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Test-retest reliability means whether the same results can be observed when the same participants perform the same task over two
sessions. By considering test-retest reliability, researchers can review the reliability of their study and its results. Previous studies
showed that 1D-target pointing tasks have low test-retest reliability. However, it should be more practical to investigate test-retest
reliability for 2D-target pointing tasks because the situation represents a more realistic use case than for 1D-target pointing tasks. We
asked the participants to perform a 2D-target pointing task for five days under identical conditions and then to answer a detailed
questionnaire. The result showed that the researchers should assemble a study with three or more sessions to make the test-retest

reliability high in the aspect of movement time, error rate, and throughput.
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1 INTRODUCTION
1.1 Background

Test-retest reliability means whether we can observe the same results when the same participants perform the same task
over two sessions [37]. Researchers often form their conclusions after analyzing the results of one-time user experiments.
However, in such cases, good (or bad) results obtained by chance would lead to wrong conclusions. By considering
test-retest reliability, researchers can more accurately review the reliability of the experimental results. Test-retest
reliability has been the focus of attention since around 1937, particularly in the psychology field [12, 13, 28, 33]. For
example, previous researchers [28] have investigated whether the same participant group provides the same responses
when they are given the same questionnaire after an interval of several weeks.

In the HCI field, many studies emphasize the importance of replication (e.g., [5, 17, 34]). On the other hand, few
studies have investigated test-retest reliability. In replication studies, researchers focus on experimenting under the
same experimental conditions (e.g., equipment, participant demographics, and tasks). In contrast, test-retest reliability
expands the focus to the same participants in addition to the same experimental conditions. Ideally, the same participants
should give the same results over two sessions. However, in the psychology field, several researchers have reported
cases in which they did not obtain the same results [12, 13, 28, 33].

Although the exploration of test-retest reliability in the HCI field remains limited, initial attempts have emerged.
These studies have primarily focused on simpler tasks, such as 1D-target pointing, as a starting point. Sharif et al. [29]
and Yamanaka [37] investigated test-retest reliability in 1D-target pointing tasks and found that it was low. However,
we believe it is beneficial to investigate test-retest reliability for 2D-target pointing tasks because it represents a more
realistic use case than 1D-target pointing tasks. For the 2D-target pointing task, previous researchers [19] investigated
a multi-session experiment, although they did not investigate the test-retest reliability of the task. This lack of clarity
regarding the test-retest reliability in a realistic task condition (2D-target pointing) is what motivated us to conduct this
study.

Since a target-pointing task requires participants to perform rapid aimed movements, we suspect that the test-retest
reliability is affected by the participants’ factors, i.e., their physical condition on the test day or their improved skill in
mouse manipulation. For this reason, we asked participants to perform the multi-directional pointing task shown in
the ISO9241-411 [11] for five days under identical conditions and then to answer a detailed questionnaire. We then
analyzed the results to determine which factors reduced the test-retest reliability. We also examined whether it is

necessary to repeat the same task for more than two sessions in order to improve the test-retest reliability.

1.2 Research Questions
We address the following two research questions (RQs) in this research.

RQ1 How many sessions should the researchers conduct to stabilize the participant’s performance on the 2D-target
pointing task?

RQ2 Which factors have an effect on participant performance?

1.3 Contribution Statement
The contributions of this study are twofold.

o We evaluated test-retest reliability in five sessions conducted for five consecutive days in an offline environment

with fully consistent equipment.
Manuscript submitted to ACM
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Investigation of Test-Retest Reliability in 2D-Target Pointing Task for Five Consecutive Days 3
e We investigated which questionnaire items are necessary for evaluating test-retest reliability in pointing tasks.

2 RELATED WORK

In this section, we first describe Fitts’ law and throughput [10, 21, 31, 36], which we use to evaluate test-retest reliability
in this study. We then present studies on test-retest reliability in a 1D-target pointing task. Finally, we show studies
comparing the performance between two sessions, and how we evaluate the performance of all the sessions in this

study.

2.1 Fitts’ Law and Throughput

Fitts’ law models the time required to select a target using an input device such as a mouse [10]. In this paper, we use
Fitts’ law defined as Equation (1) [21]:

D
MT =a+bxID, withID:logz(W+l), (1)

where MT is the movement time, D is the distance to the target, W is the width of the target, and a and b are empirical
constants. ID (index of difficulty) is the difficulty of target selection.

When comparing multiple input devices, pointing methods, or user groups, the definition of the high-performance
device/method/group might change depending on the MT and ER (error rate). For example, if there are two devices
with different MT and ER, the definition of a high-performance device changes depending on the importance of MT or
ER. Alternatively, if the ER of the two devices has the same value, we can define a superior device by comparing only
the MT. Using TP (throughput) is recommended when performing such comparisons [31], as it helps resolve this issue.
This metric integrates speed and accuracy and is calculated using ID, (effective index of difficulty) consisting of W

(effective width) that considers click-point variability [6], which is defined as
D
ID, = log, (W + 1) and W, = V2reo = 4.1330, (2)
e

where o is the standard deviation of the click-point distribution. W is adjusted so that ER becomes 4%. A common
definition of TP as shown in Equation (3) is called the mean-of-means method [31, 36], which has also been used in

previous studies on the test-retest reliability of pointing tasks [29, 37]:

D,
i , 3
] o

1

|A|x| W]
P=———— (
|Al % [W]

where i represents the i-th task condition within |A| X |W|. Calculating TP using W, can reduce the effect of participants’
subjective biases toward speed and accuracy. While several previous studies used the bivariate SD of click coordinates
on a 2D plane as o [3, 38], utilizing a univariate SD along the task axis is theoretically and empirically valid [30, 36].
In this study, we use a univariate SD to compute TP. The robustness of TP is the reason that the ISO9241-411 [11]
recommends its use, and why numerous researchers calculate TP when investigating the performance of multiple

devices, methods, and groups.

2.2 Test-retest Reliability in 1D-Target Pointing Task

As mentioned earlier, test-retest reliability has been investigated extensively in the field of psychology (e.g., [12, 13,
28, 33]), but it has received much less attention in the target-pointing task in the HCI field. Two of the few related

Manuscript submitted to ACM



157
158
159
160
161
162
163
164
165

166

168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

208

4 Atarashi, et al.

o o [
[= = [
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Session Session Session
(a) A pattern where SV is zero. (b) A pattern where SV is low. (c) A pattern where SV is high.

Fig. 1. Correspondence between the data collected from each session and the SV. As shown by the black line, the three averages are
equal. However, the more non-linear the variance in performance, the larger the SV.

works were done by Sharif et al. [29] and Yamanaka [37]. Sharif et al. [29] investigated the test-retest reliability in
1D-target pointing tasks in terms of TP. They found that the test-retest reliability was low because some participants’
TP differed between sessions while others remained stable, and the mean of TP for all participants significantly differed
between sessions. Yamanaka [37] investigated test-retest reliability in terms of MT, ER, and TP, and found that the
test-retest reliability was low because the MT, ER, and TP of some participants significantly differed between sessions.
Furthermore, Yamanaka [? ] explored a method in a comparative experiment based on user interfaces by introducing a
group sequential design, in which the p-value is checked at the midpoint of the experiment to determine whether to
end the experiment early or to proceed.

Considering actual use cases, most pointing tasks are two-dimensional. Therefore, we investigate test-retest reliability
for 2D-target pointing tasks based on the 1IS09241-411 [11]. Moreover, while both studies mentioned above compared
the performances of two sessions, a larger number of sessions would provide further insight into the changes in
participants’ performance. We, therefore, conduct our experiment for five sessions. In addition, Yamanaka’s study used
crowdsourcing for the experiment, but it was unclear whether the participants appropriately followed the instructions
(e.g., to use a single input device throughout the experiment). It has also been reported that the accuracy of a task is
lower when experiments are conducted remotely compared to when they are conducted on-site [9]. For these reasons,
we investigate the test-retest reliability by conducting the experiments on-site.

Another difference between our experiment and these previous studies is the control of interval length. Sharif et
al. [29] conducted two sessions with intervals ranging from four to 48 hours. The actual interval was arbitrarily chosen
by each participant and thus not well-controlled. Yamanaka [37] compared two participant groups, one with intervals
of one to two minutes and the other with intervals of 20 to 30 minutes. These intervals were relatively short, and he
mentioned it as a limitation. In comparison, we controlled the start time of each session more strictly. Specifically, we
asked the participants to initiate the task at an almost fixed time every day, and the result of the difference in start

times was less than 15 minutes.

2.3 Metrics to Compare Performance across Sessions

Similar to previous studies [29, 37], we compare participants’ performance between sessions in terms of MT, ER, and TP.
The stability of the model fits using Fitts’ law is not the subject of our current study; therefore, the results (regression
expressions and R? values) are included in the supplementary materials.
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Investigation of Test-Retest Reliability in 2D-Target Pointing Task for Five Consecutive Days 5

To quantitatively evaluate the test-retest reliability, we use Matejka et al’s method [24]. They investigated the effect
of the appearance of a visual analog scale on the rating behavior of survey respondents. The smoothness of the survey
results was evaluated using Equation (4), which is a variant of standard deviation. By applying this equation to the
five sessions of data collected from the participants in this study, we can evaluate the performance improvement over
the entire session. For example, the bias for participants whose performance improves linearly with the number of
sessions becomes close to zero. On the other hand, the bias for participants whose performance improves or worsens
non-linearly with the number of sessions becomes large; see Fig. 1. Considering the meaning of Equation (4) in this

study, we refer to it as session variance (SV).

4 4
1 2oy (Xig1 —xi)
SV = 1 iil (xjgg — ;) — =222 0 ; !

(4)
The metrics such as the daily mean of MT, ER, and TP can be applied to x.

3 EXPERIMENT

We conducted a 2D-target pointing experiment consisting of five sessions with 17 participants. Compared to previous
studies in terms of session count (e.g., two sessions used by Sharif et al. [29] and Yamanaka [37]) or duration (e.g., the
two-day experiment by Card et al. [4]), we aimed to include as many sessions as possible. However, we decided that
weekend participation would pose a considerable burden on participants, and therefore we chose to conduct one session

each day over five weekdays.

3.1 Apparatus
We used a laptop PC (Intel Core i7-11800H, 16 GB RAM, Windows 11, NVIDIA GeForce RTX 3060 LapTop GPU). The

screen size was 15.6 inches, with dimensions of 359.7 X 227.4 mm, a resolution of 1920 X 1080 pixels, 0.179 mm per pixel,
and a refresh rate of 60 Hz. The mouse was Microsoft Mobile Mouse 3500 (Wireless, 1000 DPI, 1000 Hz polling rate).

The experimental system was developed with Compose for Desktop! and Kotlin?, and displayed in full-screen mode.

3.2 Participants

A total of 17 individuals participated in the experiment (18-24 years old, M = 22.3, SD = 1.67). Thirteen were male, and
four were female. One participant was left-handed, 16 were right-handed, and none were ambidextrous.

We determined the sample size (i.e., the number of participants) using G*Power [8]. As a primary performance metric
is TP and a previous study reported that the effect size of the session on TP was somewhere between medium and large
depending on the interval length [37], we set Cohen’s f = 0.325, power = 0.8, and & = 0.05 for RM-ANOVAs. We found
that a minimum of 13 participants were required. To allow for the possibility that several participants might drop out

during the five-day experiment, we decided to recruit more than 13 participants.

3.3 Task, Design, and Procedure

To measure pointing performance trends with a high degree of accuracy, it is recommended that 15-25 trials be performed
for each target condition [31]. Thus, 25 circular targets were displayed (Fig. 2) in the task window (1920 X 1080 pixels).

The current active target was colored in red and the inactive ones in gray. If participants clicked on the active target,

!https://www.jetbrains.com/lp/compose-desktop/
Zhttps://kotlinlang.org/
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Session: 1
Set: 0/1
Targets: 0/ 25
Errors: 0
Time: 0.00 s

Fig. 2. Appearance of the application used in the experiment and the order in which targets are clicked.

the next target turned red. If participants clicked outside the active target, it flashed orange, and they had to keep trying
until successfully clicked it. One set consisted of 25 targets for a fixed D X W condition. The first target was on the top.

The independent variables were target distance D (300, 440, and 630 pixels), target width W (8, 20, 38, and 78 pixels),
and Session (1 to 5). The D and W conditions were selected concerning Yamanaka et al. [38] so that ID ranged from
2.28 to 6.32 bits. The dependent variables were movement time (MT), error rate (ER), and throughput (TP).

The order of the 12 D X W conditions was fixed in ascending order of ID to control the effect of order among
participants. Before the first set of each session, participants got used to the task by performing a practice set with D =
400 and W = 30 pixels, the results of which were not used for analysis.

Before the practice set of each session, participants completed the pre-session questionnaire consisting of seven items
and completed the post-session questionnaire consisting of one item after each session (Table 1). There are numerous
factors that could affect pointing performance between sessions, and thus it is desirable to ask for as much information
as possible. Note that since factors affecting test-retest reliability in pointing tasks have never been established, it is
difficult to determine concrete factors in advance. Therefore, we can only know whether these factors are effective or
not after we analyze them. It is thus meaningful to come up with as many questionnaire items as possible. For example,
we wanted to ask questions in advance of the first session about how long the participants usually use a Windows PC,
their usual mouse cursor-speed settings, their usual display sizes (resolutions and inches), their usual display brightness,
and their usual chair heights (if the chair used in the experiment was extremely lower, the performance might be
degraded). In addition, before every session, we wanted to ask how long the participants had exercised on the day
before the experiment, how long they operated the mouse on a different PC, and how long and at what load they used a
smartphone. However, it was not realistic to ask all possible questions every session due to time constraints, so we
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Investigation of Test-Retest Reliability in 2D-Target Pointing Task for Five Consecutive Days 7

included only limited items in the questionnaire, which was designed to find out what is worth investigating more
deeply in the future. Questionnaire items for sleep, hunger, fatigue, and busyness were designed with reference to the
paper [25] on health status and performance.

After finishing the five sessions, participants completed a post-experiment questionnaire (Table 2), asking participants’
attributes such as their age, sex (free-form to allow arbitrary answers), dominant hand, and history of mouse use. The
items related to games were set up with reference to the research result [27] that gamers have higher performance than
non-gamers. The questionnaire items were also set up with reference to [32] for age, [2] for sex, and [20] for dominant

hand and time spent using the mouse.

3.4 Interval Length

The participants completed one session per day five days, completing a total of five sessions. Before participating in the
experiment, each participant chose his/her own start time (e.g., 1 p.m.) for five sessions to control the interval length.
The largest difference in actual session start times was 14 minutes and 11 seconds. Thus, there were approximately 24
hours between the sessions for each participant. This allowed participants to recover from any fatigue caused by the

previous session before the next session started.

4 RESULTS

MT was the duration from when the previous target was successfully clicked to when the next click was performed [18,
31]. Trials in which we observed one or more clicks outside the active target were flagged as errors.

Our MT and ER data did not pass the Shapiro-Wilk normality test (@ = 0.05). Therefore, we conducted a non-
parametric ANOVA with the ART (Aligned Rank Transform) [16, 26, 35] for MT and ER. Additionally, to further explore
the effects, we applied ART-C (Aligned Rank Transform for Contrasts) [7] for specific contrasts within MT and ER. For
TP, as TP merged D and W, we considered only sessions as the independent variable. The Shapiro-Wilk normality test
indicated that the TP data followed a normal distribution, and thus we used RM-ANOVAs with the Bonferroni p-value

adjustment method for pair-wise tests.

4.1 Outlier Data Screening

We removed spatial outliers if the distance of the first click position was shorter than D/2 [1, 23] to remove clear
accidental operations such as double-clicking the previous target. We also removed those that were farther than 2W
from the target center.

Among the 25500 trials (= 3p X 4y X 25¢/icks X Ssessions X 17participants), we removed 46 trial-level outliers (0.180%).
While Sharif et al. removed data from four participants whose ERs were greater than 8% [29], which is twice the common
ER [31], we did not remove any participants based on ER. This was because, although it has been argued that the ER in
pointing tasks is 4% [22, 31], this is arbitrary, and the ER might actually be affected by task conditions such as target
size [14].

42 MT

The MT results are shown in Fig. 3 and 4. D, W, and sessions are independent variables for the statistical analysis.
We found significant main effects of D (Fz,32 = 593, p < 0.001, 75 = 0.971), W (F3 43 = 1569.07, p < 0.001, 75 = 0.990),
and sessions (Fy 64 = 18.71,p < 0.001, r]f, = 0.540). Posthoc tests showed significant differences between session 1-3
(p < 0.001), 1-4 (p < 0.01),1-5 (p < 0.01), 2-3 (p < 0.001), 2—-4 (p < 0.01), and 2-5 (p < 0.01). The significant interaction
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Fig. 3. MT of each session (*: p < 0.05, **: p < 0.01, ***: p < 0.001, ****: p < 0.0001).

(p < 0.05) was found for D X W (Fg.96 = 2.06, p < 0.021, qf, =0.150) and W x sessions (Fi2,192 = 18.71,p < 0.001, qf, =
0.114).

43 ER

The ER results are shown in Fig. 5 and 6. D, W, and sessions are independent variables for the statistical analysis. We
found a significant main effect of D (Fy32 = 4.24, p = 0.023, q}J =0.210), W (F34s = 85.33,p < 0.001, ;7123 =0.842) and
Session (Fy 64 = 61.9, p = 0.004, 1712, = 0.209). Significant interaction was shown between W x Session (Fi2,192 = 3.21,p =
0.0003, 75 = 0.167).

44 TP

The TP results are shown in Fig. 7 and 8. D and W are taken into consideration to TP; thus, only sessions are the
independent variable for the statistical analysis.

We found a significant main effect of sessions (F464 = 33.143, p < 0.001, 7112, = 0.684). Bonferroni-corrected pairwise
comparisons revealed statistically significant differences between session 1-2 (p < 0.01), 1-3 (p < 0.001), 1-4 (p < 0.001),
1-5 (p < 0.001), 2-3 (p < 0.001), 2—-4 (p < 0.001), and 2-5 (p < 0.01). No significant differences were found between

sessions 3—4, 3-5, and 4-5.

4.5 Correlation between Participants’ Performance and Questionnaire Results.

Table 1 shows the results of the correlation between participants’ performance in each session and the answers to the
session questionnaire. The correlation values were interpreted as follows [15]: 0.0-0.2 little if any; 0.2-0.4 weak; 0.4-0.7
moderate; 0.7-1.0 strong. The key finding are as follows. MT was weakly correlated with the current sleepiness. MT,
ER, and TP were weakly correlated with current hunger level. MT and TP were weakly correlated with fatigue of the
dominant hand.
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Fig. 4. MT of each session and participant. The title of each graph means SV.

Table 2 shows the results of the correlation between the average of participants’ performance in each session and
answers to the post-experiment questionnaire. The key findings are as follows. SV (ER) was weakly correlated and SV
(MT) and SV (TP) were moderately correlated with whether or not participants played games using a mouse. MT, TP,
SV(ER), and SV(TP) were weakly correlated and SV(MT) was moderately correlated with how long the mouse was used
per day.

5 DISCUSSION

5.1 RQ1. How Many Sessions Should the Researchers Conduct to Stabilize the Participant’s Performance
on the 2D-Target Pointing Task?

The results indicate that the answer is three sessions. According to Fig. 3, there were significant differences in MT
between Session 1 and Sessions 2, 3, 4, and 5, as well as between Session 2 and Sessions 3, 4, and 5. Therefore, MT is
stabilized from three sessions. According to Fig. 5, ER in the first session showed statistically significant differences with
the Sessions 2, 4, and 5. Thus, ER is stabilized from two sessions. Additionally, Fig. 3 shows that TP exhibited significant
differences between several sessions. Specifically, significant differences were observed between Session 1 and Sessions
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Fig. 5. ER of each session (Error bars represent Standard Error, SE; *: p < 0.05, **: p < 0.01).

2,3, 4, and 5, as well as between Session 2 and Sessions 3, 4, and 5. However, no significant differences were found
between Sessions 3, 4, and 5. This indicates that TP stabilized after two sessions.

These results suggest that three or more sessions should be conducted to stabilize MT, ER, and TP.

5.2 RQ2. Which Factors Have an Effect on Participant Performance?

SV in Equation (4) features the instability of metrics like MT, ER, and TP. As Table 2 shows, SV is correlated with
whether or not participants played games using a mouse and how long they used the mouse per day. High SV means
the instability of session-level metrics, in other words, the lack of test-retest reliability. Regardless of the number of
sessions in a study, the test-retest reliability can be made higher by enrolling participants who play games using a
mouse or who have a long mouse usage time.

The test-retest reliability can be made higher if the factors that correlate with the metrics are made the same between
all participants. For example, Table 1 suggests that the current hunger level (lower is more hungry) negatively correlated
to MT and positively correlated to ER, which indicated that, as the participants were less hungry, they tended to
accelerate the mouse-movement speed and thus the operations were more error-prone. Therefore, if we control the
hunger level in each session, it could make the test-retest reliability higher. In the same manner, controlling the current
sleepiness and current fatigue of the hand to hold the mouse could allow us to obtain the more stable performance.

Table 2 suggests that the current hunger level, busyness after the session, and whether or not games were played
using a mouse all affect the performance. These factors affected the performance in multiple sessions by a single

participant, and thus it is desirable to control them if researchers would like to obtain more stable task outcomes.

5.3 Limitation and Future Work

5.3.1 Definition of a new metric to evaluate test-retest reliability. In this paper, we recommended conducting experiments
consisting of three or more sessions in order to observe stable performance. At the same time, the greater the number
Manuscript submitted to ACM



521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563

564

566
567
568
569
570
571
572

Investigation of Test-Retest Reliability in 2D-Target Pointing Task for Five Consecutive Days 11

0.0102740233382816 0.0115470053837926 0.0163299316185545 0.02 0.0209496751499609 0.023094010767585
100-

75-

50-

bl S dhobse i i BB bkt

0.023094010767585 0.0282842712474619 0.0294392028877595 0.0308220700148449 0.032659863237109 0.0382970843102535
100-
75-
9
o 50-
w
25-
Meadkmas Blﬁﬂlhﬁ & tpg 6 %é FaFIRdes
o- KA B P BE x4 BE ela x4 5d
i 2 3 4 5
0.0382970843102535 0.04 0.0476095228569523 0.0489897948556635 0.101789543230683
100-
75-
50-
25-
%ﬁé b éééé #%% wef SR
o) = = sid Edake el
i 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Sessions

Fig. 6. ER of each session and participant. The title of each graph means SV.

of sessions, the fewer volunteer there are likely to be, and the more time, money, and effort are required on the part
of researchers. Thus, we evaluated the results for the participant level to explore how to achieve lower SV in studies
consisting of even a few sessions for higher test-retest reliability. However, we faced two issues. First, according to
the current definition, a low SV (thus high test-retest reliability) does not necessarily mean that the participants do
not improve their performance; see Fig. 1. Second, this experiment is constrained by a sample size of 17 participants,
making its applicability to larger-scale experiments uncertain. Further experiments are necessary to verify whether
three sessions would be sufficient in such larger-scale studies. If we derive a more appropriate metric and a prediction

model for the number of required sessions, these will contribute significantly in the future.

5.3.2  Comprehensiveness of questionnaire items. The correlation between the performances and the questionnaire
answers revealed which factors affect the performances and thus the test-retest reliability. We only had eight items in
the session questionnaire and seven in the post-experiment one, but there are many other potentially significant factors
such as mouse cursor speed, chair height, and exercise intensity, in addition to the resolution, size, and luminance of
the display. It would be worthwhile to conduct an explorative study on the significant factors that participants should

be asked about on questionnaires.
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Table 1. Correlation between participants’ performance in each session and answers to the session questionnaire. We analyzed each
participant’s average performance in each session and the answers for all five days. Colored cells when correlation coefficients are
-0.4 --0.2and 0.2 - 0.4.

. Quality of sleep last night Current sleepiness Current hunger level Current eye fatigue
Sleeping hours .
Parameter last night (1: Could not sleep at all, (1: Very sleepy, (1: Hungry, (1: Very fatigued,
5: Slept well) 5: Not sleepy at all) 5: Full) 5: No fatigue)
MT -0.0712 0.0188 -0.2053 -0.3775 -0.0251
ER 0.0215 0.1449 0.1818 0.2395 0.0826
P 0.0413 -0.0202 0.0820 0.2463 -0.0662
Current fatigue of the hand Busyness of today Busyness of today
Parameter to hold the mouse before session after session
(1: Very fatigued, 5: No fatigue) (1: Very busy, 5: Not busy) (1: Very busy, 5: Not busy)
MT 0.2681 -0.0910 -0.1223
ER ‘ 0.0500 0.0581 0.1482
TP -0.2634 0.0814 0.0594

Table 2. Correlation between the average of participants’ performance in each session and answers to the post-experiment question-
naire. We analyzed each participant’s average performance in all sessions and the answers to the post-experiment questionnaire.
Colored cells when correlation coefficients are -0.7 — -0.4, -0.4 — -0.2, 0.2 — 0.4, and 0.4 - 0.7.

Sex Dominant hand Dominant eye VVlhetAher or not Whether or not . HO;E long

Parameter | Age (Male: 1, (Left: 1, (Left: 1, playing games playing FPS using the mouse
Female: 0) Right: 0) Right: 0) using a mouse (Yes: 1, No: 0) per day
(Yes: 1, No: 0) ’ (hours)
MT -0.0670 0.0341 -0.3985 0.1338 -0.1139 -0.1063 -0.2733
ER -0.1889 0.1026 0.3481 -0.0595 0.0306 0.2066 0.1692
TP 0.1851 -0.1618 0.3281 -0.2466 0.1077 -0.0578 0.2122
SV (MT) | -0.1660 0.4332 -0.1722 0.0573 -0.5767 -0.2100 -0.4279
SV (ER) 0.0236 0.3380 -0.2114 0.0777 -0.3569 -0.1613 -0.2217
SV (TP) 0.1233 0.3403 -0.0342 0.2183 -0.5487 -0.0076 -0.2413
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Fig. 8. TP of each session and participant. The title of each graph means SV.

6 CONCLUSION

We investigated test-retest reliability in a 2D-target pointing task by conducting an experiment consisting of five sessions
with an interval of approximately one day. Our findings showed, that more than three sessions of experiments should
be conducted in order to stabilize their performance on the 2D-target pointing task. We also found that the participants’
current sleepiness, current hunger, and current fatigue of the hand to hold the mouse all affect the performance. In
future work, we plan to define a model that can evaluate the improvement of participant’ performance in terms of
test-retest reliability. In addition, we will design a more detailed and itemized questionnaire to include additional items

that may affect the performance of participants.
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