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Abstract
Frametime spikes can disrupt gameplay in games, affecting both
player performance and experience, but the effects of these spikes
on navigation based tasks is not well-studied. This work investi-
gates how frametime spikes impact players performing navigation-
focused tasks in a platformer game. An open-source platformer
game, SuperTux Classic, was modified to deliberately create spikes
in frametimeswhen players performed certain actions, while record-
ing performance and assessing quality of experience (QoE). Thirty-
one participants completed eight distinct navigation-based tasks,
each with predetermined spike durations. Analysis of the data
shows that the effects of frametime spikes on player performance
depends on the task, but the effects on QoE are largely independent
of task.

CCS Concepts
•Human-centered computing→ User studies; Laboratory exper-
iments; • Applied computing→ Computer games.
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1 Introduction
Advancements in computer hardware and supporting software
continue to shape the gaming industry, allowing developers to
create more visually impressive and immersive experiences [7].
However, these graphical improvements often come at the cost of
performance, especially in modern games requiring high system
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specifications. Maintaining a consistent frame rate can be a chal-
lenge as the time to render individual frames can vary with the
scene complexity and scene changes and can be exacerbated by
in-game computations, with computation-based dips in frame rate
that occur during a critical player’s interaction being especially
problematic. As graphics become more complex, maintaining con-
sistent frame rates and minimizing stutters becomes increasingly
challenging.

In cloud-based games, variation in network conditions can in-
troduce visual stuttering similar to dips in local frame rates [11],
disrupting the smoothness of gameplay and affecting the player’s
quality of experience (QoE). Understanding the impact of frame
stutters on player performance and QoE can inform the design of
more connection-quality resilient cloud gaming platforms.

While the effects of frame rate on player performance and QoE
have been studied extensively, particularly in first-person shooter
(FPS) games where precision and responsiveness are critical [3, 4, 8,
14, 16], the specific effects of frametime spikes on navigation-based
tasks in games remain underexplored. Unlike FPS games, which
emphasize aiming and shooting mechanics, 2D platformers are
predominantly navigation-centric, focusing on moving through the
environment from point A to point B while avoiding obstacles. This
navigation is usually achieved through running and jumping. For
example, Figure 1 from SuperTux Classic shows a task where the
penguin (player) must jump across a gap to reach a bell. The dotted
arrows illustrate the jumping path required to clear the gap.

Navigation tasks are fundamental in many game genres, yet their
sensitivity to frame stutters has not been thoroughly investigated.
Our study aims to bridge this gap by examining the effects of fram-
etime spikes on 2D navigation-based tasks. We implemented a task
difficulty rubric to categorize different navigation challenges and
designed a user study with frametime spikes of varying durations (0,
75, 150, and 225 ms). The frametime spikes were introduced using
a "random delay" method, where spikes occur a random amount of
time after a trigger event in order to make them less predictable to
the users.

Participants played two practice rounds to familiarize themselves
with the best-case (0 ms) and worst-case (225 ms) frametime spike
conditions, followed by 32 collection rounds. Each round lasted
approximately 30 seconds and featured one of eight navigation
tasks, each tested with all four frametime spike durations. The
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Figure 1: Super Tux Classic in-game screenshot. The player
guides the penguin from the left platform across the gap to
the right ledge. Touching the bell completes the jump.

objective was to complete as many tasks as possible within the time
limit.

The rest of this paper is organized as follows: Section 2 sum-
marizes related research; Section 3 outlines our methodology –
assessing the effects of frametime spikes for various in game tasks
through a user study; Section 4 analyzes the results from the user
study; Section 5 discusses our key findings and their implications;
Section 6 identifies some study limitations; and Section 7 summa-
rizes our conclusions and suggests possible future work.

2 Related Work
This section describes related work in three areas: frame rates and
games, frametime variation and games, and navigation-based tasks
in games.

2.1 Impact of Frame Rate on Games
Researchers have explored how frame rate impacts player perfor-
mance and experience. Claypool and Claypool [3] analyzed how
different frame rates impact player performance across first-person,
third-person, and isometric perspectives. Performance declined sig-
nificantly below 15 f/s (66.6 ms frame time), particularly in tasks
requiring quick, precise actions such as shooting. Users performed
slightly better at 15–30 f/s (33.3–66.6 ms frame time), with notice-
able gains in fast-response tasks compared to movement. Claypool
et al. [4, 5] found that frame rate had a greater impact on player per-
formance and perceived game quality than resolution. In contrast,
for video playback, resolution was more critical.

We [16] evaluated effects of frame rate for up to 500 f/s (2.0 ms
frame time) in a first-person shooter game. We found that player
performance did not improve significantly above 60 f/s, even though
players noticed and enjoyed frame rate all the way up to 500 f/s.
We [18] further showed that in FPS games, frametime spikes during
aiming reduce perceived smoothness and player performance, while
graphical fidelitymainly affects perceived visual quality, with spikes
lowering both perceived quality and smoothness.

Janzen and Teather [8] showed that performance at 60 f/s (16.6
ms frame time) was about 14% higher than at 30 f/s (33.3 ms frame
time), while 45 f/s (22.2 ms) and 60 f/s did not differ significantly.

They also found that frame rate had a stronger influence than
latency alone would suggest.

Spjut et al. [14] studied how latency and refresh rates affect FPS
game performance, focusing on esports athletes. They found that
lower latency significantly improved both single-click and tracking
tasks. Higher refresh rates (120–360 f/s) also boosted performance,
especially in tracking tasks that require continuous aiming. The
main advantage of higher refresh rates was reducing latency, high-
lighting its importance in competitive gaming.

Wang et al. [19] showed that frame rate in virtual reality sig-
nificantly affected both user experience and task performance in
a “Fruit Cutting” game, with associated impacts and benefits to
motion sickness across 60-180 f/s.

QoE models have incorporated frame rates to predict gaming
quality. Zadtootaghaj et al. [21] found that maintaining 25 f/s (40
ms frame time) at lower bitrates minimized visual issues, while
lower frame rates caused severe jerkiness and fatigue.

2.2 Frametime Variation and Games
Several studies have examined the impact of frametime variation
on QoE in cloud gaming. Rossi et al. [13] found that mobile cloud
game streams react differently to packet loss, round-trip time, and
delay jitter — all of which affect frametime variation — compared to
traditional online games. Suznjevic et al. [15] reported that added
variation in GeForce Now can force the system to reduce frame
rate and resolution to their lowest levels.

QoE models have also incorporated frametime variation to pre-
dict gaming quality. Xu et al. [20] confirmed that while average
frame rate often correlates with QoE, frametime variability and
frametime spike severity are stronger predictors of player experi-
ence, explaining about 90% of the variation in gaming quality. Klein
et al. [9] demonstrate that even minor frametime variability (on
the order of a few milliseconds) can degrade perceived smoothness
in gameplay, without producing a measurable drop in player per-
formance when comparing equally smooth conditions. Similarly,
network jitter was shown by Quax et al. [12] to have minimal im-
pact on player QoE in an FPS until latency grows large (beyond
roughly 60 ms), at which point both performance and enjoyment
deteriorate noticeably.

Event-specific frametime spikes have also been shown to reduce
player performance and experience in an FPS game when they
occur during high-impact events such as targeting [17].

2.3 Navigation-Based Game Tasks
Liu and Claypool [10] examined the effects of local and network
latency on player performance and QoE in a navigation-focused
hide-and-seek game. They found that while both types of latency
degraded performance and QoE as delay increased, there was no
significant difference between them. These findings motivated our
investigation into how frametime spikes affect navigation-based
tasks.

Our study examines the impact of large frametime variations
(stutters or spikes) in a 2D platformer game. Unlike previous re-
search that considered random stutters, we focus on their effects
during specific in-game navigation tasks.
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3 Methodology
To investigate the effects of event-based frametime stutters in a 2D
platformer game, we conducted a user studywith amodified version
of the open source platformer game called SuperTux Classic.1

3.1 Game Overview
SuperTux Classic is a 2D platformer game where players control
Tux, a penguin avatar, to navigate through different levels full of
smaller tasks (e.g., jumping a large gap, collecting a coin). SuperTux
has also been used in other academic studies [1, 2, 6]. In the game,
players move Tux left or right and jump to overcome obstacles. For
our study, we designed eight types of levels using the built in level
designer, each level focusing on a single task. They are:

• Collecting Item: Moving. The player must pick up an item
that moves steadily before it disappears (see Figure 2a).

• Collecting Item: Bouncing. The player must collect an item
that bounces before it disappears (see Figure 2b).

• Squish Bouncing Enemy. The player must jump on a bouncing
enemy to defeat it (see Figure 2c).

• Large Gap, Large Platform. The player must jump over a large
gap and land on a large, stable platform (see Figure 3c).

• Small Gap, Medium Platform. The player must jump over
a small gap and land on a medium-sized platform (see Fig-
ure 3a).

• Medium Gap, Small Platform. The player must jump over
a medium gap and land precisely on a small platform (see
Figure 3b).

• 7-Jump. The player must execute a multi-step sequence of
directional jumps in a 7-shaped pattern (see Figure 3d).

• Z-Jump. The player must execute a series of directional
jumps forming a Z-shaped trajectory (see Figure 3e).

We designed custom levels to isolate specific tasks and control
difficulty. For our study, participants play variations of these rounds
with different settings with a goal of finishing as many tasks as
possible before the round timer reaches zero. When a task is suc-
cessfully completed, the penguin avatar respawns at the original
spawn location for that round.

The game user interface (UI) shows the score, which increases
by 100 every time the player successfully completes a round’s ob-
jective. There are no direct score deductions for failure; instead, a
failed attempt results in a time penalty due to the death animation,
which delays the next attempt. The death animation plays for ap-
proximately 2 seconds. The UI also shows which round the player
is currently in, alongside the round timer.

The game includes sound effects and backgroundmusic; however,
the music was disabled for this study. Headphones were provided
to ensure users could hear the interaction sounds

Figure 1 shows a screenshot of SuperTux Classic. In this screen-
shot player needs to jump over the gap and collect the bell to finish
the level. The screenshot also demonstrates all the UI elements
present during gameplay.

Figures 2 and 3 illustrate the eight level designs used in our study.
In all levels, the player begins at the flag icon and must reach the
bell to complete the task. The red blocks are triggers for spikes

1SuperTux Classic: https://github.com/Alzter/SuperTux-Classic

(see Section 3.2), red blocks marked with an “X” represent lethal
lava that causes the player avatar to respawn at the start. The first
set (Figure 2) contains the three interaction tasks, where the player
must collect a moving item (Figure 2a), collect a bouncing item
(Figure 2b), or squish a bouncing enemy (Figure 2c). The second
set (Figure 3) shows the jump-based tasks, which include basic
single-gap jumps (Figures 3a–3c) and two multi-step platforming
challenges: the 7-Jump (Figure 3d) and Z-Jump (Figure 3e).

3.2 Modifications for Experiments
For our study, SuperTux Classic was instrumented to introduce
controlled frametime spikes during several game events. Frametime
spikes are thrown using a random delay design. Each task has a
defined area of interconnected trigger cells, invisible to the user.
The red blocks in Figure 3 show the trigger areas for each level.
Entering one of these areas initializes a timer to a random (in range)
value which starts counting down once the player leaves the cell
block. The timer stops counting if the player stops moving and is
reset if the player re-enters a trigger cell in order to prevent players
from potentially “dodging” the effects of frametime spikes. Once
the timer hits zero, a spike is thrown. This method of throwing
frametime spikes is customizable in that spike location areas can
be explicitly defined as well as spike duration, making it useful
for a wide-variety of navigation-based tasks. To ensure the spike
occurred before the task ended, the maximum timer value was less
than the minimum completion time measured in pilot studies.

The frametime spike magnitudes were 0 ms, 75 ms, 150 ms and
225ms, selected based on pilot tests. Moreover, based on preliminary
measurements across a range of game systems, this range (0 to 225
ms) covers a higher spread of frametime spikes than occurs most
often, where spikes are clustered more heavily on the lower end.
The frame rate was set to 60 f/s for all rounds.

3.3 User Study
Each session began with two practice rounds – one with no fram-
etime spikes to represent the smoothest condition and one with
the maximum sized frametime spikes to represent the choppiest
condition. Following the practice rounds, participants completed 32
main rounds. These rounds centered around eight level designs (Col-
lect Moving Item, Collect Bouncing Item, Squish Bouncing Enemy,
Large Gap–Large Platform, Small Gap–Medium Platform, Medium
Gap–Small Platform, 7-Jump, and Z-Jump), each played under four
different frametime spike settings. The level timer was set to 15
seconds for the Collect Moving Item, Collect Bouncing Item, and
Squish Bouncing Enemy tasks, and to 30 seconds for the remaining
tasks. The order of rounds was balanced among participants using
a Latin square. Table 1 summarizes our experimental configuration.

A user ID was selected the appropriate round order from our
Latin Square design. After each session, the user ID was incre-
mented and saved to a file. For subsequent sessions, the stored ID
was read from the file to determine the sequence of rounds.

After the round ended, players were asked about their experience
for that round via two questions:

• Rate the Visual Smoothness of the Round
(Very Choppy) 1 to 5 (Very Smooth) via a slider.

https://github.com/Alzter/SuperTux-Classic


FDG ’26, August 10–13, 2026, Copenhagen, Denmark Samin Shahriar Tokey, Ben Boudaoud, Josef Spjut, and Mark Claypool

(a) Collecting Item: Moving (b) Collecting Item: Bouncing (c) Squish Bouncing Enemy

Figure 2: Interaction task level layouts. Red blocks represent stutter areas.

(a) Small Gap, Medium Platform (b) Medium Gap, Small Platform (c) Large Gap, Large Platform

(d) 7-Jump (complex pattern) (e) Z-Jump (complex pattern)

Figure 3: Top row: basic jumps. Bottom row: complex jumps. Red blocks represent stutter areas; red tiles with an X indicate lava.

• Was the Smoothness of the Round Acceptable?
Yes / No via a radio button.

The acceptability question was tied to frametime spikes as to
whether frametime spikes make the gameplay unacceptable. The
game generated logs to record player responses, actions, perfor-
mance metrics, and task outcomes, which were used in our analysis.

3.4 Demographics
A total of 31 players participated in the study. Table 2 summa-
rizes their demographics. Numeric values are means with standard
deviations in parentheses. Participants played video games approx-
imately 5 days per week (M = 5.4, SD = 1.2) and spent about 8 hours
per week gaming (M = 7.9, SD = 3.9). They rated their general gam-
ing experience and 2D platformer experience on a scale from 1 (low)
to 5 (high). On average, participants had moderate to high general
gaming experience (M = 4.2, SD = 0.8) and moderate platformer
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Table 1: Experimental configuration.

Parameter Value

Spike magnitudes 0, 75, 150, 225 ms
Frame rate 60 f/s
Practice rounds 2 (no spikes, max spikes)
Main rounds 32 (8 tasks × 4 spike levels)
Round Duration 15 s (interaction), 30 s (jump)

experience (M = 3.4, SD = 1.2). Reaction times were quick (M =
211.9 ms, SD = 47.6), typical of experienced gamers.

3.5 Hardware
Our users participated on a PC running Windows 11 with Intel
Core i7 8700 CPU, NVIDIA GTX 1080 GPU and 64 GB of RAM, with
a 240 Hz, 1920×1080 Lenovo Legion Y25-25 monitor.

The local input latency was measured using a 1000 f/s camera
(Casio EX-ZR100). The time between the button press and the screen
change was calculated by analyzing the recorded frames. This mea-
surement method was done 10 times on our client, yielding an
average of 26.2 ms, ranging from a low of 20 ms to a high of 32 ms
with a standard deviation of 3.2 ms.

Table 3 shows expected lag/stutter vs. measured lag. The ex-
pected lag is the programmed delay used to induce a frametime
spike. The measured lag is the observed duration of that spike. For
each spike magnitude, five measurements were taken using the
1000 f/s camera and averaged. All measured values were within
one 60 Hz frame (16.7 ms) of the expected lag.

4 Analysis
This section presents an analysis of data from 31 participants, begin-
ning with player performance and followed by player experience.

4.1 Performance
To evaluate player performance, we employ a success rate metric. In
each round, players earn +100 coins for every success (e.g., complet-
ing a jump, defeating an enemy). The maximum successes possible
for each round was determined based on the number of successes a
player could achieve if they completed the task without mistakes
as fast as possible. We then calculate the success rate for a player
by converting the ratio of actual successes to maximum possible
successes into a percentage.

Figures 4 and 5 presents the player performance analysis based
on frametime spike magnitude. The x-axes are the frametime spike
magnitudes and the y-axes are the success rates. Each point is the
mean value across all users for that condition, shown with a 95%
confidence interval.

From Figure 4, small frametime spikes (e.g., 75 ms) do not signif-
icantly impact success rates, but larger frametime spikes (150 ms or
more) do lower performance. A one-way ANOVA confirmed a sig-
nificant effect of spike magnitude on success rates, 𝐹 (3, 976) = 6.73,
𝑝 < 0.001. From Figure 5, tasks requiring more precise timing (e.g.,
Small Gap, Medium Platform) are affected by frametime spikes more
so than tasks that do not.

Figure 4: Overall success rate vs. spike magnitude. Mean with
95% confidence interval.

Table 4 shows the linear regression 𝑅2 values for each task. The
𝑅2 value for ‘Collect Moving Collectable’ is nearly 0, indicating that
that frametime spikes have little impact on performance on that
task. ‘Collect Bouncing Collectable’ and ‘Squish Bouncing Enemy’
have moderate 𝑅2, indicating frametime spikes have some impact
on performance for those tasks. For all the jumping tasks, 𝑅2 values
are high, indicating frametime spike sizes strongly explain the mean
player performance for those tasks.

4.2 Visual Smoothness/Quality of Experience
After each round, participants rated the visual smoothness of the
round from 1 (low) to 5 (high), which we refer to as Quality of
Experience (QoE). Figures 6 and 7 display these results. The axes
and data are as for Figures 4 and 5, but the data is the QoE rating
instead.

Figure 6 shows that the average QoE is fairly high for frametime
spikes from 0–75ms, then steadily decreases as spike sizes get larger.
A one-way ANOVA confirmed a strong effect of spike magnitude
on QoE, 𝐹 (3, 1152) = 431.55, 𝑝 < 0.001. Figure 7 suggests tasks that
require more precise timing experience a more dramatic drop in
QoE once spike magnitudes surpass 150 ms.

Table 5 shows the 𝑅2 values for task QoE versus spike magnitude.
The high 𝑅2 values show a strong relationship between frametime
spike magnitude and QoE regardless of the task.

Figure 8 shows the relationship between users’ acceptability
ratings and their corresponding QoE scores. The x-axis is the QoE
rating and the y-axis is the percent that users that found rounds
with that QoE acceptable. Each point is the mean value averaged
across all rounds in that QoE interval (in 0.5 bins), shown with a
95% confidence interval. Table 6 lists the numerical values for each
bin (mean, confidence interval, and sample count). From the graph,
rounds with a QoE above 4 were almost always acceptable, whereas
those with a QoE below 2 were nearly always unacceptable, with a
sharp change from unacceptable to acceptable in-between.
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Table 2: Participant Demographics

User Play Frequency Weekly Hours Gaming Exp. 2D Platformer Exp. Reaction Time
(days/week) (hrs/week) (1-5) (1-5) (ms)

31 5.38 (1.23) 7.86 (3.90) 4.23 (0.80) 3.39 (1.23) 211.86 (47.64)

Figure 5: Success rate vs. spike magnitude for each task. Mean with 95% confidence interval. Shaded areas indicate task type:
green for interaction, blue for basic jumps, and purple for complex jumps.

Table 3: Expected vs. measured frametime spike lag.

Expected (ms) Measured (ms) Difference (ms) SD (ms)

75 91.53 +16.53 2.18
150 164.40 +14.40 1.72
225 234.39 +9.39 1.90

These thresholds can be used in conjunction with data from Fig-
ure 6 to ascertain how frametime spikes must be limited by a game
system in order to achieve acceptable QoE. For example, frametime
spikes smaller than 50 ms will always be acceptable, whereas fram-
etime spikes 225 ms or larger will always be unacceptable. This can
be helpful for developers in achieving performance targets and for
players in deciding upon system upgrades.

5 Discussion
Frametime spikes adversely affect both player performance and
visual quality of experience (QoE), particularly when they happen
during high-impact actions. In precisely-timed navigation-based

Table 4: 𝑅2 values for player performance across tasks.

Task Type 𝑅2

Interaction Tasks
Collect Moving Collectable 0.07
Collect Bouncing Collectable 0.75
Squish Bouncing Enemy 0.64
Basic Jump Tasks
Small Gap, Medium Platform 0.97
Medium Gap, Small Platform 0.91
Large Gap, Large Platform 0.78
Complex Jump Tasks
7-Jump 0.91
Z-Jump 0.89

tasks for 2D platformers, like jumping gaps, larger spikes lead to
lower success rates. Whereas more loosely-timed tasks like col-
lecting items are comparatively unaffected. This indicates that
while frametime spikes typically degrade overall performance in
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Figure 6: Overall QoE vs. spike magnitude. Mean with 95%
confidence interval.

Table 5: Task and 𝑅2 value for player experience.

Task 𝑅2

Interaction Tasks
Collect Moving Collectable 0.95
Collect Bouncing Collectable 0.98
Squish Bouncing Enemy 0.94
Basic Jump Tasks
Small Gap, Medium Platform 0.93
Medium Gap, Small Platform 0.95
Large Gap, Large Platform 0.94
Complex Jump Tasks
7-Jump 0.94
Z-Jump 0.99

QoE Bin Mean 95% CI N
1.0 0.08 0.07 71
1.5 0.07 0.05 98
2.0 0.13 0.06 135
2.5 0.28 0.07 156
3.0 0.66 0.08 125
3.5 0.90 0.05 113
4.0 1.00 0.00 123
4.5 0.99 0.02 96
5.0 1.00 0.01 239

Table 6: Fraction acceptable per QoE bin. Bold values indicate
the two key transition points highlighted in Figure 8.

navigation-based tasks, the magnitude of the effect is closely tied
to the task’s required timing precision.

In contrast, player perception of visual smoothness degrades
regardless of the task’s timing precision requirements. Even in tasks
where player performance remains largely unaffected by frametime
spikes, players still noticed a degradation in visual smoothness. Still,

more precisely timed tasks, such as complex jumps with mid-air
maneuvers, are somewhatmore impacted by frametime spikes than
less-precisely timed tasks in QoE. Since QoE scores above 4 were
nearly always reported as acceptable, and 75 ms of delay had mean
QoE scores just under 4, developers should aim to keep frametime
spikes below about 50 ms to ensure their game(s) feel smooth to
the player.

6 Limitations
Our study focuses on frametime spikes coupled to specific navi-
gation tasks in a 2D platformer, like jumping and collecting items.
However, other platformer actions, such as wall-jumping, dashing,
gliding, and shooting, among others, were not tested. Additionally,
we used fixed frametime spike durations (0, 75, 150, 225 ms), which
is decoupled from the frequency of frametime spikes that may be
experienced in practice in real games. Moreover, our spikes are
deliberately triggered by the action – this is to let us determine the
effects of the spike on the action, compared to non-related spikes –
whereas in practice spikes may be triggered by other system arti-
facts independent of the player action. While frametime spikes are
rare in simple platformers, evaluating them provides baseline data
for computationally-demanding games with similar mechanics, like
jumping over gaps in Assassin’s Creed. Furthermore, the random-
ized, movement-dependent timer caused exact spike locations to
vary across participants, potentially introducing minor fluctuations
in QoE.

We also used a single character with consistent movement, while
more complex platformers often have variedmechanics and abilities.
As a result, our findings may not apply to other navigation-based
games with more diverse movement, like fighting games, rhythm
games, or games with fluid, continuous steering such as racing.

7 Conclusion
Frametime spikes can occur in games due to various factors, such as
loading events or network issues, affecting both the fluidity of game-
play and player performance. This study investigates the impact
of frametime spikes on player performance and visual smooth-
ness QoE during navigation-based tasks in a 2D platformer game.
Using the open-source game SuperTux Classic, we designed and
conducted a user study that isolates navigation tasks from other
gameplay elements. Participants played custom levels of Super-
Tux, modified to throw frametime spikes at specific times during
navigation actions.

A total of 31 participants played 32 rounds of the modified game,
each round featuring a navigation-based task with fixed frametime
spike sizes. Objective performance data (e.g., task completion) and
subjective QoE data (e.g., perceived smoothness) were collected to
assess the impact of these spikes.

The results indicated a clear negative correlation between fram-
etime spike size and QoE across all task types, with larger spikes
consistently reducing perceived smoothness. This impact on player
performance was task-dependent. More difficult jumping-based
tasks showed a significant decline in performance as spike size
increased, while easier item collection and enemy squishing tasks
did not show a clear correlation. This suggests that the impact
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Figure 7: QoE vs. spike magnitude for each task. Mean with 95% confidence interval. Shaded areas indicate task type: green for
interaction, blue for basic jumps, and purple for complex jumps.

Figure 8: Fraction acceptable versus QoE. Mean with 95%
confidence interval.

of frametime spikes is more pronounced in tasks requiring pre-
cise timing. These results can inform game developers and game
system developers (e.g., cloud gaming platforms) of performance
targets: since spike impact depends on when spikes occur, engines
could defer non-critical computations (e.g., loading assets, garbage
collection) away from high-impact actions like jumps.

Future work could focus on reducing the impact of frametime
spikes by smoothing performance or adjusting gameplaymechanics,
such as assisting players in a navigation action when a frametime
spike is detected by the game engine. Other future work could
study how spikes affect actions in other game genres, such as rac-
ing games, where timing and control during cornering could be
disrupted. Another approach is to prevent spikes during important
gameplay moments by separating out visually-disruptive system
tasks during potentially high-impact actions like jumping a large
gap, or to detect that spikes occurred and then look to mitigate
them after the fact with game or system settings.
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