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Abstract

Numerous studies have examined reaction time differences due
to stimulus or response methods but few have examined the rela-
tionship between these factors, and even fewer in a video game
context. We present a formal experiment comparing the impact of
four display types across four input methods, and three indicator
speeds across three target area sizes on accuracy and response time
in game-like displays. Our main findings indicate a number of sig-
nificant main effects across different display types, indicator speeds,
and target area sizes, and many interaction effects between pairs
of speeds and sizes. The vertical meter and horizontal meter were
found to have a significantly faster response time than the circu-
lar meter and pulsating ring. The vertical meter, horizontal meter,
and circular meter were all found to have higher average accuracy
than the pulsating ring, but participants generally reported finding
the circular meter the easiest to successfully respond to due to its
cyclical nature. Overall, larger target sizes and faster speeds led to
lower response times, and larger target sizes and slower speeds led
to higher accuracy.
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1 Introduction

Reaction time — the time it takes to observe and respond to a
stimulus — is something that affects daily life, from playing a sport,
to driving a car, to playing video games. Each require the person
to register an external stimulus (e.g., a soccer ball coming towards
them) and react to it (e.g., by kicking it). The time this takes is
reaction time [17]. Reaction time tasks are common in HCL. Many
computer-based tasks involve time-sensitive responses from the
user when a stimulus is presented (e.g., a blinking notification icon)
requiring a user response before proceeding (e.g., clicking the icon
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to dismiss it). Such tasks are especially common in video games,
which often rely on “time-pressure” to impose game challenges [50].

Variations of these basic tasks also exist, within the broader cat-
egory of what we refer to as response time (RT) tasks. Response
time task complexity varies based on the nature of the task, such
as whether only certain stimuli require a response (recognition
reaction time) or if different stimuli require different responses
(choice reaction time) [17, 26]. Target selection tasks are similar
to standard response time tasks with the added complexity of a
moving target and/or cursor: the user moves a cursor to a target,
and must react quickly when the cursor (visual indicator) enters the
target . Many other factors influence response time tasks, such as
stimulus colour [49], contrast [9], size [24], movement speed [20],
and response input method [1]. It is thus important to quantify rela-
tionships between these factors and response speed to understand
the RT in diverse situations.

Response time tasks are especially common in video games, and
accuracy is the primary metric measured [51]. Many games involve
fast-paced actions (e.g., combat, sports), where a quick response
to a stimulus is crucial to gameplay, with user RT often directly
affecting the game outcome [10, 20, 52]. The tight feedback loop
and speedy responses required by games make them an interesting
case for study. Yet, game-like RT tasks are relatively understudied
compared to RT in non-game contexts [17, 30, 36, 37]. Thus while
a multitude of factors influence these interactions there is little em-
pirical research to guide game developers in how to scale difficulty
of such tasks in their games [10, 19, 52].

We present a formal experiment comparing various tasks that
rely on user response time viz hitting a target zone in a moving
meter, common in recent video games. We compared response
time and accuracy in game-like information displays across four
factors: display type (vertical meter, circular meter, pulsating ring,
and horizontal meter; see Figure 1), response method (keypress,
mouse, touchpad, and game controller button), indicator movement
speed (three speeds), and target area size (three sizes). Full details
of each factors are detailed in section 4. To our knowledge this
is the first experimental investigation of factors influencing tasks
commonly found in video games which rely on response time.

Our study was guided by the following research questions:

(1) Which of display types facilitates the fastest response?;

(2) Which of the input methods has the lowest RT?;

(3) Do these two factors interact?;

(4) How are the RT and accuracy of these factors influenced by
the indicator speed and target area size?

And more broadly: How can these factors be leveraged to
influence RT and accuracy when designing a video game
with RT tests?
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around the ring.

Indicator moves down
then resets to top.

Indicator radius increases,
then resets to centre.
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Indicator moves right then resets to left.

Figure 1: Display types used in the study. From left to right,
top to bottom: vertical meter; circular meter; pulsating ring;
and horizontal meter

(d

Figure 2: Commercial game displays. (a) Vertical meter from
Palia [43]. (b) Circular meter from Dredge [47]. (c) Pulsating
ring from Horizon Forbidden West: Burning Shores [44]. (d)
Horizontal meter from Toontown Rewritten [48].

Players generally prefer games with a balanced effort/reward
ratio; too little effort yields boredom, while too much effort is frus-
trating [2, 4]. Players enjoy games that they can do well at [38],
while also requiring some uncertainty of success to avoid tedious-
ness [8]. This balance is crucial for enjoyability. Our experiment
provides designers a starting point in determining parameters in
game RT tasks, so they can adjust to provide compelling challenges
to their players. Our analysis consists of comparing display type
crossed with input method, and indicator speed crossed with target
area size to examine how accuracy and response time are affected.

Kamawar-MacLeod and Teather

This allows us to determine which levels and which combinations
are best suited for specific video game design goals.

2 Related Work

Many studies examined response time and factors influencing it.
Typically such experiments have participants observe a stimulus
(often but not always on a screen), with the goal of responding as
quickly and as accurately as possible [10, 13, 19, 28, 49, 52].

2.1 Comparing Reaction Time Test Type

With two exceptions, we focused our literature review on studies
looking at only one type of response time test. Otaki and Shibata
[36] compared simple, recognition, and choice reaction times of
young and middle-aged people, across visual stimuli (e.g., direc-
tional arrows versus a dot or cross in choice tasks). Participants
scored similarly in simple tests regardless of age, but younger peo-
ple were faster in both recognition and choice reaction time tests.
Mudric et al. [30] examined how participant karate skill level in-
fluenced RT in both simple and choice tests. Participants with a
higher karate skill had faster RTs in both simple and choice tests,
with simple RT on average lower across participants, compared to
choice RT. These results suggest that different RT test parameters
impact performance, as does prior skill level in tasks involving fast
responses.

2.2 Comparing Reaction Time Test Stimuli

Many past studies varied stimulus factors (e.g., visual, auditory, or
somatosensory) between conditions in RT tasks. Most studies [13,
24, 28, 49] constrained this to different stimuli in a single modality
(usually visual), but two [17, 37] varied stimuli across modalities.
Both Jain et al. [17] and Pascual-Leone et al. [37] compared auditory
stimuli to visual stimuli and report that auditory stimuli response
time is faster. Pascual-Leone et al. further compared somatosensory
stimuli RT, and found it varied depending on stimuli location.

Other researchers focused on varying visual stimuli, such as
colour variations [24, 49] in simple reaction tests. Vishteh et al. [49]
and Lyons [24] varied stimulus colour across their conditions; Lyons
further varied stimulus size and blink rate. Both studies found
statistically significant differences across the various conditions.
Visheh et al. report differences in RT across different colour stimuli,
while Lyons found little difference, but found that both stimulus size
and blinking speed impacted RT. The difference in findings could
be attributed to the substantial difference in trial length: Lyons
measured RT in the scale of seconds while Vishteh et al. measured
in the scale of milliseconds. Stimulus colour effects seem to be most
pronounced on smaller scales.

Hasbroucq and Guiard [13] and Miller et al. [28] conducted simi-
lar studies varying visual stimulus parameters in different reaction
time tests. Hasbroucq and Guiard studied choice reaction time tasks
where the response and stimulus colour matched (or not), and their
physical positions lined up (or did not). RTs were faster for colour-
and position-matched trials than non-matched trials. Miller et al.
added a visual warning (e.g., an outline appearing) prior to the stim-
ulus’ appearance in a recognition task. While the visual warning
decreased RT for stimuli that require a response, it also increased
incorrect responses to stimuli that did not require a response. These
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studies further illustrate how numerous visual stimuli elements
impact human reaction times.

2.3 Comparing Input Methods

Input method — the action participants perform to end a response
time task — can also influence performance [1, 23]. Ahmetovic et
al. [1] compared standard and alternative response methods for
mobile games towards improving accessibility. Lin and Wu [23] ex-
amined differences in RT and accuracy between digital and physical
keyboards. Both studies revealed significant differences between
the average RTs due to these varying response methods.

Several studies of related tasks (e.g., target selection) also exam-
ined differing input methods. Schwind et al. [41], Roig-Maimo et
al. [39], and Sanchez et al. [40] compared input methods in selection
tasks, the former looking at effects of avatar appearance and the
latter two looking at using head movement as input. Hild et al. [14]
and Huang et al. [16] both examined varying input methods as well,
namely through comparing gaze-based input to standard mouse
input and comparing mouse, stylus, and touch inputs, respectively.
Overall, these studies reveal that input method significantly effects
performance in related tasks; this is likely the case in response time
as well.

2.4 Comparing Speed and Target Size

Target selection - both moving and stationary - research reveals
that target size, distance, and speed of a moving indicator/target
influence response time [5, 15, 22, 40]. Chiu et al. [5], Lee and
Hong [22], Huang et al. [15], and Sanchez et al. [40] all compared
speed and target size in terms of accuracy and/or reaction time
in their work. Their findings were all generally consistent with
Fitts’ Law [27] and found that higher speeds and smaller targets
increased both response time and error rates. Of the studies detailed
above, only Lee et al. [20] examined speed without an accuracy
requirement, examining varying target speed and cue viewing time,
defined as the time from trial start to the time the indicator enters
the target area. They report a significant interaction between target
speed and cue viewing time. These studies overall show that varying
target/indicator speed and size can influence performance in a
variety of RT tasks.

2.5 Response Time in Video Games

While the above studies reveal several factors affecting RT, only
Ahmetovic et al’s [1] study relates to video games. Both Huang et
al. [15] and Lee et al. [21] further studied response times specifi-
cally in video games. Huang et al. found a significant difference in
error rates between a standard method and a predictive method
of processing user selection in a moving grid game [15]. Lee et
al. had participants stack objects by responding when a moving
object is centered over their tower. They found that results with the
game were consistent with their earlier model [20]. Duinkharjav et
al. [9] studied how saccade latency (eye movements) and varying
colour and contrast impacted RT across multiple game types (e.g.,
sports, shooters), and report that higher contrast decreased RT. Lee
etal. [21] modeled latency estimation and compensation in reaction
time tasks common in video games, specifically in the mobile game
Flappy Bird. Additionally, three studies using standard reaction time
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test methodologies investigated RTs in games. Kim et al. [19] found
differences in response time across two distinct timing-based video
games. Two studies, by Dye et al. [10] and Ziv et al. [52], compared
RTs between video game players and non-video game players, re-
porting differences between the two groups. Overall, there are few
formal experiments specifically about RT in games; designers must
interpret results of peripherally related research to guide future
game designs.

3 Example Games

We surveyed commercial games with response time tasks to identify
common displays, focusing on tasks in the game’s user interface
(UI) rather than its environment (e.g., 3D world). We omitted tasks
which did not include a persistent indicator and target area. We
identified eighteen games which include tasks across four major
display type categories, with four or more games in each category.
In all cases, task difficulty stems from the limited time a moving indi-
cator spends in a target area, and is impacted by both the indicator’s
speed and target area size.

While many other types of response time tasks exist in video
games, such as timed button sequences often found in rhythm
games or tasks that require multiple buttons to be pressed to suc-
cessfully respond, we focused our research specifically on single
button press tasks with moving indicators and target areas. We
chose to focus on this task type specifically as in our experience
playing video games, these types of tasks are ubiquitous across a
wider variety of game genres, including role-playing, adventure,
casual, and party games.

3.1 Vertical Meter

Vertical meter displays consist of a vertical path that the indicator
moves along and that the target area is situated in. When the indi-
cator reaches the end of the path, it generally resets to its original
position, reverses direction, or ends the trial unsuccessfully. We
identified four games that featured vertical meters. Palia, by Sin-
gularity 6, included all four of the target selection test types we
include in our experiment. The vertical meter styled cooking stim-
ulus is shown in Figure 2a. Other games including vertical meter
RT tests were: the Spin N’ Sauce minigame in Papa’s Sushiria To Go!
by Flipline Studios, where the player must tap the “Spin” button
when the topmost light bulb is lit up on an oscillating power meter
to win a prize [12]; the Barrel Daredevil minigame in Nintendo’s
Wii Party, where players respond to a falling barrel as close to the
target line as possible [32]; and the Study Fall minigame in Mario
Party DS, also by Nintendo, where players halt their character’s
vertical fall as close to the target line as possible [31].

3.2 Horizontal Meter

The horizontal meter differs from the vertical meter only in that it is
rotated 90 degrees. We consider this rotation sufficiently different to
warrant a separate display type, based on evidence that horizontal
and vertical processing speeds differ [7]. Toontown Rewritten by
the Toontown Rewritten Team includes a horizontal meter RT test
during the CEO boss battle. The meter increases from left to right
as the player holds a key, with the target area at the right end of
the meter, with some room for error. Releasing the key in the target
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area increases attack damage against the boss [48]. See Figure 2d.
Other horizontal meters include: the loom mechanic in Spiritfarer
by Thunder Lotus Games; the drink station in Papa’s Sushiria To Go!
by Flipline Studios; Thirsty Suitors by Annapurna Interactive [3],
where one of the main interaction mechanics of the game consists
of reaction time tasks; and Palia, where the horizontal meter is
another of the tests given to players when cooking [43].

3.3 Circular Meter

Like vertical meters, circular meters have a 1D path which contains
the target area and that the indicator moves within. Unlike a vertical
meter, the path is a circle, and when the indicator reaches the end
position, it simply continues along the continuous path. We found
five games with circular meters, including Dredge, a fishing game
by Team17, which includes a circular meter (among others) where
players catch fish by pressing a button while the indicator is within
a target area. See Figure 2b. The other games with circular meters
include: Pop the Lock by Simple Machine LLC, where the circular
meter simulates a combination lock [42]; the Ticktock Hop minigame
in Nintendo’s Mario Party Superstars, where players must press a
button when the hands of a clockface reach their character [35];
Palia’s cooking mechanic again [43]; and the sauce station in Papa’s
Wingeria To Go! by Flipline Studios, where the player must react at
indicated times to correctly distribute the sauce on the wings they
prepare [11].

3.4 Pulsating Ring

The pulsating ring differs from the other displays in that instead
of varying an indicator position, the indicator radius varies. The
user responds when the indicator is within the target area. Like
the vertical meter, when the indicator reaches the meter’s edge,
it resets to its original radius, reverses scaling direction, or ends
the trial unsuccessfully. Horizon Forbidden West’s “Burning Shores”
expansion, by Sony Interactive Entertainment, added an example
of a pulsating ring. When players attempt a particular attack, a
ring representing the target area appears, along with an indicator
ring that decreases in size. The player must press the attack button
when the indicator is in the target area [44]. See Figure 2c. Other
pulsating ring examples include: the mechanic for apprehending a
stolen vehicle in Marvel’s Spider-Man 2, also by Sony Interactive En-
tertainment [45]; the fishing mechanic in Fire Emblem: Three Houses
by Nintendo [34]; the salvaging mechanic in Xenoblade Chronicles
2, also by Nintendo [33]; and Thirsty Suitors by Annapurna Interac-
tive, where another of the main interaction mechanics includes a
pulsating ring target selection test [3].

4 Methodology

There is little empirical work investigating target selection or re-
sponse time with the common video game meters described above.
Prior studies have not looked at stimulus factors or input methods,
despite evidence that a link is likely present [1, 23, 24, 49]. We de-
veloped software to present response tasks across varying display
types and with different input methods to respond to meters simi-
lar to those described above. Since prior work [5, 15, 22] indicates
that indicator speed and target area size matter, our testbed also
supports systematic variation of these factors.
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4.1 Participants

We recruited 25 participants (aged 19-43, mean age of 24.9 years,
SD = 5.78, 18 women, 6 men, 1 non-binary), all with (corrected-
to-)normal vision. They spent an average of 7.0 hours (SD = 9.0)
per week playing video games, with 3.7 hours (SD = 5.0) per week
playing reaction- or timing-based video games. We assessed their
dominant hand using the Edinburgh Handedness Inventory, and
prior experience with keyboards, mice, touchpads, and game con-
trollers. All participants were right-handed or ambidextrous, and
were familiar with all input methods used in the study.

4.2 Apparatus

4.2.1 Hardware. We used a desktop PC with an Intel Core i7-7700K
CPU @ 4.20GHz and 32GB RAM running Windows 10, along with
four input devices used to vary the input method during trials. The
input devices included a Logitech G810 Orion Spectrum keyboard
for keypress trials, a Logitech G400s optical mouse for the mouse
click trials, an Apple Magic Trackpad for the touchpad tap trials,
and an Xbox 360 game controller for the controller button trials.

4.2.2  Software. We developed custom software using Unity and C#
to run trials and record performance metrics. The software would
display one the four stimulus types seen in Figure 1 depending
on the experiment condition, each representing one of the major
classes of common tasks seen in video games outlined above. Each
set of trials began with the software displaying instructions to
the participant, indicating which input method and display type
was next. See Figure 3a. Participants could take a break if needed
at this time. Upon responding with the appropriate input for the
current condition, the first trial would begin. When a trial began,
the associated display type appeared on the screen. A trial ended
when the participant responded with the current input method,
regardless of accuracy (i.e., whether the marker was in the target
area or not). The software displayed the current indicator beginning
in the default position. The target area position was randomized, as
seen in Figure 3b. The indicator started moving as soon as the trial
began. Participants were asked to press the input method control
while the indicator was within the target area. See Figure 3.

Each trial set was characterized by the input method and display
type condition. The software randomized indicator speeds and
target area sizes ensuring all combinations were presented. Prior
to beginning recorded trials, the software presented two practice
trials for each display type and input method combination. For each
display type, we selected indicator speeds such that a full indicator
cycle (e.g., from top to bottom for the vertical meter or a complete
rotation for the circular meter) took the same amount of time across
all stimulus styles, for a given indicator speed. The slow speed took
four seconds per cycle for each display type, medium speed took
two seconds per cycle, while fast speed took one second per cycle.
Similarly, for each display type, we selected target area sizes to
ensure that they took up the same proportion of the meter. This
way, the time the indicator spent in the target region was consistent
across all display types for a given speed-size combination. The
large target size took up a quarter of the meter, while medium took
up an eighth, and small took up a sixteenth.

The software counterbalanced display types according to a bal-
anced Latin square within each input method to mitigate switching
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Press the spacebar when the
indicator ig in the green area.

Press the spacebar to start.

(a)

(b)

(c)

Figure 3: Software used in the study. (a) Sample instruction
screen shown before trial set begins. (b) Circular meter trial
with randomized target position and indicator at start posi-
tion. (c) A correct response, with indicator within target area.

cost between devices [46]. So participants could not anticipate tim-
ing, each trial (10 per condition) had the target area randomly posi-
tioned within the meter. While these random positions introduced
variety in best possible accurate RT for individual trials, this was
averaged across the total number of trials that were measured per
condition. This variety was caused by response time being bounded
by the placement of the target, as even if the input were to be given
the first instant it would be valid, enough time for the indicator
to reach the target area would have to have passed already. How-
ever, across the high number of individual trials per independent
variable for each participant, the risk of potential inconsistencies

Gl 25, 2025,

in target placement that may have occurred at a lower trial count
and influenced results was mitigated. As such, we do not antici-
pate the randomization of the target placement skewing the results
for any of the conditions. The software recorded the participant’s
unique anonymous ID, along with each trial’s combination, and the
participant’s response time and accuracy.

4.3 Procedure

We first welcomed participants and asked them to read and com-
plete the informed consent form. They then filled out a preliminary
questionnaire to confirm eligibility, and completed a demographic
questionnaire. Next, participants were seated at the desk, positioned
65cm from the screen to control for distance. We then demonstrated
the task and instructed participants to respond as quickly and accu-
rately as possible to the visual stimulus by pressing the indicated
control while the indicator was within the target region. We also de-
scribed the different input methods, and gave participants a chance
to ask any clarifying questions. They then completed practice trials
for each level of input method crossed with display type.

After this briefing, the first set of recorded trials began. Recorded
trials proceeded as described above, with each combination of input
method and display type (in counterbalanced order) and each target
area and speed combination (in randomized order). Participants
completed 10 trials for each combination of conditions and could
take breaks after each set of trials. This process was repeated for
each indicator speed, within each display type, within each input
method yielding a total of 1440 trials per participant.

Upon the completion of each set of ten trials, the software
recorded participant ID, condition information, speed, and accuracy.
Overall, each participant took around thirty minutes to complete
all trials. We then thanked them for their time and provided $10
(CAD) as compensation.

To determine if these findings are supported by users’ subjective
experiences, we recruited an additional five participants to complete
the same trial set followed by a qualitative questionnaire. They were
asked to rank the display types and input methods from easiest to
hardest to respond to both quickly and accurately, and provide a
brief explanation why. Although this feedback came from a different
participant pool, the trials were administered in the same way
and so we do not anticipate this having an effect on the findings.
Supporting this, these responses were consistent with spontaneous
feedback from the original 25 participants.

4.4 Design

Our study employed a within-subjects design with the following
independent variables and levels:

o Display Type: Vertical meter, circular meter, pulsating ring,
and horizontal meter

o Input Method: Keypress, mouse click, touchpad tap, and con-
troller button press

o Indicator Speed: Slow, medium, fast

o Target Area Size: Small, medium, large

This yielded a total of 144 conditions. The dependent variables
included accuracy and response time. Accuracy indicated whether
a trial was accurate or not, based on whether the participant’s re-
sponse occurred while the indicator was within the target region
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Figure 4: Mean accuracy by input method and display type.
Error bars show *1 standard deviations.
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Figure 5: Mean accuracy by indicator speed and target area.
Error bars show *1 standard deviations.

(accurate) or outside (inaccurate). Response time was measured
in milliseconds, with the timer beginning when the visual indi-
cator appeared on the screen and stopped when the participant’s
response was registered (regardless of accuracy). Our analysis only
used response time scores for accurate trials. For each participant,
a mean RT score was calculated per combination. These RT scores
were used in the analyses. Similarly, a mean accuracy score was
calculated for each participant per combination for analyses. In-
put methods were counterbalanced according to a balanced Latin
square; we further counterbalanced display type order within each
input method. Indicator speeds and target area sizes were random-
ized. Order effects (for learning, fatigue, etc.) were not examined.

As a four-way ANOVA is difficult to interpret and dividing our
data to that level of granularity would yield only 250 trials per con-
dition (reducing reliability of results), we opted to instead analyze
the input method and display type independently of the indicator
speed and target area size. This allowed us to obtain more reliable
and interpretable results from each of the variable pairings and
ultimately draw stronger conclusions.

5 Results

Across all participants, we ran a total of 36000 trials. Accuracy is the
percentage of trials that ended with the indicator inside the target
region. The grand mean accuracy was 79% and mean accuracy by
combination is seen in Figure 4 and Figure 5.

Accuracy violated Mauchly’s test of sphericity, so we employed
Greenhouse-Geisser correction to a repeated measures ANOVA.
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Figure 6: Mean response time by input method and display
type. Error bars show +1 standard deviations.
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Figure 7: Mean response time by indicator speed and target
area size. Error bars show +1 standard deviations.

There was a significant main effect of display type on accuracy,
(F1.988,47.714 = 51.312, p < .05, 1712, =.681). The effect of input method
was not significant (Fs 72 = 0.555, ns, 1712, =.023), nor was the interac-

tion effect (Fo, 216 = 0.707, nis, r]f, =.029). There were also significant
main effects for both indicator speed (F1.238,29.700 = 523.614, p < .05,
r]f, =.956) and target area size (F1.502,36.057 = 591.629, p < .05, 1712,
=.961). Their interaction effect was also significant (F2.250,53.990 =
115.409, p < .05, ryjz, = .828). Bonferroni post-hoc testing revealed
that all speed-size pairs were significantly different from all other
speed-size pairs in terms of average accuracy. See Figure 5.

As noted above, response time included only trials that ended
successfully (i.e., accurate trials). The grand mean response time
was 1202ms, (SD = 742ms). See Figure 6 and Figure 7 for mean
response times by combination.

Since response time also violated Mauchly’s test of sphericity,
we again used a Greenhouse-Geisser corrected ANOVA. There
was a significant main effect of display type on response time,
(F1.873,44.959 = 59.028, p < .05, 1712, =.711). The effect of input method
was not significant (Fz 72 = 2.305, ns, 1712, =.088), nor was there a

significant interaction effect (F9, 216 = 0.723, ns, 17‘,2, =.029). There
were significant main effects of both indicator speed (F1.057,23.380 =
218.460, p < .05, ;712, =.901) and target area size (F1.280,30.710 = 106.470,
p < .05, 7712, = .816) on response time. The interaction effect between
the two variables was also significant (F1 64139386 = 8.947, p < .05,
r]f, =.272). Bonferroni post-hoc testing revealed that all speed-size
pairs were significantly different from all other speed-size pairs
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in terms of average RT, with the exception of fast speed/medium
target and fast speed/large target. See Figure 7.

In terms of qualitative results, participants who received the
questionnaire were asked to rank the display types from easiest to
hardest to respond to both quickly and accurately. 80% reported
the circular meter stimulus was easiest, and all participants re-
ported the pulsating ring was hardest. They were asked the same
question regarding the input methods, and two each identified the
keyboard and the controller as easiest, while the remaining partici-
pant identified the trackpad as easiest. Three participants identified
the trackpad as hardest, while the remaining two indicated the
mouse was hardest. Commonalities were identified in participant
answers when asked to explain these choices, which are discussed
below. These results were also supported by spontaneous feedback
given by participants after trials.

6 Discussion

Our results contribute novel findings on simple game-like response
tasks, and provide guidance to game developers towards improving
user experience with in-game RT tasks.

6.1 Revisiting Research Questions

6.1.1 RQI. Our results reveal that response time was significantly
faster for both the vertical and horizontal meters compared to the
circular meter and the pulsating ring. A potential explanation is
that the vertical and horizontal meters are comparatively simpler
than the circular meter and the pulsating ring since they are linear.
Both meters only use translational indicator movement, rather than
more visually complex operations (e.g., rotating or scaling). Having
only the indicator’s position change could help users more easily
detect and respond when the indicator is in the target area. Both
meters are also quite similar to one another, so it is not surpris-
ing that both would offer similar performance. Further systematic
experimentation on variations on linear versus non-linear meters
(e.g., varying the degree of curve from straight, to slightly curved,
to substantially curved, etc.) could better determine if this is the
source of the difference we found.

6.1.2 RQ2. While we aimed to examine how input method would
effect RT, we failed to detect a statistically significant difference
in response time between the four input methods. The RT scores
across input methods are very similar (see Figure 6) suggesting
little difference. We thus cannot conclude whether any of the input
methods studied offer a faster response time than the others. This
similarity may be because, although the input methods are distinct,
all consisted of moving a finger using very similar motor actions.
More different input methods (e.g., swinging or twisting a controller,
common in party games relying on tasks such as those we studied),
would likely reveal larger differences in RT.

6.1.3 RQ3. Our results failed to detect interaction effects across
the display types and input methods. However, considering the
accuracy of these factors individually, the pulsating ring yielded
significantly worse accuracy than the other three stimuli. This may
be because pulsating ring changed the indicator’s scale rather than
position or orientation, which may be less intuitive. All partici-
pants who completed the questionnaire reported that the pulsating
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ring was the hardest visual to respond to quickly and accurately.
Several attributed this difficulty to the fact that they found this
stimulus harder to track due to its unusual shape, with the indicator
consisting of a ring with varying sizes rather than a moving bar.
Specifically, one participant said “[...] because it was a “circle” line
instead of a straight line, it felt a little harder to keep track of”
Interestingly, most participants identified the circular meter as the
easiest visual, with the shared reasoning of this meter’s indicator
being easier to follow, as it circles continuously and does not reset.
As a result, it does not disappear from view when the next cycle
begins. In particular, one participant said “I was able to always keep
track of where the meter was [...] because the meter was always
on screen.” Despite this, a significant difference was not identified
in this meter’s accuracy. For input method, no significant differ-
ences were found between methods, and so a conclusion cannot
be drawn. Similarly, there was no consensus across the qualitative
questionnaires collected. No more than two of the five participants
named any of the input methods as the easiest, and no more than
three named any of the input methods the hardest.

6.1.4 RQ4. The fast indicator speed (1s/cycle), had a significantly
lower average RT than the medium (2s/cycle), and both fast and
medium were significantly lower than slow (4s/cycle). Similarly,
the large target area size (1/4 of the meter) yielded a lower RT
than the medium (1/8 of the meter), and the RT of both large and
medium were lower than that of the small (1/16 of the meter) size.
While intuitive, these results provide valuable insight to how these
factors can affect response time. When a target takes up more of
the meter, the indicator spends less time outside of it, and enters the
target area sooner on any given trial. The user can simply respond
sooner in trials with larger target areas than in those with smaller
ones. Similarly, since the indicator spends more time in the target
area, there is also more time for users to respond after detecting
the indicator entering the area. With smaller targets, the indicator
leaves the target area more quickly, and users must wait for the next
cycle to try again. Finally, an interaction effect showed differences
between the average RT of every speed-size pair. See Figure 7.
Considering individual pairings provides insight into specific cases
when designing RT tasks. For example, in general, faster speed and
larger target size yields faster responses. The converse is also true.

Target size and indicator speed also influenced accuracy. Accu-
racy with the slow speed was significantly higher than both medium
and fast, and medium was more accurate than fast. Accuracy was
also higher with large target area compared to the medium and
small; accuracy with medium was higher than small. Both effects
were likely caused by the fact that the slower the speed or the larger
the target, the more time the indicator spends in the target area,
and so the longer the chance the user has to respond accurately
within a cycle. In general, slower speeds with larger targets yielded
higher accuracy; the more time the indicator spends in the target
area per cycle, the higher the accuracy. Another observation that
can be made by comparing the average accuracies of speed-size
pairings is that the differences between the accuracies of the tar-
get area sizes become more pronounced the faster the indicator
speed gets. Within each speed level, the small target always has
the lowest accuracy, followed by the medium target, however the
absolute value of these differences increases from the slow speed
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to the medium speed, and again from the medium speed to the fast
speed. Along with this increase in speed and decrease in accuracy,
also comes an increase in the size of the error bars, which depict the
standard deviation. This shows that at faster speeds, and especially
with smaller targets, the variability in player performance generally
increases.

Through analyzing our results, we determined display type, indi-
cator speed, and target size to each have an effect on both response
time and accuracy. However, we found no significant effects for
either in relation to the input method.

6.2 Application in Video Games

A broader goal of our study was to determine how various response
task display types, input methods, indicator speeds, and target sizes
could help game designers predict and control difficulty faced by
players in these commonly occurring tasks. Our results suggest that
if a designer wants to decrease game difficulty, then they should
not use pulsating rings and instead consider the vertical, horizontal,
or circular meters. Similarly, if the designer wishes to offer faster
response times, then the vertical or horizontal meters are better
suited than circular meter or pulsating ring. In terms of indicator
speed and target area size, broader rules such as larger targets and
slower speeds are generally more accurate, and larger targets and
higher speeds generally offer lower RT can help guide game design.

6.2.1  Sample Application. To help illustrate how our findings could
be applied, we describe a sample game design. Consider a combat
game where the main mechanics for attacking enemies are response
tasks similar to our experiment. Since vertical and horizontal meters
generally offer faster responses, these stimuli could be used for
weapons that lend themselves to faster attacks, such as daggers.
Conversely, the circular meter and pulsating ring could be used
with weapons that take longer to attack with, such as a magic
staff. Knowing how different display types influence RT in these
tasks can help designers ensure that they select the appropriate
display type to match the intended gameplay. Similarly, indicator
speed and target area size offer developers the ability to fine-tune
game difficulty. For example, indicator speed or target area size
could be adjusted so that attacks with low-level weapons are easier
to succeed with, but deal less damage, while task difficulty and
damage scale with weapon level. If a level one weapon has a slow
indicator speed and a medium target size, and the designer intends
to decrease accuracy for level two, our results show that the same
test with a medium speed but a larger target would be less accurate.
Understanding the parameters influencing response tasks can help
designers make evidence-based decisions for their games.

6.3 Broader Applications in HCI

Beyond video games, the findings of this work can also be applied
to other fields in HCI. With an increasing number of users rely-
ing on accessibility features for interacting with software [6], it is
important to understand how diverse factors affect these features.
An interaction method that is becoming more prevalent in HCI for
accessibility is one button interaction [18, 29]. This method relies
on the user interacting with the software with a single button, with
other techniques being leveraged to give this single button access
to more actions in the software. A common example is the use of
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single key scanning keyboards for text entry [25]. The response
task structure we examine in our work could be applied here, with
an indicator moving along a meter and the user responding when it
is in the range of the target they want to select. Our study provides
an analysis of variations in these tasks that can affect how long it
takes and how accurately the user responds to such an interface,
which can form a foundation for designing accessibility features.

6.4 Limitations and Future Work

When considering our findings, it is also important to note some
limitations. Our participants were all healthy young adults currently
enrolled in a post-secondary education, and so they are likely not
representative of the broader population. The average age of partic-
ipants was mid-twenties with a low standard deviation. This limits
the application of our findings to the broader group of all video
game players, specifically children and older adults, and invites fur-
ther research to be done with a more representative sample. Future
studies could include more diverse participant demographics, or a
comparative study examining if age affects performance on these
types of common video game response tasks.

Emerging technologies are another avenue in which future re-
search following up on our results could be done. While the visual
indicators and input methods we examined are reflective of stan-
dard game interfaces (such as on PCs or standard game consoles),
they are not necessarily representative of more recent develop-
ments in the field, such as VR and AR technologies. Future works
could examine such emerging technologies, looking specifically at
new input or output methods. This could include examining the
impacts of observing the stimuli through a VR headset, or respond-
ing through controls that rely on gestures or eye-tracking. Further
exploration into the impacts of these newer technologies would
help to expand on the findings of this work.

It is worth noting that while we counterbalanced our trial orders,
we did not examine order effects, such as learning effects or fatigue.
Future work could examine the potential impact of order effects on
a similar study. Given the numerous significant effects we detected,
future work could also look at expanding on any of these findings,
such as determining why vertical and horizontal meters have a
lower RT than the circular meter and pulsating ring, as mentioned
previously. More systematic exploration of speed-size pairs could
yield more precise thresholds for these changes, and potentially
facilitate development of performance models similar to Fitts” law.

7 Conclusion

The findings we presented here outline numerous significant dif-
ferences between the accuracy and RT of variations in game-like
response tasks, especially when it comes to varying indicator speed
and target area size. Through answering our research questions,
we aimed to provide insight into the broader goal of leveraging
the effects of different response methods, display types, indicator
speeds, and target area sizes towards making more informed de-
cisions when designing these tasks for video games. Overall, we
determined and discussed multiple aspects of a response task’s
design that should be considered if aiming for a target difficulty
in terms of response time, accuracy, or both, while inviting future
work to be done to examine specific findings in more detail.
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