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ABSTRACT

Ready-to-assemble (RTA) furniture is favored by consumers because of its
convenient transportation and lower price. Ifs box packaging can reduce transportation
costs, reduce the risk of damage in the process of transportation, and has greater
flexibility in sales. At the éame time, it provides conditions for customers to assemble
furniture by themselves, making the assembly work easier. In recent years, the demand
for RTA furniture hés grown worldwide. Due to the COVID-lé pandemic, the trend of

- working from home has skyrocketed, which has increased the demand for space-saving
home ofﬁcle furniture in modular form. With the rapid develoi)ment of economy and
the rhythm of life is accelerating, people's demand for products has become much clear.
Mc;st people don't want to spend too much time on thinking about how to use a complex
product. For people who mév_e frequently and have busy séhedules, time savings and
affordability are important factors in choosing a product. Therefore, RTA Furniture is a
good choice for them.

Compared with traditional fufniture, RTA Furniture has simpler struéture and
fewer parts. Because of the sgemingly simple structure and com'ponénts, assembly and -
disassembly errors often occur. In the assembly process,- peoplé can refer to fhe
instructional guides or use virtual reality (VR) system to avoid errors. Or use
instructions manual to learn how to assemble.

However, the disassembly process is usually without any hint, which requires

users to use their own spatial abilities and understanding. Unlike assembly, disassémBly



is often easily overlooked. Especfally when moving, people are often faced with a large
number of items that‘ need to be disassembled. As users spaﬁal abilities and
‘understanding vary, the time taken for disassembly and the number of errors will be
different. It is important to consider how to improve the efficiency of disassembly.
Therefore, it is necessary to consider how to improve the efficiency of disassembly.
Both cube puzzles and RTA furniture have similar shape characteristics. It is precisely
because of these similar shape characteristics that people get easily confused when an
“error oceurs in the disassembly process. Therefore, the author studied the cube puzzles.

Many studies have found that the existence of shape characﬁeristics will affect the
efficiency of assembly. However, there a.re no discussions on the disassembly of cube
puzzles.

The puri)osg of this study is to determine whether the shape characteristics affect
the difﬁculty for usérs during disassembly, that is, whéther shape characteristics have‘
an effect oh disassembly ‘efﬁciency. It aims to find a method that under limited
conditions can improve disassembly efficiency.

In order to vefify whether the presence of shape characteristics the disassembly
efficiency, the author conducted 2 disassembly process experiment with seven different
types of joint cube puzzles (marked‘Types A,B,C,Al,A2,D and D1). The experiment
was divided into three éroups with a total of 56 participants from different countries.
The authpr used video recordings to observe the time spent by the participants in
disassembling the joint cube puzzles and the number of errors and analyzed the data.

The three joint cube puzzles (marked Types A, B and C) for Experiment 1 were



from previous studies. Type A had only vertical straight-line-form characteristics. In
Type B had curves appeared. Type C had axial syrﬁmetrical triangles and semicircles
édded on its joints. All three joint cube puzzles could be opened via multiple
components at the same time. And these three joint cube puzzles have 'been validated
in previous experiments on assembly, the pre'sence of th.e shape characteristics can
'improve the assembly efficiency. The reason for using this set of cube puzzles in
: Exberiment 1 was to know if the presence of the shape characteristics would improve
the efficiency of disassembly when using the same set of cube puzzles for disassembly
experiments. One-way ANOVA (analysis of variance) was used to analyze the data of
experiment 1. The results show that the existehce of shape characteristics did not
improve the efficiency of the disassembly.

For this reason, a new hypothesis was proposed. If a cube puzzle can only be
openéd by one part, that is to Say, limit one key clue as the sfarting step of the
disassembly task. Do the shape characteristics Qf the joints have an impact on the
disassembly éfﬁciency. New cube puzzles, Types Al and A2, were developed based on
Type A. Type Al had only vertical straight-line-form characteristics. Type A2 was the
same ’as Type Al, excebt for a semicircle was added at the joint of the kéy clue. In
Experiment 2, two sets of cubes were compared (Types A and Al, Types Al and A2).
When the cube puzzles Qere limited to have no shape characteristics added the joints, |
the disassembly efficiency was compared between the cube puzzle with multiple
openings (Type A) and the cube puzzle with only one key clue (Type Al). When the

cube puzzles were limited to only one key clue, the disassembly efficiency was



compared between the cube puzzle without shape characteristics on the joints (Type A1)
and the cube puzzle with shape characteristics added at joint (Type A2) was compared.

Experiment 2 aimed to find whether the shape characteristics had a positive effect
on the disassembly under the limited condition. Independent Samples t-test was used to
analyze the data of cxperiment 2. The results show that, when a cube puzzle that could
be opened via multiple parts, shape characteristics had no positive effect on disassembly
efficiency. However, when a ccbe puzzle with only one key cluc part that was labeled,
shape characteristics had a positive effect on disassembly efficiency.

In order to verify whether this conclusion can be applied to other cube puzzles, a
new set of cube puzzles (Types D and Dl)‘ were developed. The same results as the
compacison between T.ypes Al and A2 in Experiment 2. This can reinforce the ﬁndings
of Experiment 2.

Through three groups of experibments, it was found that when the cube puzzles
Werc limited to only one key clue, the shape charactefistics at the joint of the key clue
were more easily noticed. | Owing to the shape characteristic, the disassembly
interference was reduced.

This study is a basic study and the discovery elements will support to be one of

method to disassemble DIY furniture.
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CHAPTER 1

INTRODUCTION

1.1 Research Background and Objectives

Ready-to-assemble (RTA) furniture has become one of the fastest growing
furniture markets in the World. In recent yéars, RTA furniture has become pépular
among young people. And the demand for RTA furniture has grown worldwide. Ready-
to-assemble (RTA) furniture is favored by consumers because of ‘it_s convenient
transportation and lower price. Its box packaging can. reduce transportation costs,
reduce the 'riék of damage in the process of transportation, and has greater flexibility in
sales. At the saﬁe time, it provides conditions for customers to assemble fﬁrniture by
themselves, making the assembly work easier.

~ Dueto the COVID- 19 pandemic, the trend of working from home has skyrocketed,

~ which has increased the demand. for space-saving home office furniture in mbdular form.
With the rap’id deveiopment of economy and the rhythm of life is accelerating, people's
demand for products has become much clear. Most people don't want to spend t00 much
time on thinking about how to use a complex product.

Today's young people are different from the past. Dﬁe to the change in their jobs,
they rent more frequently. They move more frequently than those who own their own
houses[1]. |

For people who move frequently and have busy schedules, time savings and



affordability are important factors in choosing-a product. Corhpared with traditional
furniture, RTA Fl;rniture is easier to assemble and disassemble[2]. Theréfore, RTA
‘Furniture is a good choice fof them.

Ease to assembly and disassembly is an important consideration for users of
fufniture. Easy assembly and disassembly can signiﬁcaﬁtly improve the efficiency of
the users té assemble and disassemble the furniture, thus increasing user satisfaction.
In the prevalent era of online shopping, users can check the detailed description of the
products on various ;Jvebsites as well as reviews to determine whether to buy fhe product.
If the number of bad reviews is high, it will have a negative impact on the user who is
considering buying the products and thus discovurage the purchase. This is important
not on:ly for the. users but also for the manufacturer. User satisfaction directly
determines whether there are good sales or not. Therefore, improving the portability of
assembly and disassembly is important for both users and manufacturers.

According to CSIL's report "The European Market for RTA Furniture", the value
of RTA fufniture consurﬁption in Europe reached €14 billion in 2015. Overall, the RTA |
furniture market is (immediately) superior to the "fully assembled" furniture market in
Europe as a whole. (The score for the period 2010-2015 was +13%) According to
Furniture/Today, 80% of consumers aged 25-34 in each income category purchase RTA
furniture. Of these users, 61% stated that the primary reason for buying RTA furniture

- was its lower price; and 82% expressed satisfaction with RTA furniture[3].
The latest report on the Europe (RTA) Furniture market provides an analysis of the

market outlook trends for the period 2017-2021. RTA furniture is also selling well in .



Europe due to lower prices. Also, the global RTA furniture market is expected to grow
steadily over the period. Increasing global population and increasing demand for space
utilizatipn has also led to c‘bntinuous growth in the sales of RTA furniture[4-5].

On the other hand, the advantages of RTA furniture over traditionél furniture are
" obvious. RTA Furniture is more robust and easy to assemble. Due to the lower price of
transportétion and manufacturing, customer demand continues to increase [6]. Due to
thé growing trend of small pitch apartments, consumers are in greater need of furniture
that is easy to assemble and disassemble. RTA furniture is characterized by its simple
construction and lower number qf parts. The simplicity and similarity of parts reduce
assembly costs and avoids the waste associated with a small numbér of parts. And it
can be made up of a limited number of pieces of furniture[7]. Its scope of application
is brogder than that of traditional whole furlritur_e[8].

There are many furniture related products need to be assembled and disassembled
in lifé. For example, beds, cabinets, sofas, bookshelves, computer desks, toys, outdoor
items, dining tables, and much mr)ré. When the user is ready to assemble, the proper
assembly procedure will be to sort the parts of all the itemé énd téke out the instruction
manual. The inétruction manual will usually indicate the order and method of assembly
of the various parts of the product, with diagrams for reference. The user follows the
steps explained in the instruction manual to assemble.

Designers often prefer to rely on product manuals to guide users through the
product. But most people are lazy. Manuals often éontain a lot of technical vocal;ulary

or text that is too long, and users are often confused by that vocabulary and get bored.



At the end of a busy day, they don't want to do something as time-consuming and
laborious as reading a mgnual. Think that most of the rules of use can be understood by
common sense.

For saving time, they prefer to try to assemble the product directly based on their
understanding of the prodﬁct. When they rush to assemble the product, it is éasy to
. rﬁake mistakes. For example, they may mix up parts with similar shapes or sizes, or
they may make a mistake and damage the parts, causing unnecessary damage. In this
case, the wrong barts need to be disassembled and réassembled. When an assembly
error occurs, you Will often carefully study the details of the instructions until the
assembly is compieted correctly. When an assembly error obcurs, it i‘s frustrating -and
irritating to check the cause of the error aﬁd reassemble until the assembly is complete.

In case of assembly érrors, people can refer to the manual or use virtual reality
(VR) systems to make it easier[9]. However, when disassembling, there is also the
problem that similérly shaped or similarly sized parts may cause disassembly errors,
which is easy to be ignoreci. Repeated errors can cause negative emotions, attention to
detail and anxious [10-11]. In this case, people should try to disassemBIe the parts by
trial and error. If errors continue to occur, it will be necessary to try again and again.
This makes it more difﬁcuit to use. In this case, it‘ is necessary to improve the efficiency
of disassembly to increase the user's satisfaction and comfort with thev product.

When people move, to reduce costs and save time, they often need to disassemble
furniture and transport as few times as possible. And the impact of the disassembly

process on product design is a recognized fact. It affects recycling, maintenance, repair,



and reuse of components and materials[12]. Disassembly is a prerequisite for the reuse
of items. Therefore, from the planning étage of product design, disassembly also needs
to be evaluated to ensure that products are designed with beneficial disassembly
properties, are environmentally friendly, and are not difficult to recycle, promoting
recycling[13]. However, when products are not known about product construction and
~how to assemble or disassemble a prqduct, they can be easily damaged if forced
Vblin(.ily[1'4]. This results in reduced product usage. It also wastes resources. Therefore,
improving the efficiency of assembly and disassembly is very important for product
design.

To this end, it is first necessary to discuss what causes affect the efficiency of
assembly and disassembly.

Mortise-and-tenon joinery is a traditional interlovcking joining technique used in a
wide variety of designs, such as architecture, furniture, and toys. Such as'architecture,
furniture, toys, etc. Widely recognized for its versatility and reduced laber costs. Easy
to assemble and disassemble[15-17]. The structural features of the protruding and
recessed portions of iis joints can also be used as a seisrnic design, which helps to resist
lateral rnovement and horizontal cempressive stresses due to earthquakes[18]. The
method of interlocking technique can mnke a beneﬁciel contribution te the design of
smooth construction joints, among which the material links smoothly. By doing so, the
aesthetic value of architecture is no longer affected by connection. This method will
also be more effective in using materials and improving building speed[19]. Such

structures are also often found in the design of children's toys and furniture. Interlocking



joints are often designed as simple structures because of the need for easy assembly and
disassembly. It also reduces wear and tear on the joints. This makes them more
practiéa_l[ZO].

Due to joint éube puzzles and RTA furnitﬁré have similar characteristics: simple
_ construction, similar part shapeé, .and a sméller number of parts.‘ These characteristics
also lead fo user confusion and suscepﬁbility to assembly or disassembly errors‘when
assembling and disassembling. Therefofe, ‘the author used joint cube puzzle as a
research object.

Basic considerations need to be discussed first before the research methodology
can be clarified. Disassembly can be made more efficient if it is considered in advance
at the product design stage. And existing research has established Disassembly by
Design (DFD) guidelines désigned to provide product designers with advice on various
design considerations that may be incorporated into designs thaf can be disassembled
with assistance[21].

A method for designing disas’sembied products was proposed. Applying the
fundamentals associated with task analysis and motion time measurement to the
disassembly of several different consumer products can save significant time. It
facilitates the disassembly of end-of-life products and maximizes the use of materials
in the supply chain at the lowest environmental cost[22].

An interactive system can also be used in disassembly designs. The time téken for
disassémbly is used as an indicator to calculate the efficiency of each design using

Motion Time Measurement (MTM). Iﬁ can improve the efficiency of the designer's |



design splution. Also, multiple design solutions can be provided based on the customer's
design preferénces[23]. 7

Related research has found that shape, color, and size can provide clues for
assembly and disassembly with limited visual information. This can influence the ﬁsef’s
design imagination. When color and size information is lirhited, shape can provi_de
effective clues or be considered as the only key clue[24].

This study focuses on whether shape has a positive effect on disassembly
efficiency when limiting color and size to qtiantitétive. '

The existence of similar shape has been proved to be one of the reaéons that affect
~ the efficiency of assembly and disassembly. Designers should consider these minor
changes [25].

Factoré affecting assembly have been explored in detail in studies related to "ease
of assembly" and "user assembly errors". In thé study of the effebt of variables on joint
cube puzzles difficulty, four key variables, "positive space”, "negative space", "open
form" and "closed form", were used. This has béen shqwn to affect the difficulty of the
joint cube puzzles[26].

Besides, the presence of shape characteristic at the joints in cube puzzles can affect
the efficiency of .the éube puzzles assembly. It has been found that when only vertical
straight-line shape charécteristics are present in a cube puzzle, the efficiency of
assembly can be improved if shape changes are added as guiding cues at the joints of
the cube puzzles. In other words, the presence of shape characteristic at the joints has a

positive effect on the assembly of the cube puzzle. Cube puzzles take less time to



complete assembly and the numBer of errors in the» assembly process is significantly
reduced[27-29].

However, the disassembly of joiht cube puzzles has not been discussed - yet.
Therefore, this study is a new study on the disassembly of joint cube puzzles. In ordér
© to avoid inefficient operations and overuse of materialvs, increasing the disasser‘nbly‘
efficiency can be considered as one of the impbrtant .steps to extend the. product life.
Reducing the disassembly time and associated costs will ‘ iﬁcrease the economic
feasibility of extending the product life[30].

The purpose of this study is to determine whether the presence of shape
characteristics added at the joinfs affects the efﬁciency of the joint cube puzzles when
it is being disassembled. Whether the addition of shape characteristics to the joints has
a positive effect on the disassembly efficiency. The purpose of this’ study was to find a
method that would ma?;imizé the efficiency of disass‘embly under limited conditions.

In this study, we first used three different shape vériations of the previously studied
joint cube puzzle. They are labeled Ty.pe A, B, and C. Their volumes, dimensions, and
colors are identical. Type A has only vertical linear features. curves are present in Type
B. Type C incorporates axially symmetrical triangles and semicircles in its joints. Al
three types of jointed cube puzzles can be opened by multiple parts at the same time.
The number of parts is equal, all five pieces. The three joint cube puzzles have been
proven in previous assembly experiments that the presence of shape features can
improve assembly efﬁcienéy. This was reflected in the féct that cube puzzles with shape

features take less time to complete the assembly and make fewer errors when assembled.



Therefore, it was believed that the presence of shape features has a positive effect on
assembly.

In order to know whether the presence of shape characteristics improves the
éfﬁciency of diéassembly when using the same set of cube puzzles for disassembly
expériments. The three cube puzzles were subjected to disassembly experiments. The
data will be counted and analyzed. |

Hére, the author made two hypothesgs. H&pothesis one, the presence of shape
éharacteristics has a positive effect on disassembly, i.e., the presence of shape features -
can improve the efﬁciency of disassembly. Hypothesis two, the presence of shape
characteristics has no positive effect on disassembly, i.e., the presence of “shape '
characteristics does not affect the improvément of disassembly efﬁcieﬁcy. In the case
where hypothesis ‘two holds, it will be necessary‘to develop a new cube puzzle with
some new designs and adjustmeﬁts to its structure to continue the discussion of the

effect of shape characteristics on the disassembly efficiency.

1.2 Thesis Overview

Based on the above background, this study aims to determine whether the addition
of shape characteristics at the joints affects the efficiency of the joint cube puzzle during
disassembly. Whether the addition of the joint shape charaéteristics has a positive effect
on the efficiency of disassembly. To find a way to maximize the disassembly efficiency
under limited conditions. We hope that this research can be applied to future furniture

construction designs and improve the efficiency of furniture disassembly for consumer



convenience.
Chapter 1 Introduction:

This éhapter introduced the background of this paper and describes the originality
and novelty of this study based on the existing knowledge.
Chapter 2 Literature Review:

This chapter presented research related to disassembly design. It included the
existing methods of disasserhbly design. By analyzing and discusvsing the previous
knowledge, the methodology and objectives of this research were identified.

Chapter 3 Research Methodology & Experiments and Results:

This chapter highlights the r@searcﬁ methods used in this study as well as the
detailed experiments.

In order to verify whether the pre"senc‘e of shape characteristics the disaséembly

efficiency, the author conducted a disassembly process experiment with seven different
types of joint cube puzzles (marked Types A, B, C,IAI, A2,D and D1). The experiment
was divided into three groups with a total of 56 participants from different countries.
The author-used video recordings to observe the time spent by the participants in
disassembling the joint cube puzzles and the number of errors and analyzed the data.

The three joint cube puzzles (marked Types A, B and C) for Experiment 1 were
from previous stuciies. Type A had only vertical straight-line-form characteristics. In
Type B had curves’appeared. Type C had axial symmetrical triangles and semicircles
added on. its joints. All three joint cube puzzles could be opened via multiple

components at the same time. And these three joint cube puzzles have been validated

10



in previous experiments on assembly, the presence of the shape characteristics can

improve the assembly efficiency. The reason fer using this set of cube puzzles in

Experiment 1 was to know, if the presence of the shape crlaracteristics would improve -
the efficiency of disassembly when using the same set of cube puzzles for disassembly

experiments. One-way ANOVA (analysis of varience) was used to analyze the data of
experiment 1. The results show thet the existence of shape characteristics did not

improve the efficiency of the disassembly.

For this reason, a new hypothesis was proposed. If a cube puzzle can only be
oleened by one part, that is to say, limit one key clue as the starting step of the
disassembly task. Do the shape cilaracteristics of the joints have an impact on the
disassembly efficiency. New eube puzzles, Types Al and A2, were developed based on
Type A. Type Al had only vertical straight-line-form characteristics. Type Ai was the
same as Type Al, excepf for a semicircle was added at the joint of the key clue. In
Experiment 2, two sets of cubes were compared (Types A and Al,Types Al and A2).
When the crlbe puzzles were lirnited to have no shape characteristics added the joints,
the disassembly efficiency was compared between the cube puzzle with multiple
openirrgs (Type A) and the cube puzzle with only one key clue (Type Al). When the
cube puzZles were limited to only one key clue, the ,disasserhbly efficiency was
compared between the cube puzzle without shape characteristics on the joints (Type A1)
and the cube puzzle with shape charecteris‘ticvs added at joint (Type A2) was compared.

Experiment 2 aimed to find whether the shape charaereristics had a positive effect

on the disassembly under the limited condition. Independent Samples t-test was used to
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anélyze the data of experiment 2. The results show that, when a cube ‘puzzle that could
be opened via multiple parts, shape characteristics had no positive effect on disassembly
eﬁ'iciency. However, when a cube puzzle with only one key clue part that was labeled,
shape characteristics had a posiﬁve effect on disassembly efficiency.

In order to verify whether this conclusion can be applied to bther cube puzzles, a
new set of cube puzzles (Types D and Dl‘) were developed. The same results as the
cbmparison between Typeé Al and A2 in Experiment 2. This can reinforce the fmdings}

-of Experirhent 2.
Chapter 4 Analysis and conclusions:

This chapter provided a conclusion and anélyéis based on the data from the
experimental results in Chapter 3. It was found through three sets of experiments that
when the cube puzzle was limited to one key clue, the shape characteristics at the key
clue connections were more easily noficed; Due to the éhape “characteristics, the
disassembly interference was reduced. Based on this finding, it can be used as a
fundamental research to become one of the methods for DIY furniture disassembly.
Chapter 5 Future Work:

This chapter discussed how the methods of tﬁis study{ can be applied to new self-
assembled products in the future. Ih addition, in-depth consideration of the
shortcomings was provided to prepare for further design optimization |
Appendix:

The appendix of this chapter was divided into appendix A band appendix B

Appendix A: we provide data for each participant in the split experiment.
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Appendix B: we provide complete statistical analysis of the three experiments.

1.3 Definition of Terms

We used the following terms in this study:

Shape characteristics: in this .stu‘dy, it represents the shape added at the jéint of the
cube puzzle, which is different from the vertical straight-line-form characteristics. In |
addition, the vertical stréight—line-form characteristics is considered tov be no feafure in
the cube puzzlé.

Key clue: refers to the shape characteristics was added at the joint of the cube
puzzles, and this is unique in the cube puzzle. The disassembly task can be used to |
guide the participants to quickly find clues.

Positive effect: it refers to that the time taken to complete the disassembly task is
-shorter and the number of errors is less. It is considered that the shape characteristics
have a positive effect on the disassembly task and it can improve the disassembly

efficiency.

13



CHAPTER 2

LITERATURE REVIEW

2.1. Introduction of Chapter 2

In this chapter, the methodology of the study was discussed in the following
sections. Thé prior résearch was diséussed and analyzed to show the noveity of thig :
study. In ordef to clarify the evaluation criteria in the nexf steps of the research. The
characteristics of fhe cube puzzles used also be described and classified in detail in this

chapter.

2.2. Previous Stﬁdy

Due to the incréase in product categories, furniture and toys are a good challenge
for making everyday items[31-32]. Instructions for use provided by the manufacturer
are often the key tq the usability of the product. And tﬁese instructions often use
diagrams to show the structure of the product. The instructioﬁs remove unnecessary
details. Therefqre, this kind of information limits tﬁe human informétion processing
'system. This includes perception and visual reasoning. However, due to the lack of
intuitive instructions, the designed instructions are often difficult for users to
understand. Therefore, the use of visual instructions can help users easily understand
the use-of thé product[33]. The visual design has been applied in cognitive science and

* human-computer interaction. Similar methods are .also used in the design of an
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automated roadmap [34-37]. Well designed instructions can use various charts (such as
arrows) to effectively convey the structure of the product and the spatiel relationship
between its_components[38]. It can make users pay attention to the part structure and
use order [39]. Compared with text, graphics are more indicative of space and operation
[40-41].

Related fesearch has found that shepe, color, and size can provide clues for
assembly and disassembly with limited visual information. This can influence the-user’s
design imagination. When color and size information is limited, shape can provide
effective clues or be considered as the only key clue[42].

Factors affecting assembly have been explored in detail in studies related to "ease
of assembly" and "user assembly errors". In the study of the effect of variables on joint
cube puzzles difficulty, four key variables, "positive space”, "negative space”, "open
form" and "closed form", were used. This has been shewn to affect the difficulty of the
joint cube puzzles[43].

Besides, the presence of shape characteristic at the joints in cube puzzles can affect
the efficiency of the cube puzzles assembly. It has been found that when only vertical

. b
straight line shape characteristics are present in a cube puzzle, the efficiency of
assembly can be improved if shape changes are added as guiding cues at the joints of
the cube puzzles. In other words, the presence of shepe characte;istic at the joints has a
positive effect on the assembly of the cube puzzle. Cube puzzles take less time to
complete assembly and the number of errors in the assembly process is significantly

reduced[44-46].
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2.3. Design of Joint Cube Puzzles

Fig 2.1 showed the three cube puzzles used in the prior study, labeled in this
- study as Types A, B, and C. In prior research on the presence of shape on assembly
efficiency, it has been shown that shape has a positive effect on assembly efficiency,

i.e., the presence of shape can improve assembly efficiency.

Type

Number
of parts

Fig 2.1 Conceptual models in prior research.
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Type A had only vertical straight-line-form characteristics.

Type B had curves that appeared. |

Type C had axial symmetrical triangles and semicircles added on its joints.

All three joint cube puzzles could be opened via multiple components at the same
time. And these three joint cube puzzles have been Validated‘in previous experiments
on assembly, the presence of the shape characteristics can imprqve the assembly
efficiency.

The purpose of using this set Qf cube puzzles is to know whether the existence of
shape characteristics will improve the efficiency of disassembly when using the same
set of cube puzzlss.

Tflis set of cube puzzles Were used in Experiment 1.

Fig 2.1 showed new cube puzzles, Types Al and AZ, were developed based on
Type A. |

Type Al had only vertical straight-line-form characteristiss.

Type A2 was the same as Type Al, except for a semicircle was added at the joint
of the key clﬁe.

Types Al and A2 could not be‘ opened via multiple parts, there was only one key
clue part that was labeled. That is to say, when disassembling these two cubei puzzies,
the key of each cube puzzle rﬁust be found before the next operation can be carried oﬁt.

The reasons for redeveloping TypesA1> and A2 were explained in detail in tﬁe next

chapter. This set of cube puzzles were used in Experiment 2.
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~ Type

Number
of parts

Fig 2.2 Cube puzzles (Types Al and A2) developed based on Type A.

Fig 2.3 showed a completely new set of cube puzzles, Types D and DI1. Type D

had only vertical straight-line-form characteristics. Type D1was the same as Type D,
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except for a semicircle was added at the joint of the key clue.

Types D and D1 could not be opened via multiple parts, there was only one key
clue part that was labeled. That is to say, when disassembling these two cube puzzles,
the key of each cube puzzle must be found before the next operation can be carried out.
Types D and D1 consist of three parts. The reasons for redeveloping Types D and D1
were explained in detail in the next chapter. This set of cube puzzles were used in

Experiment 3.

Type

Number
of parts

Fig 2.3 Cube puzzles Types D and D1.
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CHAPTER 3

RESEARCH METHOD

3.1. Introduction of Chapter 3 -

In this chépter, the methodology of this study was prgsented. To verify whether the
presence of shape characteristics has a positive effect on diSass_embly and whether it
can improve the efficiency of splitting. Three sets of disassembl}; experiments were
conciucted on seven cube puzzles. A total of 56 participants were involved, each eight
corresponding to one cube puzzle. The time and the number‘of errors during the
experiment were observed. Compare the characteristics and differénces between the
cube puzzles used in each set of experfments. The experimental data will be analyzed
and counted. Besides, the means of the analysis of the cxpérimental data and the results 4
of the experiment are presgnted.

The first obsérvation experiment of disassembly was conducted using the three
cube vpuzz.les from the prior study. It has been known that thé presence of shape
characteristics has been shown to have a positive effect on assembly efﬁciency, ie., to
improve assembly efficiency, when assembling experiments in the prior study. The
purpose of using this set of puzzles was fo know whether the presence of shape
characteristics improves disassembly efficiency when using the same set of puzzles.
Thérefore, two hypotheses can be put forward.

1: The disassembly of this set of cube puzzles, with the same structure, in which

20



the shape characteristics being added at the joints have a positive effect on disassevmbly
efficiency, i.e., the disassembly efficiency can be improved.

2: On the premise that the structure of this group of cube puzzles remains
unchanged, the shape‘ characteristics added at the joints ﬁave no‘ positive influence on .
di‘sassembly efficiency, i.e., it cannot be proved that the disasserhbly efﬂciépcy can be
improved.

The discussion is not continued in the case where assumption the first holds. The
set of cube puzzles will be redesigned in the case where assumption the second holds.
A new set of cube puzzles needs to be developeci and the properties of the relationship
between the shapes and disassembly discussed.

The hypothesis was verified by the following experiment.

3.2 Experiment 1
. 3.2.1 Experiment ‘Cube Puzzles
Thé tﬁree joint cube puzzles (Types A, B, and C) for Experiment 1 were from
previous studies. And these three joint cﬁbe puzzles have been validated in previous
experiments on assembly, the presence of the shape characteristics can improve the
assembly efficiency.
The reason for usihg_ this set of cube puzzles in Experiment 1 was to know if the
. presence of the shape characteristics would improve the éfﬁciency of disassembly when
using the same set of cube puzzles for disassembly experiments.

As described in the previdus chapter, Type A had only vertical straight-line-form
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characteristics. Type B had curves that appeared. Type C had axial symmetrical
triangles and semicircles added on its joints. As shown in Figure 3.1, all three joint cube
puzzles could be opened via multiple components at the same time. The differences

between Types A, B, and C are marked with red lines.

Fig 3.1 Details of Types A, B, and C.
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3.2.2 Experiment Procedure

A total of 24 participants participated in Experiment 1. According to the pilot study
in Chapter 1, all participants' age was between 25 - 34. Existing research shows that
users aged 25-34 prefer to choose RTA furniture that can be assembled freely[47].
Therefore, the age range of the participants was set between 25-34. As shown in Figure

3.2, 3.3, and 3.4, every 8 participants corresponded to one cube puzzle.

Participants ==

Type A

Fig 3.2 Participants of Type A.

Participants

Type B

Fig 3.3 Participants of Type B.
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Participants =

Type C

Fig 3.4 Participants of Type C.

The start of disassembly to the completion of the experiment was filmed and
recorded. Cube puzzles were placed randomly on the table without prompting prior to
the start of the experiment (Figure 3.5). Participants saw the cube puzzle to be
dismantled for the first time. After all participants have completed the disassemble

experiment, the data will be analyzed and organized.

Fig 3.5 Randomly placed cube puzzles Types A, B, and C.
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3.2.3 Statistical Analysis
The disassemble experiment was completed and the result statistics was shown in
Table 1. The numbers of errors during the experiment and the time duration to complete

the disassemble experiment were recorded for the 24 participants.

Table 1. Result of Types A, B, and C

Participants | Al A2‘ A3 A4 AS A6 A7 A8

Time 12 8 10 6 12 14 13 7

Duration(s)
Numbers 0 0 0 0 0 1 | o 0
of Errors

Participants| Bl | B2 | B3 | B4 | BS | B6 | B7 | BS

Time 2 | 9 21 7 14 17 14 7
Duration(s)
Numbers 1 0 2 0 0 0 0 0
of Errors

Participants | C1 C2 C3 C4 Cs Cé6 C7 C8

' Tirﬁe 16 12 24 15 24 17 38 10
Duration(s)
Numbers 0 0 1 | 0 1 0 2 0
of Errors.
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The data were collated, the data were analyzed scientifically using One-way
ANOVA (analysis of variance). Whether the presence of a shape characteristics had a
positive effect on the disassemble of this set of cube’ puzzleé was determined by the

average time and average numbers of errors that participants used to disassemble Type

A, B, and C.

3.2.4 Results of Experiment 1

whether there were significant differences in average times and average numbers
of errors between Types A, B, and C. The resqlts are as follows (Table 2): The mean
difference is significant at‘the 0.05 level. A statistically significant di‘fferencebwas found
in average time [A (M=10.250, SD=2.964), B (M=13.880, SD=5.915), C(M=19.500,
SD=9.008), (F(2,21.)=4.174, p=0.03d<.05)]. However, there were no signifi cant
differences in the average numbers of errors [A(M=0.130, SD=0.354), B(M=0.380,

SD=0.744) , C (M=0.500, SD=0.756) , (F(2,21) =0.700, p=0.508>.05 )].
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Table 2 One-way ANOVA Analysis for Types A, B, and C

Type A-B-C N M(s) SD df F P-value

Time CA 8 10.250 | 2.964 2,21 4.174 0.030
B 8 | 13.880 | 5.915
C 8 19.500 | 9.008

Errors A 8 0.130 0.354 2,21 0.700 0.508
B 8 0.380 | 0.744
C | 8 0.500 0.756

N: Number of participants; ~ M: Mean; 2=second(s) ; SD: Standard Deviation;

df: degree of freedom;  P-value: Signiﬁcénce .

The post hoc test showed (As shown in Table 3), in the "Average Time" section,

the mean difference between each Type, the lower and upper bounds of the 95%.

confidence interval, and the p-values. Multiple comparisons showed that Type C had a

significantly higher mean average time than both Types A and B (A-C, p=0.009<.05;

B-C, p=0.096<.05), but the difference between the mean average time of Types A and

B was not statistically significant (A-B, p=0.274>.05)>.
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Table 3 Post Hoc Tests for Types A, B, and C (in the "Average Time" section)

Post Hoc Tests /- Multiple Comparisons
Dependent Variable: Tinie -
(D Type (J) Type Mean P-value 95% Confidence Interval
Diﬁ'ereﬁce ' Lower Upper
-n | Bound Bound
A | B 3.625 0274 | -10330 3.080
C. -9.250" 0.009 -15.960 -2.540
B A 3.625 0.274 -3.080 . 10.330
| C -5.625 0.096 -12.330 1.080

C A 9.2_50 0.009 2.540 | 15.960
B - 5.625 | 0.096 -1.080 12.330

3.2.5 Discussion of Experiment 1

The analysis of the results revealed that these three cube puzzles of Experim‘ent»l.,
Type B, and C with curves and shape characteristics added to the joints, were not
significantly different from Type A without shape cha}racteristicsr when they were
disassembled. Although sﬁape characteristics were. added to the joints of Type B and C,
the presence of shape charac;ceristics did not improve the disaésembly efficiency. In
other words, the presence of shape characteristics/had no positive effect on the
diséssembly. Besides, it was observed that almost every participant started the

experiment without overthinking, but subconsciously disassemble the cube puzzles.
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Although the average time results showed thai disassemble Type B and C took more
time than disassemble Type A, there was no significant difference in the average
numbers of errors betWeen these three cube puzzles. Therefore, a completely new set
of cube puzzles were needed to continue the discussion of the effect of shape

characteristics on disassembly.

3.3 Experiment 2
3.3.1 Experiment Cube Puzzles

Frombthe results of Experirhent 1, it was learned that Types A, B, and C had no
positive effect of shape characteristics on disassembly in the experiment. Types A, B,
and C could be opened via multiple components at the same time with no direction limit.
Since Type A could be opened VAia fnultiple components at the same time with no
direction, there are fewer constraints between parts. Constraints can be used as a strong
cue to limit the possible actions that can be taken. It can guide actions aﬁd simplify
interpretation[48].v Therefore, constraints were added to the design of the new cube
puzzle. So that the effeet of shape characteristics on disassembly efficiency can be
observed under constrained conditions.

' Experiment 2 will change this structur_e: the ability to could be opened vie multiple
components at the same time will instead be restricted to one key cue as the starting
step. Unlimited random openings in any direction were not possible. In other words,
when disassembled, the key cue must first be found before the next step can be taken.

Since Type A has only vertical straight-line form characteristics, only Type A will be
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continued for discussion and analysis.

Based on Type A, Type A1 and A2 were developed.

Figure 3.6 presented the details and features of Type A and Type Al. As the same
as Type A, Type Al had only vertical straight-line-form characteristics. The parts
marked with red and green lines in Type A can be disassembled at the same time or
separately, in no particular order. It should be noted that the parts marked with red and
green lines in Type A1 correspond to the parts marked with red and green lines in Type
A. The part with the red line in Type Al was the key clue for the start of the disassembly
task. This part must be found at the start of the disassembly task before a part marked

with a green line or other parts can be disassembled.

Fig 3.6 Comparison of Types A and A1

Figure 3.7 presented the details and features of Type Al and Type A2. People can
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easily perceive symbols with their eyes[49]. Type A2 and type Al have the same
characteristics except for the different shapes added at the key clues. At the joint of the
key clue, Type A2 was added with a semicircle shape. The shape of a line was different
from that of vertical straight-line-form characteristics. The added semicircle can be
used as a symbol different from the vertical straight-line-form characteristics. -

It should be noted that the parts marked with red lines in Type Al correspond to
the parts marked with red lines in Type A2. The part with the red line in Type Al and
Type A2 was the key clue for the start of the disassembly task. This part must be found

at the start of the disassembly task before other parts can be disassembled.

Fig 3.7 Comparison of Types Al and A2

3.3.2 Experiment Procedure

Since the data of Type A was from Experiment 1, in order to complete the
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disassembly task of Type Al and A2, eight new participants aged 25-34 were selected
to participate in each task of Experiment 2. As shown in figures 3.8, and 3.9, there was
a cube puzzle correspond to every eight participants.

The start of disassembly to the completion of the experiment was filmed and
recorded. Cube puzzles were placed randomly on the table without prompting prior to
the start of the experiment (Figure 3.10). Participants saw the cube puzzle to be
dismantled for the first time. After all participants have completed the disassemble

experiment, the data will be analyzed and organized.

Al(l)  ; ;AI(Z);’,_;. ’:,,3:‘A1(3) ;{;ijA1(4),g_' ‘,

Participants ==

JAD I QO | C©

Type Al

Fig 3.8 Participants of Type Al
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Participants =~ ==

Type A2

Fig 3.9 Participants of Type A2

Fig 3.10 Randomly placed cube puzzles Types Al and A2

3.3.3 Independent Samples Test
The disassemble experiment was completed and the result statistics was shown
in Table 4. The numbers of errors during the experiment and the time duration to

complete the disassemble experiment were recorded for the 16 participants.
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Table 4. Result of Types Al and A2

Participants | Al(1) | A1Q2) | AI3) | AI@) | AI() | AL6) | AL(7) | AL(8)

Time 20 15 | 8 17 9 13 23 | 15

Duration(s)
Numbers 3 1 4 3 7 2 2 5 8
of Errors

Participants | A2(1) | A2(2) | A2Q3) | A2(4) | A2(5) | A2(6) | A2(7) | A2(®)

Time o | s | 7 | u | 9 | 1| 6 | 14
Duration(s)

Numbers | 2. 0 | o 5 1 3 2 | 3
of Errors

The data were collated, the dafa were analyzed scientifically using Independent
Samples t-test. Whether the presence of a shape characteristics had a positivé effect on
the disassemble of this set of cube puzzles was determined by the average time and
avérége numbers of errors that participants used to disassemble Type A, Al and A2( thev

data of Type A was from Experiment 1).

3.3.4 Results of Experiment 2
Types A and Al were compared.
Comparison 1:

The time taken and number 'of errors committed during the disassembly of Types
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A and Al were statisﬁcally analyzed. An independent samples t-test was conducted to
analyze‘whether a signifi cant difference existed between Types A and Al.

The results are shown in Table 5. The mean difference was set at 0.05. Type A
(M=10.250, SD=2.964) that could be opened via multiple components at the same time
was compared to Type Al (M=15.000, SD=5.099) that could be opened with only one
key clue. A statistically significant difference was found between Types A and Al in
terms of Average Time (t(14)=-2.278, p=.039). Type Al (M=4.250, SD=2.252) had a
signifi cantly higher mean average number of errors than Type A (M=0.130, SD=0.354),
(t(14)=- 5.118, p=0.000). These findings provide evidence that the disassembly

efficiency of Type Al is lower than that of Type A.

Table 5. Independent Samples t-test for Types A and A1

Type A-A1l N M(s) SD ot df P-value
Time A | 8- 10.250 | 2.964 2278 14 0.039
Al 8 | 15000 | 5.099
Errors A 8 0.130 0.354 -5.118 14 - 0.000
Al 8 4250 2252
N: Number of participants; M: Mean; 2=§econd(s) ;  SD: Standard Deviation; df:
degree of freedom; P-value: Significance

Typés Al and A2 were compared.

Comparison 2:
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The time tgken and number of errors committed during the disassembly of Types
Al and A2 were statistibally analyzed. An independent sampies t-test was conducted to
analyze whether a significant.difference existed between Types Al and A2. The results
are shown in Table 6. Type Al (M=15.000, SD=5.099) With oniy rectilinear shape
- characteristics was compared to Type A2 (M=9.130, SD=2.997) with a shape"
. characteristic _(a semicircle) added at the joint of ‘the key clue part. A statistically
signiﬁcant,dviffervence existed between Types Al and A2 in terms of average time
(t(14)=2.810, p=.014), indicating fhat the average time taken to disassemble Type Al
was signifi cantly higher than that for Type A2. Type A1 (M=4.250, SD=2.252) had a
signiﬁcantly higher mean average numbe;' of errors than Type A2 (M=2.000,
SD=1.690), (t(14)_=2.260, p=.040).

Thesé findings provide evidence that the disassembly efﬁciency.of Type A2 is

higher than that of Type Al.

Table 6. Independent Samples t-test for Types Al and A2

Type A1-A2 N M(s) SD t df P-value
Time Al 8 15.000 | 5.099 2.810 14 0.014
A2 8 9.130 2.997
Errors Al -8 4.250 2252 2.260 14 0.040
A2 8 2.000 | 1.690
N: Number of particip‘ants; M: Mean; 2=second(s) ; SD: Standard Deviation;
| df: degree of freedom;  P-value: Significance
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3.3.5 Discussion of Experiment 2

The analysis of the results revealed that in comparison 1, Type A and A1 have only
vertical straight-line-form characteristics. There were no shape characteristics added at
the joint of the parts. The difference was that Type A could be open_ed via multiple
components at the same time without direction limitation. Participants can easily
disassemble Type A via multiple directions. The participants disassemble Type A for
the first time, and obviously did not think too much when disassembling Type A, but
subconsciously disassembled it.

Type Al had only one key clue. As tﬁe first step of the disassembly task, the
: participan'cs must find the part of the key clue before they can continue the disassembl’y
fask. Because there was no hint, and the shape characteristics were only vertical
straight-line-form characteristics, participants spent morc time searching for key clues
in the process of disassembly. Therefore, it took more time to disassemble Type A1l than
to disassemble Type A. There were also morc errors. There Was a significant difference
betwcen the average time and the avera'ge.number of errors in the disassembly task.

‘ In comparison 2, both Type Al and A2 have only cnc key cue at the start step.
There were no shape characteristics added at the joint in Type Al. Type A2 part had a
shape characteristics added at the joint: a semicircle. Participants were looking for key
clues during both the disassembly of Type Al and A2. Becaﬁse the shape characteristics
added at the joints of the Type A2 part was different from the vertical straight-line-form
characteristics, participants spent less timc finding the key cue for Type A2 than for

Type Al. There were fewer errors. The average time and the average number of errors
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in the disassembly task were sigrﬁﬁcantly different between Type Al and A2. In this
case, the presence of shape characteristics had a positive effect on disassembly, i.e., the

presence of shape characteristics improved the disassembly efficiency.

34 EXper-iment 3
3.4.1 Experiment Cube Puzzles

The experimental results in the previous chapter showed that the shape
Characteristicé that were added to the joints have a positive effect on the disassembly
efﬁciency when the cube puzzle has only one key cue, i.e., the shape characteristics can
improve the disassembly efficiency. To verify bwhetAher this conclusion can be applied
to other cube puzzies, a whole new sét of cube puzzles needs to be developed to
~ continue the discussion.

In both 'Experimen_ts 1 and 2, the number of parts was 5. Therefore, it was
necessary to develop a set of cube puzzles with a different number of parts to be verified
and discussed again, régardless of whether the cube puzzles used could be opened via
multiple components or had only one key clue at the starting step. -'TO, make it easier to
observe, a group of cube puzzles with less than 5 parts will be develdped. And fhere is
only one key clue at the starting step.

Two new cube puzzles havé been developed tTypes D and D1). Similar to Types

| Al and A2, both Types D and D1 have only one key cue at the starting step. There were
no shape chﬁracteristics added at the joint in Type D. Type D‘ have only vertical straight-

line-form. Type D1 part had a shape characteristics added at the joiht: a semicircle.
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The details of Types D and D1 were compared as shown in figure 3.11. The parts
marked with red lines were key cues for the start of the disassembly task.

This part must be found at the start of the disassembly task before other parts can
be disassembled. The purpose of experiment 3 was to determine whether the shape

characteristics affect the efficiency of a cube puzzle when it is composed of three parts.

Fig 3.11 Comparison of Types D and D1

3.4.2 Experiment Procedure
To complete the disassembly task of Types D and D1, eight new participants aged
25-34 were selected to participate in each task of Experiment 3. As shown in figures

3.12, and 3.13, there was a cube puzzle correspond to every eight participants.
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The start of disassembly to the completion of the experiment was filmed and
recorded. Cube puzzles were placed randomly on the table without prompting before
the start of the experiment (Figure 3.14). Participants saw the cube puzzle to be
dismantled for the first time. When participants have completed the disassemble

experiment, the data will be analyzed and organized.

Participants

Type D

Fig 3.12 Participants of Type D

Participants ==

Type D1

Fig 3.13 Participants of Type D1
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Fig 3.14 Randomly placed cube puzzles Types D and D1

3.4.3 Independent Samples Test
The disassemble experiment was completed and the result statistics was shown
in Table 7. The numbers of errors during the experiment and the time duration to

complete the disassemble experiment were recorded for the 16 participants.
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Table 7. Result of Types D and D1

Participants | D(1) | D(2) D3) | D@ D (5) D (6) ‘D @) D (8)
Time 37 | 30 | 16 6 8 | 6 | 13 13
Dufation(s)
Numbers 14 9 6 6 7 2 9 8
of Errors
Pérticipants | DI(1) | D1(2) D1(3) D14 | DI(5) | D1(6) | D1(7) | DI (8)
Time PN I O T T A 9 | 10
Duration(s)
Numbers | 2 2 1 3 1 2 2 | 4
of Errors

The data were collated, the data were analyzed scientifically using the Independent

Samples t-test. Whether the presence of shape characteristics had a positive effect on

the disassemble of this set of cube puzzles was determined by the average time and

" average numbers of errors that participants used to disassemble Types D and D1.

3.4.4 Results of Experiment 3

The time taken and number of errors committed during the disassembly of Types D and -

D1 were statistically analyzed. An independent samples t-test was conducted to analyze

whether a significant difference existed between Types D and D1. The results are

shown in Table 8. Type D (M=16.130, SD=11.457) with only rectilinear shape |
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characteristics was compared to Type D1 (M=6.000, SD=2.673) with a shape
characteristfc (a semicircle) added at the joint of the key clue part. A statistically
significant difference existed bétweeh Types D and DI in terms of average time
(t(14)=2.434, p=.029), indi(;ating thét the average time of Type D1 was significantly
higher than that of Type D. Moreover, Type D (M=7.630, SD=3.420) had a
significantly higher méan average number of errors than Type D1 (M=2.130,
SD=0.991), (t(14)=4.369, p=.001). These ﬁnciings provide evidence that the
disassembly efficiency of Type D1 is higher than thét of Type D. Iﬁ this case, the shape \
characteri‘stics had a positive effect on the disassembly ¢fﬁcienéy, proving that shape

characteristics improve efficiency of disassembly.

Table 8. Independent Samples t-test for Types D and D1

Type D-D1 N _ M(s) SD t df P-value

Time D 8 16130 | 11457 | 2434 | 14 0.029
DI 8 6.000 | 2.673

Errors D 8 7.630 | 3.420 | 4369 14 0.001
DI 8 2.130 | 0.991

df: degtjee of freedom; P-value: Significance

N: Number of participahts; M: Mean; 2=second(s) ; SD: Standard Deviation;




3.4.5 Diécussion of Experiment 3

~ As the same as Types A1 and A2, both Types D and D1 have oﬁly one key cue at
the start step. There‘were no shape charactefistics added at the joint in Type D. Type
Di part had a.shape characteriétics added at the joint: a semicircle. Parficipants_ were
: looking for key clues during both.the disassembly of Types D and D1. Because the
shape characteristics added at the joints of the Type D1 part was different from the |
vertical straight-line-form characteristics, paﬂicipaﬁts spent less time finding the key
cue for Type D1 than for Type D. There were fewer errors. The average time and the
.average number of errors in the disassembly task were significantly different between
Types D and D1. In this case, the presence of shape characteristics had a positive effect
on disassembly, i.e., the presencé of shape characterisﬁcs improved the disassembly

efficiency.

3.5 Conclusion of Chapter 3

In this chapter, the rﬁethodology of this study was presented. To verify whether the - |
presence of shape characteristics has a positive effect oh disassembly and whether it
improves the efficiency of _disassembly. Three sets of disassembly experiments were
conducted by performing a 7 cube puzzles. The time and number of errors during the
experiments were observed.

The results showed that when participants disassembled the cube puzzle that could
be opened vié multiple parts, although the cube puzzles with shapevcharact_eristics took

more time to disassemble, the average number of errors was not different. Thus, the

44



shape characteristics'_had no- positive effect on the disassembly effciency. However,
when participants disassembled a cube puzzle that had only one key clue part and a
shape characteristic on this part, the latter had a positive effect on disassembly effciency,

that is, the shape made the disassembly process more effcient.
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CHAPTER 4
ANALYSIS AND CONCLUSIONS

4.1 Introduction of Chapter 4
In this chapter, each of the three experiments was be analyzed. The video data from
the partiCipahts are used to analyze what really caused the difference between the

average time and the average number of errors.

4.2 Analysisv of Experiments
4.2.1 Analysis of Experiment 1

In order to verify whether the presence of éhape characteristics affects the
efficiency of the disassembly task under different conditions, seven different cube
puzzles were used to perform the disassembly expériment.

Observing the video recordings of the experiment, some common characteristics
of the parficiparits during the disassembly experiment were found. Almost all of the |
pérticipa;ts did not think much about the three cube puzzles when they were
>disassembli‘ng, but did so subconsciously. It was also observed that the pafficipants'
hands tended to move from the middle to the both sides of the puzzle when they were
disassembling. As shown in Figure 4.1.

Since this set of cube puzzles could be opened via multiple components at the

same time with no direction limit and the parts of the cube puzzles were not constrained
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by each other, they could be easily disassembled from any direction. The number of
errors during the disassembly process was very low. Therefore, it was considered to be
less difficult in terms of difficulty of disassembly. This can also be considered as the

reason why there were significant differences in the average times.

The direction of their hand movement was more

likely to move from the middle to both sides

Fig.4.1 Video Capture of The Recording of Types A, B and C

However, when counting the time spent on disassembling this set of cube puzzles,

it was found that it took the least time to disassemble Type A, and more time to
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disassemble Types B and C, which were added shape characteristics at the joints. Since
the parts of the cube puzzle were not bound to each other, the difficulty of disassembly
was low, and participants invested little time in thinking.

Thus, in the same state of mind, the shape characteristics of the parts added at the
joints was a hindrance to the disassembly task. As a result, participants were able to
complete the Type A disassembly quickly. Disassemble Types B and C took more time
than Type A because they were hindered by the added shape characteristics of the joints.
This can be considered the reason why there were significant differences in the average
times.

Executing this experiment caused us to notice the potential for similar processes
applied to various daily life goods and furniture that could be assembled with dovetail
joints or dado joints made of wood or other materials. As shown in Figure 4.2. Different

joints can be designed according to different requirements.

Fig.4.2 Basic Shape of Dovetail Joint and Dado Joint

4.2.2 Analysis of Experiment 2
In Experiment 2, the average time and average numbers of errors for Type A and

Type Al, Type Al and Type A2 were compared.
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In the comparison between Type A and Type A1, this was shown in Figure 4.3.

The direction of their hand movement was more

likely to move from the middle to both sides

Fig.4.3 Video Capture of The Recording of Types A and Al

Similarly, Almost all of the participants did not think much about the cube puzzles
when they were disassembling, but did so subconsciously. It was also observed that the
participants' hands tended to move from the middle to the both sides of the puzzle when
they were disassembling.

Since Type A could be opened via multiple components at the same time with no
direction limit and the parts of the cube puzzle were not constrained by each other, they

could be easily disassembled from any direction. The number of errors during the
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disassembly process was very low. Disassembly task was less difficult.

Type Al had only one key clue part as the starting step of the disassembly task.
The participants had to find the key clue first.

As shown in Figures 4.4, participants repeatedly tried to disassemble Type Al
multiple times without any prompts when disassembling it. Due to the increased
disassembly interference, more time was spent on disassembling Type Al and more
errors were occurred. This can be considered the reason why there were significant

differences in the average times and average numbers of errors.

Fig.4.4 Disassembly step comparison for Types A and Al

In the comparison between Type Al and Type A2, this was shown in Figure 4.5.
Similarly, Almost all of the participants did not think much about the cube puzzles

when they were disassembling, but did so subconsciously. It was also observed that the
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participants' hands tended to move from the middle to the both sides of the puzzle when

they were disassembling.

< —p

The direction of their hand movement was more

likely to move from the middle to both sides

Fig.4.5 Video Capture of The Recording of Types Al and A2

Both Type Al and Type A2 had only one key clue part as the starting step of the
disassembly task. The participants had to find the key clue first.

There were errors in disassembling both Types Al and A2. When disassembly
errors were occured, participants started to observe the cube puzzles. The shape
characteristic at the joint of the key clue in Type A2 were more easily noticed. Owing

to this shape characteristic of Type A2, the disassembly interference was reduced.
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Therefore, it took less time and fewer errors to disassemble Type A2. As shown in

Figures 4.6.

Fig.4.6 Disassembly step comparison for Types Al and A2

The results showed that when participants disassembled a cube puzzle with only
one key clue part that was labeled, it had a positive effect on disassembly efficiency,

that is, labeling the first shape to be moved made the disassembly process more efficient.

4.2.3 Analysis of Experiment 3

The experiment 2 showed that the shape characteristics that were added to the
joints have a positive effect on the disassembly efficiency when the cube puzzle has
only one key cue, i.e., the shape characteristics can improve the disassembly efficiency.

To verify whether this conclusion can be applied to other cube puzzles, a whole new
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set of cube puzzles Wére developed to continue the discussion in experiment 3.

The average time and average numbers of errors for Types D and D1 were
compared.

In the comparison between Types D and DI, this was shown in Figure 4.7.
Similarly, Almost all of the participants did not think much about the cube puzzles
when they were disassembling, but did so subconsciously. It was also observed that the
participants' hands tended to move from the middle to the both sides of the cube puzzle

when they were disassembling.

The direction of their hand movement was more

likely to move from the middle to both sides

Fig.4.7 Video Capture of The Recording of Types D and D1

Both Types D and DI had only one key clue part as the starting step of the
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disassembly task. The participants had to find the key clue first.

There were errors in disassembling both Types D and D1. When disassembly
errors were occured, participants started to observe the cube puzzles. The shape
characteristic at the joint of the key clue in Type D1 were more easily noticed. Owing
to this shape characteristic of Type DI, the disassembly interference was reduced.
Therefore, it took less time and fewer errors to disassemble Type D1. As shown in

Figures 4. 8.

Fig.4.8 Disassembly step comparison for Types D and D1

The comparison between Experiment 3 and Experiment 2 yielded the same results.

This can reinforce the conclusion of Experiment 2.

54



4.3 Discussion

From the results of three experiments, we can see that although there were only
eight samples for each cube puzzle disassembly, it was such clear that the influence of
shape characteristics on the disassembly of cube puziles depends on .different situations. .

When a cube puzzle that could be opened via multiple parts, there were no

- significant differences in the average numbers of errors. That is, shape characteristics
had no positive effect on disassembly efficiency.

However, when thé cube puzzles were limifed to onlyl one key clue, the shape
characteristics at the joint of the key clue were more easily noticed. Owing to the shape
characteristic, the disassembly interference was reduced. Shape characteristics had a
positive effeqt on disassembly efficiency. That is, shape characteristics was added at

the first shape to be moved made the disassembly process more efficient.
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CHAPTER 5

FUTURE WORKS

5.1 Conclusion

This paper pointed out that t'he existence of shape characte;riétics affects the
effciency  of the disassémbly ‘process iunder different conditions. To verify this
hypothesis, seven different cube puzzles were used to carry. ouf the disassernbly process
experiments. In the experiments, the authors compared the average time taken and
number of errors committed during the disassembly process.

When cube pﬁzzles that could be opehed via multiple compohénts at the same time
with no direction limit were disasseﬁlbled, although it took more time to disassemble
the cube pﬁzzles Wi‘;h shape characteristics added vat the joint, there was no difference
in the average ‘numbef of errors. Shape characterisﬁcs had no positive effect on
disassembly effciency, that is, the existence of shape characteristics could not improve
the effciency of disassefnbly. Howe.ver, when cube puzzles with only one key clue part
as the starting step of the disassembly task were to be disassembled, a shape
characteristic different from the vertical straight-line-form characteristic was added to
this part. This shape characteristic provided clues to participants who répeatedly
searched for parts that could be opened. In this case, the disassembly interfereﬁce was
reduced, facilitating the disassémbly process. Thus, shape charactéristics had a positive

~ impact on disassembly effciency, that is, shape characteristics was added at the first
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shape to be moved made the disassembly process more efficient. We expect that the
conclusions of this study could be applied in the structural desigh of furniture in the
- future. Improving the efficiency of furniture disassembly and being convenient for

consumers to use.

5.2 Future Works

In order to apply this reseércﬁ theory to practical design in the future, it is
necessary to cbnduct a profound study. At the preliminary stage of design, not only the
convenience of assembly and disassembly should be taken into consideration, but also
the users should be considered. Though people aged 25-34 preferred buying RTA
Furniture, the survey did not take into consideration whether or not they had design
experience. Based on the theory of the left and right hemispheres of the brain, people
treat the same object with different perspectives. Therefore, grouping participants
accofding to whether they have design experience or not, is émethod that can be further
studigd. Furthermore, the size of the shape characteristics needs to be discussed. In this
study, sizes of all the shape characteristics and key clues were same. Different sizes
may have different effects on cube puzzle disassembly. These issues and details will

continue to be studied in the future.
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APPENDIX A

In Appendix A, the time and the number of errors that participants disassemble
each cube puzzle in the three experiments of this study are provided. As shown in table

Appendix 1- Appendix 7.

Table Appendix 1.‘ Result of Type A -

Participant Nufnber Time; Duration(s) Numbers of Errors
A(D) 12 0
A(2) | 8 | 0
AQ3) : 10 0
A(4) | 6 - 0
AG) 12 0
A(6) 14 1
A7) _ 13 0
A(8) 7 0
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Table Appendix 2. Result of Type B

Participant Number Time Duration(s) - | Numbers of Errors
| B(1) 22 1
B(2) 9 0
B(3) 21 2
B4) 7 0
B(5) 14 0 |
B(6) 17 0
B(7) 14 0
B(8) 7 0

Table Appendix 3. Result of Type C

Participant Number | Time Duration(s) Numbers of Errors
C(1) 16 0
C2) 12 0
C@3) 24 1
C4 15 0
C(5) 24 1
C(6) 17 0
C() 38 2
C(8) 10 0
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Table Appendix 4. Result of Type Al

Participant Number Time Duration(s) Numbers of Errors
Al(1) 20 3
Al(2) 15 4
Al1(3) 8 3
Al(4) 17 7
A;l 5) 9 2
Al(6) 13 2
Al1(7) 23 5
A1(8) 15 8

Table Appendix 5. Result of Type A2

Participant Number Time Duration(s) Numbers of Errors

A2(1) 10 2

A2(2) 5 0 -
A2(3) 7 0
A2(4) 11 5
A2(5) 9 1
| A2(6) . 11 3
A2(7) 6 2
14 3

A2(8)
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Table Appendix 6. Result of Type D

Participant Number Time Duration(s) , Nurhbers of Errors
D(1) _ 37 _ - 14
D(2) 30 9
D(3) 16 | 6
D(4) . 6 6
D(5) S8 7
D(6) 6 2
D(7) 3 9
D@®) - 13 | 8

Table Appendix 7. Result of Type Dl

Participant Number Time Duration(s) Numbers of Errors
D1(1) 4 . 2
DI1(2) 7 o
D1(3) 3 1
D1(4) 5 , 3
- DI() ‘ 7 | 1
D1(6) 3 2
D1(7) 9 2
D1(8) 10 4
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APPENDIX B

In this Appendix B, complete statistical analysis data of three experiments are
provided, including one-way ANOVA program and its multiple comparison’ and

correlation analysis data, and Independent Safnpl‘es T-Test. As shown below:

One-way ANOVA Results of Time Duration for Types A, B, and C
ONEWAY Time BY Type

/STATISTICS DESCRIPTIVES
- /MISSING ANALYSIS

/POSTHOC=LSD ALPHA(0.05).

Oneway
Descriptives
Time
95% Confidence
Interval for
Std. Std. v ;
N | Mean Mean Minimum | Maximum
Deviation | Error
Lower | Upper
Bound | Bound
A 8 [10.25 |2.964 1.048 | 7.77 1273 |6 14
B 8 13.88‘ 5.915 2.091 {893 118.82 '7 22
C 8 1195 9.008 3.185 | 11.97 |27.03 10 |38
Total | 24 | 14.54 | 7.289 1.488 1146 |17.62 |6 38
o {
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ANOVA

Time
Sum of Mean
| df F Sig.
Squares Square
Between ' , '
347.583 2 173.792 4.174 0.03
Groups :
Within
874.375 21 41.637
Groups :
Total 1221.958 |23
Post Hoc Tests
Multiple Comparisons
Dependent Variable:  Time
LSD
95% Confidence
Mean .
. Interval
(D) Type | J) Type | Difference | Std. Error | Sig.
Lower Upper
8 —
Bound Bound
B 3625 3226 0274  |-1033  |3.08
A
C -9.250* 3.226 0.009 -15.96 -2.54
A 3.625 3.226 0.274 -3.08 10.33
B - :
C -5.625 '3.226 0.096 -12.33 1.08
A 9.250%* 3.226 0.009 2.54 15.96
C -
B 5.625 3.226 0.096 -1.08 12.33

*. The mean difference is significant at the 0.05 level.
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One-way ANOVA Results of Numbers of Errors Duration for Types A, B, and C

ONEWAY Errors BY Type

/STATISTICS DESCRIPTIVES

/MISSING ANALYSIS

/POSTHOC=LSD ALPHA(0.05).

‘ Oneway
Descriptives
' Errors
95%
Confidence
Std.: Std. ‘ Interval for
N | Mean Minimum | Maximum
Deviation | Error | Mean
Lower Upp'gr
Bouﬁd Bouﬁd
A 8 [0.13 |0.354 0.125 -0.17 0.42 0 1
B 8 (038 |0.744 0263 |-0.25 |1 0 2
C 8 |05 0.756 0.267 | -0.13 | 1.13 0 2
Total |24 | 0.33 | 0.637 0.13 10.06 |0.6 0 2
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ANOVA
Errors
Sum of Mean
S| df F Sig.
Squares Square ‘
Between
0.583 2 0.292 0.7 0.508
Groups o
Within
8.75 21 . 0.417
Groups
Total 9.333 23
Post Hoc Tests
Multiple Comparisons
Dependent Variable: = Errors
LSD
95% Confidence
Mean
. Interval
(D Type | (J) Type | Difference | Std. Error | Sig.
Lower Upper
-1
Bound ' Bound
B -0.25 0.323. 0.447 -0.92 0.42
A
C -0.375 0.323 0.258 -1.05 0.3
A 0.25 0.323 0.447 -0.42 0.92
B
C. -0.125 0.323 0.702 -0.8 0.55
A 0.375 0.323 0.258 -0.3 1.05
C ) ;
B 0.125 0.323 0.702 -0.55 0.8

*. The mean difference is significant at the 0.05 level.
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Independent Samples T-Test Results of Time Duration for Types-A and Al

T-TEST GROUPS=type(1 2)
/MISSING=ANALYSIS
/VARIABLES=time

/CRITERIA=CI(.95).

T-Test

Group Statistics

Type' N | Mean | Std. Deviation

Std. Error Mean

Time | A 8 11025 [2.964

1.048

Al 8 |15 5.099

1.803
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Independent Samples Test

Levene's
Test for
Equality
t-test for Equality of Means
of
Variance
S
Types A-Al : 95%
Sig. Std. Confidence
| Mean I 1 h
- Firror nterval of the
F |Sig|t df Differe Diffe
taile Differe HHerence
nce _
d) nce Lowe
Upper
r
Equal
varian -
| ces 22 |14 .039 | -4.75 2.085
9222 | 0.278
assum ' 78
Ti |ed 1.0 | .31
me |Equal (8 |6
varian - ' ‘ .
11.2 - -
ces not ‘ 22 043 | -4.75 2.085
46 ' 9.327 |1 0.173
assum |78
ed
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Independent Samples T-Test Results of Numbers of Errors Duration for Types A and

Al

T-TEST GROUPS=type(l 2)
/MISSING=ANALYSIS
/VARIABLES=errors

/CRITERIA=CI(.95).

T-Test

Group Statistics

Type | N Mean | Std. Deviation - Std. Error Mean
Error _ ‘ . v

A 8 [.13  |.354 125
S .

Al 8 |4.25 2.252 796
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Independent Samples Test

Levene's
Test  for
Equality | t-test for Equality of Means
of
Variances
Types A-Al 95%
Sig. Std. Confidence
Mean .
Si |- (2- Error Interval of the
F t _df Differe
g taile Differe | Difference
nce
d) nce Lowe | Uppe
r r
Equal
varian -
ces ‘ 51 |14 |.000 |-4.125 |.806
5.854 | 2.396
assum 18
Erro | ed 14.6 | .00
rs | Equal |48 2
varian : -
: ' 7.3 , ' - -
ces not 5.1 | - .001 | -4.125 |.806
45 6.013 | 2.237
assum 18
ed
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Independent Samples T-Test Results of Time Duration for Types Al and A2

T-TEST GROUPS=type(1 2)
" /MISSING=ANALYSIS
/VARTABLES=time

/CRITERIA=CI(.95).

T-Test

Group Statistics

Type | N |Mean | Std. Deviation - | Std. Error Mean

Time | Al 8 | 15.00 |5.099 1.803

A2 [8]9.13 2.997 ' 1.060
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Independent Samples Test

Levene's
Test for
Equality | t-test for Equality of Means
of
Variances
Types A1-A2 95%
Sig. Std. Confidence
Mean
Si (2- Error Interval of the
F t df Differe
g taile Differe | Difference
nce
d) nce Lowe |
Upper
r
Equal
varian
2.8 10.36
ces 14 .014-| 5.875 2.091 1.390
10 0
assum
Ti led 1.2 .28
me [Equal |13 |9
varian
2.8 |11.3 10.46
ces not .017 | 5.875 2.091 1.288
10 |21 2
assum
ed
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Indepéndent Samples T-Test Results of Numbers of Errors Duration for Types Al and

A2

T-TEST GROUPS=type(1 2)
/MISSING=ANALYSIS
/VARIABLES=errors

JCRITERIA=CI(.95).

T-Test

Group Statistics

Type | N |Mean | Std. Deviation Std. Error Mean

Error _ A
Al 8 | 4.25 2.252 .796

A2 8 |2.00 1.690 598
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Independent Samples Test

Levene's
Test for
Equality | t-test for Equality of Means
of
Variances
Types A1-A2 95%
Sig. Std. Confidence
Mean - '
Si (2- Error Interval of the
F t df Differe
g taile Differe | Difference
nce -
d) nce Lowe | Uppe
r r
Equal
varian
22
ces 14 .040 [ 2.250 | .996 J15 | 4.385
60 ‘ :
assum
Erro | ed 1.0 |.32
rs Equal [60 |1
varian
, 12.9 :
ces not 22 042 12250 |.996 099 | 4.401
87
assum 60
ed
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Independent Samples T-Test Results of Time Duration for Types D and D1

T-TEST GROUPS=type(l 2)
/MISSING=ANALYSIS
/VARIABLES=time

/CRITERIA=CI(.95).

T-Test

Group Statistics

Type | N |[Mean | Std. Deviation

Std. Error Mean

Time | D 8 | 16.13 | 11.457

4.051

DI |8 (600 |[2.673

945
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Independent Samples Test

Levene's
Test for
Equalify t-test for Equality of Means
of
Variances
Types D-D1 95%
Sig. Std. Confidence
Mean
(2- Error Interval of the
F Sig | t df Differe ’
taile Differe | Difference
nce
d) nce Lowe
Upper
r
Equal
varian ‘
‘ 2.4 , 19.04
ces 14 1.029 | 10.125 |4.159 1204 |
34 |6
assum
Ti |ed |71 |.01
me | Equal |50 8
varian
, 24 (7.7 19.76
ces not 042 | 10.125 | 4.159 481
34 |60 9
assum
ed
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Independent Samples T-Test Results of Numbers of Errors Duration for Types D and

DI

T-TEST GROUPS=type(1 2)
/MISSING=ANALYSIS
/VARIABLES=errors

/CRITERIA=CI(.95).

| T-Test

Group Statistics

Type | N | Mean | Std. Deviation Std. Error Mean

Error
D 8 [7.63 3.420 1.209

DI |8 [213 |.991 350
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Independent Samples Test

Levene's
Test for
Equality | t-test for Equality of Means
of
Variances
Types D-D1 | 95%
Sig. Std. Confidence
Mean
Si 2- Error | Interval of the |
F t |df Differe /
g taile Differe | Difference
nce
d) | nce Lowe
Upper
r
Equal
varian ,
_ 4.3
ces 14 1.001 |5.500 1.259 2.800 | 8.200
69
assum
Erro | ed 4.0 |.06 |
rs Equal |02 |5
varian
' 8.1 :
ces not 43 .002 | 5.500 1.259 2.607 | 8.393
67 :
assum 69 '
ed
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