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Summary
A zipper is a simple closure device, for instance, on the jackets and dresses. 
However, not everybody can perform the zipping or unzipping task indepen-
dently, such as the elderly. Therefore, we designed and developed Cliff, an 
automatized zipper which aimed to ease the task. Our primary motivation 
is to develop a generic automatized zipper which retains the original zip-
per’s structure. By doing this, it differentiates our design with the Zipperbot 
project designed by Adam Whiton [1]. The development of Zipperbot inspi-
res this research project. The Zipperbot used the slider of the zipper, which 
makes it a non-generic system and explains its weakness. In Chapter 2, we 
performed a patent review to visualize the development progress and the 
design evolution of the zipper since its first invention by Eddie Howe in 1851 
[2]. We screened 940 approved patent reports. Based on the review, we 
found that the design of the zipper’s slider has evolved from the conventio-
nal type to the removable, rollable, adjustable, and currently, the inventors 
are moving towards developing an automatic slider or even the robotic 
zipper. It shows the existence of some efforts in designing and developing a 
new kind of zipper which aligned with our intention to design and develop 
Cliff as an automatized zipper. 

In Chapter 3, we demonstrated the first iteration prototype made of the 
Meccano as an exploration to determine the potential traction mechanism 
to drive Cliff. We found the potential traction mechanism, which is by using 
gear-shaped wheels. Then, we analysed the force acting on the system to 
determine the amount of torque and speed (rpm) required to miniaturise the 
prototype. We identified that moving upward (zipping) will require a higher 
torque compared to the downward motion (unzipping) due to the weight 
carried by Cliff. Besides that, sufficient normal force is needed to ensure both 
top and bottom wheels are contacted with each other and grab the fabrics 
in between. Chapter 4 focuses on the early miniaturisation stage of Cliff. 
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We developed the second iteration prototype using the gear-shaped wheels 
which managed to materialise the intention to build a generic automatized 
zipper. Then, we developed another miniature model which equipped with a 
battery and toggle switch on a single unit of Cliff. We discussed the feedback 
gathered from the 10th years Holst Centre event in Amsterdam. The deve-
lopment progress of Cliff and the input received shows the huge potential of 
developing a generic automatized zipper.

Chapter 5 explains the first user study that we performed to evaluate the 
wearability of Cliff. Based on the quantitative results, we found that the 
acceptance of Cliff is satisfactory. The system is wearable, but changes may 
be necessary, and further investigation needed. For instance, the stigmati-
sation and the product semiotics need to be considered in the next design 
iteration. Moreover, we determined a few technical contradictions on Cliff 
prototype. In Chapter 6, we presented the application of the Theory of Inven-
tive Problem Solving (TRIZ) method to solve the technical contradictions and 
some feedback given by the elderly during the user study. We used the Root 
Conflict Analysis (RCA+) method as one of the tools in TRIZ to determine the 
potential solution. The analysis triggered few inventive principles such as the 
segmentation, taking out, asymmetry, substitution the mechanical system 
with the magnetic system, and the spheroidality-curvature. Then, we discus-
sed and applied the inventive principles triggered to improve the prototype. 
We found that it is useful to practice TRIZ with RCA+ along with the iterative 
research through design method, which contributes to the making and reac-
tion process during the iterative process.

Chapter 7 describes the fourth iteration prototype that we build based on 
the TRIZ analysis and the feedback from the first user study. We performed 
the second user study to evaluate the wearability and usability of Cliff with 
the elderly. The quantitative results show that the acceptance is satisfac-
tory with all the levels of effect on each comfort dimension scoring at the 
Low and Moderate levels. We found that stigmatisation issue needs to be 
considered in further design. One of the solutions to reduce the stigma is to 



XI

make Cliff less noticeable. For example, by reducing the size of Cliff, making 
it portable or improving the aesthetics of it. The elderly believed that Cliff is 
an effective and useful device to assist them using the zipper. The partici-
pants accepted that Cliff is easy to learn, controllable, and understandable. 
However, they mentioned that the attachment method of Cliff to the zipper 
on the garments need to be improved to facilitate the self-wearing of the 
device. We also performed a co-creation session with the elderly. The input, 
feedback, and comments gathered will be used for the next design iteration 
as we aimed to improve the looks of Cliff.

In Chapter 8, we used the feedback gained from the second user study to 
develop the fifth iteration prototype of and perform an exhibition study. The 
prototype was exhibited at the Dutch Design Week 2018 and Dubai Design 
Week 2018. The study examines how the visitors of both exhibitions react 
to Cliff. We found that the participants believed that Cliff is capable of doing 
what it supposed to do, which is to open and close the zipper automatically. 
They also agreed that the design of Cliff matches its purpose and could re-
duce their difficulties in using the conventional zipper. They also mentioned 
the other group of people who might need Cliff and the other applications 
that might benefit from Cliff.  Lastly, in chapter 9, we formulate our answers 
to the research questions and conclude our contributions to the research and 
design of an automatized zipper. In conclusion, this thesis presented design 
research of an automatized zipper to ease the zipping and unzipping tasks. 
We also discuss the limitations and options for future work of this research. 
We hope that this work could be a starting point to a new evolution of the 
zipper.
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Chapter 1

Introduction

 
1.1 Background and Motivation

The number of elderly in populations around the world is increasing dra-
matically. According to a report by the World Health Organization (WHO), by 
2020, the number of people aged 60 years and older will outnumber chil-
dren younger than 5 years [18]. Moreover, in 2015, Japan is the only country 
in the world with the 30% of the population exceeding the 60 years of age. 
By 2050, many other countries in Europe and North America, Chile, China, 
Iran, the Republic of Korea, Russia, Thailand, and Vietnam will have a similar 
proportion of older people [19]. In another report, WHO estimates that the 
number of people aged 65 or older will increase from 524 million in 2010 to 
about 1.5 billion in 2050 [20].

Meanwhile, by 2050, about 19 million older adults are expected which is 
nearly doubling the current 10 million people in the United Kingdom (UK) 
[21]. According to the UK Office for National Statistics in mid-2014, there are 
about 11.4 million people aged 65 or over and 23.3 million people aged 50 
years and above in the UK. The total amount is over a third of the total UK 
population [22]. Meanwhile, the United Nations (UN) projection shows that 
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Europe is currently and will remain in 2060 as the oldest continent in the 
world. The forecast is based on the ‘very-old-age dependency ratio’ which 
is the ratio of people over 80 years old to the working age population [23]. 
This situation is driven by the falling fertility rates and remarkable increases 
in life expectancy. The growth of the ageing population will not only con-
tinue but even accelerate. China is currently facing this phenomenon as do 
Japan and Western countries [24].

Nowadays, the rate of social and technological changes brings a new chal-
lenge to ensure the group of older people to stay in touch with the devel-
opments of current technology. According to a public policy report, 60% of 
older people in the UK agreed that age discrimination exists in the daily lives 
of older adults [25]. They feel that they have been detached from the main-
stream of technology development as attention to the design and develop-
ment of new devices for the elderly is low.

Dressing and undressing difficulties usually relate to people who are sick or 
have a physical disability. People who are unable to zip or unzip their gar-
ments themselves will require assistance from others to perform the task. 
For instance, the elderly and ladies who have problems zipping a back-zipper 
dress. Although it is easy to operate a zipper, not everybody can perform the 
zipping or unzipping task independently. Independence to dress or undress 
is essential for everybody since it is one of the basic everyday tasks in the 
activities of daily living (ADLs). The ADLs determine whether a person is ca-
pable of living independently, requiring assistance or dependent. However, 
(un)zipping to (un)dress is a difficult task for some of the elderly, especially 
when the zipper is located at the back and difficult to reach. Therefore, this 
research takes the elderly as the target user group for the development of 
Cliff: an automatized zipper. 

We ought to argue why zipping at all (and not other ways to address the 
same functionality). The alternatives include traditional buttons with but-
ton-holes, buttons with button-loops, snap fasteners, hook-and-eye 
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Figure 1.1: The prototype of Cliff: an automatized zipper

solutions,  magnetic buttons, magnetic strips, cords and locks, and a wide 
variety of buckles. Most of these solutions are at least as cumbersome as 
zippers.

Cliff could be useful as an assistive device to assist anybody who has prob-
lems using a zipper. Figure 1.1 shows one of the Cliff prototype. The inspi-
ration for this project came from Adam Whiton from the Massachusetts 
Institute of Technology (MIT), who built the first robotic zipper known as 
the Zipperbot [1]. The structure of the Zipperbot did not use the slider of the 
zipper to zip or unzip. Therefore, this newly designed Cliff tries to remain the 
zipper structure as it is and develops a generic and universal type of robotic 
zipper. Besides that, the inspiration of this project also comes from an article 
on the actuating movement in refined wearables [26]. The Cliff could be 
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another new device in the world of wearable technology and the “future of 
fashion” [27].

We ought to give some evidence that the fashion industry will use zipping in 
the future. The evidence we provide comes in two types. 

The first type of evidence is that there is a big and well-established zip-
per industry which shows no signs of decline. The largest manufacturer is 
called YKK, founded in 1934 in Japan. It is a stable company with a capital 
of 11,992,400,500 Yen which is approximately 100,000,000 Euro. and about  
46,000 employees. A significant part of their sales (43%) is about fasteners 
(mostly zippers) [146]. The sales have been increasing from 613 billion Yen in 
2008 and 556 billion Yen in 2008 to 747 billion Yen in 2017 to 765 billion Yen 
in 2018. YKK is working towards the goal of selling 12.88 billion zippers in FY 
2020. In FY 2018, YKK achieved its goal of selling 10billion zippers.

The second type of evidence is that the fashion industry considers zippers 
interesting, trendy, and worth showing.  For example, the trend has begun 
already in 2012, when designers  named their designs after zippers:  Michael 
Kors’ “Zip Suit” and Calvin Klein’s “Zip Front Dress” [147]. The prestigious 
fashion brands such as  Alexander Wang, Balmain and Celine showed ex-
posed zippers in their FW18, SS18 and SS19 shows, respectively [148]. Trend 
forecaster Li Edelkoort predicted in 2014 [red] a zipper moment, as “zippers 
will make a big jump,” and (begin quote) become more predominant in an 
array of colors and plastics inspired by animal teeth (end quote) [149].

The name “Cliff” came out after a brainstorming session with Giorgia Presti 
and Marina Toeters during the second iteration of the prototype. After trying 
out a few different names, we thought about abstracting the functionalities 
of this novel device. Something about a clip, climbing, going upwards not 
an easy travel. Moreover, the process issues: mountains of work and the 
steep learning curve. Then, our line of thoughts bounced into “Cliff”. In our 
opinion, it brings functional and also affective things together. This research 
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applied a mix of design methods ranging from mechanical engineering to 
user-focused methods. We take advantage of the developments on the addi-
tive manufacturing (the 3D printing) and the smart garments throughout the 
process of developing the automatized zipper.

Elements

Slider

Puller

Chain

Tape Ends

Bottom stop

Bead

Cord
Top stops

Tape

Stringer

Figure 1.2: Principal parts of a zipper [5]
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1.2 Introduction About the Zipper

Many devices have been designed to function as fasteners such as buckles, 
laces, safety pins and buttons. Formerly known as a clasp locker, a zipper 
uses for binding the edges of an opening of fabric or other flexible mate-
rial, like on a garment or a bag. The zipper is a slide fastener consisting of 
interlockable elements each attached to one of the opposing edges of two 
tapes [5,28]. Zippers are really handy and able to close two pieces of fabrics 
together.

1.2.1 The Structure and the Standard Terminology1.2.1 The Structure and the Standard Terminology

The three main parts of a zipper are the elements, the slider, and the tape. 
Figure 1.2 shows the principal components of the zipper and the standard 
terminology relating to its subassemblies based on the ASTM D2050-04 
International standard [5]. The top stop is a part affixed between or immedi-
ately above the interlocking elements on either or both the stringers, to pre-
vent the slider from leaving the chain. The elements are the device designed 
for interlocking, capable of being affixed along the edge of a tape. The slider 
is the part that opens a zipper when it is moved in one direction and closes 
the zipper in the opposite direction. The pull is a part connected to a zipper 
slider and operates the slider. The chain is the assemblage formed by inter-
locking several elements of two stringers.

The tape ends is the tape extending beyond the stops at either or both ends 
of the stringers. The bottom stop is part affixed to both stringers immediate-
ly below, or over the chain, holding the two stringers together at the bottom 
and preventing the slider from leaving the chain. The cord is the strand of 
multiple yarns for use in forming a bead. The bead itself is the continuous 
element zippers, an optional enlarged section of the tape located at the 
outer edge of the continuous interlockable elements and against which the 
slider flanges bear. 
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The tape is a strip of material along one edge of which the bead and ele-
ments are attached. Lastly, the assembly of tape, bead and element that 
constitutes one side of a chain is called the stringer.

Figure 1.3: Standard terminology of the slider

Puller

Bail

Flanges

Diamond

Throat
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Figure 1.3 shows the structure of a slider. The standard terminology of the 
slider structure refers to the ASTM D2050-04 (the standard terminology 
relating to subassemblies of the zippers) [5]. The pull is attached to a portion 
of the slider which called the bail. The flanges are the slide’s inclined edges 
that push the elements towards each other. The throat is the two openings 
in a slider that receive the stringers. Meanwhile, the diamond is the wedge-
shaped portion of a slider between the throats. 

Figure 1.4: Three important dimensions of the slider
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Figure 1.4 shows the three important dimensions of a slider which are the 
body mouth width (A), body mouth height (B) and body flange gap (C). The 
body flange gap is a critical dimension to be controlled to ensure the chain 
containing the elements did not slip off from the slider when the zipper tape 
pulled to the left or right.

The zipper tape is one of the three major parts of a zipper. The tape can 
be made from different types of materials such as from the polyester and 
polypropylene, and it depends on the application and usage [29]. Zipper size 
designation is based on the slider mouth width (A) as shown in Figure 1.4. It 
is the measurement between the slider flanges at the point where they bear 
against the shoulders of the interlocked elements or at the outermost edges 
of the bead if it extends beyond the elements. Slider mouth width is used to 
designate the size of zipper [30]. 

Table 1.1: The zipper size designation [14]

Size Designation Slider Mouth Widths (mm)
1 and 2 up to 3.8

3 and 4 over 3.8 to 5.7

5 and 6 over 5.7 to 7.0

7, 8,9 and 10 over 7.0

Table 1.1 describes the size designation based on the element’s width. The 
higher the number means, the wider the slider mouth.
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1.3 The Zipper’s Mechanism

Figure 1.5 shows the zipper closing mechanism. As the slider moves up in 
Figure 1.5(a) , it pushes the elements to enter the slider throat together at 
specific angles. The force extended by the lower wedge is perpendicular to 
its movement direction. As the tape moves through the slider, the lower 
wedge inclined edges push the elements towards each other and latched 
into a gap on the opposite side. It is the same process as in Figure 1.5(b) 
when we pull the zipper tape from the bottom and fix the slider, which will 
also complete the zipper closing operation.

Meanwhile, Figure 1.6(a) shows when the slider was pulled down, the dia-
mond pushed against the slanted edged of the elements and pivoting each 
of the elements off. Then, both sides of the zipper are detached. This oper-
ation also can be done by fixing the slider and pull both sides of the zipper 
tape as shown in Figure 1.6(b).

Three concepts that describe how a zipper works are the inclined plane, 
friction, and work. The inclined plane is what brings the separate halves 
together at an angle to interlace. Inclined plane is commonly used in cutting 
devices and often two inclined planes are put back to back to form a wedge. 
In this case, the zipper mechanism is simply a combination of two lower 
edges for closing and a diamond for the opening process.

Secondly, friction is the entity that keeps the sliding inclined planes from 
slipping down and reversing the process. In this case, friction gives resist-
ance to the slider movement. A force applied over a distance of the length 
of the zipper must be applied for both the zipping and unzipping processes. 
Hence, work is done each way. The work done is because of friction is neces-
sary. 
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Figure 1.5 a, b: The diagram of the zipper closing mechanism

 

 

 

 

 

Figure 1.6 a, b: The diagram of the zipper opening mechanism
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The zipping process requires quite a precise one-by-one placement of the 
elements. Therefore, the incorporated slider positions the interleaving ele-
ments of both sides to make sure the engagement is correct. The pull on the 
slider for moving it will help to ensure that the force applied is as near as 
possible to the centreline of the zipper. Besides that, for this mechanism to 
work correctly, all elements must be the same size and shape, and precisely 
positioned on the zipper tape [31].

1.4 Research Objectives

This research started with an exploration on how to develop a generic autom-
atized zipper. While working on the mechanics and exploring the potential 
traction mechanism on the fabrics, we gradually discovered that to produce a 
perfect, robust, lightweight and, and a miniaturised automatized zipper is still 
an unresolved challenge. Therefore, we made some efforts to understand the 
history and how the zipper design evolved since the first invention. Mean-
while, concerning the society, we engage with the users (the elderly) to ask 
for their opinions, explore their needs and requirements. By doing this, we 
gave them a participating role in the development process of Cliff. This thesis 
attempts to answer four central research questions (RQ). The questions are not 
only directed towards production of knowledge, but they have a design-fla-
vour. 
 
RQ1: How did the zipper design evolve since the first invention of it, 
and what are the other potential applications, functions, or features 
of the zipper rather than the typical use of zipping and unzipping the 
garments? This question aims to visualize the evolution trend of the zipper 
design since the first invention back in 1851 and to identify other potential 
applications, functions, and features rather than its typical role that was 
mentioned by the zipper’s inventors. This is relevant because we hope to 
learn from the past, both regarding the technical mechanisms, regarding the 
different application areas and regarding the trends. A good understanding 
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of the past is likely to be helpful when trying to design for a better future. 
 
 RQ2: Can we develop a generic and universal type of automatized zip-
per, and what are the essential factors to produce an efficient traction 
and guidance mechanism for the automatized zipper? This research 
question gives rise to several sub-questions, including the following: 

• Can we develop a generic kind of an automatized zipper without chang-
ing anything on the zipper structure itself? 

• What are the essential factors to produce an efficient traction mecha-
nism for an automatized zipper to moves on the fabric (garments)?

• What are the essential components of a generic zipper, and how do 
these components interact and work together? Are there technical 
limitations posed by present-day materials, material combinations, and 
actuators?

 RQ3: What are the essential factors to be considered in the develop-
ment of the automatized zipper to ensure the user could positively 
perceive and use it as an assistive device for the zipping and unzipping 
process? The third question aims to look for the critical factors to design and 
develop Cliff. The focus is to ensure that the user could positively perceive 
and use Cliff as an assistive device to complete the zipping and unzipping 
task. 
 
 RQ4: Does the iterative research through design method assist and 
benefit the miniaturisation of the automatized zipper prototype? This 
question aims to find out whether the iterative research through design 
approach can help us in the miniaturization of Cliff’s. We believed that cre-
ating a tangible solution that the user can experience is vital throughout the 
design process to validate ideas and guide the further developments.



14 Chapter 1 Introduction

1.5 Research Approach

This project follows the research-through-design approach [32]. The design 
practice is the medium used to find the answers to the research questions 
and the design activities performed. Figure 1.7 shows the activities conduct-
ed in this thesis. Through the research-through-design practice, the design 
and development of a prototype play an important role in the generation of 
knowledge and the final result. In this thesis, we have applied the approach 
of researchthrough-design by iteratively making and evaluating the autom-
atized zipper. Therefore, this thesis presents the knowledge we acquired 
throughout the process.

The theoretical activities consisted of an initial literature review on the 
zipper structure and the invention of the Zipperbot. Then, we performed a 
systematic patent review as describes in Chapter 2. 

 

 

Figure 1.7: Overview of the activities performed in this thesis
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The patent review intends to visualize the design evolution of the zipper. 
There are 940 approved patents, which were analyzed from the USA and 
Japan patent database which are related to the term ‘zipper’ and ‘A44B’ 
using the Google Patent search engine. The ‘A44B’ is the Cooperative Patent 
Classification (CPC) for buttons, pins, buckles, slide fasteners, and the like. 
The publication date of the patent is set to be after 01st January 1840 until 
01st October 2017 (the accessed date).

It is essential first to understand the physics and mechanics of the zipper 
[33]. Initial explorations using Meccano enabled us to develop the first work-
ing prototype and thus identify the potential traction mechanisms for the 
automatized zipper (Chapter 3) [34]. The working model has been used as 
the reference to perform a kinematic analysis. Besides that, a force measure-
ment also has been conducted to determine the amount of force required to 
pull the slider. Then, the kinematics analysis model and the input from the 
force measurement were used to calculate the amount of torque and speed 
needed to run Cliff.
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Moreover, we performed two design iterations during the miniaturisation 
process of Cliff (Chapter 4). Research-through-design involves making and 
reflection which then creates a dialogue with the material and helps the de-
signer and stakeholder envision future applications with the prototypes [35]. 
In Chapter 5, we describe the user study performed to assess the wearability 
of Cliff with elderly in the Netherlands using the second and third iteration 
prototype. Six general comfort dimensions (emotion, attachment, harm, per-
ceived change, movement, and anxiety) have been tested using the Comfort 
Rating Scales (CRS) [15, 16, 36].

To solve the technical contradictions during the iteration cycles (iteration 
2 and 3), the Theory of Inventive Problem Solving (TRIZ) has been applied 
(Chapter 6) [37, 38]. A Root Conflict Analysis (RCA+) has been performed to 
solve issues related to the technical contradictions of Cliff.

In Chapter 7, we developed the fourth iteration prototype using the reflec-
tion of the first user study and the TRIZ analysis. Then, another user study 
was performed to evaluate the wearability assessment, perceived useful-
ness, perceived ease of use, credibility, and expectancy of Cliff using the 
fourth iteration prototype.

We also conducted an exhibition study to gain feedback from the visitors 
on the Cliff prototype during the Dutch DesignWeek 2018 and the Dubai 
DesignWeek 2018 (Chapter 8). The design of the prototype exhibited in those 
exhibitions is an attempt to improve the aesthetics of Cliff and make it more 
fashionable.
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1.6 Thesis Outline

Figure 1.8: The thesis outline
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Figure 1.8 shows the thesis outline and how the chapters have answered the 
research questions. Chapter 1 explain the introduction to the background and 
the research questions.

In Chapter 2 is a systematic patent review to define how the zipper’s design 
evolve since the first invention in 1851.

Chapter 3 is about the kinematics analysis which was performed based on 
the first iteration prototype (build from the Meccano). The study performed 
is to define the desired amount of the torque and power required to drive 
Cliff.

In Chapter 4, we describe two design iterations (iteration 2 and 3) which 
aimed to miniaturise the Meccano working prototype from the first iteration.

Chapter 5 describes the first user study performed with elderly (as the target 
group) to assess the wearability of Cliff. 

Then, in Chapter 6, we explain the Root Conflict Analysis (RCA+) from the 
TRIZ method to solve a few technical contradictions on the miniature pro-
totype using the reflection from the user study and the second and third 
iterations prototype. 

In Chapter 7, we present the design improvement (iteration 4) as the reflec-
tion from the first user study and the TRIZ analysis. Then, we describe the re-
sults from the second user study which evaluate the wearability assessment, 
perceived ease of use, perceived usefulness, credibility and expectancy of 
Cliff among the elderly. 

We discussed the feedback received from the visitors during the Dutch De-
sign Week 2018, the Dubai Design Week 2018, and the BrightDay exhibitions 
in Chapter 8.
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Finally, in Chapter 9, we summarize this thesis, the statement of our contri-
butions, the reflections on the methodology used and, the options for the 
future work of this research.
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Chapter 2

The Design Evolution 
of the Zipper: a Patent 
Review

This chapter is based on:

Mohamad Zairi Baharom, Frank Delbressine, Marina Toeters, Loe Feijs.The 
design evolution of the zipper: a patent review. In Proc. 4th Internationa-
tional Conference on Industrial and Business Engineering, pp 288-294. ISBN: 
978-1-4503-6557-4. ACM, 2018.
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2.1 Introduction

Predicting the future is important for any designer or companies [39]. De-
veloping a brand-new product always has a high risk and uncertainty [40]. It 
is to ensure that the design direction is aligned or not with the latest devel-
opment in the field. One of the ways to forecast the technology or product 
development progress is through a patent analysis. A patent is a document 
which contains details information on the developed technology and its us-
age [41]. The TRIZ evolution theory is known as one of the tools used in the 
product and technology prediction, to read the evolution path, and estimate 
the future trajectory [42–44].

The chronology of the zipper invention begins back in 1851, when Elias Howe, 
the sewing machine inventor, received a patent for an automatic and contin-
uous clothing closure [2]. Forty years later, Whitcomb L. Judson invented and 
conceived the idea of the slide fastener, and develop a working zipper [45]. The 
development continues when in 1913, Gideon Sunback, an electrical engineer 
designed the modern zipper and patented a design entitled ‘separable fasten-
er’ in 1917 [46]. Twenty years later, the B.F Goodrich company decided to use 
Gideon’s fastener on a rubber boot and named the device ‘zipper’ [47].

Currently, it is difficult to find publications (conference or journal articles) 
about the zipper development progress. Analyzing patent reports is another 
way to perform extensive literature review on the development progress of 
the zipper. A patent analysis can assist the inventor or the designer through-
out this process to create a clear overview of the patent landscape. Besides 
that, the patent data (originality, technical feasibility, and commercial worth) 
provides both technical and market attributes [48]. It also contains a variety 
of other information such as the problems to be solved and potential appli-
cations [41]. This chapter explains the patent analysis conducted to visualize 
the development progress and the design evolution of the zipper since its 
first invention. The patent review also aims to investigate the common prob-
lems and determine other potential applications related to the zipper.
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2.2 The Patent Analysis Flow

Figure 2.1: The procedure of the evolution map based in advance evolution

The patent analysis can be performed using manual or automated meth-
ods [42,49]. This study chooses the manual method by utilizing the search 
function of Google Patents [50]. Each patent report will be read in detail to 
understand what is going on with the zipper’s invention progress.
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Table 2.1: The categories for the classification process

Colour code Category Description
Red Zipper The whole construction of a zipper

Green Tape The zipper tape

Yellow Slider The slider of the zipper

Purple Manufacturing Manufacturing/production/assembly

Orange Elements The zipper teeth

Grey Pull Tab The puller of the zipper slider

Brown Bottom Stop The bottom end of the zipper

Black Top Stop The top end of the zipper

Blue Application The applications, bag, suitcase, garments, 

robotics etc.

Figure 2.1 explains the whole procedure to construct evolution map based 
on the advance invention [49]. Firstly, the scope and purpose of the study 
were defined, and the raw data (the patent report) was acquired. Then, the 
raw data will be classified and divided into nine categories as summarized 
in Table 2.1. Each of the categories is marked using different colour as shown 
in Figure 2.2(a). The construction of the evolution map as shown in Figure 
2.2(b) based on the classified information of the patent. The fourth step, 
which is ‘evolve’, is to suggest new ideas aligned with the future evolution 
direction. The suggestions are from the results of the evolution map. The 
review managed to identify a few patent reports which potentially could 
give promising ideas in the future direction aligned with the development of 
the automatized zipper. Figure 2.2(b) illustrates the visualization (using the 
sticky note) of a few interesting patents. Lastly, the findings will be trans-
formed for a better presentation.
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2.3 The Patent Search Scope

The manual patent search utilizes the advanced search function in the Goog-
le Patents web to find the relevant patent [50]. The search has been limit-
ed to granted patents in the United States of America (US) and Japan (JP) 
database, which is written in English (for readability), and published after 
01st January 1840. The most extensive patent database is the US database 
and considering the origin of the YKK company (the largest zipper manufac-
turer) is from the Japan. The search terms are ‘zipper’ and ‘A44B’. The ‘A44B’ 
is the Cooperative Patent Classification (CPC) for the buttons, pins, buckles, 
slide fasteners, or the like [51]. CPC represents a more detailed technology 
classification compared to the international patent classification (IPC) [52]. 
The Google Patents search engine provides 940 approved patents based on 
the search terms and filters applied.

 

 

Figure 2.2 a, b: The (a) classification and (b) visualization of the patent
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2.4 The Findings

There are 940 approved patents found in the United States and Japan data-
base of the zipper from 1851 until 2017. On average, about five patents are 
granted each year and it required about 2.3 years for a patent application to 
be approved. Between 1851 and 1930, there are only four patents approved 
for zippers and slide fasteners. Eddie Howe patented the first zipper or slide 
fastener back in 1851 as fastening for garments [2]. It is followed by the 
invention of shoe fastening by Judson about 42 years later [45]. Then, Sund-
back developed a vital invention which is recognized as the modern zipper 
and he was granted two patents in 1913 and 1917 [46,53]. Then, in 1927, 
Hesse patented a rubber shoe with a zipper [54].

There is an increment in the number of the patent approved between 1931 
and 1950. Most of the patents are related to the design of zipper parts 
such as the slider, elements, and the bottom stop. Between 1951 and 1970 
recorded a huge increment of the number of granted patents (four times 
higher than from 1931 to 1950). Most of the patents fall in the ‘manufac-
turing’ category. The manufacturing companies began to patent the manu-
facturing or assembly process for producing the zipper or the slide fastener. 
Meanwhile, from 1971 to 1990, about 42% of the total number of patents 
approved fall under the ‘application’ category. Most of the patents are relat-
ed to the recloseable plastic zipper, bag locks, latching devices, protective 
enclosures, and alarms for unfastened garments.

Moreover, the number of patent applications approved between 1991 and 
2010 is almost double the amount of patent granted between 1971 and 
1990. The ‘application’ category is still dominating the patent approved. Last-
ly, from 2011 to 2017 (the last date accessed is 19th September 2017), there 
are about 177 patents granted. During this period, a few patents presented a 
new concept of the slider. On average, about 25 patents were awarded each 
year during the last seven years. The following sections will discuss a few 
interesting patents in detail for each of the categories. However, the zipper, 
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tape, and elements category will not be considered further since there is 
only a small amount of patents granted for these particular categories.

2.4.1 Manufacturing and Application2.4.1 Manufacturing and Application

Figure 2.3: The number of patents approved in the category of  

manufacturing and applications

Figure 2.3 shows the number of patents granted in the manufacturing and 
application category. The manufacturing companies actively began to patent 
their manufacturing or assembly processes in producing the zipper or the 
fastener after the 1950’s. For instance, the means to attach the slider to 
the zipper tape, cutting the zipper tape, and punching and arranging the 
elements. From 1931 to 1970, the granted patents are also about the zip-
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pers application for clothing. There are also two patents about the magnetic 
fasteners [55,56]. About 42% of the total number of the patent approved 
between 1971 and 1990 fall under the ‘application’ category. The patents 
are related to the recloseable plastic zipper, the bag locks, latching devices, 
adjustable buckle, and others.

Most of the patents granted during this period are related to the reclosable 
plastic zippers (used for the packaging purpose). Two of the patents dis-
cussedthe application of the zipper on the elastic stockings. Myers (1970) 
used the zipper to provide an adjustable fastening device for securing an 
elastic sock [57]. Seven years later, Malick invented an elastic sock provided 
with the closing means and easy removal, particularly for an artificial leg. 
The elastic sock includes a zipper with two synthetic plastic material en-
gaging portions and a magnetic material closing means [58]. Besides that, 
there is also an invention of the aid device for the disabled person to use the 
zipper [59].

Entering the 20th century, the inventors started to design and explore the 
wearable electronic devices. In 2004, the NOKIA corporation patented a 
system and method for smart clothing and wearable electronic devices. A 
group of inventors from NOKIA realized that the need exists for a method of 
activating smart garments, providing status information of different parts of 
clothing to an electronic device integrated or attached to the clothing [60]. 
The system incorporates an electronic circuit into one or more fastening 
devices on a piece of garments. For the zipper, it includes the zipper itself, 
one or more conductive cables, sensors, and controllers. The conductive 
cable was sewn into the fabric of the clothing, which consists of the wires 
composed of a conductive metal. This kind of system could provide status 
information regarding the state of the clothing. For instance, to determine 
whether the wearer properly fastens the fastener or not.
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Another two patents discussed the fasteners indication and the alert ap-
paratus. In 2008, Farhadian patented an open fastener indicator to notify 
the wearer about the open status of the fastener [61]. Sometimes, the user 
forgets to fasten the zipper. The fastener indicator comprises of electrical 
couplings connecting the fastener to an electrical circuit which contains the 
alert mechanism [61]. The following year, Michida patented an invention 
which associates with the alert apparatus [62]. Michida noticed that small 
articles carried around being lost or dropped due to the user forgetting to 
close the fastener. The user might be labelled as a sloppy or careless person, 
and become more susceptible to being pickpocketed. Therefore, there is a 
need to have an alert apparatus to be used with the fastener.

Figure 2.4: The Zipperbot [1]
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In 2017, Adam Whiton from MIT was granted a patent on the methods and 
apparatus for a robotic zipper, named the Zipperbot as shown in Figure 2.4 
[1]. Zipperbot used two rotating wheels which moved in between the gap of 
the elements on the zipper tape. We shall focus our thesis on this topic be-
cause we see various opportunities for improvement, because the Zipperbot 
still has shortcomings. The most important shortcomings are: the mechanism 
of the Zipperbot did not use the existing slider on the zipper to perform the 
zipping and unzipping tasks. Thus, the Zipperbot is not generic for all kind of 
zippers. However, this robot marks the beginning of the development of the 
robotic zipper.

2.4.2 The Slider and the Pull2.4.2 The Slider and the Pull

 

Figure 2.5: The number of patents approved in the category of the slider and pull
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Figure 2.5 shows the number of the patent approved for the slider and the 
pull. These two parts are considered as the “engine” of the zipper’s system 
to complete the zipping and unzipping processes. The invention of these two 
parts of the zipper was a bit slow mainly from 1851 to 1950’s. The focus is 
more on developing a flexible and removable slider. Mucci invented the first 
removable slider in 1938 [63]. If the zipper stucked, the slider can be opened 
upward to remove it. Twelve years later, Nissen patented the reversible slid-
er [64]. Both designs indicate the beginning of making a flexible or remov-
able slider for the zipper. The inventions are to overcome a few problems 
such as when the garments get caught between the slider and the tape, or 
the sand gets in the zipper tape of a swimming suit. The design allows users 
to remove the slider without tearing anything. The new development related 
to the slider was very active during 1951 to 1970 (focus: slider lock, flexible 
and movable pull tab) and from 1991 to 2010 (focus: heavy duty slider, pull 
tab mounting, changeable pull tab). There are two types of slider locks de-
signed during this period which are the semi-automatic and automatic lock. 
In 1999, Chung patented a pull tab mounting arrangement for a zipper [65]. 
It is a response to a problem that the slider and the pull tab are not detacha-
ble, which the user cannot replace the pull tab with other design.

Meanwhile, in 1967, Younger invented a magnetized zipper pull tab to 
provide a zipper closure element having both magnetic and mechanical 
locking features [66]. Besides that, the inventors also developed heavy duty 
zipper for the tent and canopy [67]. There are extensive developments on 
the slider design between 2011 and 2017. There are four patents which 
focused on the slider’s automation during this period. Figure 2.6(a) shows a 
roller zipper slider patented by Wang in 2013 [6]. In the patent report, Wang 
mentioned a few drawbacks with the conventional slider. One of it is the 
resistance produced if the protruding upper faces of the left series of the el-
ements stopped against the protruding upper faces of the right series of the 
elements during its operation. The situation will interfere with the sliding 
mobility. Besides that, different zipper manufacturer provides various specifi-
cations of the zipper parts. It makes commercial zippers not interchangeable. 
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Therefore, Wang designed a slider having a longitudinal slot on a top slider 
body in communication with an internal chamber thereof, and two coupling 
grooves located at the two opposite lateral sides of the slot. The slider em-
ploys a rolling contact technique to replace the conventional surface friction 
designs. Thus, it will improve the sliding mobility, reduce the elements wear, 
and prolongs the slider lifespan [6].

Figure 2.6 a, b: (a)The roller zipper slider [6] (b) The wheeled slider [7]

In the same year, a wheeled slider was patented by the UNDER ARMOUR 
company [7] as visualizes in Figure 2.6(b). The design is a reflection of the 
difficulty to quickly couple the insertion pin and the retainer box, especially 
with bulky garment. Moreover, users with mobility-limiting medical con-
ditions, such as arthritis or poor eyesight, could face the same problem. A 
smooth, freely moving feel usually indicates that the zipper is functioning 
correctly. Meanwhile, a rough or high friction feel means that there is an 
issue with the zipper. The movement of the slider along the elements is a 
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kind of feedback to the user [7]. The snagging of the garment is also another 
problem addressed in this patent report as it can be frustrating for the user 
and cause damage to the clothing. Therefore, the company came with a 
wheeled slider design where two wheels slided on the side of the element. 
This invention is to provide a zipper arrangement where the components 
may be more easily accessed and assembled by the wearer. Besides that, 
it could also improve the tactile feel and reduce the chance of the garment 
to get snagged within the slider. However, from the construction of the 
wheeled slider, it is only suitable for a zipper with a flat side surface of the 
plastic elements, and not ideal for the coil zipper.

Figure 2.7: (a)The roller-loaded-slider [8] (b) The adjustable slider [9]
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The Genmore Zipper Corporation from New Taipei patented another design 
of roller-loaded slider [8] as shown in Figure 2.7(a). The patent discussed 
a few problems related to the slider. If the pulling direction of the pull-tab 
and the slider is not parallel, it generates downward pressure to the slider 
against the tape [8]. This situation will cause the front bottom edge of the 
top slider to rub against the stitches. After extended use, the stitches can 
break, thus spreading apart the elements. The Genmore Zipper company de-
signed a rollerloaded slider which comprises at least one roller bracket each 
carrying a front roller to overcome the problems mentioned. Three years 
later, an inventor from Argentina, Alberto, invented an adjustable slider [9]. 
The inventor tries to solve the difficulty to replace a damaged slider without 
changing the original seams. Figure 2.7(b) shows the adjustable slider which 
can be pivotally open and close horizontally, and it can be locked in the 
appropriate size of the zipper.

2.4.3 The Bottom and Top Stop2.4.3 The Bottom and Top Stop

Figure 2.8 shows the number of the bottom and top stop patent approved 
from 1851 to 2017. There are not so many inventions related to this category 
with an average of one patent each year for the bottom stop. There are only 
a few patents related to the top stop since the part is not as important as 
the bottom stop. In the early years (1931 to 1970), the patents are mostly 
about the con ventional design of the bottom stop. After 1970’s, the design 
of the bottom stop is more focused on using the magnetic materials [55], 
creating an adjustable bottom stop [68, 69], and designing terminal to ease 
the joining of the bottom stop [70, 71]. The conventional method of joining 
the two halves of the zipper tape is using the bottom pin and the retainer 
box. However, many individuals encountered difficulty to join the bottom pin 
and the slider such as small children, people wearing gloves for protection, 
elderly, and people with physical disabilities. Therefore, Peters designed a 
new mechanism (using permanent magnet) for easier alignment and clo-
sure, and practical for one-handed operation [70, 71].
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Figure 2.8: The number of patents approved in the category of the bottom and top stop

2.5 The Zipper Evolution Summary

It has been 166 years since Eddie Howe invented the first zipper. The evo-
lution map constructed and discussed in the previous section explains how 
the zipper’s design evolved since 1851. Although the zipper offers an easy 
closure, there are still some individuals encounter problems while using it. 
Part of the issues highlighted by the inventors are the difficulty of joining 
the bottom pin and hard to grasp the small slider body or pulling it along 
the zipper’s elements. The other problems addressed are the zipper jam-
ming and fouling [65, 66], the difficulty to reach areas of the garments such 
as at the back zipper of a lady’s dress [71], and non-existence of the posi-
tive lock for zippers in garments (mainly ladies’ dresses) [66]. Examples of 
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Figure 2.9: The evolution of the slider [1, 6, 8, 9, 46, 63]
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individuals who often face these problems are elderly, children, people with 
poor vision, people with disabilities such as arthritis, multiple sclerosis, and 
others. The patent issued by Dierks in 1966 shows that there is a need for an 
assistive device to use the zipper at the difficult-to-reach areas of garments 
such as the back zipper [72].

Figure 2.9 visualizes the design evolution of the slider. The design of the 
zipper’s slider has evolved from the conventional type to the removable, 
rollable, adjustable, and currently, the inventors are moving towards devel-
oping an automatic slider or even the robotic zipper. It proves the existence 
of some efforts in designing a new kind of zipper. Moreover, there are a 
few research projects related to the development of vertical climbing robot 
(climbing on garments). The projects identified are the Clash [73], Clothbot 
[74], Rubbot [75] and, the Rovables [76]. These projects are focusing on de-
veloping a vertical climbing robot, and each of it came with a different kind 
of traction mechanism. The researchers mostly discussed the construction 
and the technical part of the vertical climbing robot design and develop-
ments. The design evolution of the zipper’s slider and the progress of the 
vertical climbing robot developments prove the existence of some efforts 
in designing a new kind of the zipper or a wearable that could climb on 
the garments. Thus, this situation aligned with our intention to design and 
develop Cliff as an automatized zipper.

2.6 Potential Applications

The patent analysis revealed a lot of potential applications, functions, or 
even new features of the zipper and the possibility of combining the primary 
function of the zipper with more advanced features. It is not only limited 
to the primary purpose of the zipper on the garments alone, which is to 
complete the zipping and unzipping task. Cliff is not only beneficial for the 
elderly and people with physical disabilities. For instance, the automatized 
zipper could help the supervisor in a clean room or controlled environments 
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workplace to monitor the employees. The problem addressed by Leonard is 
the issue of opening the garment in a controlled-environment [72]. Opening 
the garment used in a controlled-environment may contaminate the envi-
ronment, damaging the product, and possibly subjecting the employer of 
being fined by health inspectors [77].

An example of a controlled environment is in the food industry. It is not 
uncommon for workers to partially unzip their garment for various reasons, 
although it is prohibited. In the dairy milk industry, for instance, protective 
clothing is required in areas where cows are being milked [77]. Therefore, 
the supervisor needs to continually watch the employees as it is not easy to 
detect a partially opened protective garment. It is a time-consuming task for 
the supervisor. Therefore, Leonard invented a garment provided for detect-
ing when the fasteners or closure means of the clothing is not entirely close 
[77]. Besides that, the other potential applications are in the tents industry, 
the protective garments, or the personnel protection against a contaminated 
environment.

2.7 Conclusion

The patent analysis investigated the evolution trend of the zipper from the 
first invention back in 1851. Performing a patent analysis is another option 
to have an extensive review of the design and development progress of 
a particular product or system. The study revealed the typical problems 
mentioned and discussed by the inventors related to the zipper. The evolu-
tion map has been successfully constructed to visualize the evolution of the 
design and development of the zipper for the past 166 years. The findings 
are useful as extensive literature about how the zipper design evolved. The 
zipper design has changed from the conventional type towards an automatic 
slider or even robotic zipper. The existence of these inventions is aligned 
with our intention to design and develop Cliff as an automatized zipper.
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After this summary, these are our conclusions: first, there is no generic 
(meaning: clip-on) zipper yet. Secondly, zipper-design turns out to be tech-
nically challenging and it requires an understanding of material properties, 
friction forces etc. (which is why we shall dive into such details in the next 
chapter). Thirdly, the trend of automation and robotization is very contempo-
rary and we shall continue in that direction.
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3.1 Introduction

In Chapter 2, we have reviewed the patent related to the zipper’s design. 
The patent analysis shows the evolution trend of the zipper or the slide 
fasteners from the first invention back in 1851. The design of the zipper’s 
slider has evolved from the conventional type to the removable, rollable, 
adjustable, and currently, the inventors are moving towards developing an 
automatic slider or even a robotic zipper. The evolution reveals the existence 
of some works and inventions in designing a new kind of zipper. The ad-
vancement in the design and developments related to the zipper is aligned 
with our intention to design and develop Cliff as an automatized zipper. Per-
forming the patent review is another way to perform an extensive literature 
review on the development progress of any product or design that do not 
have much academic publications (conference or journal article). The patent 
review also assists us to create an overview of the patent landscape related 
to the zipper’s design.

3.2 Applying the Research-Through-Design

It is essential for a designer to transform the ideas into a workable form such 
as into the prototypes, products, or system [78]. Creating a tangible solu-
tion that can be experienced is important throughout the design process to 
validate ideas and to guide further developments. Research through design 
involves making and reflection. It allows creating a dialogue with the mate-
rial and helps the designer and stakeholders to envision future applications 
with the prototypes [32].

This automatized zipper research is multi-disciplinary. We need knowledge 
from different fields : engineering, manufacturing technology, fashion, and 
industrial design. Given the challenges, various requirements and complexity 
to design and develop a generic automatized zipper, we choose to adopt the 
research-through design approach [32, 79]. By making prototypes, designers 
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simultaneously discover how to approach the problem at hand. Building the 
prototypes also will help the designers to get an idea of tangible things like 
the mechanics and behavior of a system [78]. Through an iterative process, 
it is easier to approach complex design challenges using multiple cycles. 
The perfect solution doesn’t have to happen in the first attempt. The act of 
designing is not only a thought process but also a generator of knowledge 
[80]. In this chapter we describe one cycle, which includes constructive work, 
theoretical analysis and measurements.

3.3  Exploring the Traction Mechanism Using the       
Meccano

This research begins with exploring the traction mechanism using Meccano. 
Meccano is a system consisting of a set of plastic and metal parts which 
enables the building of working models, mechanical devices or prototypes 
[81]. Although Meccano is well-known as a toy kit supporting children in 
their play and learning, it is also a useful exploration tool for professional 
research-through design. The aim for this first iteration is to identify the 
potential mechanism that can generate traction to move the zipper tape 
since the slider is fixed on the Meccano structure. The main challenge here is 
to develop a generic and universal type of traction mechanism which can be 
used in all types of zippers. Therefore, we develop seven different models 
of the Meccano using the rubber, plastic gear sprockets, small plastic spur 
gears, a combination of plastic and rubber, and the caterpillar wheels. The 
last of these models is considered to be the main outcome of this iteration.

Figure 3.1 shows the first Meccano model which uses the rubber wheels. We 
found that both the zipping and unzipping movements are not good. The 
zipper tape was misaligned and stuck between two rubber wheels (Figure 
3.1(a)). The movement at this time no longer works as the zipper tape slips 
off from the correct movement track. Another problem is that the zipper 
tape becomes hardened and curving (Figure 3.1(b)) and a too high slider fix
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Figure 3.1 a, b, c: Meccano model 1: a model with the rubber wheels

 

Figure 3.2 a, b, c: Meccano model 2: a model with the  

plastic gear sprockets wheels

point causes bending of the zipper tape. 

Figure 3.2 shows the second Meccano model. For this model, we use the 
plastic gear sprocket wheels on both sides of the zipper tape (Figure 3.3(b)). 
We found that both the zipping and unzipping movements are excellent 
when the gear sprocket is at the back of the slider. However, if the position 
of the gear sprocket is next to the slider (Figure 3.2(a) and (c)), the system is 
now immovable. It is because at this position the gear sprocket wheels are
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Figure 3.3 a, b, c: Meccano model 3: a model with the small plastic spur gears

too close to the front elements. 

Then, we develop the third Meccano model which uses small plastic spur 
gears as the rotating wheels (Figure 3.3). The zipping and unzipping move-
ments using the plastic spur gear is relatively good. However, the problem 
with this model is that the contact is too tight and could damage the surface 
of the zipper tape (Figure 3.3(a) and Figure 3.3(c)). It makes the zipper tape 
become hardened and curving. Another problem is that the zipper tape was 
misaligned (Figure 3.3(b)). We conjecture that micro-slip causes this zipper 
tape to get misaligned. Therefore, guidance is needed here to allow the 
zipper elements to enter the slider and avoid the misalignment problem.

Figure 3.4 visualizes the fourth Meccano model which is constructed with 
a different configuration. This model combines the plastic gear sprockets 
(top) and the rubber wheels (bottom). We found that both the zipping and 
unzipping movements are smooth. The shape of rubber wheels allows it to 
engage in between the space of the gear sprocket teeth. It creates a good 
engagement between the top and bottom rotating wheels. The guidance for 
this model is also not really good but it did not disturb the movement flow.
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Figure 3.4 a, b: Meccano model 4: a model with the combination of  

plastic gear sprockets and rubber wheel

 

Figure 3.5: Meccano model 5: a model using caterpillar wheels
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Showing in Figure 3.5 is the fifth Meccano model developed which uses a 
kind of caterpillar wheels as the driving mechanism. We used the caterpillar 
wheels to increase the total area of contact between the rotating wheels 
and the zipper tape. From observations, this mechanism is capable of push-
ing over and pulling the zipper tape towards the slider for both opening and 
closing operation. However, a few improvements can still be made to in-
crease the traction generated for this mechanism. Increasing the number of 
rotating wheels will provide a higher normal force acting on the caterpillar 
track, thus increasing the normal force towards the zipper tape. Besides that, 
by increasing the depth of the track shoe we can also improve the contact 
and engagement between the track and zipper tape, and thus increase the 
traction.

As a summary from the explorations, we noticed that the slider should be 
sufficiently fixed to ensure excellent movement of the robotic zipper. If the 
slider is not properly fixed, it creates misalignment and curving problems 
to the zipper tape. The height of the fixed point also needs to be as low as 
possible to avoid the bending problem of the zipper tape. We found that the 
use of plastic gear sprockets and the rubber wheels are the best options to 
function as rotating wheels and drive the automatized zipper. This configura-
tion offers excellent traction and grip to the movement of this robotic zipper. 
Another important element is on the guidance part to ensure that the zipper 
elements correctly enter the slider.
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Figure 3.6 a, b: Meccano model 6: the first Meccano working model

3.4 First Iteration: the Meccano Working Model

After two months of trial, the first iteration of this project works. Figure 
3.6 shows the first working model made of Meccano (model 6). Based on 
the findings of the earlier exploration, we used two plastic gear sprockets 
wheels as the traction mechanism on both sides of the tape to establish uni-
form distribution of a normal force acting towards the zipper tape. The direct 
current (DC) motor and battery are placed on top of the rotating wheel. The 
gear sprocket wheels from the top and bottom sides of the model make con-
tact on the zipper tape surface and generate traction. The gear teeth grab 
the zipper tape in between the top and bottom wheels. This mechanism 
managed to drive the zipper tape in the forward and backwards direction 
for the zipping and unzipping process. The weaknesses of this model 6 is on 
its stability. It generates vibrations during the operation. Secondly, the gears 
used to connect the DC motor and the rotating wheels could easily misalign. 
Besides that, this first iteration is too big in size, too heavy and the metals 
look. Therefore, it is not suitable to be attached to garments.
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Figure 3.7: The 3D model of the first iteration prototype (Meccano)

We build another Meccano model to improve the stability. Figure 3.8 shows 
the second Meccano working model (model 7) which aimed to stabilize the 
overall structure from the first iteration. This model 7 is considered as the 
first iteration prototype of this project. It is essential to evaluate and ob-
serve correctly why this mechanism works. The DC motor has been placed 
on the side of the rotating wheels. The movement and performance of this 
model 7 are much better than the previous one. We found that the gear 
sprocket from the top and bottom side of the model make contact with the 
zipper tape surface and generate traction as shown in Figure 3.7. The gear 
teeth grab the zipper tape. The overall size of this model is still too big to be 
placed on garments, and it still looks metal like.

The Meccano model 7 shown in Figure 3.8 has been exhibited in two exhi-
bitions in Eindhoven which are the Smart Homes exhibition and Liever Thuis 
exhibition. Based on these two exhibitions, most of the people gave positive 
feedbacks to this first iteration prototype. They showed their interest in this 
project and said that this device is benecial to everybody who has problems 
to use normal zippers independently. Regarding the functional requirements, 
most of the visitors could clearly envision the primary function provided by 
this device, which is to do the zipping and unzipping process automatically. 

Elements

Gear sprocket

Puller

Slider

Tape



50 

 

Figure 3.8: Meccano model 7: a model which is  

considered as the first iteration prototype of this project
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Regarding non-functional requirements, which express the qualities that 
this device should have, they are mainly focused on the size of the final 
piece. The majority of the respondents wants it to be small and handy with 
a minimum thickness of the inner side that is in contact with human skin. 
This project was also shown to a group of VITALIS caregivers, a company who 
runs a care home for elderly. This company also develops tools to extend in-
dependent lifestyles for the same target group. Their opinion on this project 
is that this project is incredibly fresh and could assist elderly to dress and un-
dress by themselves. They also mentioned that the final piece should be not 
too small and easy to be placed on the garments. Besides that, the elderly 
also have shown their interest in this project. They found that this project is 
fascinating and could help them to zip their jackets.

3.5 The Kinematics Analysis

 

 

Figure 3.9: Close view of the gear sprocket and zipper tape engagement
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3.5.1 Prototype Mechanism3.5.1 Prototype Mechanism

Figure 3.9 shows the normal force, FN and friction force, Ff acting on the 
zipper tape as it travels with velocity, v. To push or pull the slider, this 
mechanism requires good traction. In general, traction refers to “frictional 
forces that beneficially transmit mechanical power through a contact, with 
one body driving another” [82]. It can be seen from Figure 3.9 that the gear 
sprocket from the top and bottom side of the prototype make contact on the 
zipper tape surface and generate traction. The gear teeth grab the zipper 
tape. This occurs by direct contact between the surface asperities.

Friction is an important factor in producing good traction [82]. When the oth-
er surface is relatively soft or flexible which is the case for the tape halves 
relative to the rotating wheels, the major source of friction comes from the 
plowing effect. In this case, the gear sprocket tooth sinks into the zipper 
tape as the latter is a flexible material and thus the gear sprocket must push 
or plough its way through. The ploughing effect relates to the relative height 
of surface asperities, while adhesion effect relates to the true area of con-
tact. Gear sprocket and zipper tape surface must have sufficient friction and 
contact area between them to ensure the grip is strong enough. Friction is a 
reaction force needed to produce traction.

3.5.2 Free Body Diagram Formulation3.5.2 Free Body Diagram Formulation

Showing in Figure 3.10 is the free body diagram for the upward motion 
of the robotic zipper with two wheels rotating on the zipper tape surface. 
Wheel A is the driving wheel, while wheel B works as the following wheel. 
The normal force, FN acting towards the zipper tape is provided by the pivot 
point of this robotic zipper structure. Sufficient normal force is essential to 
ensure friction occurs between the wheel and zipper tape, thus generating 
the traction. The pulling force, Fpull is the force required to pull the zipper 
tape, while FA and FB are the friction forces between the wheel A and B with 
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the zipper tape surface, respectively. The ωA and and ωB are the angular ve-
locity of both wheels A and B. The r, v and W in this diagram stand for radius 
of the wheel, velocity, and total weight of this robotic zipper, respectively.

 

Figure 3.10: Free Body Diagram for upward motion of the slider
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The movement of this robotic zipper has been considered as a vertical 
climbing situation is the most difficult condition. For static analysis in upward 
motion, the summation of forces in x and y axis are equal to zero as in New-
ton’s first law [83], as described in eq.(3.1) and eq.(3.2).

            ∑ Fx = 0  [N]     (3.1) 
           FN1 - FN2 = 0  [N] 
                    Fy = 0  [N]     (3.2) 
Fpull  - FA - FB - W = 0  [N]     

Both wheels are identical in size and materials it was made of. Hence, FA is 
equal to FB and both frictional forces are now considered as Ff . Therefore, 
eq.(3.2) is currently becomes

Fpull  - 2Ff - W = 0   [N] 
                  Fpull  = 2Ff + W [N]    (3.3)

The torque, T of the driven wheel is expressed by

T = F . r [N.m]     (3.4) 
        = Fpull . r

Introducing eq.(3.3) into equation eq.(3.4), will define the upward torque, 
Tupward as

Tupward = F . r [N.m] 
              = Fpull . r 
              = (2Ff + W) . r      (3.5)

The power, P is given by

P = T . ω [Watts]     (3.6)
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which by inserting eq.(3.5) into eq.(3.6), the Power for upward motion, 
Pupward now is

Pupward = T . ω [Watts] 
              = (2Ff + W) . r . ω     (3.7)

 

 

Figure 3.11: Free Body Diagram for downward motion
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Figure 3.11 illustrates the free body diagram of this robotic zipper during its 
downward movement. It can be seen from the diagram that the direction of 
Fpull is currently parallel with the total body weight, W of this robotic zipper. 
This body weight defined as the force of gravity which will help to reduce 
the amount of pulling force required for downward motion, which can be 
calculated as the mass times the acceleration of gravity. In the static equilib-
rium during the downward motion, the summation of forces in x and y-axis 
is equal to zero as in eq.(3.8) and eq.(3.9).

 ∑ Fx = 0  [N]     (3.8) 
FN1 - FN2 = 0  [N] 

             ∑ Fy = 0  [N]    (3.9) 
FA + FB - Fpull  - W = 0  [N]

As the previous calculation during the upward motion, FA is equal to FB be-
cause both are identical wheels, and again the frictional forces now referred 
as Ff . Thus, the eq.(3.9) is now

2Ff - Fpull  - W = 0  [N]     
                 Fpull   = 2Ff  - W     (3.10)

The downward torque, Tdownward can be determined by introducing eq.(3.10) to 
eq.(3.4), which will give

Tdownward = F . r [N.m] 
 = Fpull . r 
 = (2Ff - W) . r     (3.11)

and by filling in eq.(3.10) to eq.(3.6) will define the power for downward 
motion, Pdownward as

Pdownward = T . ω [Watts]  
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 = (2Ff - W) . r . ω    (3.12)

Since wheel A drive the acting wheel of B, the assumption is both wheels 
rotate at the same angular velocity. Consequently, the ωA is equal to ωB . 
Therefore, the angular velocity is now considered as ω. The relation between 
the velocity, v, angular velocity, ω and the wheel radius, r is given by equa-
tion

 v = ω . r [m/s]      
  r = v / ω     (3.13)

In order to express both upward and downward torque and power in terms 
of the velocity, v and angular velocity, ω, we can fill in eq.(3.13) to eq.(3.5) 
and eq.(3.11). Thus, the equation will be

Tupward  = F . r [N.m] 
 = Fpull . r 
 = (2Ff + W) . r 
 = (2Ff + W) . (v / ω)    (3.14)

Tdownward  = F . r [N.m]      
 = Fpull . r 
 = (2Ff - W) . r 
 = (2Ff - W) . (v / ω)    (3.15)

and by introducing eq.(3.13) to eq.(3.7) and eq.(3.12), the power during up-
ward and downward motion in terms of v and ω is

Pupward = T . ω [Watts] 
 = (2Ff + W) . r . ω 
 = (2Ff + W) . r . (v / r) 
 = (2Ff + W) . v    (3.16)
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Pdownward = T . ω [Watts] 
 = (2Ff - W) . r . ω 
 = (2Ff - W) . r . (v / r) 
  = (2Ff - W) . v    (3.17)

Based on the formulation in eq.(3.14) and eq.(3.15), it can be clearly seen 
that much higher torque is needed during the upward motion of this robot-
ic zipper, compared to the downward motion. The higher torque required 
will reflect the amount of the motor power needed correspondingly. This 
happens because during the upward motion, this robotic zipper will have to 
pull the weight of its body. Meanwhile, in downward motion, the existence 
of gravitational force from the body’s weight helps to reduce the amount 
of pulling force, where it will also decrease the desired amount of torque 
and power. Besides that, the final velocity of this robotic zipper’s will also 
influence the selection process for the motor since this parameter relation 
with the amount of torque and power needed is directly proportional. This 
formulation did not consider the motion of the robotic zipper in horizontal 
motion due to much higher forces needed during the vertical climbing on 
the clothes compared to moving horizontally. There is friction when this 
robotic zipper moves in horizontal motion between the bottom chassis and 
any contacted surfaces, but it is neglected due to the friction is too small.

3.6 The Force Measurement

3.6.1 Measurement Setup3.6.1 Measurement Setup

Figure 3.12 shows the measurement setup to determine the pulling force to 
pull the slider for zipping and unzipping on a single piece of the zipper. The 
measurement has been done for two different types of zippers which are 
the plastic and metal zipper. The measurements are using the IMADA Force 
Gauge on a motorized vertical test stand with one end of the zipper is fixed 
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on the base of the testing equipment. Different pulling speeds of 100, 150, 
200, and 250 mm/min have been used for the measurement. The measure-
ment has been repeated for five times for each particular pulling speed and 
for every type of zipper (plastic zipper, metal zipper and on the jacket).

 

 

Figure 3.12: The measurement setup to determine the pulling force

3.6.2 Results3.6.2 Results

Figure 3.13(a) and (b) shows the amount of pulling force needed to zip-
ping the plastic and the metal zipper, respectively. Different types of zipper 
condition will give a different amount of pulling force needed. Meanwhile, 
Figure 3.14(a) and (b) shows the amount of pulling force needed to unzip the 
plastic and the metal zipper, respectively. 
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Figure 3.13 a,b: The pulling force (zipping) for (a) plastic zipper (b) metal zipper

 

 

 

Figure 3.14 a,b: The pulling force (unzipping) for (a) plastic zipper (b) metal zipper
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Table 3.1: The force measurement summary

Type of zipper Zipping Unzipping
Plastic zipper mean = 1.82 N, SD = 0.10 mean = 1.78 N, SD = 0.05

Metal zipper mean = 4.08 N, SD = 0.25 mean = 2.59 N, SD = 0.16

Table 3.1 summarizes the average (with the standard deviation) for each 
types of the zipper for the zipping and unzipping task. For the zipping pro-
cess, the metal zipper recorded the highest force needed to pull the zipper 
which is in an average of 4.08 N (SD=0.25), while the plastic zipper only 
require 1.82 N (SD=0.10). For the unzipping task, the metal zipper require 
about 2.59 N (SD=0.16) force while the plastic zipper only requires 1.78 N 
(SD=0.05). There is a slight difference on the amount of forces in the differ-
ent speed of pulling the slider. For all the zipper conditions, the amount of 
pulling force needed for zipping is higher than for the unzipping task.

3.7  Torque and Rotation Per Minute (rpm)  
Calculation

Table 3.2: The parameters to calculate the torque and rpm

Parameter Description
Pulling force (zipping), Fpull(zip) 5.0 N

Pulling force (unzipping), Fpull(unzip) 3.0 N

Wheel radius, r 7 mm

Velocity, v 0.04 m/s

Table 3.2 listed all the parameters that will be considered to calculate 
the amount of torque and rotation per minute (rpm). Using eq.(3.14) and 
eq.(3.15), the amount of upward and downward torque are equal to:
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Tupward = F . r [N.m] 
              = Fpull(zip) . r 
              = 5.0 . 0.007 
              = 0.035 Nm 
              = 35.0 mNm

Tdownward = F . r [N.m] 
                 = Fpull(unzip) . r 
                 = 3.0 . 0.007 
                 = 0.021 Nm 
                 = 21.0 mNm

The angular velocity, ω from eq.(3.13) is 
 
v = ω . r [m/s] 
ω = v / r       (3.18) 
    = 0.04 / 0.007 
    = 5.71 rad/s

The rotation per minute, RPM required as in eq.(3.19) is

RPM = (ω / 2π) . 60  [rpm]    (3.19) 
             = (5.71 / (2x3.142)) . 60 
             = 54.5 rpm

Table 3.3: The calculation summary

Parameter Direction

Upward Downward
Torque [mNm] 35.0 21.0

Speed [rpm] 54.5 54.4
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Table 3.3 summarizes the calculation results on torque and speed (RPM)
using a pulling force of 5.0 N (zipping) and 3.0 N (unzipping), wheel radius 
of 7 mm and speed of 0.04 m/s. Based on the formulation in eq.(3.14) and 
eq.(3.15), and results in Table 3.3, the minimum amount of torque needed 
to drive Cliff is 35.0 mNm, with the speed of 54.5 rpm. It can be clearly seen 
that much higher torque is needed during the upward motion of this robotic 
zipper, compared to the downward motion. It is due to the robotic zipper will 
have to pull the weight of its body. The higher the torque, the higher power 
required. Meanwhile, during the downward motion, the existence of gravi-
tational force from the body’s weight helps to reduce the amount of pulling 
force, where it will also decrease the desired amount of torque and power. 
The final velocity of this robotic zipper will also influence the selection pro-
cess for the DC motor since this parameter relation with the desired amount 
of torque and power is directly proportional. The results obtained will be 
used to determine the suitable DC motor to drive the miniature prototype of 
Cliff.

3.8 Conclusion

This chapter demonstrated the first iteration prototype using the Meccano to 
explore the potential traction mechanism to drive Cliff. Then, based on the 
prototype, the kinematics analysis is performed to determine the amount 
of torque and speed (rpm) required for the miniature model of the robotic 
zipper. Moving upward will require a higher torque compared to the down-
ward motion due to the weight carried by this robotic zipper. Besides that, 
sufficient normal force is needed to ensure both top and bottom wheels of 
this robotic zipper contacted with each other and grab the fabrics in be-
tween. Friction is also an important factor to produce good traction for this 
system. This achievement is a step further to create a miniature model of 
robotic zipper which in turn can be an assistive device for elderly and disa-
bled people to use zippers. It also proves that making the prototype could 
help the designers to understand and get some ideas like the mechanics 
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and the behavior of the system [78, 80]. In our case, by building the Mecca-
no prototype, we managed to understand and explore the potential traction 
mechanism to drive the automatized zipper.

After this summary, these are our conclusions: first we found estimates for 
the torque (35.0mNm) and speed 54.5 rpm which provide us with a starting 
point looking for a motor. Secondly, these models provide enough friction 
(moreover we understand how the friction works). Thirdly, we have to pay 
attention to better guiding the tape-halves into the zipper. Finally,  the mod-
els are far too big, so we should work on miniaturisation.
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the Automatized Zipper. In proceedings of the Global Fashion Conference, 
Stockholm, Sweden, 2016, ISBN: 978-989-20-7053-7.
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4.1 Introduction

Chapter 3 presented the mechanism and kinematics analysis of a robotic 
zipper prototype. The mechanism and kinematic analysis were conduct-
ed based on the working prototype built using Meccano. Results from the 
study are used to choose a suitable DC motor for the miniature model of this 
robotic zipper. Finally, the analysis managed to define the desired amount of 
DC motor torque and power for the miniature model and drive Cliff. In chap-
ter 2, we discussed the design evolution of the zipper since its first invention 
through a patent analysis. We found that the zipper design has evolved from 
the conventional type to the removable, rollable, adjustable, and currently 
towards developing an automatic or robotic kind of zipper. The existence of 
some of the inventions which we found from the patent review is aligned 
with the aim to design and develop an automatized zipper.

4.2 The Prototype Fabrication Process

Figure 4.1 shows the schematic diagram of the fabrication flow to develop 
Cliff prototypes. From the design sketch, we create the three-dimensional 
(3D) models of the design using the Solidworks. Solidworks is a comput-
er-aided design (CAD) software package which we use to build solid models 
[84–86]. Then, the 3D model file will be converted into the stereolithography 
(STL) format to enable the 3D printer to read the file and print the solid mod-
el. Once the printing completed, we clean the part to remove the support 
material.

3D printing is a kind of additive manufacturing (AM) technique. It is capa-
ble of producing a solid part from the 3D model data by printing successive 
layers of materials that are formed on top of each of the layers [87]. It is a 
technique that is widely used by the designers to develop prototype [87–90]. 
The 3D printing technology allows us to have flexibility in design, maximum 
material utilisation, less waste, directly translate the 3D model to a part or 
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component through rapid prototyping, and no additional tooling and man-
ufacturing cost [87, 91, 92]. According to the International Organization for 
Standardization (ISO)/American Society for Testing and Materials (ASTM) 
52900:2015 standard, there are seven classified AM processes which are 
the blinder jetting (BJ), directed energy deposition (DED), material extrusion 
(ME), material jetting (MJ), sheet lamination (SL), powder bed fusion (PBF), 
and vat photopolymerization (VP) [93].

Figure 4.1: The fabrication flow of Cliff prototype.
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Figure 4.2 a: The 3D printing process of Cliff prototype  

using the Objet Connex 350 3D printer
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Figure 4.2 b: The 3D printing process of Cliff prototype  

using the Objet Connex 350 3D printer

Figure 4.2 (b) shows the 3D printer we used. Whereas the popular and cheap 
Ultimakers are compact machines, paradoxically it takes this relatively large 
and complex machine when aiming at high precision and miniaturization. 
The Objet Connex 350 printer uses the inkjet printing technology [91, 94]. 
Even though the fused deposition modelling (FDM) is the most common 
technique for the 3D printing [87], we found that the FDM technique is not 
suitable to print a Cliff prototype. It is due to the inkjet printing method 
which has a higher precision in producing the tiny part and fine details (in 
our case the tiny spur gear shape wheels) [92]. The resolution range for the 
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inkjet printing is between 5-200 mm [87]. Besides that, the inkjet printing 
uses a dissolvable support material which makes it easier for the cleaning 
process [91]. It is vital for us due to the clearance between the rotating 
wheels shaft and the shaft hole on the chassis which is only 0.1 mm, and we 
need a precise shape of the gear-shaped rotating wheels to ensure that both 
top and the bottom rotating wheels engage correctly.

The Objet Connex 350 printer is also capable of printing a combination of 
different 3D printing materials in a single printed part. The materials range 
from rigid plastic to rubber-like, opaque and transparent, and the standard to 
engineering-grade of the acrylonitrile butadiene styrene (ABS) [94]. For the 
Cliff prototype, we use the ABS material. The inkjet printing method works 
by jetting two different materials from a sealed cartridge inserted into the 
Objet printer. The materials are channelled to a dedicated liquid system. 
Each material has two designated printing heads which works synchronous-
ly. Once a layer of material is deposited onto the build tray, an ultraviolet 
(UV) light will immediately cure it. The UV light follows the print head and 
transforms each liquid material layer into a solid which then is ready to be 
built upon with successive layers [94]. The capability of printing two differ-
ent materials in a single session eliminates the need for separate printing 
and the assembly process. This offersnthe advantage to reduce the time to 
develop a prototype, and the designer could have the real prototype in hand 
early.

4.3 Iteration 2 - First Miniaturisation Attempt

The development of Cliff enters the miniaturisation stage based on the first 
iteration prototypes made using the Meccano and the kinematics analysis 
performed in Chapter 3. Figure 4.3 is the exploded view of the second iter-
ation prototype. The DC motor is directly connected to the rotating wheels. 
The selection process of this DC motor was based on the kinematic analysis 
as discussed in Chapter 3 [33].
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Figure 4.3: The second iteration prototype of Cliff. 
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Figure 4.4 a, b: The second iteration prototype of Cliff on a White Raglan jacket

The design for this second iteration functions like a detachable piece, which 
separates the top and bottom chassis of Cliff. Both sides of the chassis are 
joined through a screw, slotted in the middle, which allows it to act as a clip. 
It offers flexibility where you can quickly put on and take off the Cliff from 
your garments. The other significant finding on this second iteration is the 
need for a how high normal force to clamp the top and bottom chassis. It is 
critical to ensure that the fabric engages between the two rotating wheels 
and generates traction. A metal clip is slotted in at the front of the Cliff as 
can be seen in Figure 4.3 and Figure 4.4. The metal clip provides the normal 
force to ensure that the fabrics of the jacket are in contact with the traction 
wheels, thus generates friction and produces traction for the zipping and 
unzipping process. At this juncture, the second iteration aims to develop a 
prototype that can run on a jacket in a close collaboration with Marina Toet-
ers [95] as shown in Figure 4.4.
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Reflection on iteration 2: Even though the second iteration prototype works 
well, there are still a few aspects which need to be improved. In particular, 
it does not include a switch and battery, attached to the structure as a single 
complete unit. However, the second iteration is a significant achievement of 
this project since we managed to develop the first miniature model of Cliff.

4.4 Iteration 3 - Making a Complete Unit

Figure 4.5 shows the exploded view of the third iteration of Cliff. The con-
struction of this iteration is based on the feedback received from Marina 
Toeters and problems identified from the second iteration. The aim for this 
iteration is to build a single unit of the automatized zipper, with the switch 
and battery attached to it. The DC motor is now located on top of the wheels 
and connected through a vertical side set of transmission gears (gear ratio 
1:1) as an attempt to create a symmetrical look of Cliff. Two pieces of 3.7 V 
LiPo battery are used to power the 6V DC motor, and there is also a battery 
charging point installed. A three poles toggle switch is used to control the 
system as the switch provides the functions ON(unzipping) – OFF – ON(zip-
ping).

Reflection on iteration 3: The third iteration prototype works well, but not for 
an extended period. The problem is that the gears on the side transmission 
gears are too small. Since we 3D printed those gears, the material is not 
strong enough to operate, and the gears break even though the mechanism 
of this iteration works nicely.
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Figure 4.5 a: The third iteration prototype of Cliff.
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Figure 4.5 b: The third iteration prototype of Cliff.
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Figure 4.6 a: Detail of the third iteration prototype of Cliff on the White Raglan Jacket (in 

close collaboration with Marina Toeters) at the 10th Year HOLST Centre Symposium,  

Amsterdam (Photograph by Jonas-Briels photography)

4.4.1 Dynamic Functionalities4.4.1 Dynamic Functionalities

Figure 4.6 shows the third iteration prototype on the White Raglan Jacket 
which is designed in a close collaboration with Marina Toeters. We designed 
a jacket with a very long zipper. This jacket is optimized for the Cliff purpose, 
to zip and unzip. The pattern is based on a fashionable sweatshirt with a 
small collar and raglan sleeves. The pattern is extended in length to ena-
ble a long road for Cliff. We chose a comfortable scrubbed Lycra, a kind of 
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Figure 4.6 b: Total outfit: The third iteration prototype of Cliff on the White Raglan Jacket 

at the 10th Year HOLST Centre Symposium, Amsterdam (by Jonas-Briels photography)



80 Chapter 4 Cliff: the Miniaturisation

soft-shell material. Smooth from the outside and soft from the inside. 85% 
polyester and 15% EA. The stretch material enables flexibility in sizes. The 
heaviness of the fabric makes sure gravity does its job in holding the jacket 
straight when Cliff runs up and down.

A wide variety of people wore this jacket. Elderly, models and the develop-
ers themselves. We presented this piece along with other innovative gar-
ments during the 10 years Holst Centre event in Amsterdam. We received 
feedback from professionals who attended the event. One of it is from Craig 
McEwen, from the Sales and Business Development of ShinEtsu Micro5i, San 
Jose, USA. He told us that “the Cliff could be beneficial to lots of people and 
also useful for fashion” [96]. Another expert comment came from Magda-
lena Wasowska, the Divisional Director, Technology and Software Centre of 
SONY Europe. She mentioned “the Cliff is a magnificent and useful project. 
You can add thermal sensor as an additional feature, which could make Cliff 
automatically open or close the garment, based on the human body tem-
perature. You should also try to reduce the size of the Cliff and communicate 
with the human body through the feedback system. For the promotion, you 
should work on a good commercial video for marketing purposes” [97]. The 
white colour matched perfectly in the total presented collection. But white 
might not be the most flattering colour for everyone. Next to that it is harder 
to keep it clean and representable on the long run.

Reflecting on this comments, it describes the importance of dynamic func-
tionality as the suggestion of adding a thermal sensor in Cliff is an option to 
render the existing static functions to become vibrant and responsive [27, 
98]. Dunne et al. explained an example of protective features, like the ther-
mally protective garment such as winter coat, which traditionally provides 
some degree of thermal insulation. The amount of insulation will remain the 
same in any surroundings or conditions. If the weather suddenly changes, 
or the user moves to indoor, the winter coat will become uncomfortable to 
wear. Traditional technologies will allow the wearer to unzip the winter coat, 
push up the sleeves, or remove it entirely. However, using electronic tech-
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nologies, the coat insulation can be replaced with heat-generating technol-
ogy by using a sensor-driven heatgenerating coat. This kind of technology 
can provide a dynamic level of thermal protection for different conditions 
of the environment [98]. It also reveals the potential of the Cliff which can 
automatically open the coat zipper if the weather drastically changes by a 
thermal sensor which is embedded in the system.

The dynamic functional aspect is one of the most important issues discussed 
in relation to wearable systems. It is explained as what the wearables do 
and how well they perform the task. The function of a dress is not only 
to cover our body or what the dress offers to the user regarding beautiful 
design, right fabrics or fashionable looks. It also involves how the dress 
communicates to the wearer and others. The feedback loop itself will create 
an active environment for any wearable. Cliff could also behave as an active 
system if sensors could be embedded in the system such as a thermal 
sensor. For instance, if your body is sweating, the Cliff could open the zipper 
automatically. Besides that, the Cliff could also be an active system to deal 
with different thicknesses of the fabrics. Different kinds of fabrics such as 
silk, satin, cotton or even denim will have different thickness. Therefore, 
the normal forces and the friction coefficient required to ensure the top and 
bottom rotating wheels to grab the fabrics is different. Hence, this situation 
will need an adaptive actuating system to deal with it.

4.4.2 Visual Perception Aesthetics4.4.2 Visual Perception Aesthetics

De Long et al. discussed the expressive and referential characteristics. The 
expressive characteristics are the direct features of the form itself such as 
the visual elements of shape, colour and texture [99]. The viewer itself inter-
prets the referential characteristics [99]. Most viewers interpreted the white 
or lightcoloured wearables devices as a medical device, while grey or black 
devices were perceived as consumer products [100]. This is one of the exam-
ples of how the colour selection influences the visual perception aesthetics 
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of wearables devices. In some ways, the expressive characteristics are less 
open to being interpreted by the user. For example, bolder colours are likely 
to be perceived as aggressive elements and flowing shape is seen as softer 
and gentler.

The referential characteristics are the form that the viewer understands as 
related to something which is outside of the shape such as the brand logo or 
a symbol of an official role like a badge. Therefore, the referential character-
istics depend more on the viewer or user experiences and prior knowledge. 
The introduction of a small “Cliff” and “TU/e” (Technische Universiteit Eind-
hoven) logo engraved on the top of the chassis also attracted a few people 
during the show in Amsterdam back in April 2016. It is a kind of referential 
characteristics which a few of the visitors think that this product is still in the 
early research stage.

The importance of form and colours are the key elements that determine 
the visual perception aesthetic. Starner et al. agreed that the shape and col-
our could assist to communicate the machine’s or devices purpose and help 
frame the socially accepted uses of a given tool [100]. Cliff is currently using 
the rotating wheels which look like a gear sprocket. If the whole structure 
of Cliff is not fully covered, it could bring negative perceptions by the user. 
They might see the spiky wheels themselves as a kind of dangerous parts. 
The shape of the housing on top and bottom side of the automatized zipper 
could be the first impressions of the user. Therefore, the right shape and col-
ours are crucial to ensure that it can be socially accepted as a wearable piece 
instead of just an assistive device for the zipping and unzipping process.

4.5 Conclusion

This chapter discusses the early stage of the miniaturisation process of Cliff, 
an automatized zipper. By undertaking an iterative research through de-
sign process, the problem definition and essence of the product qualities 
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became clearer. The most challenging technical part is on how to develop a 
generic automatized zipper. The second iteration prototype, which uses the 
gear-shaped wheels as the traction mechanism, managed to materialise the 
intention to develop a generic automatized zipper. This achievement then 
led to the development of another miniature model of a single unit system 
complete with a battery and toggle switch (the third iteration prototype). 
The development progress of Cliff and the feedback received shows the rich 
potential of developing a generic automatized zipper. The users will lose 
the benefits of any particular wearable devices if they refuse to adopt the 
technology itself. The most important question here: what are the essential 
factors to be considered in the development of the automatized zipper to 
ensure users could positively perceive and use it as an assistive device for 
the zipping and unzipping tasks? Therefore, a user study has been conducted 
to assess the wearability of Cliff and gain feedback from the elderly, which 
will be discussed in the following chapter.

The size of the device has been reduced from 75x60x65 mm for the Mecca-
no model (even excluding the motor) to 48x44x40 mm so in that sense, we 
conclude that the miniaturization was successful. The shrinking in volume is 
roughly a factor three. Whether the device is small enough is not sure. We 
also found a solution to generate enough normal force, which works in the 
sense that there is enough friction for generating the traction (the metal 
clip). But we are not sure about the usability of this solution. We conclude 
that we need to gain a better understanding of the user’s perception and 
that we shall also have to look for further technical opportunities for minia-
turization.
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5.1 Introduction

In Chapter 4, we presented the miniaturisation process of Cliff which enabled 
us to build the second and third iteration prototype. The miniature prototype 
is a continuation after we successfully developed the first working proto-
type using the Meccano. The construction of the prototype is based on the 
mechanism and kinematics analysis of the Meccano prototype which was 
explained in Chapter 3. Meanwhile, in Chapter 2, we performed a patent 
analysis and visualised the design evolution of the zipper. From the conven-
tional type, the zipper’s design is currently moving towards becoming an 
automatic or robotic kind of zipper, which is aligned with our aim to design 
and develop an automatized zipper. In this chapter, we present a prelimi-
nary user study using the prototype created from the miniaturisation stage 
(the second and third iteration prototype). This study aims to evaluate the 
acceptance of Cliff among the target group (the elderly) using a wearability 
assessment tool [15]. Besides that, we also seek to learn from the responses 
from the seniors on their feelings and features preferences for the autom-
atized zipper. We use the Comfort Rating Scales (CRS) method to assess the 
general comfort level of Cliff. It measures the wearable comfort across six 
dimensions: emotion, attachment, harm, perceived change, movement and 
anxiety [2]. The user study session includes an observation, a prototype 
experience, a survey, and open questions.

5.2 Wearability Assessment (WA)

When wearing something on our body, the level of comfort can be affected 
by several factors, such as the device’s size and weight, how it affects move-
ment, and direct or indirect pain [15]. Knight et al. presents a tool (Comfort 
Rating Scales (CRS)) that measures wearable comfort across six dimensions 
which are the emotion (E), attachment (A), harm (H), movement (M), per-
ceived change (PC), and anxiety (AX). 
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Table 5.1: General description of each general comfort dimension [15, 16].

Dimension Endpoint Description
Emotion Low I am not worried about how I look when I wear this de-

vice. I don’t feel tense or on edge because of wearing 

the device.

High I am worried about how I look when I wear this device. 

I feel tense or on edge because I am wearing the 

device.

Attachment Low I cannot feel the device on my body. I cannot feel the 

device moving.

High I can feel the device on my body. I can feel the device 

moving.

Harm Low The device is not causing me some harm. The device is 

not painful to wear.

High The device is causing me some harm. The device is 

painful to wear.

Perceived

change

Low Wearing the device did not makes me feel physically 

different. I do not feel strange wearing the device.

High Wearing the device makes me feel physically different. 

I feel strange wearing the device.

Movement Low The device did not affects the way I move. The device 

is not inhibits or restricts my movement.

High The device affects the way I move. The device inhibits 

or restricts my movement.

Anxiety Low I do feel secure wearing the device.

High I do not feel secure wearing the device.

Table 5.1 describes the description of each general comfort dimensions at 
the ’low’ and ’high’ endpoints [15]. The CRS uses a 21-point scales anchored 
at each end with the labels ’low’ and ’high’ (low (0-4), Moderate (5-8), Large 
(9-12), Very Large (13-16) and, Extreme (17-20)). According to Knight and 
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Baber, this range is sufficient to extract a broader response that is beneficial 
for detailed analysis. The participants will only mark the score on the scale 
for his/her level of agreement with each statement given.

Knight and Baber devised these statements based on the interpretation of 
the aspect of comfort for each dimension conveyed. From the Low to the 
Extreme level of effect, five Wearability Levels (WL) can be suggested which 
are [36, 101, 102]:

1. WL1 (Low level) - System is wearable (CRS score: 0-4).

2. WL2 (Moderate level) - System is wearable, but changes may be nec        
essary, further investigation needed (CRS score: 5-8).

3. WL3 (Large level) - System is wearable, but changes are advised, 
uncomfortable (CRS score: 9-12).

4. WL4 (Very Large level) - System is not wearable, fatiguing, very un-
comfortable (CRS score: 13-16).

5. WL5 (Extreme level) - System is not wearable, extremely stressful, 
and potentially harmful (CRS score: 17-20).

This tool has been tested to examine the wearability of four different kinds 
of wearables; the Sense Wear, Hot Helmet, Scott Glove and, the Web En-
hanced Context Aware Personal Computer (WECAPC) [15]. From the results, 
they found that the CRS is suitable to measure the level of comfort specific 
to the comfort dimension and to make comparisons between devices [15]. 
The CRS method also has been applied by Sotiriou et al. to assess the wear-
ability of the CONNECT mobile Augmented Reality (AR) system [102]. Besides 
that, Weller et al. used the CRS evaluate a wearable computer system de-
signed at the intensive care unit (ICU) of a hospital [103]. Table 5.2 describes 
the questions for each of the general comfort dimensions in the CRS.
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Table 5.2: The CRS questionnaire [17]

Dimension Question 
code

Description

Emotion E1 I feel worried and embarrassed.

E2 I feel tense.

E3 I would wear the device if it was invisible.

Attachment A1 I feel the device on the body.

A2 I feel the device moving.

A3 I was not able to move as usual.

A4 I have difficulty in putting on the device.

Harm H1 The attached device causes me some kind of harm.

Perceived

change

PC1 I feel more bulky.

PC2 I feel change in the way people look at me.

Movement M1 The device obstructs my movements.

Anxiety AX1 I do not feel secure with the device.

AX2 I feel that I do not have the device properly attached.

AX3 I feel that the device is not working properly.

 

5.3 The Study Design

Including the users during the early discussion and design stages is bene-
ficial to facilitate in generating the new design concepts or iterations [104]. 
Based on the comprehensive review of the methodology to conduct the user 
evaluation study for certain product, we designed a preliminary study to 
evaluate the wearability of Cliff. Figure 5.1 shows the flow of the study. The 
session starts with welcoming the elderly, a short ice-breaking and briefing 
about the procedure of the experiment. If the participant agrees to all the 
conditions, he or she puts a signature on the consent form. 
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Figure 5.1: The user study flow.
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Figure 5.2 a, b: (a) The second iteration prototype, (b) the third iteration prototype.

Then, the elderly are asked to dress and undress themselves using two 
garments with a zipper (preferably jackets) that they bring on their own. The 
seniors then experience the second iteration prototype (Figure 5.2(a)) of this 
project in which Cliff automatically does the zipping and unzipping process 
on the White Raglan jacket (refer Figure 4.4 in Chapter 4). After that, they 
are given the third iteration prototype (Figure 5.2(b)), which is a complete 
unit prototype. They grab, hold and feel the prototype on their hands and 
jacket while sitting, standing or walking with it. In the following step, the 
elderly are given a questionnaire to be filled in about the wearability assess-
ment. After finishing the survey, a short interview and discussion session is 
conducted to ask for their opinion about Cliff on certain aspects such as its 
function and additional features. At the end of the interview session, the 
moderator explains the design goals of this project. Lastly, a token of appre-
ciation is presented to the elderly. Then, the moderator guides the elderly to 
the exit door. The whole session takes approximately about 37 minutes per 
participant.
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The short interview and discussion session was structured by five questions, 
namely. q1: What kind of difficulties and problems you usually encounter 
while using traditional zippers? q2: What is your first impression when you 
see this device and how do you feel about it? q3: How do you feel when you 
walk or sit with the device on your jacket? q4: What kind of additional fea-
tures/preferences you wish to be on this device? q5: Do you have any ideas 
or suggestions to improve the Cliff?

Figure 5.3 a, b, c, d: Pictures taken during the user study session.
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5.4 Participants

There were 22 volunteered participants involved in the preliminary user 
study. Eight of the participants were male elderly while the rest were 
female. The youngest participant is 60 years old, while the oldest is 86 
years old (Mean: 72.3, SD: 7.9). Nine of them are in the age range of 60-69 
years old, eight are 70-79 years old, and the rest are 80-89 years old. All 
of them are Dutch people living in Eindhoven, Wageningen, Rotterdam or, 
Twenterand. They were recruited based on practical availability. The session 
was conducted at the elderly’s place. Figure 5.3 shows a few pictures taken 
during the user study session. As seen in the figure, the seniors were given 
a chanceto experience the Cliff prototype and get a close view of it. The 
prototype worked very well during the session, and the elderly seemed to 
enjoy seeing the movement of Cliff on the jacket.

5.5 Quantitative Results.

The average results of general comfort using the comfort rating scales (CRS) for 
Cliff are shown in Figure 5.4. The reliability testing is performed to assess the 
internal consistency of the questionnaire used. The Cronbach’s alpha value for 
the data recorded is 0.713. Thus, it shows a satisfactory requirement of reliabil-
ity based on the Cronbach’s alpha value obtained being more than 0.7 [22–24]. 
There were considerable ranges of responses for each of the comfort dimen-
sions (abbreviations: M=mean, SD=standard deviation). The highest average CRS 
score was for the Perceived Change dimension (Median=7.5; M=6.8, SD=4.3). 
Meanwhile, the lowest CRS score was recorded for the Harm (Median=1.5; 
M=1.9, SD=2.4) and Movement (Median=1.0; M=2.6, SD=4.3). The CRS score for 
the Attachment (Median=5.2; M=6.4, SD=4.5), Emotion dimension (Median=4.8; 
M=6.0, SD=5.0), while the Anxiety (Median=5.0; M=5.0, SD=3.6). From the box 
plot, it can be seen that the box plot for the Emotion, Attachment, Perceived 
Change and, Anxiety dimensions are comparatively tall, which suggests that the 
elderly hold quite different opinions about these dimensions. However, the 
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Figure 5.4: The overall CRS score for the general comfort of wearable system

box plot for the other two dimensions (Harm and Movement) are comparatively 
short which indicate that the participants have a high level of agreement with 
each other on these dimensions. The following graphs will discuss in detail the 
responses received for every question in each of the comfort dimension.

Figure 5.5 shows the CRS score of the response received from the partici-
pants for each question in the questionnaire related to the Emotion (E) di-
mension. The Emotion dimension concerns the appearance and relaxation of 
the device. The first two questions E1 (I feel worried and embarrassed) and 
E2 (I feel tense) in this comfort dimension try to evaluate whether the el-
derly feel afraid, ashamed or nervous while using Cliff. Meanwhile, the third 
question E3 (I would wear the device if it was invisible), assesses whether 
the invisibility of the device could affect their decision to wear it. Figure 5.5 
describes that the elderly did not feel worried, embarrassed or tense while 
using Cliff since the CRS score of E1 (Median=2.0; M=4.5, SD=5.7) 
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Figure 5.5: The CRS score for each question in the emotion dimension  

(low numbers are positive). The codes E1, E2, and E3 refer to Table 5.2; in particular E1 

is “I feel worried and embarrassed”, E2 is “I feel tense”, and E3 is “I would wear the 

device if it was invisible”.

and E2 (Median=1.0; M=3.5, SD=5.6) fall in the Moderate level and below. 
75% of the elderly mark the score below 5 for E1 (moderate level) and 
below 3 (low level) for E2. During the user study, most of the elderly enjoy 
and excited given the opportunity to experience the prototype. They thought 
that the device was a little funny when they saw it move on the jacket and 
when they heard the sound of the device during its operation. However, 
their interpretation of the visibility of Cliff on the jacket is different (question 
E3). They tend to rate the comfort level from Large to Extreme level as they 
agree with the statement that they would wear the device if it is invisible 
(Median=10.0; M=10.0, SD=7.1). It might be related to their appearance while 
wearing Cliff itself.
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Figure 5.6: The CRS score for each question in the attachment dimension 

(low numbers are positive). The codes A1, A2, A3 and A4 refer to Table 5.2; in particular 

A1 is “I feel the device on the body”, A2 is “I feel the device moving”, A3 is “I was not 

able to move as usual”, A4 is “I have difficulty in putting on the device”.

Figure 5.6 illustrates the responses received for four questions (A1 to A4)
related to the Attachment (A) dimension. This dimension tries to evaluate 
the physical feel of the device on the body. From the graph, we can see that 
the elderly did not really feel the device on their body based on the CRS 
score for question A1 (Median=3.0; M=6.0, SD=6.8). However, they can feel 
that the device is moving based on the responses for question A2 (I feel the 
device moving), which over half of the participants rated the CRS score over 
10 (Median=10.0; M=9.0, SD=6.5). Moreover, the elderly think that Cliff does 
not pose any difficulties to move as usual based on the CRS score on the 
question A3 (Median=2.0; M=4.0, SD=5.1). The box plot for A3 is compara-
tively short which describe a high level of agreement among the elderly that 
Cliff did not obstruct them to move as usual. Meanwhile, the elderly have 
different views about the difficulty to put on Cliff since the box plot of A4 (I 
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have difficulty in putting on the device) is comparatively tall. However, 50% 
of them mark the score below 3.5 (Low level) with the average score of 6.4 
and standard deviation of 6.8.

Figure 5.7: The CRS score for each question in the harm (H) and  

movement (M) dimension (low numbers are positive). The codes H1 and M1 refer to 

Table 5.2; in particular H1 is “The attached device causes me some kind of harm” and 

M1 is “The device obstructs my movements”.

Figure 5.7 shows the results for the comfort dimensions of Harm (H) and 
Movement (M). The Harm dimension is described as the physical effect 
or damage to the body, while Movement evaluates whether the device 
physically affects movement. As can be seen in Figure 5.7, the participants 
highly agreed that Cliff did not cause any harm and did not obstruct their 
movements. The results are in line with their responses towards question 
H1 (The attached device caused me some kind of harm) and M1 (The device 
obstructs my movements). Both box plots are comparatively short based on 
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the CRS score recorded for H1 (Median=1.5; M=1.9, SD=2.4) and M1 (Medi-
an=1.0; M=2.6, SD=4.3). Both scores represent the Low level. However, when 
they try to walk with the device on the jacket, a few of the elderly feel that 
the device is quite heavy for such a light fabric, but it still does not affect 
their daily movements.

Figure 5.8: The CRS score for each question in the perceived change dimension  

(low numbers are positive). The codes PC1 and PC2 refer to Table 5.2; in particular PC1 is 

“I feel more bulky” and PC2 is “I feel change in the way people look at me”.

The perceived change (PC) dimension evaluates the feeling physically differ-
ent or upset. The given questions of PC1 (I feel more bulky) and PC2 (I feel 
the change in the way people look at me) try to investigate whether the 
user is feeling bulkier wearing the wearable device and if the user feels the 
change in the way people look at them. As depicted in Figure 5.8, it can be 
seen that the elderly did not feel bulkier while wearing Cliff on the jacket 
based on the response to question PC1 (Median=0.5; M=3.4, SD=5.6). The 
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box plot for PC1 describes that 75% of the participants mark the score as 
below 3 (Low level). However, from the interview, most of the participants 
stated that Cliff’s size is still too big and they wish to have a smaller one in 
the future. Putting Cliff on the jacket and looking or grabbing the prototype 
itself gives a different indication of the way they think about its size. From 
Figure 5.8, half of the elderly provide ratings of Very Large to Extreme level 
for the second question (PC2) regarding whether they feel any changes in 
the way people look at them while wearing the device. The median score 
for PC2 is 13.5 with a mean of 10.2 and standard deviation of 6.6. During the 
interviews, the elderly mentioned that they would feel different because 
they are dressed in a device which is not carried by the others. Besides that, 
they also told us that people would think “what is wrong with this person” 
if they are wearing Cliff and carry it everywhere. However, the elderly said 
that if the device is removable and can be kept somewhere in one’s pocket 
for instance, it would be okay for them. The box plot is also comparatively 
tall which suggests that the elderly hold quite different judgments about 
how other people see them while wearing Cliff.

The final comfort dimension in this study is Anxiety (AX). It describes the 
worry about the device, the safety and reliability. Figure 5.9 depicts that 
the elderly do feel secure with Cliff based on the CRS score of question AX1 
(Median=1.5; M=2.8, SD=4.4). Meanwhile, 50% of the participants think that 
the device is properly attached to the jacket (Median=2.0; M=5.6, SD=6.7) 
based on the response towards the question AX2. However, the other half 
have different opinions about how Cliff is attached to the jacket since some 
of the elderly marked a high score up to 14. Meanwhile, the elderly agreed 
that Cliff works correctly during the test as they can see the device complet-
ing the zipping and unzipping process automatically based on their answer 
for question AX3 (I feel that the device is not working properly). However, 
from the interviews, some participants mention that they would not wear 
the device if it is not properly integrated (the wire, battery, switch). They 
told us that a much better, properly integrated design is necessary to ensure 
the safety of this device.
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Figure 5.9: The CRS score for each question in the anxiety dimension  

(low numbers are positive). The codes AX1, AX2 and AX3 refer to Table 5.2; in particular 

AX1 is “I do not feel secure with the device”, AX2 is “I feel that I do not have the device 

properly attached”, and AX3 is “I feel that the device is not working properly”.

5.6 Qualitative Results

The interview session tries to dig deeper into the problems or difficulties 
when the elderly use the zipper (q1), their first impression (q2) and, their 
feeling while walking or sitting with it (q3). This session also aims to know 
the additional features that they wish to included in Cliff (q4), and any other 
suggestions to improve the design itself (q5).

The execution of the interviews and the analysis of the results were some-
what hampered by the situation that this part of the research took place 
in The Netherlands, whereas the principal researcher (MZB) has not suf-
ficient mastery of Dutch language. The solution was a pragmatic setup in 
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which each interview was conducted by two researchers, viz. the principal 
researcher (MZB) and one of two assistant researchers (MT, JVZ) , who are 
native Dutch language-speakers. Immediately after each interview,  MT or 
JVZ  summarized and translated the words of the interviewee quickly to Eng-
lish. The result was written down by the two involved researchers directly, 
usually two or three sentences.  This workflow had the advantage that the 
essence of what was said, the context and any gestures were very fresh. 
Thus there was no risk of uncertainties or ambiguities during later translation 
and interpretation work. The disadvantage is that there is no word-by-word 
transcript of the original Dutch utterances. These summarized and translated 
English texts were input to the subsequent analysis, which is presented next.

The answers to the questions were analysed by grouping recurring answers 
and themes (for each of the questions q1-q5). Here we report for each ques-
tion three answers, viz.\ the answers with the highest occurrence count.

The common problems that most of the participants faced while using 
the zipper (q1) are when the fabric gets stuck in the zipper element and 
when joining the bottom pin (difficulty linking the two parts or zipper pull 
too small).  There are also participants encountering no problems. One of 
the participants mentioned that she decided to not close the jacket zipper 
because she found it hard. Another elderly female told us that she feels 
embarrassed when others look at her when she is hassling with her zipper. 
She then leaves the jacket open and closes it when sitting out of sight, like 
in her car.

Their first impression and feelings about Cliff (q2) are more on seeing this as 
an unknown electronic device (“no idea how this could work”). They seem 
very excited to know what this device can do and assist them. They see this 
as a potential device for the elderly, people with physical disabilities and, 
wearing dresses with back-zippers. The comments are mainly focused on the 
size of Cliff, which they think is too big and bulky.
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When asking about their feelings while walking or sitting with the device 
(q3), they find that it is a little strange since they are wearing a device that 
other people do not wear. For them, it will lead others to question what 
is wrong with this person. This is related to the stigmatisation effect. To 
overcome this problem, a few participants told us that it would be okay if 
the device is removable. Other than that, most of the elderly feel funny from 
their experience with Cliff. For them, it is quite comfortable to have it on the 
jacket. However, they think that Cliff is quite heavy for such a light fabric.

Discussing the additional features/preferences/ideas/suggestions (q4, q5)  
that they wish included on Cliff, they mainly requested a proper switch or 
button to operate the device on the jacket, next to the zipper tape, or intro-
ducing a wireless switch. They also suggested having it in different colours 
and with controllable speed. Having a temperature sensor and alarm clock to 
remind them to takes their medicine are also few of the suggestions raised 
by the elderly. Overall, they want Cliff to be compact in size, fully integrated 
and, light in weight. From the interviews we see that the actual Cliff is too 
big (it is a theme which recurs over four of the five questions, mentioned 21 
times in total). But from the interviews we cannot conclude how much. This 
version of Cliff, the second prototype, has dimensions 48x44x40 mm.

5.7 Discussion

5.7.1 Concerning the Design Process5.7.1 Concerning the Design Process

Overall, as designers, going through the iterative research through design 
and the user study during the early development stage of Cliff is a great 
experience. Besides that, to successfully develop a correct mechanism for 
the robotic zipper, it is a must to first understand the physics and mechan-
ics of the conventional zipper as explained in [33]. The use of kinematics 
analysis is also essential to help us examine the forces acting on the system 
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Figure 5.10:  Cliff experienced by one of the participants during the study.
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and calculate the amount of torque and power required to drive the minia-
ture model of Cliff [33]. This interaction and input are effective during the 
period to maximise the efficiency of prototype design development. Fur-
thermore, it could drive the design projects towards capturing the finalised 
design solution. It creates a cycle of redesigning, analysing and testing the 
new design based on the feedback received from the users. The motivation 
to design again is proof that as a designer, this methodology is a useful tool 
to assist in creating a better design. Adopting the user study approach has 
the potential to improve the current design towards a better one. The input, 
feedbacks, and comments received from this study will be used for the next 
design iteration of the automatized zipper.

5.7.2  Product Semiotics, Stigmatisation effect  5.7.2  Product Semiotics, Stigmatisation effect  

and Personalisationand Personalisation

Many participants’ first impression of Cliff is that they see an unknown 
electronic device. They don’t have an idea what this product can do or how 
they should use it. This remark shows how essential the aesthetic value is in 
design. The look of the wearable itself plays an important role to ensure that 
the user could positively perceive the device. The semiotics of fashion are 
an important part that need to be considered in the next development cycle 
of the automatized zipper. It is crucial to understand how humans signify 
particular social and cultural positions through garments. For instance, the 
shape of Cliff will carry a meaning, creating a first impression of the user and 
people who are looking at it for the first time. The current presentation with 
visible – not fully covered – electronic components, quite boxy and, lack of 
style is not useful to produce a positive perception of the user. The current 
appearance of Cliff does not relate to zippers. A well-chosen appearance 
might be a potential solution to reduce the stigmatisation effect. The new 
look should be more informed by society and fashion. Therefore, the follow-
ing design iteration will review the shape and looks of Cliff.

Chapter 5 Cliff: User Study 1
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Stigmatisation among the elderly is one of the issues that captured our at-
tention from the user study. It relates to the social wearability aspect where 
Cliff could be abandoned like other fully functional or high-performing de-
vices if the importance of the aesthetic value is neglected [105]. The comfort 
dimension of perceived change alerts us with a high level of participant 
response. Vaes defined stigma as “a mark that links someone to undesirable 
characteristics” [106]. Functional ability often decreases in such a slow and 
incremental manner that it is not noticeable in everyday life. It can result in 
the elderly’s perceived ability remaining at a much higher level than their 
actual ability.

This overconfidence in one’s abilities may cause an elder to refuse to adopt 
devices that could be helpful for them [107]. Perception has a strong influ-
ence on adoption. Devices that cause users to feel ashamed and powerless 
are said to possess a stigmatising aesthetic and may contribute to late-life 
depression.

Vaes et al. [106] also think that personalisation could reduce the stigma. Per-
sonalisation will enable the user to make their choice in a product to match 
and suit their identity. This is in line with several requests received from the 
participants who would like to have Cliff in a variety of colours to match the 
garments they are wearing. Empowering the user could also overcome the 
stigma [106, 107]. Empowering the products should deliver intrinsic value 
and meaning for that person and make a product user feel stronger and 
more capable. Making it easy to be used for individuals with a broad range 
of cognitive and physical abilities is one of the important factors that should 
be in the designer’s mind. The widespread use will help reduce the social 
stigma often associated with any assistive devices [108]. Taking this factor 
into consideration in the design will ultimately reduce the social and eco-
nomic barriers to adoption and furthers the cause of universal usability.
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5.7 Conclusion

Throughout the early development stage of this project, we have performed 
several design iterations to create a working prototype of the automatized 
zipper. The research through design practice has been applied along this 
process. Furthermore, we perform a wearability assessment on the general 
comfort of Cliff. Based on the quantitative results, we found that the accept-
ance of the automatized zipper is satisfactory with all the levels of effect 
on each comfort dimension scoring at the Low and Moderate levels. Cliff 
achieve the second wearability levels, WL2 which means that the system is 
wearable, but changes may be necessary, and further investigation needed. 
Therefore, there are some important issues concerning of the product itself 
to be considered in the next design iteration, such as the stigmatisation 
and product semiotics. Improving the aesthetic aspects of Cliff is essential 
to reduce the stigma effect, thus possibly generating positive perception 
and influencing the users to adopt this device. The product form is crucial to 
produce an excellent communication of the product and its potential market. 
This study provided useful insight, opinions and, feedbacks which are essen-
tial to make Cliff ready for society.

Therefore, the next design iteration will focus on improving the semiot-
ics of Cliff, reducing the stigma and empowering the device. The size and 
presentation of Cliff which is quite bulky and not stylish will be revised to 
ensure positive perception from the user and diminished the stigma. Even 
though the second iteration prototype works, we still need to improve it. For 
instance, the use of the metal clip is to provide a sufficient normal force to 
clamp both sides of the chassis and avoid the wheels slips. However, the use 
of the metal clip is not suitable, and it is hard for the elderly to put it on or 
remove it after using Cliff. The intention of building a complete piece of Cliff 
in the third iteration also brings a problem when the Cliff stuck while mov-
ing on the jacket. We try to develop symmetrical looks of Cliff in the third 
iteration, but it did not work. 
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We found that the elderly would like to have a smaller size of Cliff. The size 
constraint could increase adoption of Cliff and at the same time reduce its 
weight, but it might also cause the fabric to get stuck in between due to the 
small gap in between the top and bottom chassis.

A situation when the same cause causes both positive and adverse effects 
is known as a technical contradiction [109,110]. For instance, if we remove 
the metal clip from the prototype, it is easier for the elderly to remove Cliff 
after using it. However, we will lose the normal force to clamp both sides of 
the chassis and avoid the rotating wheels from slipping during its operation. 
Therefore, this is an example of a technical contradiction (in Triz terminol-
ogy, a “trade-off” in common language). We need to find a solution that 
can satisfy both conditions which are to ensure that user can easily remove 
Cliff and at the same time provide a sufficient normal force for the clamp-
ing. It is essential to approach the problem of the third iteration prototype 
systematically. In the following chapter, we will present the application of 
the Theory of Inventive Problem Solving (TRIZ) method. We use the Root 
Conflict Analysis (RCA+) method which is one of the tools in TRIZ to address 
the technical trade-off that we found from the third iteration prototype and 
also some feedback given by the elderly during the user study. TRIZ has an 
extensive database which is the extraction of knowledge from thousands of 
the world’s patents that can help to find a solution to technical trade-off in 
any design or engineering problem [3, 4].
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Chapter 6

Application of TRIZ
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6.1 Introduction

In Chapter 5, we performed a user study to assess the wearability of Cliff 
among the elderly. We found that Cliff achieved the second wearability 
level (WL2), which means that the system is wearable, but changes may be 
necessary, and further investigation needed. The user study is performed 
using the second and third iteration prototype which we explained in Chap-
ter 4. The second and third iteration prototype was developed based on the 
mechanism and kinematics analysis conducted on the Meccano prototype 
as described in Chapter 3. From the miniaturisation process and the first 
user study, we identify a few issues (for improvement) on Cliff. One of it is 
that the third iteration prototype is stuck on the jacket during its operation. 
Besides that, the other issues are the stigmatisation and product semiotics 
of Cliff. Based on the feedback received from the user study, the elderly 
prefer to have a smaller size of Cliff. The size and looks of Cliff (based on the 
second and third iteration prototype) which is quite bulky and not stylish 
need to be revised to increase the adoption of this device. We also noticed 
that there are some technical difficulties with Cliff. For instance, there is the 
metal clip issue which is about providing a sufficient normal force to clamp 
the chassis, but it is hard for the user to remove Cliff after using it, and not 
aesthetically pleasing. Since the aim of developing a complete piece of Cliff 
(with the switch and battery) on it is not yet completed, we decided to im-
prove the third iteration prototype. We took the main problem for the third 
iteration that the prototype got stuck while its operation and applied the 
TRIZ method. We perform the Root Conflict Analysis (RCA+) as one of the TRIZ 
tools to systematically approach and understand the problem.

6.2  Solving the Technical Contradiction Using TRIZ 
Method

Technical contradiction in Triz terminology is a “technical trade-off” in com-
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mon language. Based on the third iteration prototype, we found that Cliff 
sometimes gets stuck while moving on the jacket. To systematically and sci-
entifically find a useful solution for this problem, we choose the TRIZ meth-
od with the use of Root Conflict Analysis (RCA+). TRIZ is a Russian acronym 
which can be expressed in English as ‘Theory for the Solution of Inventive 
Problems’. This method consists of theory, operating procedures and a range 
of tools created by Genrich Saulovich Altshuller [109].

Other problem-solving techniques are the Six Sigma, the Taguchi method, 
Quality Function Deployment (QFD),and brainstorming. Comparing these 
methods to TRIZ will bring us to look in the overall suitability of the particu-
lar way towards our design problem. The TRIZ extensive database is the key 
to the successful creative design process which is offered by TRIZ [3, 4]. The 
database allows us to take advantage of knowledge from thousands of the 
world’s patents. TRIZ tools will navigate us to find possible ideas or ways 
to improve or resolve the issues [109]. Besides that, TRIZ promises to help 
us to stimulate creative thoughts, and innovative solutions. Therefore, TRIZ 
with the use of Root Conflict Analysis (RCA+) has been chosen to investigate 
the underlying causes and identify a potential solution to improve the third 
iteration prototype of Cliff.

A systematic and scientific approach is essential in analysing any engineer-
ing or design problems. The RCA+ method helps to graphically map all the 
causes and effects contributed to the traction problem of this automatized 
zipper which is summarised by the technical contradictions identified. The 
contradiction is defined as “formed by a couple of negative effect versus 
positive effect” [10]. Then, the contradictions are resolved using the TRIZ 
method based on the utilisation of the Altshuller matrix. The systematic 
working methodology of TRIZ is based on a series of subsequent stages 
and operating tools to perform the analysis, the structuring of models, and 
ended with the solution of problems. Up to today, the TRIZ methodology 
has proved to be one of the most efficient methods to solve the inventive 
problems [38, 109, 111].
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6.2.1 TRIZ Process with the Root Conflict Analysis (RCA+)6.2.1 TRIZ Process with the Root Conflict Analysis (RCA+)

Root Conflict Analysis (RCA+) is one of the later additions to the TRIZ tool set 
and technique family [10]. RCA+ can be used to investigate the underlying 
causes and their interdependencies for an observed effect and visualise 
graphically. Alternative known methods are the Ishikawa diagram (Fishbone 
diagram), Root Cause Analysis, Method of five “why’s”, and the Current 
Reality Trees in Theory of Constraints [112]. The typical drawback of these 
mentioned methods is that they do help in finding the problems, but did not 
provide means to solve them.

Shown in Figure 6.1 is the process flow of problem-solving based on using 
the Root Conflict Analysis in TRIZ [10]. The RCA+ was developed based on 
three methodologies which are the cause-effect chains, the theory of con-
straints, and the TRIZ itself [10]. The modelling of the RCA+ is within the 
scope of three tasks; (1) to solve a particular problem related to an individual 
specific product, service or process, (2) to address a broad problem associated 
with a whole class of products, processes or services, and (3) to predict and 
eliminate possible failures within system and processes [10]. The principle 
of this method is to map all causal chains of causes and effects devoted to a 
problem, which referred as a general negative effect. Then, RCA+ will identify 
the conflicts which can further be resolved using TRIZ. Constructing the RCA+ 
diagram requires our effort to keep asking “what causes this effect to occur”. 
By doing this, we may find all the reasons contributing to the negative effect.

The RCA+ technique used for defining and selecting the contradictions in the 
problem studied. The contradiction is defined as “a situation when the same 
cause causes both positive and adverse effects” [109,110]. For this study, 
only the RCA+ will be performed and not the Value-Conflict Mapping. The 
Value-Conflict Mapping is designed to help with extracting and linking tech-
nological, business and market contradictions, which are not related to the 
technical problem of Cliff [113]. This study uses RCA+ to identify and select 
the contradictions, and then will be divided into two flows.
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Figure 6.1: The Overall TRIZ Process with RCA+ [10] 

The first flow is based on the application of basic TRIZ tools which comprises 
of the Altshuller Matrix and the 40 Inventive Principles. An engineering con-
tradiction is a condition in which an attempt to improve one parameter of a 
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system leads to the worsening (impairment) of another parameter [109]. It 
can be reflected in a positive and negative interaction between two or more 
components. By using the contradiction matrix, we can see which of the 40 
inventive principles are relevant to our problem. Altshuller screened 200,000 
patent reports to find out what kind of contradictions were resolved by each 
invention and the way it was achieved. He synthesised down to 40,000 pat-
ent reports, and then he developed a set of the 40 inventive principles [114]. 
Finally, from the potential solutions given by the matrix, we need to think 
and make it a useful one. It is then the task of problem solvers to make 
use of these TRIZ solutions triggered to find fruitful and detailed answers 
to each of their problems. The second flow will take place if the problem 
is not solved using the application of Altshuller matrix. The process will be 
continued using advanced TRIZ tools such as ARIZ (Algorithm of Inventive 
Problem Solving), Inventive Standards, Separation Principles, and so forth. 
The selection of flow also depends on the degree of TRIZ expertise of the 
problem solver [10]. 

6.2.2 Modelling and Building the RCA+ diagram6.2.2 Modelling and Building the RCA+ diagram

Showing in Figure 6.2 and Figure 6.3 are the RCA+ diagram for the nega-
tive effect which specified as “the Cliff did not move (stuck) on the fabrics”. 
This diagram has been drawn in a top-down manner by keep asking “what 
causes this effect to occur?” during the problem mapping process. There are 
four types of causes/effects in an RCA+ diagram. The Negative (-) are the 
causes/effects which is entirely negative, and we would like to eliminate 
it. The second one is the Positive (+) effect, which is there is no need to 
change. The Combined Negative and Positive (+-) is the same cause results 
in both positive and adverse effects. Lastly, the Non-Changeable (--) is the 
cause contributes negatively but cannot be eliminated, or modified since it is 
beyond our control within a given problem scope.

Figure 6.2 and Figure 6.3 visualise that there are seven contradictions iden-
tified (as grouped in the dashed box (C1 to C7)). The contradiction is defined 
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as a situation when the same cause causes both positive and negative 
effects [10]. These two effects can be directly matched against positive and 
negative parameters in the Altshuller Matrix (also known as the contradic-
tion matrix). The Non-changeable causes (NC) won’t be analysed further 
since it is beyond our control.

Listed below are the technical contradictions identified:

C1: The metal clip should be strong to provide a sufficiently large normal 
force to avoid the wheels slips, and not too large force to make it easy to be 
removed. 
 
C2: The material used as the wheels need a high coefficient of friction to 
avoid the wheels slips, and not too costly & time-consuming to manufacture 
it. 
 
C3: The low clamping force is not right for the front clip, but it will make the 
device to be easily removed and leave no marks or damage the fabrics. 
 
C4: The space/size constraint could increase the adoption of this device and 
reduce the weight, but it could produce a small gap between the chassis and 
the fabrics which could cause the fabrics to stuck in between. 
 
C5: Poor design of the chassis shape could produce bump/distortion to the 
human body, and at the same time provide the symmetrical looks to the 
Cliff. 
 
C6: Without self-recharging function, it will reduce the system complexity, 
but might lead to insufficient power problem. 
 
C7: The small size requirement is perfect for the overall size, and at the same 
time smaller battery might result in low battery capacity and insufficient 
power problem.
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Bump or 

distortion to 

the body (-)

Bump or 

distortion to 

the body (-)

C5

C6

Chapter 6 Application of TRIZ

The wheel slips 

(-)

Slider stuck (-)

Fabrics stuck (-)

Top & bottom 

wheels  

disengage (-)

Fabrics too slippery (- -)

Incorrect joining of two zipper halves (-)

Uneven fabric thickness (- -)

Wrinkle fabrics (- -)

Fabrics too thin (- -)

Elements not correctly enter the slider (-)

Fabrics too thick (- -)

Bump or 

distortion to 

the body (-)

Insufficient 

power (-)

Symmetrical looks (+)

Less complex (+)

Boxy shape (-)

Imbalance struc-

ture (-)

No locking/hold-

ing structure (-)

DC motor position (-)

Parts assembly (-)

Uneven weight 

distribution (-)

Low torque (-)

Low friction (-)

Cliff did not move (stuck) on the fabrics (-)

Misalign wheels (-)

Insufficient traction (-)

Incorrect pulling of the pull tab (-)

Fabrics stuck in the slider throat (- -)

Chassis shape (+ -)

No self recharging (+ -)

Chassis materials (-)
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C1

C4

C7

C2

C3

Figure 6.2: RCA+ diagram

The wheels shape (-)

Poor metal clip (+ -)

Space/size constraint (+ -)

Small size requirement 

(+ -)

Materials used (+ -)

Low clamping force (+ -)

Low normal force (-)

No guidance (-)

Small gap between top & 

bottom chassis (-)

Low battery capacity (+ -)

Poor front metal clip (-)

Shape did not grab

the fabric (-)

Easy to remove (+)

Increase adoption (+)

Reduce weight (+)

Good for overall size (+)

Rapid prototyping (+)

No marks on fabrics (+)

Easy to remove (+)

In contact with fabrics (- -)

Easy to remove (+)

Low cost (+)

Easy to remove (+)

High speed (+)

Low power (+)

Wrongly choose 

the DC motor (-)

Small contact area (-)

Low coefficient of friction (-)
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6.2.3 The Negative Causes6.2.3 The Negative Causes

There are a few negative causes without an underlying contradiction identi-
fied, which we will try to solve the problem by eliminating the cause. Firstly, 
the misalign wheels problem contains a set of negative causes only. It is 
possible to solve it by removing the causes which are the imbalance struc-
ture and no locking or holding structure. Therefore, the parts assembly need 
to be improved to ensure weight distributed evenly on the structure. Sec-
ondly, the stuck slider problem involves few negative causes. The causes are 
incorrect pulling of the pull tab (caused by the stopper beneath of the bail), 
the incorrect joining of the two zipper halves, and the elements did not 
correctly enter the slider which occurred because of no guidance. Therefore, 
the next design iteration will consider to include the guider, to ensure the 
elements correctly enter the slider throat. 

6.2.4 The Contradiction Selection6.2.4 The Contradiction Selection

The process continues with the contradiction selection. Table 6.1 summarised 
the summary of the technical contradictions for selection purpose. These 
selection criteria are performed by listing its cause, positive effect, the parts 
involved in the contradiction, property (parameter) which forms a physical 
contradiction, and time when it occurs. As we can see, there are few contra-
dictions which are related to each other. The first one is C1 and C3 which is 
regarding the front metal clip. This part is an essential component in the pro-
totype which provides the normal force or clamping effect to ensure the rotat-
ing wheels is in contact with the fabrics to produce traction. Besides that, the 
metal clip also allows the automatized zipper to be easily removed from the 
jacket. Secondly, C4 and C7 contradictions are all about the overall size of the 
automatized zipper. The size limitations will lead to a small gap between top 
and bottom chassis (which thick fabrics can get caught in between) and also a 
tough challenge to select tiny electronic parts such as the battery, switch, etc. 
In another dimension, if we manage to overcome this problem, it can increase 
the adoption of this device among the users and reduce its total weight.
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Table 6.1: The summary of the technical contradictions for selection

Cause Positive 
effect

Negative 
effect

Part(s) Parameter Time of
conflict

C1 Poor

metal

clip

Easy to 

remove

Low normal

force

Front

metal

clip

Normal

force,

clamping

effect

During

opera-

tion

C2 Material

used

(wheels)

Low cost,

rapid proto-

typing

Low coeffi-

cient of

friction

Rotating

wheels

Coefficient

of friction

During

opera-

tion

C3 Low

clamping

force

Easy to

remove, no

marks or

damage to

fabrics

Poor metal

clip

Front

metal

clip

Clamping

force,

normal

force

During

opera-

tion

C4 Space

or size

constraint

Increase

adoption,

reduce

weight

Small gap

between

chassis

and fabrics

(increase

resistance)

Wheels,

top and

bottom

chassis

Size,

space,

weight,

resistance

When

moving

on thick

fabrics

C5 Chassis

shape

Symmetrical 

looks

Bump or 

distortion

to the body

Chassis Shape,

material

During

opera-

tion

C6 No self

recharging

Reduce

complexity

Insufficient

power

Battery Power, 

recharge 

method

All the

time

C7 Small size

require-

ment

Good overall 

size

Low battery

capacity

Battery Overall

size

All the

time
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The second contradiction (C2) deals with the materials used for the rotating 
wheels. Using the rapid prototyping material (plastic) bring benefits regard-
ing the cost and save time for prototyping cycle. On the other hand, the use 
of plastic which has a low coefficient of friction will not help to improve the 
traction of the automatized zipper. Another contradiction which is C5 is about 
the chassis shape especially the bottom side which has the potential to be in 
contact with the human skin. This situation could produce bump/distortion to 
the body which might be an adverse effect for most of the users. The current 
shape allowed the Cliff to have a symmetrical look. Lastly, the self-recharging 
issue (C6) is in line with the concern of insufficient power to the system which 
could bring a problem to the traction system. Without the self-recharging 
function, this device complexity is lesser which in turn can reduce the devel-
opment time. Since few contradictions are related to each other, we now have 
in total of five contradictions. Therefore, only five contradictions were selected 
which are C1+C3, C4+C7, C2, C5, and C6. For the parameters selection from 
the Altshuller matrix in the following section, we consider Cliff as a moving 
object. TRIZ defines moving objects as “objects which can easily change posi-
tion in space, either on their own or as a result of external forces” [109]. The 
devices that designed to be portable are the basic members of this class [109].

6.2.5 Apply the Alsthuller Matrix Selection6.2.5 Apply the Alsthuller Matrix Selection

To improve a system which there are two reliant or linked features, one 
need to be replaced or improved. Improving one parameter or feature might 
affect another aspect to get worse. Therefore, the use of the Altshuller 
Matrix as shown in Appendix 1 is to identify potential ways to improve one 
parameter without deteriorating the others. Based on the contradictions 
identified previously, Table 6.2 describes the parameters selection from the 
Altshuller matrix for each contradiction, and the inventive principles suggest-
ed by the matrix.
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Table 6.2: Parameters selection and the inventive principles  

suggested by the Altshuller Matrix

Contradictions to solve Inventive
principles

C1+C3 (10-14) : To improve the force without worsening the 

strength

35, 10, 14,

27

(10-19) : To improve the force without worsening

the use of energy by a moving object

19, 17, 10

(10-34) : To improve the force without worsening

the ease of repair

15, 1, 11

(10-7) : To improve the force without worsening the volume 

of a moving object

15, 9, 12,

37

(10-36) : To improve the force without worsening

the device complexity

26, 35, 10,

18

C2 (14-1) : To improve the strength without 

worsening the weight of a moving object

1, 8, 40, 15

C4+C7 (7-1) : To improve the volume of a moving object

without worsening the weight of moving object

2, 26, 29,

40

(7-35) : To improve the volume of a moving object without 

worsening the daptability or versatility

15, 29

(19-7) : To improve the use of energy by a moving object 

without worsening the volume of a moving object

35, 13, 18

C5 (12-35) : To improve the shape without worsening the 

adaptability or versatility

1, 15, 29

(12-36) : To improve the shape without worsening the 

device complexity

16, 29, 1,

28

(12-14) : To improve the shape without worsening the 

strength

30, 14, 10,

40
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Table 6.2 (part 2): Parameters selection and the inventive principles  

suggested by the Altshuller Matrix

Contradictions to solve Inventive
principles

C6 (19-26) : To improve the use of energy by a moving object 

without worsening the quantity of substance/matters

34, 23, 16,

18

(19-36) : To improve the use of energy by a moving object 

without worsening the device complexity

2, 29, 27,

28

(21-26) : To improve the power without worsening

the quantity of substance/matters

4, 34, 19

(21-36) : To improve the power without worsening

the device complexity

20, 19, 30,

34

 
Figure 6.3 maps the inventive principles suggested for each contradictions 
identified. The RCA+ triggered 26 inventive principles as the potential solu-
tions for seven contradictions identified which are: segmentation, taking 
out, asymmetry, anti-weight, prior counteraction, prior action, cushion in 
advance, equipotentiality, the other way around, spheroidality-curvature, 
dynamics, partial or excessive action, another dimension, mechanical vibra-
tion, periodic action, continuity of useful action, feedback, copying, cheap 
short-living objects, replace mechanical system, pneumatics and hydraulics, 
flexible membranes, discarding and recovering, parameter change, thermal 
expansion, and composite materials.

From a total of the 26 inventive principles, we found that 12 inventive prin-
ciples have the potential to be used in improving the design, while the other 
14 principles are not applicable to our design case. Out of the 12 potential in-
ventive principles, nine of it has a high chance to be further analysed (high-
lighted in the bold font in Figure 6.3). The nine principles are: segmentation, 
taking out, asymmetry, the other way around, spheroidality-curvature, 
dynamics, another dimension, copying, and replace the mechanical system. 
The other three which is also to be considered are the cushion in advance, 
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feedback, and composite materials. The other 14 principles that we think 
are not applicable to our design case are: anti-weight, prior counteraction, 
prior action, equipotentiality, partial or excessive action, mechanical vibra-
tion, periodic action, continuity of useful action, cheap short-living objects, 
pneumatics and hydraulics, flexible membranes, discarding and recovering, 
parameter change, and thermal expansion.

Firstly, the segmentation principle triggered us to think about making the 
Cliff into a sectional object to make it easy to assemble or disassemble. Sec-
ondly, the taking out principle which suggests us to extract or remove the 
disturbing part is also useful to improve the traction problem of the autom-
atized zipper by removing the side gearbox from the fourth iteration pro-
totype. It is also in conjunction with another principle triggered which is to 
replace the mechanical system with the magnetic system. Using the attrac-
tion force between two magnets is a good option to replace the front metal 
clip to provide the normal force for the clamping function. The asymmetry 
and the other way around principles will lead us to think about changing the 
view of making a symmetrical design to an asymmetrical one, and also to 
looks for improvement from the other side or angle. The next potential prin-
ciple to be applied is the spheroidality-curvature. The current boxy looks of 
the Cliff can be changed to a smoother and curved shape along the top and 
bottom chassis. By doing this, it can reduce the sharp edges and improve the 
looks of the Cliff itself.

The use of TRIZ during the iterative research through design process has 
shown that this method is beneficial. It helps the designer to brainstorm and 
look for the new ideas or potential ideas. Making prototypes will help the 
designers to simultaneously discover how to approach any problems easily 
with close observation. The research through design method encourages the 
designer to continuously make something (prototype) and reflect upon the 
problems encountered [32]. It might require multiple cycles to achieve the 
ultimate goals. The perfect solution does usually not happen during the first 
attempt of the design process. The introduction of the TRIZ method in this 
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1 Segmentation

2 Taking Out

3 Local Quality

4 Asymmetry

5 Merging

6 Universality

7 Nested Doll

8 Anti-weight

9 Prior Counteraction

10 Prior Action

11 Cushion in Advance

12 Equipotentiality

13 The Other Way Around

14 Spheroidality - Curvature

15 Dynamics

16 Partial or Excessive Action

17 Another Dimension

18 Mechanical Vibration

19 Periodic Action

20 Continuity of Useful Action

Figure 6.3: The mapping of each technical contradiction
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with the suggested inventive principles.

Rushing Through  21

Blessing in Disguise  22

Feedback  23

Intermediary  24

Self-Service  25

Copying  26

Cheap Short-Living Objects  27

Replace Mechanical System  28

Pneumatics and Hydraulics  29

Flexible Membranes  30

Porous Materials  31

Colour Change  32

Homogeneity  33

Discarding and Recovering  34

Parameter Change  35

Phase Transition  36

Thermal Expansion  37

Accelerated Oxidation  38

Inert Atmosphere  39

Composite Materials  40

C1 & C3

C2

C4 & C7

C5

C6
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process offers a lot of potentials especially to systematically and scientifically 
approach the design problems during the making and reflection stage. TRIZ 
could assist the brainstorming and exploration process to solve the design 
problem faced. Hence, it will also reduce the cycle times to develop the next 
iteration design. Besides that, TRIZ also brings us a different viewing angle 
to approach and solve our problems.

6.3 Conclusion

The TRIZ analysis with RCA+ has given promising directions to improve a 
few issues of the third iteration prototype of Cliff. The study provided a few 
potential directions based on the inventive principles triggered such as the 
segmentation, taking out, asymmetry, substitution the mechanical system 
with the magnetic system, the other way around, the spheroidality-curva-
ture, dynamics, copying, and another dimension. These potential solutions 
will be further discussed and applied to improve the automatized zipper 
prototype. However, there are also several possible solutions such as the 
hydraulics and thermal expansion which will not be considered since those 
principles conflict with the strict safety and product semantics. Based on our 
experience using the TRIZ analysis with RCA+ for this study, we found that it 
is useful to practice TRIZ with RCA+ along with the iterative research through 
design method. The TRIZ method contributes to the making and reflection 
process during the iterative process.

The next chapter will discuss the reflection of the inventive principles trig-
gered by the RCA+ analysis. The selected inventive principles will be used 
to develop the fourth iteration prototype of Cliff with a complete battery 
and switch on it. The prototype will be used in the second user study with 
the elderly to measure the wearability, perceived ease of use, perceived 
usefulness, credibility, and expectancy of Cliff. We will also explain the user 
study in the following chapter. The decision to measure these aspects of the 
user experience (rather than pure functional performance or aesthetics) was 
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taken because the design is still a compromise between conflicting require-
ments. It is a bit bulky and issues such as fear for stigmatisation could still 
block the adoption. The chosen measures mediate between function and 
adoption. During the first user study, the working prototype used (the sec-
ond iteration) did not have the switch and battery in a single unit, and we 
still need to help the elderly to put Cliff on the jacket. However, the second 
user study will allow the elderly to put Cliff on and off by themselves. Then, 
we can evaluate how useful and how easy it is for the elderly to use Cliff.
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Chapter 7

Cliff: TRIZ Reflections 
and User Study 2
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7.1 Introduction

In Chapter 6, we perform the Root Conflict Analysis (RCA+) as one of the 
TRIZ tools to systematically approach and solve the problem that we faced 
in the third iteration protoype. Since the aim of developing a complete piece 
of Cliff (with the switch and battery) on it is not yet completed, we decided 
to improve the third iteration prototype. The TRIZ analysis with the use of 
RCA+ triggered us with a few inventive principles to improve the design, 
which are: segmentation, taking out, asymmetry, the other way around, 
spheroidality-curvature, dynamics, another dimension, copying, and replace 
the mechanical system. Meanwhile, in Chapter 5, we performed a user 
study to assess the wearability of Cliff among the elderly. We found that 
Cliff achieved the second wearability level (WL2) using the second and third 
iteration prototype. The second and third iteration prototype (as explained in 
Chapter4) was developed based on the mechanism and kinematics analysis 
conducted on the Meccano prototype as described in Chapter 3. In this chap-
ter, we discuss the reflections from the TRIZ analysis which assist us to build 
the fourth iteration prototype. Then, we use the prototype to perform the 
second user study to assess the wearability, perceived usefulness, perceived 
ease of use, credibility, and expectancy of Cliff.

7.2 Iteration 4 - Reflection from the TRIZ Analysis

Figure 7.1 and Figure 7.2 shows the reflections based on the inventive prin-
ciples triggered from TRIZ with the use of RCA+ method. Shown in Figure 7.1 
and Figure 7.2 is the fourth iteration prototype with a few changes which 
have been made to the third iteration prototype as shown in Chapter 4 (refer 
Figure 4.5 and 4.6) and in Chapter 5 (refer Figure 5.2(b)). We apply nine of 
the inventive principles which are segmentation, taking out, asymmetry, the 
other way around, spheroidality - curvature, dynamics, another dimension, 
copying, and replace the mechanical system.
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Figure 7.1: TRIZ reflections (Part 1)

Segmentation. We divided Cliff into a few independent parts which are 
the top chassis, bottom chassis with bottom rotating wheels, top rotating 
wheels, and the battery cover. The rotating wheels form now a single part 
that is printed together instead of the separate pieces in the third iteration 
which are difficult to assemble. By doing this, we managed to ease the 
assembly process of Cliff. Besides that, we also make a section to properly 
hide the wires which are used to connect the DC motor, the LiPo battery, and 
the switch.

Spheroidality – curvature The boxy looks 

is now a more smooth and curvy shape

Taking out one of the LiPo batteries from the back to the top of the top 

chassis

Segmentation Making a section to properly hide the wire to connect the bat-

tery, DC motor, and the switch

Segmentation 3D printing the bottom chassis together with the 

rotating wheels in a single part. Improve the assembly process.

Segmentation 3D printing the top rotating wheels as a single part to 

ease the assembly with the DC motor

Asymmetry Moving the hinge point from the middle to the top point

Copying Imitate the bottom shape of the 

slider to guide and control its position

Asymmetry The placement of the DC motor is now 

directly connected to the rotating wheels
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Figure 7.2: TRIZ reflections (Part 2)

Taking Out. For this principle, we extract the disturbing part from Cliff. We 
took out the side transmission gears from the third iteration prototype 
because we found that it breaks during the operation and causes Cliff to get 
stuck. The DC motor now is directly connected to the top rotating wheels. 
Moreover, we also took out the two LiPo batteries at the back of the third it-
eration prototype and place each one of the batteries on the top and bottom 
chassis. By doing this, we improve the weight distribution on the top and 
bottom chassis of Cliff.

Dynamics Dividing the top and bottom chassis and allow it to move 

relative to each other using the magnet for easy removal from the 

garments

Another dimension Using the top and 

bottom chassis to put the LiPo battery 

instead of putting both batteries at the 

back of the top chassis

Replacing mechanical system to mag-

netic system Introducing the perma-

nent magnet to replace the metal clip

Spheroidality – curvature The boxy looks is now a more smooth and 

curvy shape

Taking out one of the LiPo batteries from the back to the bottom chassis

Another dimension Using the rear side 

instead of the front side (metal clip) to 

provide the clamping function

Taking out the side gearbox and directly connect the DC motor to the rotating wheels

The other way around Replicate the bottom shape of the slider to fix the 

slider and reduce the movement of it
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Asymmetry. The previous position of the DC motor is on top of the top 
chassis to make it look more symmetrical. However, the idea did not work, 
and we move the placement of the DC motor to the side of the top chassis. 
We change the shape of Cliff from symmetrical to asymmetrical. Besides 
that, we also change the hinge point from the middle to the top point to join 
both sides of the chassis. For the The Other Way Around principle, we make 
the movable parts (the slider) fixed by replicating the bottom shape of the 
slider. By doing this it may reduce the movement of the slider while being 
attaching to Cliff. By imitating the bottom shape of the slider, it will also 
help to control its position, and this is also an example of using the Copying 
principle.

Spheroidality - Curvature. The boxy looks of Cliff is now a more smooth and 
curvy shape by applying the spheroidality - curvature principle. We move 
from the flat surfaces to a more curvy shape in an attempt to improve the 
looks of Cliff. We did this for both the top and bottom chassis. Meanwhile, 
we apply the Dynamics principle by dividing the top and bottom chassis and 
allow it to move relative to each other if the user wants to remove Cliff after 
using it. With the new prototype, we introduce a pair of permanent magnets 
to replace the metal clip to provide the clamping force to clamp both the 
top and bottom chassis. By doing this, we apply the Replace the mechanical 
system by using the magnetic system. Lastly, we use the Another Dimension 
principle to move the position of clamping elements from the front to the 
rear position. Previously, the metal clip was positioned in the front side, but 
by using the magnet, it is now at the rear side. It is an instantiation of ’using 
the other side’ from this principle.
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7.3 Overview of the Fourth Iteration Prototype

Figure 7.3 shows the exploded view of the Cliff’s fourth iteration prototype 
components. Each prototype consists of a top chassis, a bottom chassis and, 
two rotating wheels which are 3D printed. A 6V DC motor with a speed of 
145 rpm and 68 mNm torque is used to drive Cliff based on the kinematic 
analysis performed by Baharom et al. [33]. The prototype is powered by the 
two LiPo batteries (3.7V, 180mAh) and is controlled using a toggle switch. 
Two neodymium (NdFeB) magnets with a pull strength of 1.7 kg are used to 
provide sufficient normal force to clamp the top and bottom chassis.

Top chassis

Bottom chassis

Permanent magnet

DC motor

Figure 7.3 a: The overview of the fourth iteration of Cliff
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Rotating wheels

LiPo batteries

Top battery cover

Bottom battery cover

Figure 7.3 b: The overview of the fourth iteration of Cliff
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Figure 7.4 shows the prototype on the Little Grey Dress. During the process 
of designing the jacket, we took much more a design approach focusing on 
aesthetics. This project is targeting young ladies with a very specific size 
(EU 36) wearing back-zipper-dresses. We did a quick semantic research into 
these specific dresses and the jewellery connected to it to inspire the looks 
of the dress and the shape of Cliff. The dress is neatly fitted in the waist with 
several darts. The shoulder seam is absent. In order to ensure a neat fitting 
despite the neglected shoulder seam, we added a horizontal dart in the 
upper back and upper front part. The wide shoulder line and short length 
ensure a powerful silhouette. We chose a high quality woven material with 
a subtle melange of greys. A lining is used to ensure a neat finishing. We 
found that this dress for ladies is attracting more media attention than the 
previous jackets focusing on elderly.

7.4 User Study 2

A user study was structured to evaluate Cliff with 72 participants. Seventy two 
volunteer participants (24 male and 48 female) aged between 60 and 78 years 
old (Mean = 65.6, SD = 4.4) took part in this study. Based on the sample power 
calculation using the G*Power software which used the study performed by 
Baharom et al. (in total of 22 participants) [115] , it was found that less than 
10 participants would be enough to achieve a statistical significance sample 
power of at least 0.8 [115–117]. However, for this study, the secondary aim is 
to get as many participants as possible to gain more feedback and input from 
the users. The participants were recruited by six elderly activity centres. The 
research was approved by The Research and Co-ordination Committee, Prime 
Minister’s Department of Malaysia (approval letter: UPE40/200/19/3502), and 
the Department of Social Welfare, Ministry of Women, Family, and Community 
Development, Malaysia (approval letter: JKMM 100/12/5/2:2017/ 475). 
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Figure 7.4: Cliff worn by a model on the Little Grey Dress  

developed in a close collaboration with Marina Toeters
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The study was divided into two sessions. In the first session, the elderly will 
experience using Cliff prototype. The study in the first session measures the 
wearability assessment (WA) as explained in Chapter 5 (refer subtopic 5.2) 
[15, 17, 36] on general comfort towards the automatized zipper, perceived 
usefulness [118], perceived ease of use (PEoU) [118] and, the credibility and 
expectancy (CE) [119]. The second session is a co-creation session. The co-
creation session intends to elicit the elderly’s ideas regarding how they wish 
Cliff to look like (the shape and colours), what kind of features to be added 
in Cliff, and how they prefer to control the automatized zipper. 

7.5 Experiment Design

7.5.1 Session 1 - Prototype Experience7.5.1 Session 1 - Prototype Experience

Figure 7.5 shows the flow of the user study which was performed to evalu-
ate the user experiences of Cliff. Upon arrival, the participants were briefed 
about the procedure of the experiment and were asked to sign the informed 
consent form. The moderator explicitly explained the overall idea of Cliff. 
Then, the elderly were asked to dress and undress the jacket with the regu-
lar zipper on their own. The participants were then given Cliff’s prototype to 
automatically do the zipping and unzipping process. The elderly could also 
have a close look at the prototype. In the following step, the participants 
were required to answer a set of questionnaires regarding the wearability, 
perceived usefulness, perceived ease of use and, credibility and expectancy 
assessment. Then, an interview was conducted to collect feedback about 
Cliff. Lastly, the moderator briefly explained the design goals of this project. 
The whole session took about an hour per participant.
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Figure 7.5: The flow of the session 1.

Wearability Assessment (WA) 
Several factors affected our level of comfort while wearing something on 
our body. For instance, the size and weight of the device, how it affects our 
movement, and direct or indirect pain to our body [15]. We used a tool in-
troduced by Knight et.al which is the Comfort Rating Scales (CRS) to measure 
the wearability of Cliff [15]. There are six dimensions which was evaluated 
which are the emotion, attachment, harm, movement, perceived change, 
and anxiety. Further explanation as described in section 5.2 in chapter 5.

 

Participant wears a jacket 
with a normal zipper

Moderator presents Cliff idea

Participant tries out Cliff prototype

Answer the questionnaire

Moderator explains the study goals

Interview
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Perceived usefulness (PU) 
Perceived usefulness is defined by Davis et al. as “the degree to which a 
person believes that using a particular system would enhance his or her 
job performance” [118, p. 320]. It is a continuation of the definition of the 
word “useful” which means as “capable of being used advantageously”. The 
perceived usefulness evaluation is performed to assess whether the elderly 
believe or not that Cliff can perform the zipping and unzipping task better. 
The questionnaire used the Likert scale (1-7) with the strongly agreed and 
strongly disagreed located at the end of the lowest (1) and highest (7) score. 
For the questionnaire, the lower the score is the better. The six questions on 
the PU examine whether the work performed by the new system is more in 
quality, improves the job performance, increases the productivity, effective-
ness, makes the job easier and, more useful.

Perceived ease of use (PEoU) 
In contrast, the perceived ease of use refers to “the degree to which a per-
son believes that using a particular system would be free of effort” [118, p. 
320]. It is a continuation of the definition of the word “ease” which means 
the “freedom from difficulty or great effort”. Even if the elderly believe that 
Cliff is a useful device, they may, at the same time feel that the automatized 
zipper is too hard to be used. The performance benefits of usage could be 
outweighed by the effort to use the device itself. The questionnaire given 
is also using the Likert scale (1-7) with the strongly agreed and strongly 
disagreed located at the end of the lowest (1) and highest (7) score. For the 
questionnaire, the lower the score is, the better. The six questions on the 
PEoU evaluate whether Cliff is easy to learn, controllable, understandable, 
flexible, whether it is easy for the user to become skilful, and whether Cliff 
is easy to be used.

Credibility and expectancy (CE) 
The term credibility is defined as “how believable, convincing, and logical 
the system is” whereas expectancy refers to “improvements that clients 
believe will be achieved” [119, p. 75]. It relates to the term “believe”, which 
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contains both cognitive and affective components. What the elderly think 
about Cliff may differ from what they felt. For the study, the participants an-
swer two sections which are related to thinking and feeling. The Likert scale 
ranges from score 1 to 9. The lowest score (1) indicates strongly disagreed 
while the highest score (9) is strongly agreed. Therefore, the higher the 
score is, the better. 

7.5.2 Session 2 - Co-Creation7.5.2 Session 2 - Co-Creation

 
 
 

Figure 7.6: The flow of the session 2 (co-creation)

Choose the preferable colours

Select the preferable shape

Select the preferable features

Choose the preferable control method

Discussion

Presentation

Paste the selection on the storyboard



142 Chapter 7 Cliff: TRIZ Reflections and User Study 2

Figure 7.7: The presentation by the elderly during the co-creation session

Figure 7.6 shows the flow of the co-creation session. Firstly, the elderly 
choose their preferable shape. We gave them five different shapes to be 
selected and they must choose one of it. Then, they picked their preferable 
single colour (2 out of 9 colours), dual colours (1 out of 6 colours), features (2 
out of 7 options), and how they would like to control the automatized zipper 
(1 out of 4 choices) from the selection of images given. The colour selection 
is made based on a few articles written about the elderly’s colour preferenc-
es [120–123]. The features list is based on the feedback received during the 
preliminary user study in Netherlands and also the common features avail-
able on typical wearables for the elderly [115]. Given the limited selection 
of images for the different shapes, colours, features, and control method 
could reduce the time consuming for the session rather than asking them to 
locate, cut out, and arrange them [124]. Once they completed the selection, 
they will paste the images on a storyboard. Then, each participant explained 
their choices in a brief presentation as shown in Figure 7.7. After that, an 
interview and discussion session is conducted based on their presentation 
about the aesthetics, control, and features of Cliff.



143

7.6 Quantitative Data Analysis

The normality test is performed using the Kolmogorov-Smirnov test (N>50) 
[125]. The sample power for each questionnaire has been calculated to 
assure an adequate power to detect the statistical significance [117]. The 
statistical analyses were performed using the IBM SPSS version 23.0 [102, 
116]. Meanwhile, the internal consistency of all the four questionnaires was 
assessed by the Cronbach’s alpha coefficients [15, 16, 118]. The data was 
analyzed with the median scores (MED) and the interquartile range (IQR) 
[15–17]. The one sample Wilcoxon signed-rank test (WSRT) was used to eval-
uate differences with the neutral point of the scale (marked in red line in the 
box plot). For the WA, PU, and PEoU data, the scores lower than neutral are 
positive, and scores higher than neutral are negative. However, for the CE 
questionnaire, scores higher than neutral are positive, and scores lower than 
neutral are negative.

7.7 Quantitative Results (Session 1) 

7.7.1 Data Reliability and Normality7.7.1 Data Reliability and Normality

Table 7.1: The summary of the reliability test and normality test.  

N is the number of questions.

Evaluation Reliability test       
(Cronbach’s 
alpha)

Normality 
test
(p-value)

Wearability Assessment (WA) (N = 14) 0.861 0.001

Perceived Usefulness (PU)    (N = 6) 0.913 0.001

Perceived Ease of Use (PEoU) (N = 6) 0.814 0.001

Credibility and Expectancy (CE) (N = 4) 0.816 0.001
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Table 7.1 summarizes the results of the reliability test (Cronbach’s aplha), 
normality test (Kolmogorov-Smirnov). It can be seen that the Cronbach’s al-
pha for all the four set of questionnaires are more than 0.7 which described 
a satisfactory requirement of reliability for the research instruments [15, 16, 
118]. The Kolmogorv-Smirnov test indicated that WA, PU, PEoU, and CE rat-
ings were not normally distributed (p<0.05). Therefore, one sample Wilcoxon 
signed-rank test (WSRT) was performed.

7.7.2 Wearability Assessment7.7.2 Wearability Assessment

Table 7.2: Overview of the wearability assessment scores

Factor Median (IQR) WSRT
Emotion 6.7 (10.0) z = -3.982, r = 0.469, p = 0.001**

Attachment 9.5 (5.1) z = -2.164, r = 0.255, p = 0.030*

Harm 2.0 (3.7) z = -6.797, r = 0.802, p = 0.001**

Movement 2.0 (4.0) z = -6.106 , r = 0.720, p = 0.001**

Perc. Change 8.2 (9.0) z = -3.869, r = 0.456, p = 0.001**

Anxiety 2.8 (5.7) z = -6.501, r = 0.767, p = 0.001**

**Indicates highly significant, p < 0.01, *Indicates significant, p < 0.05, r > 0.5 indicates 

large effect size

 
Table 7.2 presents the overview of the Median, IQR score, and one sample 
WSRT result for each of the comfort dimensions. Figure 7.8 summarises the 
boxplot for the average score of each comfort dimension. A few researchers 
used the average CRS score to discuss the overall result of the assessment 
[16, 17, 101]. It can be seen from Figure 7.8 that the attachment dimension 
scored the highest CRS score (MED = 9.5, IQR = 5.1, p = 0.030*). Here we test 
whether the CRS (Comfort Rating Scale) score is higher or lower than the 
neutral score (which is 10). This criterion is similar to the criterion used in the 
thesis of Qi Wang [143], section 4.3.6 (the work of Qi Wang is garment-relat
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Figure 7.8: The boxplot for the average score of each comfort dimension 

(low numbers are positive). The bullets represent outliers and the stars represent ex-

treme outliers, as classified by SPSS version 23 during box plot construction. The number 

refers to the anonymised participant id.

ed, as is ours). This is perhaps not surprising, as it can be expected that the 
participants would feel the device on the body and it is highly noticeable-
while it moves to open or close the zipper. The high score may not neces-
sarily mean that the system is not wearable. These conditions indicated that 
the elderly can feel the device on their body and it is highly noticeable [101].

The results also show that the elderly are positively agreed that they are 
able to move as usual while wearing Cliff. However, if the aim is to develop 
this kind of device to be likened to items of clothing, then it should feel like 
clothing [15]. It is important to ensure that the users would hardly notice the 
physical sensation of wearing the device just as how they wear the everyday 
clothing items such as the jewellery or spectacles.
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The perceived change dimension recorded the second highest CRS score 
(MED = 8.2, IQR = 9.0, p = 0.001**). Here we test whether the CRS (Comfort 
Rating Scale) score for this dimension is higher or lower than the neutral 
score (which is 10, again). The participants might have different views on 
the two questions given whether they feel bulkier and do they feel change 
on the way people looking at them based on the high score of the IQR (9.0). 
From the interview, most of the participants agree that Cliff is still big in size. 
However, they do not care about what other people think about them while 
wearing the device, as long as it is beneficial for them. However, some of 
the elderly think the other way and rated a higher score.

Meanwhile, the emotion dimension score show that the users are not 
embarrassed to wear Cliff (MED = 6.7, IQR = 10.0, p = 0.001**). Here we test 
whether the CRS (Comfort Rating Scale) score for this dimension is higher or 
lower than the neutral score (which is 10, again). The participants are not 
feeling worried, embarrassed or, tense with Cliff. Moreover, the participants 
indicated that they would wear Cliff if it is invisible. Making the automatized 
zipper less conspicuous could improve the score. It involves reducing the size 
of Cliff or obscuring it from view by hiding it somewhere else. The elderly 
agreed that the idea of making Cliff a removable piece is good so that they 
can remove it from the zipper and keep it in the pocket for instance. If more 
people use the device as an everyday item of clothing, it can also reduce the 
embarrassment factor [15].

The harm, movement, and anxiety obtained low scores. It describes that Cliff 
is not painful or harmful to wear (MED = 2.0, IQR = 3.7, p = 0.001**), did not 
obstruct the user’s movement (MED = 2.0, IQR = 4.0, p = 0.001**), and they 
are not feeling worried to use the automatized zipper (MED = 2.8, IQR = 5.7, 
p = 0.001**). Here we test whether the CRS (Comfort Rating Scale) score for 
this dimension is higher or lower than the neutral score (which is 10, again). 
The participants are in strong agreement that Cliff did not causing any harm 
or obstruct their movements since the boxplot for both harm and movement 
dimensions are comparatively short. For the anxiety dimension, the overall 
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score recorded suggests a high agreement among the participants that they 
are not worried to use Cliff. They also found that Cliff is properly attached to 
the jacket and it is working properly during the user study.

Therefore, from the results of the six comfort dimensions measured, it can 
be concluded that Cliff achieved the second wearability levels, WL2. It means 
that the system is wearable but changes may be necessary and, further 
investigation is needed [15, 101, 118]. Since the CRS scored high for the 
attachment and perceived change dimensions, it suggests that focus should 
be placed on the physical factors. For instance, the weight, the size, weight 
distribution and, how to attach Cliff to the users.

7.7.3 Perceived Usefulness and Perceived Ease of Use7.7.3 Perceived Usefulness and Perceived Ease of Use

Table 7.3: Overview of the perceived usefulness and perceived ease of use scores

Factor Median (IQR) WSRT
Perc. Usefulness 1.8 (0.7) z = -6.960, r = 0.821, p = 0.001**

Perc. Ease of Use 2.0 (0.8) z = -7.371, r = 0.869, p = 0.001**

**Indicates highly significant, p < 0.01, *Indicates significant, p < 0.05, r > 0.5 indicates 

large effect size

 
Table 7.3 summarizes the Median, IQR scores, and one sample WSRT results 
for the perceived usefulness and the perceived ease of use. Here we test 
whether the PU (Perceived Usefulness) and the PEoU (Perceived Ease of Use) 
scores are higher or lower than the neutral score (which is 4). Both factors 
which are the perceived usefulness (MED = 1.8, IQR = 0.7, p = 0.001**) and 
the perceived ease of use (MED = 2.0, IQR = 0.8, p = 0.001**) recorded the 
low scores. Figure 7.9 shows the boxplot of the perceived usefulness and 
the perceived ease of use score. The low scores recorded mean a positive 
response. The result shows the elderly rated positively that Cliff will bring 
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more quality for the zipping and unzipping task, improve the job perfor-
mance, and increase their productivity.

Figure 7.9: The boxplot for the perceived usefulness and the perceived ease of use (low 

numbers are positive).

Moreover, it also explains that the participants are strongly agreed that Cliff 
is effective, useful, and makes the zipping and unzipping task much easier 
for them. Meanwhile, the boxplot of the perceived of use explains that the 
elderly acknowledged Cliff as easy to learn, controllable and understanda-
ble. They believed that Cliff is flexible because it can be removed from the 
garments. For them, it is not too difficult to operate Cliff but they still need 
to learn on how to attach the zipper’s pull tab to Cliff. However, the elderly 
believes that with increasing experience using Cliff, the system may become 
more routinized and less challenging for them to use. It is expected that 
with the increasing experience with any device, the users will adjust their 
perceived ease of use of the system [126].
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7.7.4 Credibility and Expectancy7.7.4 Credibility and Expectancy

Table 7.4 presents the overview of the Median, IQR scores, and one sample 
WSRT results for the credibility and expectancy factor. Here we test wheth-
er the Credibility and the Expectancy scores are higher or lower than the 
neutral score (which is 5). From the overall results, all the subscales for the 
credibility and expectancy are highly significant (p < 0.01). Figure 7.10 shows 
the boxplot of both factors assessed. The credibility factor obtained a mod-
erate score (MED = 6.3, IQR =2.7, p = 0.001) while the expectancy achieved 
a high score (MED = 8.0, IQR = 3.8, p = 0.001). The scores indicate that the 
function offered by Cliff is slightly logical and useful for the elderly. This is an 
excellent score where most of the participants feel that the invention of Cliff 
could reduce their difficulty on using the conventional zipper. Meanwhile, 
the participants rated higher than the neutral score on how they think and 
feel about the improvement brings by Cliff to their problem while using the 
zipper. The elderly are also confident in recommending the automatized 
zipper to their friends who have difficulty with the zipper.

Table 7.4: Overview of the credibility and expectancy scores

Factor Median (IQR) WSRT
Credibility 6.3 (2.7) z = 4.690, r = 0.553, p = 0.001**

Expectancy 8.0 (3.8) z = 5.838, r = 0.688, p = 0.001**

**Indicates highly significant, p < 0.01, *Indicates significant, p < 0.05, r > 0.5 indicates 

large effect size
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Figure 7.10: The boxplot for the credibility and expectancy 

(high numbers are positive).

7.8 Quantitative Results (Session 2) 

7.8.1 Aesthetics, shape7.8.1 Aesthetics, shape

Figure 7.11 shows the preferable shape of Cliff selected by the elderly. Shape 
4 dominates the selection with 38.9 % of the participants choose it, fol-
lowed by the third shape with 22.2 % vote. For them, shape 4 looks like a 
zipper and is unique with more curves than the others. From the interview, 
no matter what kind of form they choose, most of the elderly agreed that 
Cliff’s shape should be simple, not too clumsy, and less complicated. They 
prefer a unique style but looks simple and great. The participants mentioned 
that the form should be a comfort piece to grasp and hold on their hand. A 
proper contour’s shape on Cliff could be a good contact point for them while 
holding the automatized zipper. Again, size is one of the leading aspects 
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Figure 7.11: The preferable shape of Cliff (aesthetics)

shape 5 12.5% shape 1 11.1%

shape 2 15.3%

shape 3 22.2%shape 4 38.9%
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highlighted since they would like Cliff to be not too small and not too big. 
If it is too big, they will feel discomfort. Cliff should also be light in weight 
because they will carry it everywhere.

7.8.2 Colour7.8.2 Colour

Figure 7.12: The preferable single colour.

resene sandy 

beach 9.0%

resene perano 9.7%

resene blossom 4.9%

resene viola 11.8%

red 13.2% purple 14.6%

grey 13.9%

blue 14.6%black 8.3%
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Showing in Figure 7.12 and Figure 7.13 are the preferable single and dual 
colours of Cliff, respectively. They select the colours based on their favourite 
colours, and easy to match with their garments. They tend to choose the 
bright colours such as the single colour (purple (15%), blue (14%), and red 
(13%)). They want it to be easy to be seen so that they can quickly find the 
device. It is due to that their vision is getting poor when they are getting 
older. The red colour is attractive, brave, and fresh for them, while the pur-
ple colour makes them looks younger. Some of them also mentioned that 
the purple colour is the official colour for the single mother in Malaysia. Blue 
is considered as soft by the elderly. Besides that, the female seniors also 
prefer the soft pastel colours like the resene viola and resene perano. 

Figure 7.13: The preferable dual colour
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Meanwhile, for the dual tones, the combination of black and white is also 
suitable for them as they can easily pair the colour for their garments and it 
can be seen easily. They also point out that the colour chosen must not be 
too striking, which can cause eye’s fatigue.

7.8.3 Features7.8.3 Features

 
 

Figure 7.14: The preferable feature to be embedded in Cliff

Figure 7.14 describes the additional features that the elderly wish to have on 
Cliff. About 25% of the participants choose the medication reminder feature 
to be added to Cliff. Most of the elderly are taking medicine for two to four 
times daily. Sometimes they forget to take medicine, or are not sure wheth-
er they already took it or not. It makes them nervous and anxious, which 
lead them to decide not to take the medicine until the next day. Some of 
them also agree that even though currently they do not have to take a lot 
of medication, they might need it in the future. The elderly also mentioned 
that they are packed with their daily activities. Therefore, they think that it is 
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essential for them to be traced by their friend and family. About 21% of the 
elderly would like to have the localisation feature on Cliff so that their family 
and friends can locate where they are.

7.8.4 Control Method7.8.4 Control Method

 
 
 
 
 

Figure 7.15: The preferable method to control Cliff

From Figure 7.15, it can be seen that more than 40% of the participants 
prefer the touch switch. The second preferable control method is the hand 
gesture with 30.5% vote. The reason why they choose the touch switch and 
the hand gesture control is that both these control methods are embedded 
in the Cliff system. The self-touch switch also makes them independent, and 
they can be active by using it. Meanwhile, for the remote control option, 
some of them raised the point that they will need to replace the remote bat-
tery once it is drained. If they forget or misplace the remote, they can’t use 
it again. One of the critical remarks given by the elderly about the control 
method is how to operate Cliff’s on the back-zipper dress?
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7.9 Discussion 

7.9.1 Discussion Concerning the Product (Cliff Prototype)7.9.1 Discussion Concerning the Product (Cliff Prototype)

Most of the elderly’s first impression about Cliff is that they see an unknown 
electronic device. They could not guess what is the main function of Cliff. 
However, they are impressed with the current shape of the automatized 
zipper. For them, the look of the device itself is important so that the user 
could positively perceive the device and easily match it with their fashion 
style. Stigmatisation is one of the issues highlighted in our preliminary 
study, which is related to the social wearability aspect. Cliff could be aban-
doned like other fully functional or high-performing devices if the aesthetics 
is neglected [105]. Any products that could create an unwanted stigma can 
damage the user’s self-esteem, and cause them to avoid from using it. Stig-
ma is the prominent factor that sets the assistive technology (AT) apart from 
the medical devices or mainstream products [127].

During the interview session, the elderly said that they should not consider 
what the other people think about how do they look like while wearing 
Cliff. For them, the most important thing is the device could assist and bring 
benefits to them. People will use an application or a device if they believe 
that the function offered by the device will assist them to perform their job 
better [118]. According to Jacobsen, the stigma can be reduced by reshaping 
the meaning of the product [127]. Making it less noticeable or increase the 
portability of the device could be among the options to reduce the stigma. 
The further design of Cliff should evolve towards making it more impercepti-
ble either by reducing the current size of it or making the automatized zipper 
like an everyday clothing item. Therefore, a good communication through 
the product form is essential to ensure that the user and the society can 
accept the kind of assistive product like Cliff.

Another way to reduce the stigma is through personalization [106]. Person-
alization will enable the users to make their choice in a product which can 
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match and fit with their identity. This is in line with the feedback received 
from the participants who request to have a piece of Cliff that can match 
with the garments that they dressed on. Empowering the user could over-
come the stigma that they feel while using any kind of assistive product 
[102,128]. It is also essential to take note of the demand of the elderly to 
keep active while using Cliff. Having either the touch switch or the hand 
gesture control will enable them to use their hand actively to operate Cliff. 
By having these kinds of control mechanism, they think that their independ-
ency level is much higher.

7.9.2  Discussion Concerning the User Study  7.9.2  Discussion Concerning the User Study  

and Design Processand Design Process

The designers of the product executed the user study session. The partic-
ipants might tend to please us since we are the designers (uncertainty). 
However, from the user study performed, the elderly look sincere to give 
their feedback to us. We received both positive and negative comments on 
the Cliff design. We also noticed that the elderly could easily understand the 
word and phrasing used in the questionnaire. Overall, as a designer, going 
through the iterative research design and the user study during the early 
development stage of Cliff is such a valuable experience. The interaction 
and input are most effective during the product ideation to maximise the 
efficiency of the prototype design and development. Since the participants 
could visually evaluate and experience the prototype, it may elicit the user 
perceptions and emotional responses to Cliff [124]. Furthermore, it could 
drive the design projects towards the finalised design solution and develop 
an ideal product for them. It creates a cycle that you can’t wait to start re-
design again, analysing and testing the new design. The further design will 
focus on improving a few aspects which are 1) the aesthetics of Cliff (the 
looks and the size of it), 2) the attachment method (to attach Cliff to the pull 
tab of the zipper) and, 3) the control method (to replace the toggle switch 
used in the current prototype).
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7.10 Conclusion

We performed a user study to evaluate the wearability and usability of the 
automatized zipper with elderly in Malaysia. Based on the quantitative re-
sults, notably the comfort dimensions, Cliff achieved the second wearability 
levels (WL2, see page 86), which means that the system is wearable, but 
further improvements to the prototype need to be taken into consideration 
in further design. For instance, the stigmatisation issue. One of the solutions 
to reduce the stigma is to make Cliff less noticeable by reducing the size of 
the device, making it portable and such that it can be placed in a pocket, 
or improving the aesthetics of the automatized zipper. Size is an important 
factor in designing the wearable devices [129].

Secondly, the findings show that the elderly believe that Cliff is an effec-
tive and useful device to assist them using the zipper. They agree that Cliff 
reduce their difficulty to perform the zipping and unzipping task. Even if an 
assistive device would obviously improve the performance, it is still impor-
tant that the users perceive it as useful to ensure that they will use it [118]. 
Regarding the perceived ease of use aspect, the recorded score means that 
the participants accept that Cliff is easy to learn, controllable, and under-
standable. However, the participants mentioned that the attachment meth-
od of Cliff to the zipper on the garments need to be improved. Enhancing 
the attachment method is crucial to facilitate the self-wearing of the device.
The easier a technology to be used, the more useful it can be [126]. Last-
ly, the function offered by Cliff is logical for the elderly. They are confident 
in recommending the device to other people who have difficulty with the 
zipper. 

During the co-creation session, we perform a study to identify how the 
elderly want Cliff to be look like in terms of the shape and colour, what kind 
of additional feature to be embedded in Cliff, and how they want to control 
Cliff. The input, feedback and comments received from the user study will 
be used for the next design iteration as we aimed to evolve the automatized 
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zipper towards a more fashionable device. Therefore, the following chapter 
will discuss the fifith iteration prototype of Cliff which aim to develop a fash-
ionable piece of Cliff. 

The fifth iteration prototype was selected to participate in the Mind The Step 
exhibition during the Dutch Design Week 2018. Besides that, the prototype 
also has been selected to participate in the Global Grad Show in the Dubai 
Design Week 2018. We perform an exhibition study to gain feedback and 
input from the visitors during both of the exhibitions. The findings from the 
exhibition study will be discussed in the next chapter.
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8.1 Introduction

In Chapter 7, we discussed the reflections from the TRIZ analysis which as-
sists us to build the fourth iteration prototype. Then, we used the prototype 
to perform the second user study which assesses the wearability, perceived 
usefulness, perceived ease of use, credibility, and expectancy of Cliff. Mean-
while, in Chapter 6, we performed the Root Conflict Analysis (RCA+) as one 
of the TRIZ tools to systematically approach and solve the problem that we 
had in the third iteration prototype. The TRIZ analysis with the use of RCA+ 
triggered us with several inventive principles to improve the prototype’s de-
sign. The RCA+ analysis is based on the feedback gained during a user study 
performed to assess the wearability of Cliff among the elderly, as explained 
in Chapter 5. This chapter describes the fifth design iteration of Cliff. The new 
design aimed to build a new prototype to be exhibited in the Dutch Design 
Week 2018 and the Dubai Design Week 2018. We also discuss the results of 
the exhibition study performed during both of the exhibitions.

8.2 Iteration 5 - Improving the Looks of Cliff

Figure 8.1 and 8.3 show the fifth iteration prototype of Cliff worn by a mod-
el on the Yellow Sublimation Dress. We developed the prototype in close 
cooperation with Marina Toeters of by-wire.net (Utrecht, The Netherlands), as 
an attempt to improve the looks of Cliff to be exhibited in the Dutch Design 
Week 2018 (the Mind the Step exhibition) and the Dubai Design Week 2018 
(the Global Grad Show exhibition). We decided to design a garment dedicat-
ed to Cliff for both events. Opposed to the previous dress, this version of Cliff 
cannot run without this dress. Therefore, the two entirely depend on each 
other. We used a conductive zipper which is connected to the LiPo battery 
to transfer the power to Cliff. We placed a battery connector on Cliff which is 
in contact with the conductive zipper tape and transferred the power to the 
DC motor. We hide the LiPo battery in a little pocket at the back of the dress. 
There is also a toggle switch to turn Cliff up and down (and to switch off).
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Figure 8.1: The fifth iteration prototype worn by Joke 

Loozeman on the Yellow Sublimation Zipper Dress
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Figure 8.2: Exploration of the several textile conductives with different resistances

We developed a conductive zipper tape. We researched several textiles con-
ductive on resistance in Ohm as shown in Figure 8.2 for strips of length and 
width, and concluded that the conductive ripstop fabric glued on the edges 
works best. Via adhesive Bemis® film, we melted this with the heat press on 
the zipper tape. The looks of these conductive zippers inspired us to design 
the whole dress. Using the Jetcol® sublimation technique, we printed a pic-
ture of the conductive zip on all seams of a fitting dress. The dress pattern is 

Conductive fabric glued on zipper

Resistance: 0,03

Conductive fabric gold glued on zipper

Resistance: 0,2

Sewing machine setting 23, conductive 

yarn in coil. Resistance: 1,11

Sewing machine zigzag setting 5, 

conductive yarn in coil. Resistance: 0,77

Sewing machine setting 13, conductuve 

yarn in coil. Resistance: 0,37

‘Sewing machine setting 1, conductive 

yarn in coil.  Resistance: 0,18

Sewing machine setting 1, conductive 

yarn in coil and sewed on conductive 

fabric 1.  Resistance: 0,04

Sewing machine setting 1, conductive 

yarn in coil conductive fabric 1 glued 

over it.  Resistance: 0,09

Concluding: Best option is 

conductive fabric. Addition of 

conductive yarn is not needed 

since the fabric sticks to the 

zipper easily and the yarn 

adds resistance to the fabric. 
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Figure 8.3: The location of toggle switch on the Yellow Sublimation Zipper Dress
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rather basic, but the skirt of the dress is wide for a feminine and elegant look. 
We used a subtle gradient from white to yellow alongside the contrasting 
zipper with metal colour material. The textile is a satin polyester which gives 
a nice shine to the printed surface and a light lining in the top part and aside 
of the zip.

Figure 8.4 shows the exploded view of the fifth iteration prototype. The de-
sign of the prototype is based on the feedback received from the second user 
study. It can be seen that the shape of Cliff now looks like the fourth shape 
from the user study which was explained in chapter 7. 

Chapter 8 Cliff: Iteration 5 - Connecting to Society

Top chassis

Bottom chassis

DC motor

Figure 8.4 a: The fifth iteration prototype
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The inspiration of the shape is based on the slider’s shape. From the second 
user study, the elderly agreed that Cliff’s shape should be simple, not too 
clumsy, handy, and less complicated. They prefer to have a unique style but 
it should look simple and great. 

We applied the TRIZ inventive principle of the spheroidality-curvature princi-
ple to make the looks of Cliff more stylish. Meanwhile, we also used the tak-
ing out principle since we took out the LiPo battery and the toggle switch. 
We hide both of the components in a little pocket at the back of the dress.

Permanent magnet

Battery connector

Rotating wheels

Figure 8.4 b: The fifth iteration prototype
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Figure 8.5: Cliff during the Dutch Design Week, Eindhoven The Netherlands 2018

8.3 The Exhibition Study

We performed an exhibition study to evaluate Cliff among the visitors at 
the Dutch Design Week 2018 and the Dubai Design Week 2018. There are 86 
visitors who volunteered to participate in the study (49% male and 51% fe-
male), aged between 21 to 69 years old (Mean = 45.2, SD = 14.2). Figure 8.5 
and 8.6 show Cliff exhibited during the Dutch DesignWeek 2018 (DDW2018) 
in the “Mind the Step” exhibition. Meanwhile, Figure 8.7 to 8.9 show Cliff at 
the “Global Grad Show” exhibition during the Dubai Design Week 2018.

Chapter 8 Cliff: Iteration 5 - Connecting to Society
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Figure 8.6: Cliff during the Dutch Design Week, Eindhoven The Netherlands 2018



170 

Figure 8.7: Cliff during the Dubai 

Design Week, Dubai, UAE 2018
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Figure 8,8 and 8.9: Cliff during the Dubai Design Week, Dubai, UAE 2018

The exhibition study aimed to collect the quantitative and qualitative feed-
back on the fifth iteration design of Cliff from the visitors who visited either 
of these two events. Since the exhibitions are not a solo show but compila-
tions of many design projects, we decided to ask a few short questions only. 
Asking too many questions on a survey during the exhibition is not good. 
Most visitors do not want to spend so much time at one project and answer 
the questionnaire because they would like to see the other projects as well. 
Therefore, we asked only five simple questions, which are:

Q1: Do you think the prototype does what it is supposed to? [130]
Q2: Do you think the product’s design matches its purpose? [130] 
Q3: How logical does Cliff offered to you seem? [119] 
Q4:  How successful do you think Cliff will reduce the difficulties of using the 

zippers? [119]
Q5:  How likely are you to recommend Cliff to a friend, partner or colleague 

who have difficulties using the zippers? [119]
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The first two questions (Q1 and Q2) are about the high fidelity prototype 
of Cliff [130]. We would like to know what the visitors think about the fifth 
iteration design of Cliff, whether the prototype does what it is supposed to 
and whether the design of Cliff matches its purpose. The next three ques-
tions (Q3-Q5) questions are evaluating the credibility of Cliff [119]. With 
these questions, we would like to know how people think about the func-
tion offered by Cliff, how successful Cliff will reduce the difficulties of using 
zippers, and how likely they will recommend Cliff to others. We used the 
Feed2Go apps to perform the survey [131]. Figure 8.10 shows the interface of 
the Feed2Go app. The app can record the data online and offline.

Instead of using the Likert scale to rate the score for each question, we used 
the smiley face scale. We think that by introducing the smiley face for the 
survey, it will give an instant opportunity for the visitors of the exhibitions 
to response to each of the questions. According to Reynolds et al., using the 
smiley face scales will not require the participants to read and understand 
the verbal text scales [132]. It is also believed that using smiley scales will 
reduce the amount of time spent on processing the questions and give their 
response [132]. Besides that, the smiley face scales is also an approach 
to make the study more enjoyable for the participants [133]. The possible 
disadvantage of using this kind of scale is that those participants who pro-
cessed only smiley face scales may interpret it differently from those who 
process the verbal scale labels [132]. However, we noticed that during the 
survey at both of the exhibitions, no participants asked about how to answer 
their level of agreement to each of the questions, since they appear to fully 
understand the smiley face icons that we used.

We approached the visitors who came to see our project during the exhi-
bitions to participate in the study. Those who were willing to do that are 
invited to use an iPad to answer the questionnaire on the Feed2Go apps. The 
participants filled the survey after they watched the Cliff movie and the pro-
totypes shown during the exhibition. Figure 8.11 shows a visitor answering 
the questionnaire using the iPad provided during the exhibition study.

Chapter 8 Cliff: Iteration 5 - Connecting to Society
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Figure 8.10: The interface of the Feed2Go
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Figure 8.11: A visitor answering the questionnaire using the 

Feed2Go app during the DDW 2018 exhibition

8.4 Results

8.4.1 Quantitative Results8.4.1 Quantitative Results

Based on the reactions on Q1, all participants believed that Cliff prototype 
would do what it supposed to which is to close and open the zipper auto-
matically. Meanwhile, for the Q2, only 98.9 % of the visitors agreed that the 
design of Cliff matches its purpose as an automatized zipper. However, there 
is one participant (1.1 %) who thinks differently. The visitor told me that Cliff 
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is much suitable for the other application, and not for the garment. The par-
ticipant said that he sees Cliff has an excellent potential to be applied some-
where else rather than on the garment such as for an industrial application.

Table 8.1: Overview of the score for Q3-Q5

Question Median (IQR) WSRT

Q3 4.0 (1.0) z = 8.119, r = 0.876, p = 0.001**

Q4 4.0 (1.0) z = 7.806, r = 0.842, p = 0.001**

Q5 4.0 (1.0) z = 7.918, r = 0.854, p = 0.001**

**Indicates highly significant, p < 0.01, *Indicates significant, p < 0.05, r > 
0.5 indicates large effect size

Table 8.1 presents an overview of the Median, IQR scores, and one sample 
WSRT results for the three questions, which we evaluated the credibility fac-
tor. Here we test whether the scores for Q3, Q4, and Q5 are higher or lower 
than the neutral score (which is 3). Figure 8.12 shows the boxplot for the 
response on the credibility of Cliff latest prototype. All the three questions 
achieved high score (MED = 4.0, IQR = 1.0). The high scores indicated that the 
visitors rated that the function offered by Cliff is slightly logical and useful 
for them. The next score described that most of the participants feel that 
the invention of Cliff could reduce their difficulties on using the conventional 
zipper. The participants are also confident in recommending the automatized 
zipper to their friends who have difficulty with the normal zipper. They men-
tioned about their friends and family members who might need Cliff. The 
following section will summarised the qualitative feedback from the study.
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Figure 8.12: Response on Q3, Q4 and Q5 

8.4.2 Qualitative Results8.4.2 Qualitative Results

We summarised the feedback given by the participants based on their re-
sponse whether they have any additional comments or suggestions on Cliff. 
Besides that, we talked with the participants after they filled in the ques-
tionnaire. There were 69 responses from 86 participants (80.2 %) recorded 
during both exhibitions. 

Regarding the aesthetics of Cliff, most of the responses show that the 
participants think that the new looks of Cliff are beautiful, nice, complete, 
less complex, and fashionable. They gave their comments based on all the 
five different design iterations shown at the exhibitions (refer Figure 8.13). 
A few responses recorded are: “very beautiful shape. Looks nice and fits its 
purpose”(P02), “I like the shape of Cliff. It looks complete and fashionable. 
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It also imitates the shape of the slider. The new presentation is less complex 
and fits to describe the function as an automatized zipper”(P12), and “the 
design is pretty cute”(P32). Since the shape of the slider inspired us to de-
velop the new looks of Cliff, it shows that the nature of the slider’s form has 
affected how people perceived the physical appearance of an automatized 
zipper [134]. However, we also received negative feedback which is “the 
prototype looks like a wireless device. I don’t like it because other people 
can easily hack it and control it”(P21). The participant think that having Cliff 
as a wireless device is not safe. If somebody hacks the system, they can 
open her zipper.

Meanwhile, we also obtained a few reactions about usability issues. For 
instance, “really nice invention. Just try to improve and make sure it can 
adapt with different shapes of the puller”(P05) and “the idea is brilliant. 
However, try to improve and ensure that it can adapt to the different 
shapes of the puller. Make it integrated and can easily grab the puller”(P14). 
These two responses highlighted the concern from the participants on the 
capability of Cliff to accommodate different shapes of the puller. Cliff need 
to be a dynamic product and capable to be attached with any forms of the 
puller. Besides that, another response is “amazing idea, but what about the 
disabled people who cannot put on the device at the first place? It looks like 
you need quite a precise placement to clip the Cliff. Overall, this is still an 
amazing idea”(P13). The participant raised a concern that it is quite difficult 
for the disabled people to precisely place Cliff on the zipper. The attachment 
method needs to be improved so that the usability of Cliff will be better. A 
participant quoted that “it is good that we can still use the zipper manually 
if we forgot to bring cliff along out on a date”(P40). It describes the good-
ness of the ability of Cliff to be removed from the zipper and not be perma-
nently fixed. About the safety aspect, a participant wrote: “need to think 
for the ladies with long hair. Is it safe for them to use it?”(P20). The concern 
given is a good point for us to consider the safety aspect if any ladies with 
the long hair use Cliff to close back-zipper dress.
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The participants also wrote about who might need Cliff. Most of the partic-
ipants agreed that Cliff is needed by the elderly, ladies who have difficulties 
zipping the back-zipper dress, and for people with the physical disabilities. 
One of the participants mentioned that “my grandmother really needs this. 
She had a finger dexterity. She cannot hold an object very well on her fin-
gers. She bought a nice jacket but cannot use the zippers on her own” (P11). 
It shows that the finger dexterity faced by the elderly blocked her to use 
any zippered garments. Another feedback stated that Cliff can be used by a 
person with spastic problem: “it is fantastic. It might be one day my son can 
use it. He has a spatic problem (hand disability). Maybe cliff can help him” 
(P38). The other comments mentioned that Cliff is also useful for a single 

Figure 8.13: The five design iteration prototypes

Prototype 1 Prototype 2
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mother who lives alone (P36) and for those with a shoulder problem (diffi-
cult to move the hand to the back) (P18). There is also a woman who thinks 
that having Cliff will increase her independency when she mentioned that 
“if you have this, you do not need your husband anymore”(P19). Another 
participant realises that even though she is still capable of using the zipper 
now, one day she might need Cliff (P25).

About the application part, most of the responses that we received are 
from men. They prefer to discuss the other potential applications for Cliff. 
The participants mentioned that Cliff could be used on theatre curtains or 
interior design for making a sectional space with the curtains (P10), scuba 

Prototype 3 Prototype 4 Prototype 5
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diving suits (P17), for tents (P22), and on dust barrier system (P49). It shows 
that the function of this automatized zipper is not only limited to garments. 
Since we exhibit all the five design iterations prototypes, we also obtained 
feedback on the design iterations process. For instance: “I can see a very 
good design iteration. Begin the project with the Meccano is fantastic and 
looks fun”(P15), “I really like the process that you started with the Meccano 
until you have the smallest one”(P43), and “Very nice and useful. Good iter-
ations especially to begin with Meccano”(P47). It shows that the participants 
agreed that the use of Meccano during the design iteration is beneficial and 
practical to develop an automatized zipper.

8.5 Discussion

8.5.1 Discussion Concerning the Design (Fifth Iteration)8.5.1 Discussion Concerning the Design (Fifth Iteration)

We developed the fifth design iteration as an attempt to improve the 
aesthetics of Cliff. The fifth iteration prototype is the reflection from the 
feedback that we obtained in the second user study which was explained 
in Chapter 7. Based on the response, the elderly agreed that Cliff’s shape 
should be simple, not too clumsy, handy, and less complicated. The new de-
sign iteration is slightly smaller than the previous prototype and is inspired 
by the slider’s shape. We took out the toggle switch and the LiPo battery, 
and hide it in a little pocket at the back of the dress. The power is now trans-
mitted using conductive copper tape. We used a battery connector which 
transferred the power from the conductive zipper tape to the DC motor. The 
challenge here is we need to have a constant and stable contact between 
the battery connector and the conductive zipper tape. The continuous and 
stable connection is essential to ensure that Cliff can run smoothly. Besides 
that, the use of the conductive zipper tape causes slippage to the rotating 
wheels that we used in the fourth iteration prototype. Therefore, we de-
signed a new rotating wheel which combined rubber and plastic materials 
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to improve the traction and grip when the wheels rotated on the conductive 
zipper tape. We 3D printed the wheels in a single part.

We found that from the exhibition study, the participants agreed that the 
new look of Cliff is beautiful, complete, and less complicated. The curvy 
shape also attracts the visitors’ attention where they felt that Cliff is handy. 
The participants also highlighted the capability of Cliff to adopt various 
shapes of the puller and the safety issue for the ladies with long hair to use 
it on the back-zipper dress. These matters should be researched in the future 
to improve the usability and safety of the automatized zipper. Since we ex-
posed Cliff to society during both of the exhibitions, we can see that people 
looking at this project and participated in the study think that Cliff is not only 
beneficial for the elderly. They mentioned the other group of people who 
might also need Cliff such as people with the finger dexterity, hand disabil-
ity, and a single mother who lives alone. Besides that, they also think that 
Cliff can also be used for the curtains, making a sectional space, or in the 
dust barrier system. It shows a huge potential of an automatized zipper to 
be applied in the interior design or industrial application. 

 
 

Figure 8.14: (a) Project by Eri Keito and Tomoko Hashida (the textile of the honeycomb 

core sewn onto the zipper) [12] (b) a Zipper robot project by Haresh Miriyala on Youtube 

[13]
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During these four years, we found two projects which are related to the 
design and development of an automatized zipper. Figure 8.14(a) shows 
a project by Eri Keito and Tomoko Hashida from Waseda University, Japan, 
who developed a system to open and close the textile of the honeycomb 
structure sewn onto the zipper [12]. In their research, they proposed a textile 
that can expand clothes locally and dynamically. Another project is a zipper 
robot project by Haresh Miriyala which we found on Youtube [13]. From both 
projects, we can see that both of the prototypes are using two units of DC 
motor and looks bulky. These two projects show the existence of some ef-
forts and attempts in designing an automatized zipper or exploring the other 
applications of it such as shape changing garments. For instance, the project 
by Eri Keito and Tomoko Hashida which is a design to develop a dynamically 
volume changeable textile with an eye on manifestation of personal space 
by opening and closing control of a honeycomb structure sewn onto the 
zipper. The system is expected to make a personal space clear [12].

The Zipperbot, which was designed by Adam Whiton at MIT was part of a re-
search method called “Sartorial Robotics”. It was announced as a method of 
merging fashion theory and robotics. After his PhD thesis [144] in 2014 and 
the media attention for Zipperbot, there was not much follow-up to the best 
of our knowledge. From Whiton’s LinkedIn page we learn that he moved into 
the development of soldier garments for the U.S. Army Natick Soldier Re-
search, Development and Engineering Center (NSRDEC) and the U.S. Marine 
Corps (USMC) ONR (Office of Naval Research) [145]. The patent  US9622550 
B2 [1] “Methods and apparatus for robotic zipper” is still active (expiration 
2035), and is owned by MIT. To the best of our knowledge, our own project 
is unique in the sense that it took inspiration from Whiton’s Sartorial Robot-
ics, adding new ideas and targeting (mainly) the elderly.
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8.5.2 Discussion Concerning the Exhibition Study8.5.2 Discussion Concerning the Exhibition Study

During the study, most of the participants reacted to Cliff as a fresh and 
impressive project. There are a lot of visitors asking “where can we buy 
this?” during both exhibitions which expressed a kind of approval to this 
project [135]. They are excited watching Cliff on the Yellow Sublimation 
Dress and enjoy watching the Cliff video which clearly explains the purpose 
of Cliff as an automatized zipper [136]. Performing the exhibition study 
allowed us to bring and expose Cliff to the society. By doing that, we could 
know how people think about Cliff and how they make sense of what they 
see during the exhibition [137]. Besides that, showing the prototype during 
an exhibition allows the visitors to express their opinions about our de-
sign and discuss any issues or problems on the prototype shown [135]. We 
obtained feedback randomly from the teenagers, adults, and elderly during 
the exhibition. However, it is quite challenging to get a participant who is 
willing to answer the questionnaire during the exhibition. It is because most 
of the visitors will only spend a short time looking at each project because 
they would like to visit the other projects as well. Besides that, if the space 
given for a project is minimal, it is also difficult for the participant to fill in 
the questionnaire if there is a big crowd attend the exhibition. Therefore, we 
should be able to accommodate the situation and the space that we have to 
perform the study during the exhibition.

8.6 Chapter Summary

The latest design is an attempt to build a new prototype of Cliff by improving 
the looks of it. Based on the feedback gained from the second user study, 
we successfully developed a new design as the fifth iteration prototype of 
Cliff which is more aesthetically pleasing. The prototype was exhibited at the 
Dutch and Dubai Design Week 2018. We performed an exhibition study dur-
ing both exhibitions. The study examines how the visitors of both exhibitions 
react to Cliff. We found that the participants believed that Cliff is capable of 



184 

doing what it supposed to do which is to open and close the zipper automat-
ically. They also agreed that the design of Cliff matches its purpose and could 
reduce their difficulties on using the conventional zipper. The participants 
are also confident in recommending the device to other people who have 
trouble with the zipper. They also mentioned the other group of people who 
might need Cliff and other applications that might benefit from Cliff.
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9.1 Introduction

 
 
 

Figure 9.1: The three different working areas of Cliff’s project (IT = iteration)

In this thesis, we described Cliff, which is an automatized zipper. The moti-
vation is to assist people who have difficulties in performing the zipping and 
unzipping task independently. For instance, the elderly and ladies who have 
problems zipping a back-zipper dress. It is only at the end of this journey 
that we realise that the project is in fact more ambitious than we thought 
initially. We had to work in three different worlds, which are usually not con-
nected, and which each have their value system and techniques. Mechanical 
engineering relies on Newton’s laws and on making models to understand 
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technical principles. User research tries to understand people’s opinions, 
demands and wishes using scientific methods such as questionnaires and 
statistics. Fashion is a complex system driven by money and desire [138]. We 
often felt the system to be in unknown territory, the in-between land (the 
grey area in Figure 9.1) as the design space of Cliff. The blend of these three 
different fields (mechanical engineering, user research, and fashion) are the 
recipe of Cliff research success. We learned a lot from the multiple iterations 
performed to miniaturise and enhance the performance of Cliff. The feed-
back that we gained from the user study motivates us to build a better piece 
of Cliff. The inputs from a close collaboration with Marina Toeters (fashion 
technology expert) assists us in improving the aesthetics of this automatized 
zipper. It is such a great combination of these three fields of research which 
guide and lead us to develop Cliff that ready to get connected with the soci-
ety. In this chapter, we first respond to the research questions formulated in 
chapter 1. Then, we discuss the limitations and options for future work.

9.2 Answer to the Research Questions

Research Question 1-How did the zipper design evolve since the first 
invention of it, and what are the other potential applications, func-
tions, or features of the zipper rather than the typical use of zipping 
and unzipping the garments? 
The review conducted in chapter 2 is a study to investigate what actually 
happens in zipper development since its first invention. As also mentioned in 
chapter 2, it is difficult to find conference papers or journal articles published 
about the zipper’s development progress. Therefore, we performed a patent 
analysis as an alternative to review the design and development progress 
of the zipper. A patent report consists of various kind of information such as 
the technical details of the design, problems to be solved, and the potential 
applications of a particular product or design [41, 48]. This rich information 
is useful to investigate what recently happened to the design and develop-
ment of the zipper.
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Since we aimed to develop a generic automatized zipper, we focused on 
reviewing the design progress of the slider because it is the main part that 
complete the zipping and unzipping tasks. We constructed an evolution map 
by screening 940 patent reports to visualize the design and development 
progress of the zipper. Results indicated that the zipper design has changed 
from the conventional type [46] to the removable [63], rollable [6, 8], ad-
justable [9], and currently towards an automatic slider or even robotic zipper 
[1]. These inventions show that there are some moves out there to improve 
and enhance the zipper design, which aligned with our intention to design 
and develop Cliff as an automatized zipper. Besides that, we identified a few 
common problems mentioned and discussed among the inventors about the 
zipper. For instance, hard to grasp the small slider body and pulling it, the 
difficulty of joining the bottom pin, and hard to reach the back zipper of a 
lady’s dress [65, 66, 71]. The individuals who are often facing the problems 
mentioned are elderly, children, people with disabilities such as arthritis, 
multiple sclerosis, and ladies to use the back-zipper dress.

Performing the patent review also revealed other potential applications of 
the zipper. The typical use for the zipper is on the consumer product such as 
on the garments (e.g. jacket and dress), bags, and shoes. However, there are 
a lot more other applications in industrial area which used the zipper as well. 
For instance, the use of zipper on the protective garments in a controlled en-
vironment (e.g. food industry) or the chemically contaminated environment, 
the dust barrier system, and the tents industry. We learned that it is crucial to 
ensure that a worker who works in the controlled or chemically contaminated 
environment properly close their zipper all the time. It is crucial to avoid any 
damage to the product and to ensure the safety of the employee. 
 
Research Question 2-Can we develop a generic and universal type of 
automatized zipper, and what are the essential factors to produce an 
efficient traction and guidance mechanism for the automatized zipper? 
This research question gives rise to several sub-questions, including the 
following: 
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• Can we develop a generic kind of an automatized zipper without 
changing anything on the zipper structure itself? 

For the first sub-question, the answer is a clear yes. To our knowledge, 
Cliff is the first generic version of an automatized zipper. The design of Cliff 
remains the structure of the zipper compared to the first robotic zipper, 
Zipperbot developed by Adam Whiton [1]. We began the exploration using 
Meccano as explained in chapter 3. We did several attempts using the rub-
ber wheels, plastic gear sprockets, small plastic spur gears, a pair of plastic 
and rubber, and the caterpillar wheels to move the zipper tape with the 
slider’s fixed. We learned that there are several important factors to ensure 
the movement is smooth. For instance, the height of the slider fix points, the 
distance of the rotating wheels to the slider mouth, the amount of normal 
force acting on the zipper tape, the tightness of the contact between the top 
and bottom wheels, and the importance of friction to enhance the traction. 
Besides that, we also noticed that the proper attachment and holding of the 
slider to the chassis of the automatized zipper is crucial to ensure that the 
zipper tape is guided correctly to enter the slider mouth.

• What are the essential factors to produce an efficient traction 
mechanism for an automatized zipper to moves on the fabric (gar-
ments)?

For the second sub-question, the most essential factors for the traction 
mechanism are (1) friction, (2) normal force and (3) friction coefficient. 
These are related of course, and we had to explore and search for mech-
anisms to optimise friction. From the explorations, we found that the use 
of two plastic gear sprocket wheels established a uniform distribution of 
normal force acting towards the zipper tape. The gear sprocket wheels from 
the top and bottom side of the prototype make contact with the zipper tape 
surface and generate traction. Besides that, we also searched for the other 
traction mechanisms used in the research related to the vertical climbing ro-
bot on the garments. For example, the Rubbot and Clothbot use two wheels 
to grip into folds on clothing [74,75], Waalbot uses adhesive rotary legs to 
climb vertical surfaces [139], and CLASH robot which has six legs which can 
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penetrate into cloth to enable vertical adhesion [73]. However, we found 
that the mechanisms mentioned are not fit for Cliff due to the big size, the 
way it works which is not suitable for a zipper, and the safety issue.

• What are the essential components of a generic zipper, and how do 
these components interact and work together? Are there technical 
limitations posed by present-day materials, material combinations, 
and actuators?

For the third sub-question, the essential components are: (1) the top and 
bottom chassis, (2) the power supply, (3) the magnets (4) the DC motor (5) 
the gear box and the (6) rotating wheels. Note that some components have 
multiple functions, such as the chassis halves which provide protection, 
guidance and holds things together. We found limitations regarding the DC 
motor, the gear box and the rotating wheels. The limitations are rooted in 
the fundamental limitations, which we could analyse.

We performed a kinematics analysis as discussed in chapter 3 to determine 
the amount of torque and speed (rpm) required to miniaturise the first 
iteration prototype (the Meccano). It is a must first to understand the physics 
and mechanics of the conventional zipper [33]. We formulated a free body 
diagram to analyse the forces acting to the system during the upward and 
downward motion. Then, we calculated the torque and speed (rpm) required 
to drive the automatized zipper [33]. We found that much higher torque is 
needed during the upward motion compared to the downward movement. 
During the upward motion, the automatized zipper will have to pull the 
weight of its body. Meanwhile, during the downward motion, the existence 
of gravitational force from the body’s weight helps to reduce the amount of 
pulling force. Thus, it will decrease the desired amount of torque. Then, we 
used the knowledge gained from the Meccano exploration and the kinemat-
ics analysis to miniaturise the prototype as presented in chapter 4. To pro-
duce a small and precise rotating wheels using 3D printing, we used the 3D 
printer with the inkjet technology system. We also tried to print the wheels 
using the fused deposition modeling (FDM) printer. However, the precision 
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of the gear wheels is poor compared to the inkjet printer. It is crucial to have 
a precise gear-shaped of the rotating wheels to ensure that both top and 
bottom rotating wheels engage correctly. In summary: the main limitations 
are the lack of available small DC motors and the strength of the 3D printed 
wheels. 
 
Research Question 3-What are the essential factors to be considered in 
the development of the automatized zipper to ensure the user could 
positively perceive and use it as an assistive device for the zipping and 
unzipping process? 
The essential factors are (1) wearability, (2) usability (3) usefulness, (4) 
credibility and (5) expectancy. The sixth factor is fashion. We embedded our 
studies regarding these factors into our overall iterative design process. The 
users will lose the benefits of any particular wearable devices if they refuse 
to adopt the technology itself. Through the evaluation studies that we per-
formed in chapter 5 and 7, the feedback and response of the elderly towards 
Cliff were measured using standardized survey instruments regarding the 
wearability, usability, usefulness, credibility, and expectancy. The first study 
(N = 22) focused on to assess the wearability of Cliff using the second and 
third iteration prototypes with the Dutch elderly. The second study evaluates 
the wearability, perceived usefulness, perceived ease of use, credibility, and 
expectancy of the automatized zipper with elderly in Malaysia (N = 72) using 
the fourth iteration prototype. Then, we performed the third study as an ex-
hibition study (N = 86) as explained in chapter 8 to gain feedback and input 
from the visitors at the Dutch Design Week 2018 and the Dubai Design Week 
2018 by showing the fifth iteration prototype.

Based on the quantitative results from the first and second user study with 
the elderly, we found that the acceptance of the automatized zipper is satis-
factory. The older adults believed that Cliff is an effective and useful device 
to assist them using the zipper. They agreed that Cliff reduces their difficulty 
to perform the zipping and unzipping task. For them, Cliff is easy to learn, 
controllable, and understandable. The function offered by Cliff is also logical 
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for the elderly. They have the confidence to recommend Cliff to other people 
who have difficulty with the zipper. We also exposed Cliff to the society by 
exhibiting the fashionable fifth iteration prototype during the Dutch and 
Dubai Design Week 2018. We took the opportunity to perform an exhibition 
study to gain feedback from the visitors during both exhibitions. The visitors 
are attracted to the new look of Cliff which is for them less complicated, 
simple, and beautiful. They think that the curvy shape of Cliff makes it looks 
handy.

Based on the three user studies performed, there are some important issues 
concerning the product itself to be considered such as the product aesthetics 
and semiotics, stigmatisation, and attachment method. We conducted the 
first user study with the Dutch elderly. The elderly see Cliff as an unknown 
electronic device with no ideas what it is meant for. The appearance of Cliff 
during that time which is boxy and bulky makes it is difficult for them to 
guess the function of the prototype. However, they enjoyed experiencing 
Cliff during the study. The stigmatisation issue is an essential finding from 
the study. A few elderly mentioned about how people will look and think 
differently towards them if they carry Cliff while walking outside. It is a sign 
that links someone to undesirable characteristics [106]. Besides that, the 
product aesthetics and semiotics are also some inputs from the study. The 
size and presentation of Cliff which is quite bulky and not stylish could bring 
contrary acceptance and perception to the elderly. Improving the aesthetics 
is essential to reduce the stigma and to produce excellent communication of 
Cliff and its potential users [129, 140].

The second study was performed with 72 Malaysian elderly using the fourth 
iteration prototype as discussed in chapter 7. The participants also see 
Cliff as an unknown device, but they impressed with the look of Cliff. They 
believed that Cliff is a practical and useful device to assist them using the 
zipper. However, the elderly think differently about how people look at them 
while wearing Cliff. They don’t care what the other people think about how 
do they look like while wearing Cliff as long as the device bring benefits to 
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them. However, the elderly mentioned that Cliff should be less noticeable 
(reduce the size), increase the portability, and making it like an everyday 
clothing item. Besides that, some of the participants requested to have Cliff 
that can match with the garments that they dressed on. By offering person-
alization, it will enable them to make their own choice which can match and 
fit with their identity. Personalization is another way to empower the user 
and overcome the stigma while using any assistive product [102,128]. Mean-
while, from the exhibition study (as explained in chapter 8), the participants 
mentioned that the attachment method of Cliff to the zipper on the gar-
ments need to be improved to facilitate the self-wearing of the device. Peo-
ple want Cliff to be flexible to accommodate different shapes of the puller. 
They also mentioned that the invention is not only suitable for the elderly, 
but other individuals such as people with finger dexterity, hand disability, 
and a single mother who lives alone might need Cliff as well.
 
Research Question 4-Does the iterative research through design meth-
od assist and benefit the miniaturisation of the automatized zipper 
prototype? 

The iterative process was helpful in the sense that the large number of 
diverse factors to be considered was too overwhelming for being address-
ing at once. The factors are mutually dependent, so we could not cope with 
them on a one-by-one basis. The iterative process was successful in the 
sense that a significant miniaturisation was achieved. In the next para-
graphs, we discuss some aspects of this process in more detail. 

The most challenging part of this project is on how to develop a generic 
automatized zipper and build it in a small size. We performed several design 
iterations to create a working prototype of the automatized zipper at the 
early development stage. By doing that, we managed to understand and 
determine the potential traction mechanism to drive Cliff using the Meccano. 
It proves that developing the Meccano prototype could help the designers 
to understand and obtain some ideas like the mechanics and the behavior 
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of the system [78, 80]. The knowledge gained from the Meccano prototype 
assist us in designing the gear-shaped wheels as the traction mechanism 
for the miniature model. We developed the 3D model, print and clean the 
parts, assemble it, and perform the testing. After several trials, we managed 
to materialise the intention to develop a generic automatized zipper. The 
interaction and inputs during the prototyping period are useful to maximise 
design development. Through the iterative research through design process, 
the problem definition and essence of the product qualities became clearer.

We learned something new from the different design iterations especially on 
how to reduce the size of Cliff, improve the performance, usability, and looks 
of it. Sometimes, the process creates a new complication to the ongoing 
research. For instance, while we tried to reduce the size of Cliff and improve 
its presentation, a problem occurred to the movement of it. We faced tech-
nical contradictions during the design iterations. To overcome that, we used 
the Root Conflict Analysis (RCA+) method which is one of the tools in TRIZ to 
address the technical contradictions during the prototyping stage. We found 
that it is useful to use TRIZ with RCA+ along the iterative research through 
design method. The inventive principles triggered from the analysis help us 
to get some ideas to solve the contradictions on the prototype. We found 
that the TRIZ method with RCA+ used is helpful when the designers are lack 
of ideas to solve the contradictions or improve their design [3, 4]. The TRIZ 
method contributes to the making and reflection process during the iterative 
process.

Iterative research through design method is an exciting exploration. It cre-
ates a cycle that you can’t wait to start redesign again, analysing and testing 
the new design based on what you see and the feedback received from the 
users. Every new cycle will give you a new lesson, a unique experience, and 
also challenges to overcome. The motivation to design again is proof that 
as a designer, this methodology is a useful tool to assist in creating a better 
design. Since success is not a guarantee in your first attempt, the iterative 
process sometimes is time-consuming. However, every failure or success is 



195

a learning process from the design iterations itself, and the knowledge is 
embodied in the prototype created [141]. It is essential to develop a tangible 
prototype that can be experienced which could validate our ideas and guide 
for further improvements [32]. For instance, in the fifth iteration prototype, 
we improved the rotating wheels design by combining the rubber and 
plastic materials in a single part. By doing that, it increases the friction and 
improves the traction of Cliff to move on the conductive zipper tape since 
it is quite slippery. The iterative research through design allows us to have 
a dialogue between the material and the current design which lead to a 
potential solution for the problem [32].

9.3 Limitations and Options for Future Work

The work conducted in this dissertation is not without limitations. These 
limitations and future research directions are discussed below 
 
1. The DC motor 
The current design of Cliff used an inline DC gear motor which has its shaft 
connected directly to the rotating wheels. It brings the DC motor to the side 
of it to drive Cliff. Improving the placement of the DC motor could improve 
the balance of Cliff. The right-angle DC gear motor might help to improve 
the design where the output shaft is now at a 90-degree angle to the motor 
shaft. We found an example of this type of DC motor (model: GM24-350) 
[142]. The configuration of these types of gear motor tends to be more com-
pact. The GM24-350 DC motor torque and speed are suitable for Cliff. Howev-
er, our difficulty to fit in the DC motor is because the space to fit the rotating 
wheels is not enough. An extra of 2 mm is needed to install the wheels. The 
diameter of the rotating wheels must be bigger than the diameter of the 
DC motor. It is essential to avoid any contact between the bottom surface 
of the DC motor and the fabrics, which could introduce more friction to the 
system. The current electronics parts available in the market does not have 
the right-angle DC gear motor with specified speed and torque suitable for 
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Cliff. The overall size of Cliff is dependent on the DC motor size. A smaller 
DC motor could reduce the rotating wheels size. Thus, the size of Cliff will 
become smaller. 
 
2. Features and Control Method 
We performed the co-creation session to study the preferred features and 
control method to be embedded in Cliff with the elderly. From the study as 
explained in Chapter 7, we found that most of the participants choose the 
medication reminder and the localisation features to be added to Cliff. It is 
due to they sometimes forget to take medicine. They also mentioned that 
they are busy with daily activities which makes it is essential for them to be 
traced by their family and friends. For the control method, most of the par-
ticipants prefer to use the touch switch on Cliff. The reason why they choose 
the touch switch is that the control method is embedded in the Cliff system. 
The self-touch switch also makes them independent, and they can be active 
by using it. Due to the lack of time to perform another design iteration, we 
did not manage to include the features mentioned in Cliff and to introduce 
the new control method to replace the toggle switch used in the current 
prototype. 
 
3. Expose Cliff to People with Physical Disability 
Since there are other groups of people who could benefit from the invention 
of Cliff, it is good if they can experience Cliff in a user study. For instance, 
people with physical disabilities. We received an email from a guy who is a 
Facial onset sensory and motor neuronopathy (FOSMN) patient from Leiden. 
FOSMN is a motor neuron disease that starts in the face and spreads to neck, 
shoulders, arms, and hands. He told us that he faced severe weakness in 
arms and hands which make it hard for him to use the zipper as the oth-
ers. He mentioned, “I came across Cliff while searching for an automatized 
zipper (Google). Yours seemed in a pretty advanced stage. For people like 
me, an automatized zipper means a bit more freedom and independence, 
which is a valuable thing”. It shows that this guy appreciated the design 
of Cliff and believed it could increase his independency to a new level. He 
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invited us to show Cliff at the care centre that he used to do regular exercise 
to demonstrate Cliff to other patients over there. Therefore, it is an excellent 
opportunity to further explore and expose Cliff with people with disability. 
 
4. Industrial application 
Cliff has a strong potential for the industrial application as well. One of them 
is for the dust barrier system. The system used to control the dust for con-
struction, remodeling, and restoration. It can go up to 20 feet high. The dust 
barrier system uses a heavy-duty zipper to open the access door. One of 
the reasons why Cliff is needed for the dust barrier system is it is difficult to 
operate the zipper manually while the workers are wearing the safety glove 
during their working period. Besides that, the workers could not pull the 
zipper while holding some tools or materials to bring in/out of the working 
space. It will be time wasting and cause fatigue to the workers since they 
need to open/close the zipper manually every time they move in or out. 
Moreover, moving any big machine or equipment also will be much easier 
if the dust barrier system has an automatic zipper opening of the entrance 
door. Besides that, it is also an excellent opportunity to perform an evalu-
ation or user study with the workers at the construction or renovation site 
which used the dust barrier system. By doing this, more feedback can be 
obtained to improve the design of the automatized zipper for the industrial 
application. The needs and requirement of Cliff for industrial will be different 
compared to consumer products such as garments. The challenge perhaps 
is much bigger, and Cliff should be capable of being used as a heavy-duty 
device. 

9.4 Reflections

Over the last four years, I have had an opportunity to live and study in the 
Netherlands. It is a new experience for me to stay far away from my own 
country for the first time in my life. Since this research project involved the 
elderly, the first user study was conducted with the Dutch elderly while the 
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second study was performed with Malaysian elderly. What I see from living 
four years in the Netherlands is that the Dutch elderly is more independent, 
healthy, and active compared to the Malaysian elderly. The Dutch elderly can 
live alone in their house or in an apartment at the care home which for me 
describes the individualism. I am amazed by the ability of the Dutch elderly 
to do almost anything on their own. Meanwhile, in Malaysia, most of the 
elderly stay with their children or near to the family members. The culture of 
living together with the family members is strong in Malaysia. Some people 
in Malaysia used to label those who did not take care of their parents (es-
pecially the elderly) as useless or rebellious children. I also noticed that the 
daily life of the elderly in the Netherlands is well planned. They know what 
they are going to do every day as the culture of making an appointment 
for every meeting is strongly emphasized here. However, it did not happen 
in Malaysia as the Malaysian elderly are not much practicing the culture of 
making an appointment for any meeting or plan well for their daily activi-
ties.

I had several opportunities to present my research in the conferences and 
exhibitions held in Sweden, Poland, Japan, Thailand, and United Arab of 
Emirates. I am grateful to receive three best presentation awards in three 
different conferences that I attended. I noticed that the audience are excited 
to know about this automatized zipper project. For them, the idea is brilliant 
but straightforward and beneficial to a lot of people. However, they have 
different views and opinions on which group of people and what kind of 
application that is suitable for Cliff. It is because of the broad potential appli-
cations of Cliff which is a good opportunity to proceed this research. Besides 
that, I also faced a few experimental challenges during the period of this 
research. Our experimentation challenges are listed below 
 
1. Participants recruitment 
During the first user study, it is quite challenging to find the participants who 
are willing to participate in the study. We need to travel to a few cities in the 
Netherlands to find participants who are eager to participate in the study. 
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Instead of only relying on personal contacts, we tried to contact a few aging 
clubs and society. However, they couldn’t help us to recruit the participants 
due to the busy schedule of their activities during that time. We learned 
from that, and for the second user study, we made a formal approach to the 
Department of Social Welfare, Ministry of Women, Family, and Community 
Development, Malaysia to ask for their assistance to perform the study. They 
helped us by spreading the advertisement of the user study officially to a 
few elderly activity centres in Malaysia. Then, we managed to secure some 
interests from a few elderly activity centres in Malaysia who are willing to 
participate in the study. However, there are a few last minute cancellation 
which almost 30% of the potential participants canceled their participation 
due to personal reasons. We are grateful to have a few more contacts of 
the other elderly activity centres with the help of the ministry to replace 
those participants who cannot participate in the last minute. Meanwhile, 
we also faced difficulties in getting participants during the exhibition study 
performed at the Dutch and Dubai Design Week 2018. Even though there 
are thousands of visitors coming to both exhibitions, it is not that easy for 
us to ask them to participate in the study. It is due to the visitors are prefer 
to spend their time in just a couple of minutes at one design booth because 
they would like to visit the other designs as well. They prefer to chat with us 
to tell their opinion about our design.
 
2. Language Barriers 
The language barriers is another challenge for us to perform the user study 
in the Netherlands. We noticed that the Dutch elderly prefer to speak in their 
native language and it makes them comfortable to express their feelings 
and experiences on Cliff in the first user study. There are some of the elderly 
who tried to speak in English during the interview session, and we found 
that they will feel embarrassed if they cannot deliver their response cor-
rectly in English. In the second user study, we did not face the problem as 
it was performed in Malaysia. During the exhibition study, we again faced 
the issues especially during the Dutch Design Week 2018 since some of the 
visitors (Dutch people) who visited our design prefer to speak in Dutch rather 
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than English. In the Dubai Design Week 2018, most of the visitors can speak 
in English very well since most of the people who live in Dubai are foreign-
ers.

9.5 Concluding Remarks

We have discussed the needs of the automatized zipper for the elderly and 
how they reacted on the invention, about the wearability (e.g. comfort as an 
assistive device), usability (e.g. easy to operate and useful), the credibility 
and the aesthetics in this thesis. We exhibited Cliff in a few exhibitions such 
as the Dutch Design Week in 2017 and 2018, and the Dubai Design Week in 
2018. The latest show that we participated is the AvanTEX Paris 2019 which 
is an international tradeshow to the innovation in the textile and the fashion 
industry. Cliff was exhibited there in a close co-operation with by-wire.net. 
Showing in Figure 9.2 and Figure 9.3 are some of the pictures of Cliff at the 
AvanTEX Paris show. Figure 9.4 shows Cliff published in the book Unfloding 
Fashion Tech: Pioneers of Bright Futures, while Figure 9.5 shows Cliff exhibit-
ed at the Fashionology Summit in Dhaka, Bangladesh.

As shown we used the opportunity to disseminate results to the public. By 
exhibiting Cliff to the public, we are bringing it closer to the society. Though 
there are still apparent barriers (such as the manufacturing challenges) to 
the mass consumer market of the automatized zipper and some elements 
to be improved in our design, the research project keeps going on. We are 
positive for the near future that Cliff could come into our life and assist those 
who have difficulty using the zipper.
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Figure 9.2: Cliff at the AvanTEX Paris show 2019 (picture 1)
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Figure 9.3: Cliff at the AvanTEX Paris show 2019 (picture 2)
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Figure 9.4 a, b, c: Cliff in the book Unfolding Fashion Tech: Pioneers of Bright Futures.
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Figure 9.5: Cliff at the Fashionology Summit, Dhaka, Bangladesh 2019
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The Altshuller matrix, also known as the contradiction matrix. [11]
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