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ABSTRACT

This study investigates the effect of touchpad,gmssition filter, and control display gain on
user performance. Observations include the behasionser while using the touchpad to
acquire color-changing targets. This study examtheseffect of two touchpad sizes, which
consist of large (100x60 mm) and small (65x36 mmgss position filters (30, 50), and
control-display gains (0.5, 1, 2) on acquiring &sgthat appeared in eight position$, @5,
90°, 135, 180, 225, 270, 315), at three distances (100, 300, 500 pixel) andfférdnt
levels of target size (10, 40, 70 pixel). As foe tresults, touchpad size significantly affects
movement time, error count, movement count, anckntey count. Position filter also
significantly affects the re-entry count. The diffiet behavior of touchpad user differs
significantly regarding to performance measuremefifter 50 and Gain 2 for primary
movement and Filter 30 and Gain 0.5 for secondasyament are the best combinations for
participants to achieve optimum performance. BasedFitts’ Law, the proposed model
successfully predicts movement time by adding ffeceof CD gain in formulating the task’s
difficulty index (R? = 0.8147).

The results in this study will be useful for mickearonic companies to increase touchpad
performance and to offer suggestions for desigrimgchpads based on optimal settings.
Furthermore, this study also reveals that each tfp®uchpad features different settings to
achieve optimum performance.

Keywords: Fitts’ Law; Human-computer interaction; Touchp&@jocity curve

1. INTRODUCTION

Pointing devices play an important role in provgloptimal satisfaction for computer users. If
users could efficiently control a pointing deviceexecute tasks on a computer, then they will
experience satisfaction; if not, they would beli¢kat the device is not a reliable, controllable,
and or for that matter a pleasurable gadget. Tiags,and accurate pointing devices constitute
considerable importance to users’ overall taskgerdnce and to their subjective experience of
system performance (Hertzum & Hornbaek, 2005).

Pointing is one of the fundamental and the mogjueat tasks executed in Graphical User
Interface (GUI). The most common pointing device domputers is a mouse, although other
types are also available, such as joystick, trdtklbad touchpad. However, the strong
preference for portable, hand held computers creat#ifferent story. Due to constrained
operating space for portable computers, the mowsacel is generally not practical and
alternative pointing devices are used. In this cése touchpad has proven to be a common
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alternative pointing device in portable computekdfatsu & MacKenzie, 2002). However,
comparative evaluations have established thatdhehpad pointing performance is poor in
comparison with a mouse (Douglas et al., 1999; Mane & Oniszczak, 1998).

On the other hand, when people purchase notebtiudg,usually buy a portable mouse as a
replacement for the touchpad, because it is diffibe find an easy-to-use touchpad. The

definition of an ‘easy-to-use’ touchpad consistsev¥eral criteria, some of these are related to
the velocity of the device. Generally, users néwdvelocity of touchpad to be fast enough to

reach the intended target, but also slow enougtlit¢k the target accurately. They also want

the cursor to be stable enough to click the target.

Furthermore, a touchpad generally consists of séveachines (position filter and control
display gain) that are responsible for settings#éssitivity, velocity, and other functions. The
position filter affects the smoothness of movemant control of the display gain influences
the velocity of cursor. Gain is defined as the amoaf cursor movement on the display in
response to a unit amount of movement in relatmrthie control mechanism (Arnaut &
Greenstein, 1986). Control Display (CD) Gain is iemportant factor in touchpad design,
because in comparison with the user’'s primary digsghe touchpad's small size requires
greater manual dexterity. Clutching motions (ldtithe finger from touchpad surface and
repositioning it) are required to move the curstlutching degrades performance (Casiez et al.,
2007), particularly when the display size is largberefore, a simple solution to minimize
clutching is by increasing CD Gain. However, insiag CD Gain reduces accuracy, making
smaller objects more difficult to target (Casiealet 2008).

The previous study found that plotting mean sebectimes against CD Gain resulted in a U-
shape, with the best performance when CD Gain was 2 (Jellinek & Card, 1990). However,
another study stated that an increasing gain caaspdoportionate decrease in movement
distance and target size, whereas the difficultythef task remained constant (Fernandez &
Bootsma, 2004). Moreover, the optimal setting foe touchpad remains unknown. Further
research focusing on optimizing touchpad settibgsijdes CD Gain, is hecessary to achieve
better performance.

Some previous studies have attempted to improvehfmad performance in the following four
categories: (1) making the touchpad hardware mophisticated (MacKenzie & Oniszczak,
1998; Hertzum & Hornbaek, 2005; Casiez et al, 200dCallum & Irani, 2009); (2) optimizing
the control display gain (C:D Gain), which produceatious results such as CD gain has
appreciable effect (Graham & MacKenzie, 1995) verawnegligible effect (Jellinek & Card,
1990), and (3) still yet another is critical of gaioncept (Accot & Zhai, 2003); and (4) devising
new interaction techniques such as ‘Drag-and-Popl &rag-and-Pick’, which use the
direction of the initial cursor movement to detemmia set of likely candidate targets, and
temporarily moves these targets to the vicinityhef cursor (Baudisch et al., 2003). However,
none of the research focuses on improving touckp#ahgs in the ‘Fitts’ Law’ methodology.

On the other hand, none of the research studiedédloeity pattern in touchpad design. The

previous study already examined velocity pattemtli@ mouse, which has only one primary
and one secondary movement (Thompson et al., 200//¢. research also considered velocity
pattern in 3D movement, which were affected bydepth and position (Lee & Wu, 2010). For

the touchpad, none of the researchers focuseddttention on its velocity graph. Some studies
already point out about clutching (MacKenzie & Caeimak, 1998; Hertzum & Hornbaek, 2005;

Casiez et al., 2007; McCallum and Irani, 2009). réfege none of the research indicates the
connection between clutching behavior and velagigph in touchpad design.
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For that reason, this research concentrates oarfantlated to touchpad performance for the
pointing device. The factors are as follows: positfilter, CD gain, and also touchpad size.
These three factors are studied along with fackdrieh are already well-known in Fitts’ Law
(distance, target size/target size, and anglefiti®c Moreover, the behavior of touchpad user
is also observed, with its purpose to examine tfiecte of different behaviors into user
performance. Velocity curve of touchpad are alsangred.

2. METHODOLOGY

2.1. Participants

The experiment involved 20 participants that cdesi®f 10 males and 10 females, aged 21-29
years old (23.4+1.9 years old). All those partiipg in the study declared themselves as
being right-handed. They participated voluntarihdavere paid for the study. All had normal
or corrected-to-normal vision and no color blindneEhey have been using computers for a
period of 10.7 to 2.7 years. Their weekly computse time ranges from 45.50 to 13.7 hours,
and their weekly touchpad use time is between @B5HBurs. Participants signed informed
consent forms before the experiment began.

2.2. Apparatus

This experiment uses a 14-inch screen HP Notebodkwao sizes of touchpads. The touchpad
in this experiment was not a fixed touchpad, b portable touchpad which could be
connected to the notebook using a small wire. Thts'H.aw program applied in this
experiment is a multi-directional tapping task. Hoene target was a square-shaped design and
the target was a round-shaped design. The reasgnhih study applies a circular target is
because a square target may pose a problem ithth&rget size is dependent on the angle of
approach. The target size is not the same as wimoaching a square target from a vertical or
a horizontal angle or from a diagonal angle. If theget size is approached from a diagonal
angle, the distance is perceptibly longer than feohorizontal angle, which will generate lower
ID (Thompson et al., 2004; MacKenzie, 1995). Thgdawas selected to appear in a random
position in the screen. As shown in Figure 1, tbercof target is changed if the cursor enters
the target boundary. It follows the reality of gakan Windows, where the color of an icon or
folder is changed when the cursor enters targetdbemny.

wErr e

Home target Acquired m.zz?uélr:;iﬂe
appear 0 target appear . s g
[“; 2
R W
Figure 1 lllustration of the Fitts’ Law Program
2.3. Tasks

Participants sat 60 cm away from the front of gpldig screen. In each task, they were
instructed to move the cursor into the home pasitist. The disappearance of the home target
signaled the start of a task. Subjects then atiednat point at square targets appearing in one
of eight possible positions relative to homé, @, 9¢°, 135, 18C, 225, 27C¢, and 318), at
one of three distances from home (100, 300, andpb@$l) and in one of three sizes (10, 40,
and 70 pixel). After clicking the target, the targksappeared, signaling the completion of a
successful task.
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2.4 Experimental procedure

The workstation consists of a desk and an adjustettir. Participants were required to adjust
the height of the seat, the location of the not&b@md the angle of the screen before the
experiment began. Practice trials with the touchpeele conducted before the actual
experiment started and continued until the padicip reported that they felt comfortable and
ready for the experiment.

To minimize the difficulties of touchpad replacerméetween trials, this study adopts a split
plot design. In each setting, distance, target, anel angle were randomly assigned to each
setting of design variables (Touchpad, Filter arains Each session lasted about 120 minutes.
A rest period of 3 minutes between settings wasigeal in order to prevent cumulative local
muscle fatigue. Each participant completed all expental tasks in 2 sessions, lasting for
approximately four hours. In total, each participgerformed 2,592 trial movements (2
touchpad size x 3 position filter x 3 control depplgain x3 distance %3 target size x8 moving
direction x 3 repetitions).

2.5. Independent variables

The independent variables of this experiment anehpad size, position filter, gain, distance,
target size, and angle. Two sizes of touchpadpra@ared which consist of large (100x60 mm)
and small (65x36 mm). In addition, the positionefilis set at 2 different levels: 30 and 50,
respectively. The position filter in touchpad teclugy has the function of receiving a sensing
signal transmitted by sensing pen, thus filterind autputting the sensing signal utilized. Filter
30 is heavier than Filter 50. It means movemenh Witter 50 is smoother than moving with
Filter 30. However, Filter 50 is more likely to leeursor noise and cursor jumping, because it
is filtering less noise than Filter 30. MoreoveriGaetting is set at 3 different levels of fixed
gain: 0.5, 1, and 2. For the Fitts’ Law Program,use 3 different levels of distance, 3 different
levels of target size, and 8 directions.

2.6. Dependent variables

The dependent variables from this experiment arfopeance measurements from several
variables including: movement time, number of esyoumber of movement count, and number
of re-entry count. Movement time (in miliseconds)defined as the time between when the
home target disappeared (the cursor moved away tlherhome target) and the acquired target
being clicked. Error is defined as the number dbifas to click the target. Movement count is
defined as number of finger movements the partitgpaxecute from home until the target is
acquired on the touchpad. During touchpad targquiation, the participants often move
several times to reach the target, especiallydog Idistance targets. It is because of the limited
size of the touchpad. However, mouse target adarisdoes not need movement count as a
dependent variable, because when participantshesmouse, they can move their arms freely
in one movement. Target re-entry count is iderdis number of times that cursor enters the
target boundary before clicking the target. Movemime and error count are used for
measuring performance, while movement count andnter count are highly related to
comfort.

2.7. Research model

The means and standard deviations of all measutsme&ere calculated using standard
methods. This study uses split-plot analysis ofarenre (ANOVA) calculations to determine the
effect of factors, which consists of 6 independeatiables: touchpad size, position filter,
control display gain, distance, target size, andleanThe touchpad size, position filter, and
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control display gain serve as a whole-plot of #xperiment, because they are categorized as
hard-to-change factors. The whole plot consist$Ztombinations of touchpad size, position
filter, and gain. Moreover, distance, target semed angle are addressed as a subplot, because
they are classified as easy-to-change factors. dtilot consists of 72 combinations of
distance, target size, and angle. The block fos #mperiment is 20, derived from 20
participants. Three replications for each comboratire averaged to achieve one single data
entry. The LSD and Tukey test were used for Post-ttomparisons. The ANOVA one-way is
used to compare the different behavior patterngawh user. An alpha value of 0.05 was
selected as the minimum level of significance; dataxe presented as means or Standard
Deviations (SD).

3. RESULTS AND DISCUSSION

3.1 Movement Time (MT) and Movement Count (MC)

Consistent with Fitts’ Law, movement time increasath the Index of Difficulty (range from
1.28 to 5.6). With regard to the variables that poge this index, MT significantly increases as
a function of distance (F=35504.649, p=0.000), dedreases as a function of target size
(F=19571.914, p=0.000). As for the main plot, tqueth size affects MT (F=14.114, p=0.000)
when a small touchpad has higher movement time thdarge touchpad. MT also had
significantly increased as a function of gain (F83&48, p=0.000), the higher the gain the
lower the MT factor. The angle of approach alsodigsificance to MT (F=579.327, p=0.000),
in which angle 4% and angle 225have the lowest movement times. The interactioallo6
factors also can be studied from the analysisrdot®n of gain and distance generates a very
significant value (F=2969.919, p=0.000), followeg touchpad size*distance (F=368.362,
p=0.000), gain*target size (F=241.658, p=0.000)chpad size*target size (F=135.701,
p=0.000), distance*angle (F=113.137, p=0.000), hpad size*gain*distance (F=105.677,
p=0.000), and gain*angle (F=103.35, p=0.000). Tablesummarizes mean and standard
deviation values of movement time, movement coemgr count, and re-entry count and figure
2 illustrates the trend line effect of touchpadesigain, and angle to movement time.

On the other hand, touchpad size (F=195.003, p€).aflects movement count significantly.
The small touchpad has higher movement count tHarga touchpad. Gain affects movement
count significantly (F=542.952, p=0.000), with tloever gain generating a higher movement
count. Distance (F=81733.47, p=0.000) and target §F=2622.646, p=0.000) also have an
influence, in which longer distance and smallegearsize derive a higher movement count.
Angle (F=2119.738, p=0.000) also affects movemennt significantly, in which angle°Gand
and angle 225have the lowest movement counts, respectivelgraetion of gain and distance
generates a very significant value (F=8164.255,.@3@), followed by touchpad size*distance
(F=3101.255, p=0.000), touchpad size*gain*distafi€e593.348, p=0.000), distance*angle
(F=353.504, p=0.000), gain*angle (F=294.624, p=0)p&nd touchpad size*angle (F=202.826,
p=0.000).

3.2. Error count and Re-entry count

From result of ANOVA Split Plot, the main factoréfegcting error count significantly are
touchpad size (F=9.899, p=0.002). The large toadhpas a higher error count than a small
touchpad. The gain (F=34.189, p=0.000), introdwesargin of error increased by a higher
gain with distance factors calculated as (F=3.289).037). The margin of error increased as
distance became longer. The target size factar81(E360, p=0.000), caused a higher margin
of error in parallel with a smaller target sizetehaction of gain and target size factors generate
significantly higher value factors (F=157.541, B34M), followed by touchpad size*target size
(F=49.307, p=0.000), touchpad size*gain*target $z=47.759, p=0.000), touchpad size*gain
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(F=8.825, p=0.000), and touchpad size*filter*targgze (F=7.977, p=0.000). Figure 3
illustrates the interaction of gain and distanaedes in movement time and the interaction of
gain and target size in the margin of error count.

Table 1 Descriptive statistics of performance measents

Movement
count

Movement

. Error count
time

Constraint Re-entry count

Touchpad size (mm)

Large 2.069 (0.894) 0.24 (0.695) 3.033 (2.012) 4.(8574)
Small 2.180 (1.007) 0.178 4.086 (2.872) 1.129 (0.39
Filter

30 2.151 (0.895) 0.202 (0.614) 3.581 (2.636) 1,(D45859)
50 2.098 (0.921) 0.217 (0.65) 3.538 (2.429) 1.16822)
CD Gain

1:0.5 2.553 (1.101) 0.131 (0.411) 5.207 (3.134) 51.®.233)
1:1 1.982 (0.778) 0.175 (0.522) 3.261 (1.85) 1.(»379)
1:2 1.840 (0.792) 0.321 (0.859) 2.209 (1.185) 1.@0304)
Distance (pixel)

100 1.476 (0.567) 0.195 (0.607) 1.669 (0.844) 1(0A73)
300 2.143 (0.751) 0.211 (0.629) 3.626 (1.839) 1(056)
500 2.755 (1.011) 0.221 (0.629) 5.385 (2.875) 1(06%)
Width (pixel)

10 2.655 (0.841) 0.45 (0.957) 3.918 (2.621) 1.353309)
40 1.973 (0.814) 0.101 (0.336) 3.501 (2.512) 1.@8299)
70 1.766 (0.803) 0.075 (0.286) 3.260 (2.424) 1@e871)
Angle (deg)

0 2.024 (0.841) 0.208 (0.608) 2.971 (1.948) 1.1/932)
45 1.973 (0.811) 0.187 (0.592) 3.192 (2.139) 1(06973)
90 2.280 (1.085) 0.204 (0.612) 4.248 (3.112) 1Q18)(
135 2.254 (1.045) 0.223 (0.722) 3.975 (2.747) 1(D446)
180 2.058 (0.887) 0.217 (0.656) 3.242 (2102) 1(06483)
225 1.963 (0.835) 0.202 (0.598) 3.143 (2.090) 1(D4948)
270 2.243 (1.026) 0.21 (0.617) 4.074 (3.012) 1(06294)
315 2.204 (0.991) 0.221 (0.642) 3.632 (2.504) 101634)

touchpadsize
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Figure 2 Touchpad size, gain, and angle effectamement time
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For re-entry count, the touchpad size (F=39.752).@30), filter (F=6.718, p=0.010), gain
(F=276.020, p=0.000), target size (F=2648.009, @3®), and angle (F=5.572, p=0.000) have a
significant effect. The large touchpad has a higleeentry count than a small touchpad, and
filter 50 has higher re-entry count than filter 3figher gain and smaller target size caused a
higher re-entry count value. Moreover, the différengles produced a different re-entry count.
The interaction of all 6 factors also can be stddiem the analysis. The interaction of gain and
target size generates a significant value (F=477.13=0.000), followed by touchpad
size*target size (F=143.649, p=0.000), and touchmk*gain*target size (F=86.776,
p=0.000).

Gain*Distance Gain*targetsize
4 1
2 : 1 ' n 0,5 /
o] o 7@7
0,5 1 2 0,5 1 2
—— 100 —m—300 500 ——10 —E—40 70

Figure 3 Interaction of gain and distance in mowveintiene and interaction of gain and target
size in error count

3.3. User behavior
We observed user behavior in the experiment to earthe effect of different behavior
patterns on user performance. The strong behawitbem that particular users exhibit in using
a touchpad is divided into 4 categories, which irod:
1. Users that use one hand (right hand) and tap tii@cguof touchpad to acquire the target
: 9 users
2. Users that use two hands and click the touchpadmtd acquire the target (right hand
to move the cursor and left hand to click the tgrg8 users
3. Users that use one hand (right hand) and clickdbhehpad button to acquire the target
(use middle finger to move the cursor and indegdimnto click the touchpad button) : 1
user
4. Users that combine one hand (surface) and two hémadson) behavior in different
combinations : 2 users

Figure 4 Behaviors of touchpad user

The different user behavior patterns significardffected all of the dependent variables. By
running ANOVA one-way, the type of hand movemergsduare being tested. The results are
that the type of hand movement significantly akecimovement time (F=7.948, p=0.005),

movement count (F=13.927, p = 0.000), error co&#8(038, p=0.005), and re-entry count

(F=69.685, p=0.000). Moreover, a one-handed ussrhigher movement time and re-entry

count than a two-handed user. Otherwise, a oneddthaser has a lower movement count and
error count than a two-handed user.
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3.4. Velocity curve

The velocity curve that users obtained when udniegniouse consists of two parts: primary and
secondary movements, as Jagacinski et al., (198alker et al. (1993) and Thompson et al.,
(2007) described in their previous researchesalfquointing tasks, there are cases with and/or
without a “secondary sub-movement.” Identificatioina “secondary sub-movement” is based
on the size of the global peak velocity of the @ypnsub-movement and the subsequent local
peak velocity. Following Thompson et al., (200He secondary sub-movement should fulfill
criteria of : (1) the subsequent local peak veloaiust have been at least 15% of the global
peak velocity; (2) local minimum velocities surralimg the local peak velocity must have been
at most 15% of the global peak velocity and at ns@86 of the local peak velocity; and (3) a
local minimum velocity occurred not only when thegh turned back upward, but also when it
leveled out to a near-horizontal slope. In the wtilde slope was 0.5% of the global peak, per
sample.

Furthermore, the combined velocity curve consistsone primary movement, and one
secondary movement. However, the target acquistsk using a touchpad is different than
using a mouse, mainly because of the operatioeal differences. When using mouse, the user
can move their arm freely within a free boundaryile; in contrast, when using mouse, the
users only can move their wrist or arm in a limiggda, depending on the touchpad size. This
difference will create a different velocity curviehe velocity curve for the touchpad has several
primary movements and one or multiple secondaryamants, depending on the target size.

3.5. Fitts’ law model

Increased target acquisition time with increasirgyement distance and decreasing target size,
indicates that data from this study conform tosFpiaradigm. Therefore, we are able to deduce
that Fitts’ regression model is based on movingadises (D) and target size (W). The
calculation of the task difficulty index (ID=lgdD/W)+1) of each and every combination
shows the Rrange from 0.6943 to 0.9853. Moreover, the regoessiodel for the overall
combination is 0.659.

Based on the &esults (R=0.6593), which illustrates that each and everylioation of these
models is not explained well by the calculatiortha task difficulty index. Moreover, the result
on ANOVA table shows that the distance and gaiarattion is strong, with reversed effect.
For this reason, we can formulate that:

1_ x Distance [0 Movement Time 1)
Gain

In accordance to our result, the approach of Flitsv formulation which was proposed by
Johnsgard (1994) is being implemented in the Moveriane equation:

MT :a+blogz[%é+1j (2)

Furthermore, after designing the regression motelse two formulas are compared. The
formula proposed by Johnsgard (1994) has higheffad®r than the Shannon formulation. It
explained the 81.4% variance in data levels obthidaring this experiment. Thus, the
Johnsgard equation is a better and more suitabldelmm be implemented in predicting
movement time, especially in the case of targetistgpn tasks for the touchpad.
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3.6. Control display gain

Control display gain is a crucial factor for toualdpperformance. A high gain setting can
quickly maneuver the cursor to the vicinity of tarigout it has difficulty in final acquisition of
the target. Low-gain setting, on the other handilifates fine positioning of the cursor, but
increases the time to advance the cursor over ldigiances (Akamatsu, MacKenzie, 2002).
However, Jellinek & Card (1990) found no performanmprovement using several higher
order transfer functions with a mouse, and sugddst the only benefit is the smaller desktop
footprint afforded by the higher-order relationshiurthermore, previous studies noted that
user performance in target acquisition task onla@emnsitive tablets is better with gain in range
of 0.8-1 than with higher or lower gain (Arnaut,e@nstein, 1986). Moreover, the gain effect in
pointing movement with the hand is appreciable (@ma, MacKenzie, 1995). Based on our
results and findings, despite the different ressitiswn by previous researches, gain has a large
effect of target acquisition task in touchpad desithe Gain 2 Factor is the best for obtaining
high speed, but fails in terms of accuracy. On dtteer hand, Gain 0.5 Factor is better for
accuracy, as observed in its low error count arehtey count value. In contrast, Gain 1 Factor
served as a medium gain level, with medium speedmaedium accuracy. Furthermore, we
propose for applying non-linear gain in touchpadigie to reduce clutching and increase
accuracy.

3.7. Effect of angle

An interesting fact of angle (direction) for touebperformance measurement reveals that
angles of 45and 228 respectively have higher performance values tithaer@angles based on
movement time value and Post-Hoc test. In contkastjcal angles like 90and 270 tend to
have lower performance than other angles. It isabse of the size of touchpad, which is
rectangular-shaped, whereas the length is longar tihe target size, so that finger has longer
space to move diagonally. A decline in performafarevertical angles is due to horizontal-
vertical illusion (HVI) and biomechanical effectidmpson et al., 2004). The result is different
from previous studies. Whisenand and Emurian (1L9B6pmpson et al (2004), and Fernandez
and Bootsma (2004) stated that performance in mmes@pulation was generally best along
the lateral angles {Gand 180, to a lesser extent at 3)5the longest occurs along the vertical
axis (90 and 270), and remaining diagonal falling somewhere in le&w This finding
reflects the result that the impact of angle fous®wand touchpad is not the same.

4. CONCLUSION

The findings from this research are: (1) touchpae significantly affects movement time,
error count, movement count, and re-entry countladge touchpad is better for primary
movement, because the movement time and movememt epent with large touchpad is
overall lower than a small touchpad; (2) Positidterf is not a strong factor for measuring
touchpad performance; however, it has a significaffdct for re-entry count. For primary
movement duration, Filter 50 spends lower time thiter 30. Yet for the re-entry count, Filter
30 has lower value than Filter 50. Therefore, we canclude that Filter 50 is better to be
implemented in primary movement, and Filter 30 isttdr for accuracy, and can be
implemented in secondary movement; (3) The efféc€d gain is significant for movement
time, error count, movement count, and re-entryntodhe best CD gain for primary
movement is 2, since it has higher movement tim@ @movement count, however for the
secondary movement, the best gain is 0.5, becabse lower error and re-entry count; (4) A
large touchpad requires a slower gain than smadlhpad in terms of the secondary movement
to improve accuracy; (5) The finger velocity in thmuchpad creates a pattern of several
primary movements in velocity graph because ofctluig behavior patterns; (6) A one-handed
user has a lower error count factor and a two-hdnder has less movement time. However, in
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terms of higher gain, a two-handed user has less eount than a one-handed user. We can
conclude that a two-handed user has more advantapeichpad performance, especially in
terms of higher gain; (7) Johnsgard’s equation thaluded Gain into Index of Difficulty
formula produced better regression line than Shank@rmulation means, therefore,
Johnsgard’s equation of ID is better applied igéaacquisition tasks in touchpad operations.
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