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ABSTRACT

Title of Thesis : A Study on the Compatibility of a Classroom Lighting
System and Its Switch Interface
Name of Student : Chung-Hui Tseng Advisor : Hung-Cheng Tsai

The study aims that treat the usage and questions of switches interface in
lighting system of the present public spaces and discuss the operational
differences of classroom lighting system which collocate different directions
and interfaces. The experiment in the study separates two parts, the first part is
questionnaire which investigate the rough usage condition in the switches
interfaces of lighting system, the second part proceeds with 3D computer
modeling experiment to 36 students about the diversity and error rate in the
switch operation and cognition of a classroom lighting system.

The conclusion in the study is summarized as follows:

1. The switch interface in the public space uses no feedback button interface
or LED button interface often.

2. When different switches (such as lights, fans) collocate on a wall, it is easy
to make users add operational frequency and error rate, especially the
switches are similar.

3. According to the result of study, if only doing appropriate space plan before
collocation lighting system and power switch and collocating by most
users’ cognition that can eliminate the different in space and accomplish
respectable compatibility.

4. The empty button in operational judgment is more difficult than no
feedback button or LED button.

5. When the lighting system locates at right and left side, the operating
reaction of subjects are totally contrary, especially the buttons of interface

are set by horizontal way. If they are vertical setting, the direction of



lighting system for operation is no different, because the result of the three
kinds of buttons are similar.

6. When the lighting system locates at the opposing direction, subjects are
used to operate by right direction more than left direction and the reaction
direction are mainly from right to left, up to down. When the lighting
system is on left side, the operating direction is from left to right, up to
down.

7. Population stereotypes exist in subjects’ reaction, when 4 rows of lights
collocate 2 buttons and 6 rows of lights collocate 3 buttons.

8. The operating error rate is affected by buttons setting of interface and
lighting system direction mainly, particularly the interfaces setting by 2
buttons are easier make higher error rate in subjects operating.

9. According to the collocation of lighting system and power switch, the
following related space recommendations are made:

(1) Different power switch interface better uses different pattern to get higher

differentiation in a same space.

(2) If lighting system is located at the across direction of interface, the
buttons of power switch is better collocated according to the right
direction.

(3) When lighting system and power switch collocate by pairing majority
with one, the lighting number are better arranged by regular way to be a
unit and the buttons of power switch are better a multiple of lighting
number.

(4) As lighting system arranged by vertical way to be a unit is controlled by a
button, its interface better adopts horizontal way to collocate; if by
horizontal way to be a unit, its interface better uses straight way to
collocate.

Keywords : Spatial Compatibility, Power Switch, Operating Interface
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Simplified Version in English

ASTUDY ON THE COMPATIBILITY OF A CLASSROOM LIGHTING
SYSTEM AND ITS SWITCH INTERFACE

Chung-Hui Tseng Hung-Cheng Tsai

Abstract

The study aims that treat the usage and questions of switches interface in lighting system
of the present public spaces and discuss the operational differences of classroom lighting
system which collocate different directions and interfaces. The experiment in the study
separates two parts, the first part is questionnaire which investigate the rough usage
condition in the switches interfaces of lighting system, the second part proceeds with 3D
computer modeling experiment to 36 students about the diversity and error rate in the
switch operation and cognition of a classroom lighting system.

The conclusion in the study is summarized as follows:

1. The switch interface in the public space uses no feedback button interface or LED button
interface often.

2. When different switches (such as lights, fans) collocate on a wall, it is easy to make
users add operational frequency and error rate, especially the switches are similar.

3. According to the result of study, if only doing appropriate space plan before collocation
lighting system and power switch and collocating by most users’ cognition that can
eliminate the different in space and accomplish respectable compatibility.

4. The empty button in operational judgment is more difficult than no feedback button or
LED button.

5. When the lighting system locates at right and left side, the operating reaction of subjects
are totally contrary, especially the buttons of interface are set by horizontal way. If they
are vertical setting, the direction of lighting system for operation is no different, because
the result of the three kinds of buttons are similar.

6. When the lighting system locates at the opposing direction, subjects are used to operate
by right side more than left side and the reaction direction are mainly from right to left,
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up to down. When the lighting system is on left side, the operating direction is from left
to right, up to down.

7. Population stereotypes exist in subjects’ reaction, when 4 rows of lights collocated 2
buttons and 6 rows of lights collocate 3 buttons.

8. The operating error rate is affected by buttons setting of interface and lighting system
direction mainly, particularly the interfaces setting with 2 buttons are easier make higher
error rate in subjects operating.

9. According to the collocation of lighting system and power switch, the following related
space recommendations are made:

(1) Different power switch interface better uses different pattern to get higher

differentiation in a same space.

(2) If lighting system is located at the across side of interface, the buttons of power switch
is better collocated according to the right side.

(3) When lighting system and power switch collocate by pairing majority with one, the
lighting number are better arranged by regular way to be a unit and the buttons of
power switch are better a multiple of lighting number.

(4) As lighting system arranged by vertical way to be a unit is controlled by a button, its
interface better adopts horizontal way to collocate; if by horizontal way to be a unit,
its interface better uses straight way to collocate.

Keywords : spatial compatibility, power switch, operating interface

1. Introduction
The lighting system of home is dispersed different corners according to its space design
generally. The lighting equipments used in a public space are much more than home
obviously. Therefore, its power switches relatively increase. Aside from lighting system,
there are 10 related switches such as fans, air-conditioner, microphone, and projector and
above, even more. In this condition, no related switches are arrayed regularly and their
patterns are no obvious different to assist users to organize that makes hard using. In
addition to regular appearance, this design is easy to configure, and the cost is cheaper,
but it is easy to make human negligence. Hence, purposes of the study are as follows:
1. Find out that environment condition about lighting system and power switches of
public space.

2. Find out the usage in lighting system and operating interface and generalize the
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difficulties.
3. Treating subjects’ operating difference in the collocations experiments of

directions and interfaces.

1.1 Related literatures

HCI is a medium between human and machine that can comprehensively divide into
direct and indirect operating. HC system belongs to indirect operating so that it needs an
interface between human and machine. They are displays and controls (Lee etc, 2005).
Controls make human operating a system and usually accompany displays to be used.
Actually, the borderline between display and control is not clear, for instance, the lighting
switch, it is a kind of control, and it also show the switch’s condition, therefore it is also a
kind of display at the same time (Bailey, 1995). Operating systems in our daily life have a
obvious difference from simple power switch to plane operating collocation (Xu etc, 2000).
Control is a human communicating tool with machine. Through control device, human can
direct machine to desired target (Zhang, 1997). The arrangement of control device design
will directly affect operating safe and effectiveness in operating (Hou and Zheng, 2006).
The point of control is only on its applications and if it suit working situation. In general,
there are many factors to be considered when designing control device, including indictors,
operator’s proficiency, and hardware design of control (Lee etc, 2005). But nothing is more
important than C/R ratio, act direction and code controlling way (Jian, 1995). Beside
operator’s ability and character, Hou and Zheng thought that the psychological factor is
also a considerable factor. Andrew P. Bayliss (2007) thought one crucial aspect of indictors
is that their spatial positioning is compatible with the meaning they convey. The concept of
stimulus-response compatibility has become a fundamental concept in designing an
interface for use. This principle states that when a stimulus and response share common
factors the reaction of the user will be both more efficient and more effective (Fischer,
1999). Fitts and Seeger (1953) were the first to demonstrate SRC effects, a stimulus set
consisting of lights in a certain pattern and a response set of controls in another pattern
were tested together(Fischer, 1999). It showed that RT was shorter and error rate lower
when the response panel corresponded physically with the stimulus display than when it
did not. Compatibility is the central concept in human factors, also one cannot discuss
human information processing without reference to a concept. Compatibility refers to the

relation of stimuli and responses to human expectations. A major goal in any design is to
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make the system compatible with human expectations. If designers intend that users use
any products without depending on specification, the operational way of product should be
compatible with human expectations (Cushman, 1996), and human expectations mainly
come from their past experiences. Hence, compatibility has a close relation with human
customs or population stereotype. A greater degree of compatibility will result in faster
learning, faster response times, fewer errors, and a reduced mental workload (Wu, 1997).
In general, three types of compatibility have been identified: conceptual, movement, spatial,
and modality. Spatial compatibility and movement compatibility have directly relation with
controls system.

Population stereotype is a noun in social psychology originally. In human factors, it refers
to that a social group has analogical personalities or cultural characteristic to result in
human arising a same stereotyping for something. If aim at operational action of controls,
it means the most natural and accustomed action of human, the action doesn’t come from
training but naturally, everyone has in common. In short, it is an action that people take
naturally. Some of population stereotypes may be affected by cultural different, that why
some facilities’ design have to adapt to nations customs, of course including the reaction of
stereotype. However, not all population stereotypes are confirmed and invariable as not all
collocations that are designed for right-handed can adjust to left-handed people as well
(Wu, 1999).

The term Affordance Gibson coined denotes the use-value of environmental objects
taken with reference to the intrinsic physical features of an organism. Since its
introduction to the design community by Norman in 1988, it has become a means to
enhance the visibility and the usability of a product (You, 2006). Interface mainly
employs natural constraint and affordance to direct users to adopt appropriate
action. Affordance hints possibilities and natural constraints reduce practicability
(Norman, 2007). There are 3 kinds of constraints: physical, semantic, and
cultural constraints. Physical constraints depend on the feature of physical world
to decide its operating and limit the potential operating ways (Fang, 2003).
Semantic, cultural, and logical constraints have a close relation with natural
mapping. They limit possible way according some customs and normal
knowledge. Logical constraints are the function of natural mapping that operate

by mental empathy, as that there are 2 power switches, left switch controls left
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light and right power switch controls right light that have a great mapping.
Mapping originally denotes the relation among two objects. Norman employs it
to explain that when operating a product, the relation of action and result, namely,
each operating action can directly match desirable function. If aim at interface
design, it concerns a mutual relation among proceeding to control, changing after
operating machine, and the result in real world. Natural mapping, namely, design
the relation to be convenience and correct and learn easily and remember
perpetually. It employs human empathy and cooperates physical environment, space
analogy, and cultural standards to provide users understanding immediately.

1.2 present investigations in power switches and public spaces

The power switches of lighting system have many categories, therefore

generalizing 4 types in the study according to familiar interfaces in Taiwan.
(1) Size of button :

|

e

small medium large

(2) Number of button :

single double three
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(3) Operating direction :

1
ke

Up and down Left and right push sensor

o 4

No-feedback ) Hint of LED .
empty ) LED hint . Symbols hint
hint with words

(4) Function :

According to generalization above, current interfaces of power switch have a few
differences in their appearances and functions. The categorizations can found that the
button used mostly in our daily life is medium one. As aging society’s coming, the size of
button is getting bigger so that elders and defectives with hand functional problem can
conveniently operate by larger touching range. Additionally, initial button is empty
appearance that makes users difficulty in organizing button’s state. In order to improve
operation, buttons of no-feedback hint and LED hint appeared. Besides, there are lots of
switches in a space that is hard to organize so that button is added words and symbols hint

functions.
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The amount of power switch is decided by lighting system in an environment. Therefore
the rough investigation of public space is necessary. The public spaces investigated in the
study were mainly community centers, classrooms, and offices which the public has
opportunities to operate the interfaces in our daily life. They included Nan Hua University,
Zhong Zheng University, Children Building in Chiayi City, and Cultural Center in Tainan
County. The result is as follows:

1. The areas of public space mostly rectangle and were regularly dispersed on ceiling
according its area.

2. Because it is necessary to have more lights in a public space, the collocation of
lighting system and power switch is pairing majority with one, in another word, 2
lights and above are controlled by a button.

3. There was no regular collocation between lighting system and power switch.
Some were horizontal ways, some were vertical ways. Collocation of mapping is
few.

4. There are two ways to arrange the location of power switch: dispersing walls
around and gathering on a certain wall especially near door.

5. Because there were many lights, the interfaces were combined by one and above
buttons. The interfaces in the investigation included 1 to 6 buttons and the most
were the interfaces combined with 2 and 3 buttons.

All of the above are as the basis of the following experiment.

2. Methods

There are three parts in experiment design. First of all, usage situation, spatial
compatibility, and the concept of natural mapping in lights and power switches are
investigated. Furthermore, proceeding mapping test of combination of sense directions and
interface by 3D computer modeling and recording subjects answers and according to the
majority’s answer to be the correct answer in the second feedback 3D computer modeling

test. Lastly, compare with the first test.

2.1 Questionnaire
2.1.1 Subjects
The questionnaire mainly aimed at subjects of different disparity age who often contact

with public spaces. There were 130 copies of questionnaire, including 103 available copies
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and 27 ineffective copies, the availability rate is 79.2%. The subjects included students,

office workers, hospital volunteers, etc.

2.1.2 Data collection
Except the basic information, there are two parts as usage kind of interface and the usage

conditions of interface. The contents contained the operating condition in interfaces of
different button aligned, the operating affected degree of the labels (empty label, no
feedback label and LED label) in buttons of interface, the affected condition of the buttons
labels of interface when the buttons are incrementally, and subjects mapping cognition

between lighting system and operating interface.

2.2 Experiment 1
2.2.1 Subjects

Experiment 1 aimed at the investigation on lighting system of school’s classroom and
power switches of interface. The subjects of study are academic students. Before
experiment, the subjects were informed the purpose, the procedure, and the content of
experiment. There are 36 subjects who are students and gradate students in Applied Art and
Design Department of NHU University in the experiment, including 16 males and 20
females, their ages ranged from 19 to 27 years with the average age being 22.58 years (SD
=2.12).

2.2.2 Apparatus
The apparatus used in this experiment consists of hardware and software. In the part of

hardware, Clevo 14" notebook which contains a central processor of Intel Celeron M 1.3G

was used to be interface operation and display. About scenes, Tatung 14" notebook which

contains a central processor of Genuine Intel Pentium II was used to be the scenes playing

and used the projector of TOSHIBA TDP91 to project them to a wall.
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® Project the sense to the wall of subjects’ right side
@ The position of subjects’ operating interface
@ Playing the scene by researcher
@ Subjects’ position
@ Researcher’s position
\ ® The projecting position of scene Y,

Fig.1 The rough situation of experiment 1 in the scene of right side

2.2.3 Experimental procedure

The experiment was a computer modeling test about classroom lighting system and
power switches of interface. First of all, there were three different directions collocating 2,
3, 4, 5, and 6 rows of lights in classroom modeling scenes, projecting them on the wall of
subjects’ left, right, and back side by projector. Besides, owing to there were 2, 3, 4, 5, and
6 rows of lights in the scenes, the collocating ways of lights and buttons were pairing 1
with 1, 4 with 2, and 6 with 3. On the switches of interface, it adopted 2 and 3 buttons that
are often be used in former present investigation. According as the interfaces which
combined with 2 and 3 buttons collocated the scenes above-mentioned and made up 25
kinds of interfaces. After randomizing all scenes and 25 kinds of interfaces, it would
proceed experiment to subjects, and the subjects had to test all of interfaces, the procedure
of experiment was done. There were three kinds of scenes demand so that we separated all
subjects into 3 groups according to the directions (left, right and back), each group had 12
subjects. They had to match the power switch in front of them with the scene they were
arranged and reacted directly the relative opposition. All procedures of subjects’ reactions

would be recorded by researcher.

2.3 Experiment 2
2.3.1 Subjects
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The subjects of experiment 2 were same as the experiment 1. there were still 36 subjects,
including 16 males and 20 females, their ages ranged from 19 to 27 years with the average

age being 22.58 years (SD = 2.12 years).

2.3.2 Apparatus
In the part of hardware, Clevo 14 [f notebook which contains a central processor of

Intel Celeron M 1.3G was used to be interface operation and display. About scenes, Tatung
14 |5} notebook which contains a central processor of Genuine Intel Pentium II was used
to be the scenes playing and used the projector of TOSHIBA TDP91 to project them to a

wall.

@ rroject the sense to the wall of subjects’ right side
@ The position of subjects’ operating interface
@ subjects position
@ The projecting position of scene
K @ There is a relation of feedback between interface and scene /

Fig2. The rough situation of experiment 2 in the scene of right side

2.3.3 Experimental procedure

The experiment 2 would carry out after a week of experiment 1 to avoid that the result
of experiment 1 affects the second experiment. The experiment 2 was a feedback test. After
operating interfaces, the reaction result would directly show on the scene of monitor;
namely, interfaces and scenes had feedback. It still divided direction into left, right, and
back side, and then separated subjects into 3 groups according to three directions, each
group has 12 subjects. The scene they were arranged was same as the experiment 1, that is,
if subjects A was arranged to test the left scene in the experiment 1, he was also arranged to
test left scene in the experiment 2. Before the experiment 2, subjects were informed that
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the arrangement of scene and interface was same as the experiment 1, but the difference
was on having feedback between scene and interface, and the relationship of feedback
came from the result of the experiment 1. At the beginning of the experiment, monitor
would show the scene which the lights were all closed. When subjects understood the
relationship of buttons and scenes, they would operate the interface in front of them
according researcher’s direction. If their answers were right, keep doing next question, but
if not, they had to keeping operating until the right answer showing. When 25 interfaces

were tested, the experiment 2 was completed.

3. Results and discussion
3.1 Questionnaire

The basic information result of subjects is as shown in fig. 5-1. A total of 103 subjects
(31 males and 72 females) participated in this questionnaire, their ages ranged from 20 to

65 years.

Tablel. The subjects’ basic information of questionnaire

item content times %

Gender male 31 30.1
female 73 69.9

Age 20~29 34 33
30~39 47 45.6
40~49 10 9.7
50~59 10 9.7
60 above 2 1.9

3.1.1 The usage variety of interfaces

The result of questionnaire showed that the interface which subjects used most in public
space was no-feedback label interface, it has 76.7% which is the highest, next one is LED
interface (41.7%), empty interface (24.3%), and then interface of LED and big button
(13.4%), the lowest is LED interface which has words label (2.9%).

Table2. The result about the categories of interface usage

Usage Situation

interface
used (%)  non-used (%)
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25 243 78 75.7

79 76.7 24 23.3
43 41.7 60 58.3
14 13.4 89 86.4
3 2.9 100 97.1
LED with words hint
others 1 1 102 99

3.1.2 The usage condition of interfaces

There were three classifications in usage of interfaces: position, operation, and
compatibility. First of all, there were 81.5% subjects agreed that all power switches such as
lights, fans etc., gathered on the same wall is easy to confuse in operating, besides, the
questions of ” when power switches’ appearances of lights, fans etc., are similar that was
hard to judge” got 79.6% agreement. In the operation related questions, there were 84.4%
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subjects agreed that the power switches of lights and fans etc., should display different
appearances, 76.7% agreed that they often make mistakes on operating between lights and
switches, 91.3% agreed that interface of power switches should be improved.

In mapping compatibility, there were 82% thought that lights at left should be controlled
by switch of left side, contrariwise, lights of right side should be controlled by right side
switch. 81.6% thought that the front row of light should be controlled by upper switch, and
back row of light should be controlled by under switch.

In addition, switches with empty buttons, no-feedback buttons, and LED button were
investigated about the difference when buttons add if they will make operating difficult. As
shown in fig 5-3, subjects thought that the interface with empty buttons in operating
difficulty was higher than interface with no-feedback buttons or with LED buttons. About
buttons’ adding that will affect operating difficult or not, according to the proportion of
empty buttons (65%, 53.4%, 69%, 68%, 59.2%), it made no difference, hence we could
deduce that empty button in itself has operating difficulty to subjects so that it wouldn’t be
affected by increase of button’s number. On the contrary, the proportions of no-feedback

button showed that the operating difficulty increased when buttons added (23.3% ~ 20.% -~
35.9% -~ 36.9% -~ 35%), and same as LED button, but the latter condition (20.3% ~ 23.3% -~
25.2% ~ 30.1% ~ 25.3%) was not obvious as no-feedback button. According to analysis of

variance (ANOVA), the comparison in three kinds of buttons from 2 buttons to 6 buttons,
the result of empty button is as follows: 2 buttons F 204y =51.910-P = .000 < .05, 3 buttons

F(2Y204) =32.731 > P=.000< .05, 4 buttons F(2,204) =39.834 > P=.000<.05,5 buttons F(2,204)
=34.729-P = .000 < .05, 6 buttons F204y=27.735> P = .000 < .05, and further, LSD shows

that there was significant difference in empty button, but neither no-feedback nor LED
button was no significant difference. Aforementioned results reveal that a button with hint

or not has a definite effect on operating.

Table3. The result of operating difficulty (% = agreement degree )

Pattern No-feedback
empty LED hint
Number hint
2 65% 23.3% 20.3%
3 53.4% 20.3% 23.3%
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4 69% 35.9% 25.2%

5 68% 36.9% 30.1%

6 59.2% 35% 25.3%

3.2 Experiment
3.2.1 A test of mapping between lighting system and interfaces

The result of experiment 1 was discussed according to the same and the different
between three directions and 25 kinds interfaces. Fig 3 denotes the mapping result which
subjects depended on their subjective mapping cognition about 25 interfaces. Take 11,
there were 3 mapping ways from subjects and called al, a2, and a3. First of all, Fig 3

showed that the situations of interface with vertical way were less than with horizontal

way.
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Fig 3. The mapping situations of 25 kinds of interfaces
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Generalize some conclusions from 25 interfaces of statistics result according to three

scene directions as follows:

1. interfaces analogue in left, right and across side: 1, 2, 4, 5, 6, 8, 10, 12, 14, 20, 24(Fig

4);

2. interfaces analogue in right and across side: 7, 9, 11, 13, 15, 17, 19, 21, 22, 23(Fig 5);
3. interfaces analogue in left and across side: 3, 18(Fig 6);

opposite interfaces in right and left side: 3, 7, 9, 11, 13,15, 16, 17, 18,19, 21,22, 23(Fig

12
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Fig. 4 Interfaces analogue in left, right and across side
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Table.3 Analogue and opposite results of mapping between 3 scene directions and 25
kinds of interfaces

Direction Interfaces Mapping between interaces and lighting system
1
1 13| 12| |
2
A | 8
T 1 2
Analogue in left, right 1~2-4-5-6-8-10~12- ) ) n |2 2
and across side 142024 12 14 2| 3 3
34| 25 -
I 3 < |
5
E 6
[1]2]3] (12 ]34 56| 14]25[36| ||1/2[3]4]
1]2 1,2[3] (172]3] 4[5 1/2]3
Analogue in right and 7-9-11~13-15-17~19~ 3 4 4|5 4/ 5 6
across side 21-22-23 14
2|5 (1]2[3] [a]s]6]
3|6
1 in left and 4/1
Analogue in left an .
across side i IE 3 :
2413 [1]2]3] (12]34 56| | [14]25] 36|
]2[3]a 12 31 HEE
Opposite interfacesin - | 3+ 79«11~ 13151617~ 3|4 42 45
' . 4|1 114
right and lefi side 18~ 19212223 11213
: s|2| ([1]z[3]]als) 423 2[5
3 3|6
[112[3] [a[5]e

Besides, above generalization are classified as Table 3. From Table3, there were
analogical and no obvious different in 3 directions (left, right, and across), if switches were
arrayed by vertical way, such as interfaces of 2, 4, 6, 8, 10, 12, 14, 20, 24 ( Fig 8).If by
horizontal way, the result of right and across were similar and left and right had opposite
results, such as 7, 9, 11, 13, 15, 17, 19, 21, 22, 23(Fig 9).
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The result of chi-square test is as follows:
Interface 7(X’0=8.229 » P =.016 < .05),
9X’w=11.392 > P =.022 < .05),
11(X°10=26.318 » P = .024 < .05),
13(X°0= 28914 » P= 012 < .05),
16X’ =27.731 > P =.001 < .05),
17(X°0=7.465 » P = .024 < .05),
18(X*u0=19.400 > P = .035 < .05),
22(X’0=13.326 > P = .038 < .05);

There was significant difference among above interfaces. They showed that the relation
between lighting system and switches exactly affected subjects’ operation. Therefore, there
were different results when the direction of sense was changed, especially the directions of
left and right. So-called difference means that there was different in mapping between
lights of sense direction and switches. If sense located on right and across, the reaction
direction of subjects was from right to left, up to down, if it located on left, the reaction
was from left to right, up to down. But there was no significant difference among gender.
In addition, the situation of 2 with 4(2 switches collocated 4 rows of lights) and 3 with 6
showed that population stereotype existed. When lights were arrayed by 12, 34, 56,
subjects’ reactions followed as the order of 123456 and if lights were arrayed by 13, 24, or
14, 25, 36, their reactions depended on the order of 1, 2, 3(Fig 10).
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Fig.10 Mapping of pairing majority(lights) with one(button)

3.2.2 Experiment of learning and mistake rate in interface operation
Through subjects had an experience of the first experiment, there were still no specific
answers about cognition of direction order on the second one. Even if subject’s answer was

same as the second one, he (or she) still made wrong mapping on the second experiment.

It revealed that error rate is related with the arrangement of interface from chi-square test.
Interface 3 (P = .001), 5 (P = .001), 16(P = .004), 18(P = .004), 25(P = .013) had
significant differences. They are combined 2 buttons among Interface 3, 5, 16, 25(Fig 11),
their number of buttons were individually 2, 4, 6. The error rate of Interface 3 and 5 may
partly come from a button controlling 2 rows of lights, but others like 3 buttons controlling
6 rows of lights had no difference. In addition, Interface 16 and 25 were a button
controlling a row of light, but their error rates were higher than others. Hence, it showed
that a interface combined by 2 buttons made operating confusion and the main reason
wasn’t the number of lights, but button position. Interface 3, 5, and 25 with horizontal way
had more significant differences than others with vertical way, so the arrangement of
buttons better collocate with mapping of lighting system that can get higher correct rate,
such as vertical way to array. Through arrangement of Interface 16 was with vertical, but it
still had higher error rate. The reason may come from that there were double interfaces and

the buttons became a 2x2 form, therefore, it’s not easy to operate by horizontal or vertical
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Fig.11 Interface3 ~ 5~ 16 ~ 25

Interface 18(Fig 12) was not combined by multiple of 2 buttons. According as the
result of experiment 1, there were 5 kinds of mapping situations on the direction of across
and the error rates of experiment 2 had a significant difference (left 0%, right 8%, across
52%)among three directions. If compare with Interface 11, 15, and 21 which had over 6
mapping situations, their error rates were individually Interface 11 (left 8%, right 20%,
across 29%), Interface 15 (left 52%, right 33%, across 20%), Interface 21 (left 8%, right
14%, across14%), they had no significant differences among 3 directions. In addition to
directions, the number of button and the way of combination may be the one of important
reasons to affect subjects. There were 3 buttons on Interface 11 that was easy to decide the
operation, but Interface 18 with the combination of 2 and 3 buttons may take more time to
consider the positions of 5 buttons and should start from which interface that may account

for higher error rate.

Interface] 8
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Fig.12 Interfacel8

Besides, the data of Interface 3, 5, 16, 18, 25 were statistically analyzed using the one

way ANOVA, there were significant differences. In addition to above interface, the result

showed that the position among lighting system and interface was a factor to affect

operating efficiency.

4. Conclusions and recommendations

According all of the above, the conclusions are made as follows:

1. The switch interface in the public space uses no feedback button interface or LED button
interface often.

. When different switches (such as lights, fans) collocate on a wall, it is easy to make
users add operational frequency and error rate, especially the switches are similar.
Therefore, when public space needs 2 interfaces and above on collocation, interfaces
better choose different patterns to easily organize and reduce operating errors. The
majority argues that interface of power switch should have a great improvement in order
to operation.

In the study, lighting system and power switch of republic space didn’t properly apply
spatial compatibility or natural mapping to collocate and the main incompatible reason
is that the collocating worker fast set the related collocations without considering user.
Norman(2007) argued that the incompatible reason come from space differences.
However, it found that subjects can operate according their cognitive mapping, for
instance, left light collocates left button, light on right collocates right button, and
former light collocates upper button. Therefore, if only we can make proper plan
according to majority mapping cognition before collocation, it can get fairly
compatibility.

The empty button in operational judgment is more difficult than no feedback button or
LED button. When empty button was added, it had no significant difference in operating
difficulty, obviously, the main reason about difficulty of empty button is no hint but not
its number. No feedback button was better than the empty one, but when button added,
the operating difficulty increased. LED button had similar result with no feedback button,
but the effect was less than no feedback one. Owing to feedback hint, LED button can

remind user its condition and reduce difficulty of judgement.
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5. In the experiment of mapping test, the position between lighting system and power
switch definitely had affection to users operation. The result of experiment revealed
that when lighting system located on subjects’ left and right side, subjects reactions had
opposite operating direction, especially button was arranged by horizontal way. Button
with vertical way was no affection on operating judgement for three directions of
lighting system.

6. Through the result of experiment on across side was not completely same as left or
right side, but subjects are used to operate with the model of right side more than left
side when the lighting system locates on their across side. If lighting system was
located on right side, subjects’ reaction was from right to left, up to down; if it was
located on left side, it was from left to right, up to down(Fig 13).

Across side Right side

Left side

-=-% : Operating direction

Fig.13 Operating direction of 2 rows of lights by 2buttons

7. Population stereotypes exist in subjects’ reaction, when 4 rows of lights collocated 2
buttons and 6 rows of lights collocate 3 buttons. Subjects are used to operate by the
order of 1, 2, 3, 4, 5..... Fig 14 showed the related mapping situations when lighting
system is located on right side.
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Fig.14 Mapping of pairing multiple with 1 of interface located on right side

. The operating error rate is affected by buttons setting of interface and lighting system
direction mainly, particularly the interfaces setting by 2 buttons are easier make higher
error rate in subjects operating.
. According to the collocation of lighting system and power switch, the following related
space recommendations are made:
(1) Different power switch interface better uses different pattern to get higher
differentiation in a same space.
(2) If lighting system is located at the across side of interface, the buttons of power
switch is better collocated according to the right side.
(3) When lighting system and power switch collocate by pairing majority with one,
the lighting number are better arranged by regular way to be a unit and the

buttons of power switch are better a multiple of lighting number(Fig 15).
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Fig.15 pairing 4 (lights) with 2(buttons)

(4) As lighting system arranged by vertical way to be a unit is controlled by a button, its
interface better adopts horizontal way to collocate; if by horizontal way to be a unit,

its interface better uses straight way to arrange (Fig 16).

OO0 ;
e e

00O -
@00 @®

Fig.16 The collocating way of buttons as lighting system arranged by vertical way and
horizontal way to be a unit

Finally, the following recommendations are made:
1. The most subjects argue that the interface of power switch should have a great

improvement that can be a follow-up research.
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2.

In the experiment of study was aimed at young adults, Proctor(2005) pointed that
it is important to determine what specific aspects of incompatibility are
problematic for older adults and the extent to which incompatibility affects their
performance more than it does that of younger adults. Therefore older adults can
be investigated with the same topic in the future and the result can compare with
younger adults.

Right-handed subjects were more than left-handed in the experiment. On the basis
of objectivity, so it was be discussed in the study. If it is a factor to affect

operation that is worth treating in the future.
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