 Agapted for the eldery

14. Minimize awkward positions

15. Minimize repetitive workload

Cognitive engonomlcs

16. Reduce cognitive load

16.1 Nt 100 Many programs

16.2 Mot oo mary functions

17. Reduce rigk of user error

171 Prowide understandabls layout

17.2 Prawvide enderstandable tunctions

18. Provide good visibiliy

18.1 Be able to find cutlary basket

18.2 Clear program menu and display

168.3 Provide good conbrast

1B.4 Provide good readability (display)

19. Easy to organize

18.1 Easy 10 organize cutlary

Emotional requirements

20. Not to fesl overwhelmed

Z1. Trust the functionality

211 Dra] baskets oul the Tull &mount

22, Feel effective

Z3. Recognize the funciions

24. Recognize the technslogy

Z5. Undersiand the purpese of functiens

26. Minirmize frustration

Other user reguirements

Z7. Handle dishes with care

Z71 Provide possibility 1o wash fine ching with gold trim
7.2 Provide care for dishes with damping. {no chipped edges)
ZE. Be fast 1o load and unload

ZB1 Effective unboad of cuthery

70, Two-pieced dishwasher. Both on optimal height
30. Be able 1o delay wash start

1. Dishwasher should be geod looking

32, Prowvide smoath open and close mechanism for door
33. Door should not obstruct when opened

Frequenthy mentioned +
Frequently mentiensad
Frequernthy mentioned +
Fragquenthy mentionad +
Frequently mentiensad
Frequernthy mentioned +
Frequently mentiensad
Frequernthy mentioned +
Fragquenthy mentionad +
Frequently mentiensad
Frequenthy mentionad
Frequently mentiensad
Frequenthy mentionad
Fragquenthy mentionad +
Frequently mentiensad
Frequenthy mentionad
Frequently mentionsad +
Frequenthy mentionad
Fragquenthy mentionad
Frequently mentiensad
Frequenthy mentionad
Frequenthy mentionad

Frequenthy menticned +

Frequenthy mentionad
Fragquenthy mentionad
Frequently mentionsad +
Frequenthy mentionad

Frequently mentiensad
Frequently mentionad

Frequently mentiensad
Frequernthy mentioned +

Frequenthy menticned

Frequently menticnad

Frequenthy menticned

Frequently mentiensad
Frequenthy mentionad

refesy ant

refesyant
refasy ant

refesyant

refesyant
refasy ant

refasy ant

refay ant

refasy ant

refay ant

refesyant
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Appendix 7: REBA

Reba 1: During the task of opening the dishwasher door and about to pull out the lower basket.
Done on a dishwasher on floor height.

Task Name: Date:

REBA Employee Assessment
Worksheet

A. Meck, Trunk and Leg Analysis
Step 1: Locate Neck Position .

(177

Btk 5 st +1 4
Bt = e bencing: +1

[reerep—.

Loer s score

Tk sce
e scae
S 0o A
T st bt fom i o st : Add +1
‘Step 10: Look-up Pusture Score in Table B 3

e vl fram st -3 sbave, et sewe s T 6

6 Score A, Find Row in Table C
a0 vl from ses 4 8 5 1 cbtsin Seore A
Fad R 6 Tadle €. ey

- are hekd for konger tham 1| mie (state)
THeCSe ey SEBASIE o) et sl rnge actons (more than 4x e minute)
auses rapwd e raree n rtatie base

sginal Wt Deveicpas By Or. sin adge, Saned sn Tacomcanate: Rapia Extive Sody Amemment (RERA], Hghee, Weltamney, 3pghed Ergensames 31 (2060) 101.20%

Reba 2: During the task of unloading the lower basket of the dishwasher. Done on a raised
dishwasher.

ployee Assessment
REBA Em| Task Name: Date:
Worksheet
A. Neck, Trunk and Leg Analysis Scores B. Arm and Wrist Analysis
Step 1: Locate Neck Position ——a ok Step 7: Locate Upper Arm Position:
“ - a 1 : ER ‘a a R e ;
1 “P iy 23412341234
e S 1 1236123433558 h
L Iunk 2 134534564567
T pomwe 3 (D35 4356758673
F e st +1 Sore 4 356756786789 sen
W reck s seie - 5 467867897835 3
Step 2: Locate Trunk Position -
‘ ‘ ‘ « waa . Tees
e 23: Ay 3 am
W ok s b +1
Wtk s sede eding: =1 e T
Step % Legs Adjurst:

AR

Look-up Posture Score in Table A 1
ues from s 13 abowe. 2 :
. 3
fomme scme
Step 5: Add Force/1 oad Score 4
Wiosd < 11 8w : 50 s
s ool ®
ot 0 -
Adpst: I shock or rapid build up of force: add +1 Feece / Lsad Score. Y
Step 6: Score A, Find Row in Table C »
A vahes; from stegs 4 & 5 1o obkain Sauve A. 2 0
0 B i Tabde C. oo n Step 12: Score B, Find Column n Tatde © 1
u A vl o st 10 841 1o ctesny
Score 8. it Table € ond mstch with .
< Meakobie Bisk SCOME A in Fow rom SIEp 6 T obkain Table C Soove. .
Low ik, Change iy be resoed 1 2 3 Step I3 Activity S
DID- mﬁmlw Change Soon. . 1 o more body parts are hekd for longer than | minube (statc)
11+ = very o Risk Imgtement (hange: T € e Actmay Scam R e Small range ACUONS (MOME han 4x per minute)
Causes a0 Erge range canges in postures or unstable base:

Ol e Develupad by O, Alan Hadga. Bacas on Tuchvica nata: Raid Extins Budy Assassmant (REBA), Hignats, Mcatamney, Agpiad Exganomics 31 (3006) 201.205
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Reba 3: During the task of unloading the lower basket of a dishwasher. Done on a dishwasher on
floor height.

oyee Assessment
:lEBA Empl E— Date
A Neck, Trunk and Leg Analysis Scores. B. Arm and Wrist Analysis

Step 1 Locate Neck Position

Step 7: Locate Trunk Position

Reba 4: During the task of unloading the lower basket of a dishwasher. Done on a raised dishwasher.

REBA Employee Assessment
Worksheet

Task Name: Date:

A. Meck, Trunk and Leg Analysis Scores 8. Arm and Wrist Analysis
Step 1: Locate Meck Position Nee Step 7: Locate Upper Arm Position:

T+ T A Ui

[

Step 9: Locate Wrist Position:
" ) a
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Reba 5: During the task of loading the lower basket of the dishwasher. Done on a dishwasher on

floor height.
leOBA Employee Assessment P et
A. Neck, Trunk and Leg Analysis Scores 8. Arm and Wrist Analysis
p 1: Locate Meck Position . o um Uncate Uppes A Posbion:

"i l T - “’O li i\i—

T I LAcute Lo A PRss

Step : Locate Wrie Paskion:

Reba 6: During the task of loading the lower basket of the dishwasher. Done on a dishwasher on
floor height.

REBA Employee Assessment
Worksheet

Neck, Trunk and Leg Analysis
Step 1: Locate Meck Position
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Reba 7: During the task of unloading the lower basket of the dishwasher. Done on a dishwasher on

floor height.

REBA Employee Assessment
Worksheet

A. Neck, Trunk and Leg Analysis

Step 1: Locate Neck Position et

[ B

Posture

e i +1 Score
H neck is s benang: +1

P

Step 2: Locate Trunk Position

Task Name:

“ a2 P Tabie &

iifs \l’

Step 27 Adjust. o

 trunk is twisted; +1

H trunk is side bendng: +1 Tounk scare

Stap3: nuv

PRGN

ey

]

Date:

B. Arm and Wrist Analysis
Step 7: Locate Upper Arm Position:

T TR

Step 7a; Adst..
If shiuider i rised: +1 4
17 upper o s abcucte: +1

o 00 5 eaning:
IF arm i supporte ox person s leaning: -1 [—

Sten B: Locate Lower Arm Position:

" a B
wnr s
o
Lower am scnre

Step 9: Locate Wrist Position:

1

it seere
IAgSzm by
4
123
‘Stap 4:Look-1p Postare Scove In Table A OB 1F st 5 bent from i or e : A +1
Using values from steps 13 abave, 2 122 Step 10; Look-up Pustura Score T
- able B
ocate score i Tal Fmasm‘” 3 2133 Ui i o S 35 v, oot sart 1o 5
5: Add Force/Load Score 4 344 Step 11 Add Coupling Score [
oo < 1 . : +0 5 e ss Vil iting Handle and mi range power grip, goadt: +0
Wiad 111022 b, +1 6 666 ptatle: bu o el hanc bl o coupiing
Hload > 22 Ibs.: + ' EIEIE accegtable with another body part, far +2 1
ANt I shock o 3t b Of force: 300 41 parce1csdsio | g g g 4 Hand hold not acceptabl b possibl, poar +2 T
Sten 6 i Table - BHY Yo ondes, v, i withany by 5,
fryiirosipeliy oyl e 5 Ba0 10 1016 tnoccept
i Ro in Toble C. o s Step 12; Score B, Fid Colum In Table C
. IO A values from s 10 B tobtain 6
Scorin 21212 Score B, Fnd column n Table C and match with soner
1= et ik SCore A 1 fow fam Siep & 1 o0iain Table € Scave. e
ik, Crange may be
Vi e i e . 7 2 D o i i gt it
@;mh:ﬁ; Lenie ttmdvmw TaleCScHe  Adly Scors AEBA Scove e S e scnons (e s X pet M)
A P Ve Thon caises apid arge 0 ChaGES i pOSIeS of Unstabie base
onanal s ot on Teteical e Rt (REBa, e, Wetmrey, 31 200 207205

Reba 8: During the task of unloading the lower basket of the dishwasher.

dishwasher.

REBA Employee Assessment
Task Nome:
Worksheet
A. Neck, Trunk and Leg Analysis Scores
Step 1; Locate Neck Position - Neck
“ oz 2 1 2
2341234
ek Score 1123 234
Trumk 2 2 3 & 456
Stop 15 Posre 3 (D4 564567
ek i +1 Score 4 35 6 678
1feck s side bending: +1 5 467867809
Slcn 2: Locate Trunk Position
Lower Arm
2000 3 o | TobleB :
l wriss 1.2 31
101222
v 21220
Am ety
Lo o i +1 e 44555
TF trunk is side bending: +1 whm 5 6787
61758388

Step 3: ln;c ust:

TARE:

Step 4: Look-up Posture Score in Table A
Using values from steps 1-3 above,
\Locate score in Table A

Step 5: Add Force/Load Score
Ifload < 11 [bs. : +0
o1t oa2be
r ‘uwl > 22 Ibs.

e on bl U cf e 8 41 o o S

Pesture Score &

Step 6: Score A, Find Row in Table C

Add values from steps 4 & 5 to obtain Score A. 2

Find Row i Table . saren

1 - Neglghe sk
< Low Rk, Change may be need. 2
Hediu Risk. Further Investgate. Change Scon.

 Vogh R Irestigate and Implement change
11+ = Very High Risk. Impement Change

actwey Scora

Done on a raised

|| o[ 1n] o] o RN

© @ o

nn

1212,

Date:

B. Arm and Wrist Analysis
Step 7: Locate Upper Arm Position:

inc: +1
bdcted: = 2

per arm is
1 aith is Suported or pe\su- s teaning:(T) [r—

Step 8: Locate Lower Arm Position:

ELE o

Step 9: Locate Wrist Pnslllon'

“ ‘,_.5 2 +

"
p 9a; Adjst..

1 waist s bent from midine or twisted : Add +1
Step 10: Look-up Posture Score in Table B 2
using values from steps 79 abive, lacate scorein Tabie B
Step 11: Add Coupling Score
Wil ftting Handie and mid range power orip, goads +0
‘Acceptable but not ideal hand hold or coupling
‘acceptable with another body part, fair: +1 0

Hand hold nat acceptable but possiie, poars +2

Couping sco
Mo handies, awkward, unsae with any body part, i sare
Unaceptable: +3

it Score

Pastrs Scure B

Step 12: Score B, Find Comn in Tabie €
A values from steps 10 811 1o obiain 2
Saore B Fnd colun n Table C s mtch it ones
Score Al row fiom 0 obtain Table € Score. e
Step 13: Activity Scme

1 o mote body parts are held for longer than 1 minute (static)

Repeated smol range 5ctons (more Mian 4 per minute)

causes rapi large range changes In postures or unstable base:

‘Orignal Workshst Davelopad by Dr. Alan Hedgs. Bacsd on Technical nots: Rapi Entrs Body Agssssmant (REE), HIgnatt, McAtaranay, Applad Ergonomics 31 (2001) 201205
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Reba 9: During the task of loading the lower basket of the dishwasher. Done on a dishwasher on
floor height.

REBA Employee Assessment
Task Name: Date:
Worksheet
A. Neck, Trunk and Leg Analysis Scores B. Arm and Wrist Analysis
Step 1: Locate Neck Position Table A Neck Step 7: Locate Upper Arm Position:
“ o2 2 - 1 2 3 " 2 g " was T s 5
1 P 123412341234
Heck score 1123412323356
vwnk1:14§z¢seass7
Sep 1 At oswre 3 2 45645675673
1f neck is twistsd: S(oqg 4 3()6 7567867 89 ezt
l"Rk'SS'ﬂew\l“"ﬂ + 5 467 86789 7 8 9 9 IFfshoulderis raised: +1 2
i . + arm i sbducted:
.'shul'hmle Trunk Position s Py—— Ifar'mssuwumzdvpemnls\wlnq 1 Uppee A S
“ .. o
1 2 Step B: Locate Lower Arm Position:
o l wrist 1 2 312 3 “ a a
1 22123 o o
g 2123204 s 2
J— 3345855 Lomer i Score
W trunkis st +1 4 455567
1 trunk 5 sk bencing: +1 Tk Sese o€ s s 787388 Step :Locate Wrst Postion:
inlem 6 788383939 N 3
Table C tk’ Ev\ Wrist Scare
f T’ i s =
12345678 3101112 Stepoa:Atust.
Stuﬂ Lmknppmresmminnblen 4 1112334567 7 7| Iwstisbentfrommdine or twisted : Add +1
s from steps 1.3 above, 2 (122344566778
Step 10: Look-up Posture Score in Table B
mtememﬁb\w T 3 233345677888 ugmu\usﬁnm;lewpvsabwe locate score in Table & 3
sture Score : ¥ wan
Step 5: Add Force/Load Score 4 3444567889099 1: Add Coupling Score. Posturs Score B
IFload < 11 s, +0 5 4 4@5 67889909¢s we{limlnquand\eandmmmm;ewwergllp,umdHI
Wioad 1110 22 s, : +1 € 66 % 7 58 9 510101010 Aceptablebut not ideal hand hoid or coupiing
- JE— s by ot 7 77 7 8 8 8 91010611 11 11 acceptablewih another body part, far +1 0
TR mmr Adjust: IF shock o rapid buld up of force: 2dd +1. force [ LoadScore | g g g 5 5 161010 10 10 11 11 11 Fand el e sttt pi, poo: 2 o
Step 6: Score A, Find Row in Table € 9 99 51010701 1111121212 s, vk, st vt an Loy
Add values from steps 4 & 5 o cbtain Score A. 5 10101010 11 11 11 1 12 12 12 12 12|  occeptable:
Find Row In Table C. Sored T 11121212 12 12 12 12 12| Step 123 Score B, Find Column in Table C
1212121212 1212 12 12 12 12 12 12| A valueS from steps 10 811 to obiain 3
e ledelele e e dede fe 12 151 score B. Find column in Table C and match with Score B
1= Negiiible Risk Score A In row from stzp § 1 obain Table C Score,
o P P g So 4 2 6 Step13: Adiivity Score
s Risk. Further Investigace. Change Soon.
0.« Hoh k. Investigateand Impleet Crange TeeCsme  Advysee  Rsare  ERASLOMbody pas arenld for onger i 1 miute ()
Lt 12 =2 fon Gauses rapid large range changes In postures or Unstable base
Original Wokshest Develeped by Dr. Alan Hedge. Bsed on Techwicl ot Hignet, Mt 212000 201205

Reba 10: During the task of unloading the lower basket of the dishwasher. Done on a raised
dishwasher.

REBA Employee Assessment

Task Name: Date:
Worksheet
A. Neck, Trunk and Leg Analysis Scores B. Arm and Wrist Analysis
Step 1: Locate Neck Position I Neck Step 7: Locate Upper Arm Position:
" gl ow g i 1 2 Ea e a F P T T -
1 “F 423412341234
ack Score 1 123412343356 X
Tunk 2 234534564567
9 Lo e Posure 3 ()4 5645675678
I neck is twisted: +1 St 4 356756786789 g7 adus.
ek s e benings +1 5 46766789789 5 Nshouderismised: 2
. ¥ tpper arm i sbccted: +
Step 2: Locate Trunk Position 1 i 1 supperted or
persnnls\mm
“ 2 a 4 wern . | TasleB LowerAm o Upper Aim Score
aw x 1 2 Step 8 Locate Lower Arm Position:
"! l, wist 123123 “ 2 Y
i 220023 e o
21 23(3)3 4 2
Step 25: Adst. 3 - HIEIEIRIEIE) ” owes amm Scare
If trunk is twisted: +1 48455567
I trunk s side bending: +1 T Scare SRS 6 75788 Step 9: Locate Wrist Position:
7888939
step 3:Legs 0 " s 2 2 1
- B -
f’ s e szt
é 1234567891011 S
Step 4: Look-up Postuwe Score in Table A 1111233456777 it e it o it 1
l Using vahues from steps: 13 above, 2 2 1@:2:44556 67 75 Gopi0: Lookup Posture Score in Table B 2
i 3 2333456 77 8 B B Usingvales hom steps 7-9 hove,locate scar i Table 8
\\\\\" p-r—' Step 52 Add Forcej Load Score 4022445678555 % giep11: Add Coupling Score Pesture Score B
THload < 11 s 5 444567 88995 9 welfung Hane and m range power orp, good: +0
"lwdllm??lm“l 0 6 666 7 88 9 910101010 Aceptable but ot ideal hand hold or coupling
Ifoad » 22 Ibs.: +2 7 7 7 78 % 9 9 107011 1111 30CEPmbIE with another body part, Fadr +1 0
L ASE: If Shock of rapid busk] up Of force: 308 +1 Furce/ LasdScare | g 5 5 5 3 101010 10 10 11 11 11 Hand hoid not acceptable bt possie, poors +2 g see
Step 6: Score A, Find Row in Table C 8 9 0 910101011 11 1 1212 12 m’f’:‘j’“'mkm‘“m“m
Add values from steps 4 &5 fo obtain Scare A. 2 10 1010 10 11 11 11 11 12 12 121212 i
Find Row In Table €. Scores 311901111 929212 12 12 12 12 12 Step 12 Score B, Find Column in Tabie 2
12 12121212 1212 12 12 12 12 12 12 Add valuss from steps 10 &1 1o cbtain
S e e fe e e 8 18 18 TS soore 8. Find column in Table C and match with oy
Saore A in row from step 6 o obtain Table C Score. o
et Rk s, Cangesn. 2 2 4 spuadwysoe e
0 = High Risk. Investigate and Implemert Change TleCSorn  Adiiy Ko Rest score et oo bt ol
11+ = Very High Risk. Implement Change ated smal range actions (more than 4x per minute)
Action causes rapid large range changes in pastures or urstable base

‘Original Workshest Deveicped by Dr. Alan Hedg. Based on Techeical note: Rapid Entee Body Assessment (REBA), Hgnett, McAtamner, Appbed Ergonamics 31 (2000) 201.205
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Reba 11: During the task of unloading the lower basket of the dishwasher. Done on a dishwasher on

floor height.

REBA Employee Assessment Task Name:
Worksheet
A. Neck, Trunk and Leg Analysis Scores
Step 1: Locate Neck Position Tablek Neck
“ a0 42 1 2
1 341234
eck Scara 34123453
Trunk 4534564
Step 12: Adpst. Posture 5645675
F ek s tsed: +1 Score 6756766
i s bending: +1 7867837
EH!DJ te Trunk Position
- Table B Loner dem
1 2
l Wit 12312
2202
o 212320
Step 22: Adt. T IR
Ftunk s st . 4 455535
¥ trunkis sice bending: +1 ey s 7878
Step 3: leq; mium _ EAUILILIL]
1 Toble €
{’ ——lll —

Step 4: Look-up Posture Score n Table A
sing values from stzps 1-3 200
Locate: sooe i Tabie A

Step 5 Add ForcefLoad Score
Wioad < 11 5.
icad 111023 . 0
oad > 22 s.: +2
Ao T shock o rapid busd up of foces 330 =1 Fore  Load Scora
Step 6: Score A, Find Row in Table C
ek values from steps 4 & 5 t obtain Score A 3
Find Row In Table C. S h

=

Scoring
15 Megivbie ek
2 Change may be needed. a
3 = Wk ok Pt ot Chge Soon
T and Tabie C seore

a1
11+ = Very High Rsk. Implement Change

vy scoe

oA seore

Date:

B. Arm and Wrist Analysis
Step 7: Locate Upper Arm Pasition:

T

1 uoper arm 1S abducted: +1
130 i sugported o person & leaning: -1

Step 8: Locate Lower Arm Position:

kLP

Step 9: Locate Wrist Position:

2

Lo Sezne

B

Step Sa: Adiust
IFwrist s bent from micine or twisted : Add +1

10: Look-up Posture Score in Table B

Uting vt okt 7.9 shav, o s Tabe 8
Step 11: Add

i o Wae ond I g e 010, g0t ¢0
Acceptabie but ot ieal hand hoid or couping
occepiable with ancther bedy pert, airr +1
Hand hold not acceptatée but possible, poor: +2
o handles, awlawand, unsafe with any body par,
tnace e

3

Peure score s

Couging Score

Step 12: Score B, Fnd o 1 T ©
A3 valyes fiom $32p% 10 &1 10 0BT
Stwe B o caenh i Table C o match
Scare A i ow from step 6 1o cbtain Table € Seore.
13: Activi
3 1 o more body pars are held for langes then 1 minuge (static)
peated small ange actions (mare than 4 per minute)
ction couses rapid large range changes I postures or unstable base.

5

sanse

rigal Weekshest Develapod by O A Hedos. Based on Tochical nte: Rapld EntireBody Acsassment (REBA), Hignst, Mchtamny, Aplied Erpansecs 31 (2000) 201205

Reba 12: During the task of loading the lower basket of a dishwasher. Done on a raised dishwasher.

REBA Employee Assessment
Worksheet

A. Neck, Trunk and Leg Analysis
Step 1: Locate Neck Position

FeT -

Step 1a: Adjust.
Step 2: Locate Trunk Position

1f neck is twisted: +1

1f neck is side bending: +1
2 Y ‘

Step 22: Adjust

If trunk is twisted:

If trunk is side bending: +1

Step 3: Legs

a

R

Step 4: Look-up Posture Score in Table A
Using values from steps 1-3 above,
Locate score in Table A

Neck

200 2.

Trunk
Posture
Score

P\a

Trunk Score

1

Leg Score [Score Al

[

Step 5: Addd M!FLPllbdd Score

ifload < 11 s

Tiood 1 122 0

Wload > 22 s

Rkt S0k o 1opd bk o force: 308 1L s
lep 6: Score A, Find Row in Table C

R vales fom steps 4 8.5 to obtain Score A 1
Find Row In Table C. Score

1

Scoring

1 = Neglgible Risk

23 = Low Risk. Change may be needed.

47 = Medium Risk Tnvestigate. Change S00n.
810 = High Risk. Investigate and Implement Change
11+ = Very High Risk. Implement Change

2

acwiy score

Table C Score

Original Worksheet Developed by Dr, Alsn Hedge. Based on Technica note: Rapid Entire Bady Assessment (REBA), Hignett, McALam

Lower Arm

6

REBA Score

Date:

B. Arm and Wrist Analysis
Step 7: Locate Upper Arm Position:

‘ a2 I vz& .,l I -
step 7a:
If shoulder is raised: +1

IF upper arm Is abducted: +1
f am is supported or person is leaning: -1

Uppes Am Score
Step 8: Locate Lower Arm Positior

Cee

Step 9: Locate Wrist Position:

2

Lower Arm Score

Wit Score

Step 9a: Adjust
If wrist i bent from midiine or twisted : Add +1

10: Look-up Posture Score in Table B
uw Values from steps 7-9. ;me, locate score In Table 8
1: Add Coupling
w=u hmm; Handle and mid rir\q! p.m. oo, 9.;04
‘Acceptable but not ideal hand hold or cou
‘acceptable with another body part, fair: i
‘Hand hold not acceptable ssible, poor: +2
No handies, awkward, unsafe with any body part,
s 43

4

Posture Score B

1

Coupling Scare

Step 12: Score B, Find Column In Table C
'AGd values from steps 10 &1 to obtain
Score B. Find column in Table C and match vith
Score A ow fom step 6t cbtain Tabke C Score.
13: Activity Score
S sy e s ik o ot s i
epeated small range actions (more than 4x per mi
e e o Kroe e e i posores o nsae bese

5

Score

 Apphied Ergonomics 31 (2000) 201.205
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Reba 13: During the task of loading detergent. Done on a dishwasher on floor height.

Worksheet

;upu-mwn«wm ion

&1

o
1 e S encing: +1

Step 2 Locate Trunk Position

Step 2a: Adjust...
TPtk s twisted: +1
IFirunk is side bending: +1

Step 3: Legs Adjust:

Using values from steps 1-3 above,
Locate score in Table A

Step 52 Add Force Load Score

ble

Step 6: Score A, Find Row

Fand Row in Table C.

Scoring
Nelgible Risk

REBA Employee Assessment

A. Neck, Trunk and Leg Analysis

(Vs
VARE "

Step 43 Look-up Posture Score in Table A

Adust: 1f shock of ragud build up of force: add +1 o Losd Score

Add values from steps 4 & 5 to obtain Score A

Task Name:
Scores
Tate A e
1 2 3

Legs
10
Tunk 2 2
Poswe 3 2
Sove 4 3
5 s
“ g Tabies

Trunk score

1
2
5 3
Pt Scare A :
5
6
0 7
s
9
5 1
saren "
2

4 0 a4
TabeCsewe  adty Scarn R Scve

oo

e

Date:

B. Arm and Wrist Analysis
Step 7: Locate Upper Arm Posk

Step 7a: AdJust...
I shouikder 1 raised:

T o a5 bt +1

1f s supportad or persan s leaning: -1

Step 8 Locate Lower Arm Positio

EiP

Step 9: Locate Wrist Position:
2,
15 3

T 2

Step Sa: Ady
1 wrist s bent from midine or twisted : Add +1

Step 10: Look-up Posture Score in Table B

s values from ste0s 79 sbove, leate scre n Table B

Step 11: Addenllnqum

Wl fitting Handie and mid range in. good:
Accegtabie but not ideal hand num o wuuhm;

acceptable with ancther

it ek ol ecata ik posie, o +2

Ho handies, awioward, unsafe with any body part,

unacceptabie: +

Step 12: Score B, Find Columa n Table €
A8 vaes fom stes 10 .11 1 otar
Score B. Find column i Table €

Shore & 1 row o Step & t ctan Tioe € Sore.

Stap 13: Activi

Lower arm Score

2

st Scoee

3

Posture score 8

o]

3

Seore

ore
1 Lo e oy partsare ks o onger than 1 i (satc)
X per i

Repested siall range octons (more than 4

L b o o g o chang e o

. Mkt

stable base:

31 (2000201205

gl Wodkeheet Developed by Dr. Alin Hedge. Based on Technical nate:

(REBa),

Reba 14: During the task of unloading the lower basket of the dishwasher. Done on a raised

dishwasher.

Step
Ak valss from steps 4 & 5 to chtain Soore A
Find Row in Table C.

Scoring
1 = Hegligble Risk
23 = Low isk. hange may be necced

11+ = Very High Risk. Imglement Change:
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REBA Employee Assessment

m Risk. Further Investigate. Change Soan.
h sk Inwestigate and Implement Change

Task Name:
Worksheet
A. Neck, Trunk and Leg Analysis Scores
Step 1: Locate Neck Position — Neck
N o 2 a2 1 2 3
1 AT 41234
Nk Scane 1123 431356
| L\ Turk 2 23 4 64567
Step 1a: Adjust Poswre 3 (D4 s 75878
ek is twisted: + Soe 4 356 86783
IFreck i skde bending: +1 5 467 9789 9
Step 2: Locate Trunk Position
a Table & )
f ‘Wrist 23
1 23
i
Upper H } Py
Step 2a: Adjust am 3 55
IF trunk is twisted: +1 Score 4 67
IFtrunk i side bending: +1 1= s 58
M:Ijll!l. E] LIL)
Tadle C
1234567830112
ook-up Posture Score in Table A 11123345 7
uwg\a\esfmnﬂen&l: above, Q 3/445%6
Locate score in Teble. 0 3(alsls
Pusure Scae & . 517
o L] 9
Adjust: 1 shock or rapid buld up of force: 3dd +1. Fure  Load Seore ; ¢
re A, Find Row in Table C ]

2

Scored

=

511 "
REBA Scare %nm small range actions {more than 4x per minute)
i causes 1 in

1

able € Score

Actity Score

Oiginsl Wicrksheet Developed by

Date:

B. Arm and Wrist Analysi
Step 7: Locate Upper Arm Position:

i "A (¥

Step 7a: Adjust.
F shouldes is raised:
1 upper arm is abducted
R e —

Step 8: Locate Lower Arm Position:

LiP

Step 9: Locate Wrist Position:

Step 93: Adust.
TFwrist s bent from midiine o twdsted : Add +1

Step 10: Look-up Posture Score in Table B
Using vabes from steps 7-9 3bave, locate sceee in Tate B
Step 11: Add Coupling S

Well fitting Handic and mid (ange power grip, good: +@
Acceptable but nat ideal hand hold or coupiing
acceptatie with anciher body part, falr; +1

Hand hold not acceptable but possible, poor? +2

No handies, awkoward, unsafe with any body part,
Unacceptable: +3

Step 12: Score B, Find Cotum in Table ©
A vodues from steps 10 &1 to obtain

Seore 8. Find column in Table C and match with
S0t A in row from step & to obain Table C S<ore,

Step 13: Activity Score

1

Upper arm Score

Lowst arm Seore

1

s score

1

Fosture Score &

scuned

oF more bady parts are hek for knger than 1 minute (static)
t

1525 Fapid BIQR FaNge Changes I POSTUNES o Unstable base:

Dt ecige. Based n Techsucal note: Rapi Entre Body Assessment (REBX), Hignet, McAtamey, Applied Erganomics 31 (2000) 201.205



Reba 15: During the task of loading the upper basket of the dishwasher. Done on a raised
dishwasher.

REBA Employee Assessment
Task Name: Date:
Worksheet
A. Neck, Trunk and Leg Analysis Scores B. Arm and Wrist Analysis
Step 1: Locate Neck Position TavieA Neek ocate Uppemrm Position:
“ o0 2 e i - 1 2 3 . P .
2 128412341234
‘ Neck Score 1 123412343356
| Tk 2 23 i 3@ sz e
F——r—y Poswre 3 2 45645675678
If neck is twnsted: +1 Seore 4 356756738678 9 gepmams.
1 upper am is abducted: +1
Step 2: Locate Trunk Position E
- - - Table B Lower Arm If 2 Is Supported or person is leaning: -1 [—
1 2 Step B: Locate Lower Arm Pasition:
/ Wi 1231 23 “ A o
10122123 o o
123234
Upper 2 0o 1
| 3245455 Lower A Scare
1 2 4 (Ds5567
1F brunk is side bending: +1 - SO s v 78788 Step: tocate wrist Positin:
Sten3:Legs Adjust ALIL I 1L 1L e
Leascare Score A Score B
123 45678910112 Steps
Step4: Look-up Posture Score In Table A . DOOBEE0BOHOR et benk o meline o tisid A8 +1
uw»gw\wsuumsh.v&l}aww. 2 1223445661778 i
p 10: Look-up Posture Score in Table B
Locate score n Tabie T 3 23 3()4 567 785 8 Uungvaues fram seos 79 shove ote score m Tabia B 4
Step 5 Add Force) Load Score 4 34425 8T 83595 sepi1:Add Coupling Score Pstire score @
IfFload < 11 1bs. : 5 444567889929 yelfiting Handle and mid range power grip, good: +8
Wlood 111033 e+ +1 0 N &6/ 73 199 [10[10]10/10] Accepmtie butnaices! hard ol coupig 0
IFload » 22 1 77077895 9 101011 111 Sceptable i oncthe by .
st I shoek or fapic b up offorce: 800 +1 orce/LoadScare | g 5 s 8 9 101010 1010 11 11 11 Jd not acceptable but possible, wq couping score
Step6: Score A, Find i Table € <5 s Tl m i mazhz Nohmdles awl:w:;d unsafe with any body part,
A8 values flom Steps-4 & 5 10 obtain Score A, 3 10 1 21212 17| Unoceepane:
Find Rowe n Table €. Soreh T 121212 12 Step 12: Score B, Find Column in Table C
— . S 1313 13 Add values from steps 10 &11 to obiain 0
Scoring 2721212 sooce . Find column in Table C and match wih et
1= Neopoie ik Score A In row from step 1o obtain Table C Score.
Low Risk. Change may be needed. "
et Bk gihe et Changesoon, 3 2 S sepimAdiviysoe
D= o . Ivseius ] Mg chane ThleCScn Ay Sane [ETPRRED " Hlalis s Listues il clyuoieipt s
11+ = Very High Risk. Implement change Repeated smal ange actions (e than 4x per TAnUtE)

Jaztion causes rapid large range changes in postures or unstable base

Grignal Worksheot Developed by Br. Alsn Hedge. Based on Technical note: Rapid Entre Body Assessmont (REBA), Higntt, Mcktamney, Applied Exgonamics 31 (3000} 201.305
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Appendix 8: PEPA

TP1 floor height

Prysical Steg 1 Gppna
Ergonomics Product  darmen
Assassment (PEPA]

(1 Hantaring [Héla,  impuls
Forfiytta, Impuis,
Fanga)

(2 styrka
(3) Precision

(4) Umndiighet

(5) Gropp

(8a) Nacka

(80) AslariSkudiror

(B¢) Amiambiige

(B0 Hanay nandied

(B¢) Fingrar m
(8 Ryng m
(89l Banf kn.

(8n) Fot/fotled

7) vire
omstindigheter

Steg 2 Draut
underkorg

forfytta

Steg 3 Draut
averkorg

farfiyta

Tpl Raised dishwasher

Physical Steg 1: Bppra
Ergonomics Proguet  darren
Assessment (PEPAL

(1) Hantering [Hala,  firtiytta
Forfiytta, Impus,

(2) Styrka
(3) Pracision

(Ba) Nacke I

(Bb] AxlarfSkuldror

(B} Anmjarmbige

(84 Hand/ handied

(&) Fingrar m

(8f) Rygg

(Bh) Foi/fotied

7) vure
omstindigheter
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Steg Z:Draut
wnderkorg

torytta

Steg 3: Draut
averkorg

forflytta

Steg 4: Still nes
disk under korg

farfytta

Kl disk

Steg 4: Still ner
disk underkorg

tietytia

Kl disk

disk e kerg

forfiya

Kladdig disk

Stag 5 Stat ner
disi dwer korg

tartiytta

Kiaddig disk

Steg 6: Placera
bestick

ftytta

Kiadisig disk

Steg 6: Placera
bestick

tatytta

Kindisig disk

Steg 7:Liggin
eskmedel

forflya

Stag 7 Lagg in
diskmedel

tarfiytta

Steg B Stiing di

imputs

Steg B: Stang dor

Hoytts, impuls

Steg & Dra ut full

underkorg

farfiyta

BBt ach varmt

Steg 9 Dra ut full

underkorg

itiytia

BlBtt ach varmt

Steg 10: Ploska ur
disk ur underkong

forflyna

Bt och varmt

Steg 10:Plocka ur
disk ur underkorg

fortytta

Bt och varmt

Steg 11: Dra ut ful

focfytta

Bt sch varmt

Steg 11: Dra ut ful
Gverkorg

toefytta

Bt sch varmt

Steg 12: Plocka ur
werkorg

forfiya

ach varmit

Stag 12: Plocka ur
disi ur Gverkarg

tartiytta

Bt ach varmt

Steg 13: Placka ur
bestick

forfitta

BBt ech varmt

Steg 13: Placka ur
bestick

tstiytta

Bt ech varmt



TP3 Floor height

Physical Steg: Bppas Sieg2Drsut Steq 3 Draut Steg St s Steg 55t ner Steg 6 Placara Steg 7 Liggin SiegE Stingden  SlegSDrauful  SiegiOiPlockswr  StegilDrautfal | StegiZPlcksw  StegTd Pleckaw

T me mE me o omm me m oo mmm mee mre
Assessment (PEPA]

(1) Hantering [Hdla, impuls. farflytta forflytta farfytta forflytta firfytta forflytta impuls. farflytta forflytta farflytta forflytta forfiytta
Forflytta, Impuls,

Fénga)
[ (2) Styrka 1 i [l 1 1 1 i 1 [l 1
[ (4) Uthallighet | 1 1 1 1 1l 1 ] 1

(5) Grepp. 1 i [ 1 ] 1 i [ [ [

(8a) Nacke 1 I 1 1 i 1 I 1 1 i

(6] Axtar/SKusdror 1 1 1 1 1 1 I 1 1 1

(6¢) Armiarmbdge. 1 1 1 1 1 1 1 1 1 1

(Bd) Hand/ handied 1 1 Ll 1 1 l " 1 ] 1

(Be) Fingrar 1 1 1 1 1 1 I 1 1 ]

e ' ' ' ' ' ' -
oo et ' ' _ ' ' ' '

(6n) Foutovea ' ' ' ' l ' ' I ' I
@) ure Kisaig aisk Kiadalg sk Kisag aisk Bt och varmt a0t och varmt Biott ch varmt 01t ach varmt Biatt cchvarmt
omstandigheter

Tp3 Raised dishwasher

Prysical Steg - Oppna Steg ZDraut Steg 3 Draut Steg 4: St ner Stag 5 St ner Steg 6: Placera Steg 7 Lagain StegiStingdér  Steq9:Drautful Steg 10:Plocka ur SegiiDmutis | StegizPlockaw  Steg 13 Plockaur
Ergonomics Proguct  darten underkorg sverkorg sk ungersorg sk bwer korg bestick aiskmedel underkong disk rundenong  Gveriong sk ur Bverkorg bestick
Asssssment (PEPA]

(1 Hantering Indna,  farfyns tarfytta fortiyus fartyta forflyna tertyns tarfura Torteiyyta fartyta fortyns Tyt forflyna tertyna
Wuznm
F )

(2) Styrka 1 ' ' 1 | 1 ' | ' |
(4) Uthillighat |

(64) Macke |

.

(B6) Armiarmbige

(Bd) Hand/ handled |

(Bo) Fingrar -l 1 l ll 1 1l " 1 l 1
(6f Rygg !

(69l Ben! kn& 1 ' ' 1 ' 1 i | [l |

) e Misdeig disk Kladig disk Kiadsg disk Biett och varmt Bt och varmt Blatt ach varmt 5t oeh varmt Blatt ech varmt
omstandigneles
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Tp5 Floor height

Physical
Erganormics Product
Assessment (PEPAL

(1) Hantaring [Hila,
Forfiytta, mpuis,
Fanga)

(2) Styrka

| (3) Precision
(4) Utnaiighet
(5) Grepp
(69) Nacke
(601 Axtariskuarar
(62) Armiarmiige
(Bd] Hand/ handied
(Be) Fingrar
(80 Ryma
(691 Banf kn.
(6n) Foutoried

) yure
omstangigneter

steg 1 Oppna

darren

impuis.

Steg ZDraut
underkorg

Steg 3 Draut Steg 4: Still nes
Guerkarg disk unides koeg
forflytta firtiytta

Tp5 Raised dishwahser

Prysical
Ergonomics Proguct
Asssssment (PEPA]

(1) Hantering (rana,
Forfiytts, Imputs,
Fhnga)

(2) styrka

(3) Pracision

) Umsiignet

15) Grapp

(681 Nacke

(80) AstatrSiuiarar
(8¢) Armiarmbige
(861 Hand handied
(o) Fingrar

(6f1 Rygg

(691 Benf kna
(6n) Fou/fotied

7 yure
omstindigheter
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Steg 1: Oppna

domen

fertyns

Stog :Oraut
underkorg

Kisaeig disk
Steg 3 Draut Steg 5 St ner
sverkorg sk ungeriorg
fortiyus fartyta
'
'
'
'
'
'
'
'
!
'
'
'
Misdeig disk

Steg 5 138 ner
disk e korg

Kladdig disk

Stag 4 Susllnar
sk bver korg

Kladdi disk

Steg 6 Placera

bestick

Steg 6: Placera

bestick

Steg B Stang drr

impus

Steg B: g dorr

forfiyus, impuls

Steg % Dra ut full
underkorg

BIgt och vamt

‘Steq 9: Dra vt full
underkong

fartyta

BBt och varmt

Steg 10: Plocks ur
disk ur underkorg.

Bi0tt och varmit

Steg 10:Plocka ur
disk ur undersong

fortyns

it och varmt

Steg 11 Dra ut
Gverkorg

BIBtt ceh varmt

Steg 1: Dra ut fur
tveriorg

Blatt ach varmt

Stag 12: Plocks ur
awerkorg

forfiytta

Bt e vamit

Steg 12: locka ur
sk ur Bverkorg

forflyna

Bt ach varmit

Steg 13- Phicka ur
bestick

BIBtt cch varmt

Steg 13 Plocka ur
bestick

tertyna

BIatt sch varmt



Appendix 9: Pugh matrix

Below, a complete account of the Pugh matrix is shown, including “+” if performing better than the

current ASKO dishwasher, “-“ if performing worse and “0” if no change is made. Comments are also
included.

Seissar il
Requirsments Do lify Angled door Seizaar lift +repch top baskst  Toolbox Ratation Bleduler baskels
LB {-) Endast stid kant |
hawstingsefiekyf stor | kant. Kommer g| se {+} 7 kmn upplevas
Belastning diir den | robust ol Rie s rekarst oo det
B it ska kftas arwdndanen {4} (] 7] parallelkbssmas {4} Ar starkare Bn piggar
i) baur stor plats tar
¥ |=] hur stor plats ¥ [=] hur stor plats | funkbcrnen as
Provide sdequate ot funkiiceen @ Aar funkliceen g wppldliningen, samt | (-} kargarna bl
dpie o aaxbien 7 Aaxbfven? den & delad pé 2 Findie o
Provide autamated (4] g den b
functions automatiskt i+ i+l i+ i+ i+l i+
Be adpustable i+l i+ i+l i+ i+ i+l o
Bunning quiet o o ] o
Clean diskhis o ¢} ] o
B¢ compatible with
standard
mmedsurements o o [ o
Emuational
requinsments
{¥) kanske + far att
man jsbbar med en
Bt B Tl Fida i taget, karske -
enurwhelmed i i i L} i i B planera
|l bar testat
Trust tha kanstruktion - bl
Hunclicrality o - - kinns ranghgt wwnjigt) o
|+ Mrwaringen ach
wrplockn ingen gor
kanske & ndr alt |mdste ditid rotera | det effektst, men 8|
Feel effective 14 1+ i+} ()] aih mdste g5 runt W akt il disk) am fman ef Téritir
Recogniee the
technalogy i+ i+ i+ ) i+ i+
Understand the
purpase of functions  (+| i+ i+ i+ i+
-am det biifjar
dregipa pd pelvet,
ach att den ar {+} /7 hoppeet &r ja,
uppdelad pd 2, samt MEn am det &r
att man mbste gh - ph grurd ay an Erdngligt ar Fa plats
rurd [ att nd Fruan MAsHE robera J dndra form pd
korgarna kanwam fram kongarna hela | kargarna kanske det
Binimine frustration  {+) i1+ i+] i+ frustrerande tiden ksnns jobsigt
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rquinem enls
* PR3 att man
Be fast ta load and behiver gd runt far
wnkaad i+ i+ i+ i+ att nd oo+l
Physical ergenamics.
) inbe liks racket
Bdinimine strain on +) omidu &) ska [detre soen de andra
hack 111 (4] 1] (4] stracka dig men andd hattre
Provide a good work {+} ndr man val tar ut
Feight i+ i+ i+ i+ i+ karfgen, ja
{+} om man Egger in
kargen direkt |
skipen, Br den delen
Mdinimize high Ay pEpan ulan
preckion work o o o preckian
Provide adequate i+ bdtire grepp dn
grip ] ] ] talirikama
Adapted for criticsl 1+ FramBrallt myed
L] i+ i+ i+ i+ i+ i+ preciian
{+} framfaralit med
kombination med ett
kanghylt, men okl
Al e komeer ugp
Bdinimine awkwand pd bra hojd och
pasitices i+h i+l i+ i+l i+ i+l joibar dar uppe
- kan leda 6l Ner {4} Frre ganger s
O miimimerar O miimiene rar O miimimarar O mimien e rar riiratier nie man O miimienerar upp kg men
Minimize repetithee | workioaden, men workkazden, men worklozden, men worklozden, men behdver g runt worklozden, men aven 2kt o t2 wt en
workhoad Inke repetitioner inte repetitioner Inke repetitioner Inte repetitioner diskmaskinen Inte repetitioner och en til skipet.
Cognithe
ergonamici
] lite battre pga
mizn har bdda ¥ karske svlrare
korgarna bredwd - am det & f3r plats med laddning om
wharandea ook inle e disken pd ett man ika planers
Behiiver thnka villeen | Bira sl och att man wilka korgas som
Reduce cognithee av dem man sk mdste pd runt och paszar men enkdare
load o o 0 bora plocka ur kalla 0 wid urplock
- fir st arveindaren
Resduce ridk of uger O orn @nkelt med kan kopgky in kargen
error knapp eller amnat el o o o o o
Provide good i+ pga man kommer
wisibiliy ) i+ “ [ i+ (4] upp
- |pEn At den dr (=} kar hdra art
uppdelad, och mnan maste byta
Easy to organioe o o ol mindre sekklaner} O kargar.
Tatal score: 1x 5 1@ |15 1 4 14
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