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Abstract

There are inevitably delays between user actions and system re-
sponses, which can increase task completion times. However, it
remains unclear whether this is solely due to waiting times and
compensation strategies, or whether users further slow down their
actions because these delays become integrated into their cognitive
action structures, as suggested by cognitive psychological theories.
To explore this, we examined the effects of repeated exposure to
delays during point-and-click tasks. Our findings demonstrate that
longer system response delays significantly slow down users’ ac-
tions, even before they experience the delayed feedback from the
current input. This suggests that the user’s cognitive system an-
ticipates delays based on previous interactions and adjusts actions
accordingly. These results emphasize the importance of minimiz-
ing systematic delays to maintain optimal user performance and
highlight the potential for system properties to become embedded
in users’ cognitive action structures.
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1 Introduction

Humans primarily act to produce effects in their environment [25,
26, 51, 56]. For example, we press a door handle to open a door
or flip a light switch to illuminate a room. Similarly, when using
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interactive systems, our actions are aimed at achieving specific
effects. We click on icons to open applications, type on a keyboard
to enter specific letters into a text editor, scroll with the mouse
wheel to navigate to different parts of a web page, or use the ar-
row keys to control an avatar in a video game. In all these cases,
actions must be chosen to produce the desired effect. Most of the
time, this happens very quickly, without us having to consciously
think about the necessary steps to achieve the desired effect. For
example, when typing, it often feels as if the thought of a particular
letter (e.g., "T") automatically causes certain fingers to land on the
corresponding keys on the keyboard (little finger on "Shift," index
finger on "T") [53].

In our daily interaction with computerized devices, the expected
effects rarely follow our actions immediately. When we turn on a
computer, we have to wait for it to boot. When we want to print
a document, there is a delay between clicking on the print input
element on the GUI and the actual printing process. Similarly, when
loading web pages or opening applications, there is a time lag be-
tween our click and the completion of the action initiated by our
input. Despite advances in computer technology, delays in human-
computer interaction (HCI), also referred to as latency, remain
relevant. Modern processors, networks, and software are designed
for high-speed operation, yet delays persist in user interface respon-
siveness, data processing, and network communication. Increasing
software complexity demands more computing resources, while
cloud computing and reliance on remote servers introduce net-
work delays. Even with advanced hardware, issues like memory
bottlenecks and input/output constraints still affect performance.
Moreover, heightened user expectations make even small delays
more disruptive, keeping research into the effects of delays crucial.

The study of user interactions with delays in HCI has received
considerable attention because delays can strongly affect both user
experience and performance. Delays lead to frustration [36, 49, 64],
reduced user satisfaction [1, 34], and decreased performance, such
as longer task completion times [2, 8, 11]. However, it is unclear
whether extended task completion times are caused solely by the
additional waiting time and increased difficulty of precise navi-
gation, or whether delays also introduce an additional behavioral
slowdown of user actions.

We hypothesize a behavioral slowdown of user actions because
of the anticipatory nature of human action planning. Psychological
research, based on ideomotor theory [26, 56], shows that repeatedly
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experiencing the effects of a particular action leads to individuals
developing bidirectional associations between these effects and
the corresponding actions [15, 30]. Because of these associations,
anticipating the effect automatically activates the associated action.
Returning to our typing example: When someone first tries to type
a capital "T" on a computer keyboard, they initially have to con-
sciously look at the keys and move the little finger to the Shift key
and the index finger to the "T" key. However, after many repetitions,
simply thinking of a capital "T" will cause the fingers to automati-
cally move to the relevant keys on the keyboard without conscious
reflection [53]. This works because, through learned associations,
the anticipated effect of the action, along with the corresponding
motor programs, is stored in action plans. When the effect is antici-
pated, the entire action plan, including all its components (such as
the motor actions of the fingers and the expected visual outcomes),
is automatically retrieved [15, 25, 51].

Cognitive psychology research has shown that not only the vi-
sual or auditory appearance of effects is integrated into such action
plans, but also the temporal aspects of these effects. For example,
when participants repeatedly experience long effect durations in
simple stimulus-response experiments, they initiate the actions that
trigger these long effect durations more slowly [31]. The same has
been shown for the repeated experience of effect delays. Actions
whose effects repeatedly occur with a certain delay are initiated
more slowly [13]. Applying the results of these studies to HCI sug-
gests that the repeated experience of system delays leads to actions
that trigger the delayed system response being performed more
slowly over time. An input element (e.g., the print icon) that is
associated with a delayed effect should, therefore, be clicked more
slowly than an input element (e.g., the bold button) that leads to an
effect with less delay. System behavior should thus be integrated
into action plans and result in additional behavioral delays.

In the present paper, we investigated whether the repeated ex-
perience of delayed system responses leads to a slowdown in user
actions that initiate these responses. Specifically, we hypothesized
that users would take longer to click on GUI/input elements as-
sociated with delayed system responses compared to those with
immediate responses. We also posited that this slowdown effect
would become more pronounced with repeated exposure to the
delayed system response. To test these hypotheses, we conducted a
study involving a total of 50 participants who performed a game-
like point-and-click task. Specifically, participants engaged in an
aim trainer task where they had to shoot at targets as quickly and
accurately as possible. One target disappeared immediately upon
being hit, while the other target disappeared after a delay of 0.6 s.
Our findings confirm the presence of a systematic slowdown effect.
As the experiment progressed, the difference between the response
times for the target with the delayed effect and the target with
the immediate effect increased. By the final rounds of the game,
the response time for the target with the delayed effect was 80 ms
slower than for the target with the immediate effect.

These findings suggest that system delays do not simply result
in longer task completion times due to waiting, but also to a deeper,
more systematic behavioral adaptation. Our study makes an im-
portant contribution by showing that users integrate these delays
into their cognitive action structures, resulting in slower action
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initiation even before the current delay is encountered. This an-
ticipatory adaptation highlights a previously underexplored mech-
anism in HCI, where temporal features in system responses are
not just tolerated, but actively incorporated into users’ cognitive
action structures. By shedding light on this cognitive integration,
our study provides critical insights for the design of interactive
systems that must account for these anticipatory behaviors in order
to optimize user performance and experience.

2 Background and Related Work

In this section, we present a review of relevant literature on the
effects of delay in HCI and the integration of these delays into
user action planning. First, we discuss the direct effects of delays
in HCI, focusing on how these delays affect user experience and
performance. Then, we look at the concept of anticipatory action
control, rooted in ideomotor theory, which provides a framework
for understanding how the repeated experience of delays can be
integrated into users’ cognitive-motor processes. We then review
related research in psychological stimulus-response experiments
that shed light on how temporal aspects of action effects, including
delays, might influence action initiation. Finally, we identify gaps
in current research, particularly regarding how repeated exposure
to system delays becomes embedded in users’ cognitive structures,
and how this might affect action initiation and performance, setting
the stage for our experimental investigation.

2.1 Delays in Human-Computer Interaction

In HCI, delay or latency refer to a temporal separation between
an action performed by a human and the corresponding system
response [57]. These delays can occur in various forms, such as slow
loading times, delayed responses to clicks or touches, or waiting
times for data transmission over networks.

Delays in HCI can have a range of effects on users. For example,
delays can have a significant impact on user experience. Systems
with noticeable delays are often perceived as being of lower quality
than those with little or no delay [1, 34]. In addition, delays can lead
to negative emotional effects such as frustration and stress [36, 64],
especially when users do not receive feedback on the progress of
their actions [49]. In virtual environments, delays can affect the
sense of presence [43] and immersion [55]. The effect of delays on
user engagement has also been observed [37].

Delays also have a measurable impact on user performance. It
has been shown that the delay between sampling of the input
device and the updates displayed on the screen reduces accuracy in
interaction tasks. This applies, for example, to tracking a target with
a mouse [47, 48] or dragging a target in touch-based systems [12,
27]. Such delays also lead to longer movement times, defined as
the time it takes for the user to move from one target to another
and click on it [58] or the time it takes for a user to complete
a path-steering task [63]. Delays are particularly problematic in
interaction environments that require precise timing and quick
reactions, such as video games. Consequently, much of the evidence
on the negative effects of delay on performance is derived from
game research. For example, delays cause players to become less
efficient [2, 11], take longer to achieve game goals [8], and reduce
the overall gaming experience [19, 21, 35]. Specifically, studies in
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which delays were added to user input like mouse movements, clicks
or keystrokes, have shown that this leads to increased selection
times and decreased accuracy of target selection [9, 34-36]. The
negative effects of delays are so familiar to players that even the
mere announcement of a delay alters the gaming experience and
performance, although the actual delay remains constant [20].

The central question for our study is why we slow down when
exposed to delays. An obvious reason lies in the waiting time for
the system’s response. When the system responds with a delay, we
inevitably have to wait before we can proceed with the next action.
This leads to an immediate slowdown in overall performance. Fur-
thermore, in the case of local delays in input devices, additional time
is required for corrections. For example, delays in mouse move-
ments can cause the cursor to move too far or not far enough,
necessitating an additional corrective movement [46]. There is also
a time-accuracy tradeoff: the more difficult it becomes to act pre-
cisely, the slower movements are executed to avoid errors [62].
However, these factors might not fully explain why this slowdown
occurs. Another relevant mechanism could be the integration of
anticipated delays into one’s actions (see next section). This hypoth-
esis is supported by a study highly relevant to our research topic by
Olguin Munoz et al. [45], which investigated the effects of delayed
system responses in the context of wearable cognitive assistance
systems. The study showed that longer system delays led to users
completing their tasks significantly more slowly, even after the
system’s responsiveness had improved. Particularly relevant to our
research was the evidence for the so-called "pacing effect.” Olguin
Munoz et al. found that users took longer to complete tasks not
only because they had to wait for the system’s response, but also
because their reactions to new instructions from the system were
delayed. This slowdown in reaction times constituted an additional
source of significant slowing, which intensified with the decrease in
system responsiveness. Remarkably, this effect persisted even when
the system’s performance improved. The authors also noted that
the slowdown was not caused by resource depletion or emotional
arousal but by impaired cognitive planning. These findings can
be well explained by the anticipatory nature of action planning
and thus support our hypothesis that delays in system response
are systematically integrated into users’ action plans, leading to a
sustained slowdown in user responses.

2.2 Anticipatory Action Control (The Ideomotor
Theory)

When we perform actions, we do not necessarily have to think
about all the required motor actions needed to achieve a goal. In-
stead, we tend to anticipate the intended effect (e.g., "Copy") and
automatically execute the necessary actions (e.g., "pressing Ctrl
and C"). This fast response is made possible by anticipatory action
planning. To carry out an action, we rely on stored motor programs
shaped by past experiences and the anticipated effects [25, 51, 56].
These programs include not only the movement sequences but also
the sensory consequences of the action. Evidence for this joint
storage of sensory effects and the actions that trigger them can be
found in studies showing that the presentation of action effects
leads to the motor activation of the actions that produced them. For
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example, in experienced typists, the mere thought of a letter acti-
vates the associated typing action [53] Another example is pianists,
whose motor system is activated just by hearing tones [14].

Research on anticipatory action planning has its roots in the
ideomotor hypothesis (for an overview, see [56]). The ideomotor
hypothesis is a psychological concept that suggests actions and
their effects are linked in our memory. This theory originated in
the 19th century [23, 26, 50] and was later developed further in
more recent psychological frameworks on action planning [25, 51].
According to the ideomotor theory, the perception or anticipation of
an effect automatically activates the corresponding action through
an associative link stored in memory. When a person repeatedly
performs an action that leads to a specific effect, this connection
is strengthened. Later, when the effect is perceived, the associated
action is reactivated, facilitating the selection and execution of the
action. Thus, merely thinking about a goal (the "idea" of an action)
can lead to the execution of the associated action.

Although the origins of ideomotor theory date back to the late
19th century, experimental testing of this theory only occurred
much later. Elsner and Hommel [15] had participants repeatedly
press left and right keys that were associated with different auditory
feedback. In a subsequent test phase, the tones previously used as
feedback were presented as stimuli, and participants were asked
to respond to them with either the left or right key. Participants
responded faster when using the key that had previously produced
the specific stimulus tone than when using the key associated with
the other tone. This suggests that participants formed action-effect
associations, leading to faster execution of the corresponding ac-
tion when the tone was perceived [15]. Additional evidence for
anticipatory action planning comes from studies using action-effect
compatibility paradigms [30, 31]. In an experiment by Kunde [30],
participants were asked to press a key either gently or forcefully,
which produced either a loud or soft tone. The conditions were
designed so that the intensities of the action and effect were either
compatible (softly and quiet, forceful and loud) or incompatible
(softly and loud, forceful and quiet). The results showed that reac-
tions in the compatible condition were significantly faster and more
accurate than in the incompatible condition, suggesting that partic-
ipants were better able to perform actions whose effects matched
the properties of the action. This effect was also demonstrated
for the duration of actions and their effects by Kunde [31]. In his
study, participants were asked to press a key either briefly or for
an extended period, which produced a long or short tone. Again,
participants were faster and more accurate when the effect duration
was compatible with the duration of the action (both short or both
long) compared to incompatible pairings (short-long or long-short).
These findings suggest that our motor actions are stored together
with their sensory consequences in action plans. Most importantly,
they show that the anticipation or expectation of an action effect
can influence the action even before the effect actually occurs.

2.3 Anticipatory Action Control and Delays

A delay occurs when there is a temporal gap between the user’s
action and the intended effect. Delays, therefore, are temporal com-
ponents of action effects. So, what happens when one repeatedly
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experiences that certain actions lead to delayed effects, as is of-
ten the case when interacting with interactive systems? In the
study by Kunde [31] on action-effect compatibilities discussed in
the previous section, an effect related to the duration of the effect
was observed, independent of the compatibility effects. The partici-
pants’ reaction times were generally longer when they performed
actions associated with a long effect duration (a long tone) com-
pared to actions associated with a short effect duration (a short
tone). Longer effects thus led to a delay in the execution of the
action, indicating that the participants anticipated the duration of
the effect, which, in the case of a long anticipated duration, slowed
down the execution of the action. These results were extended by
Dignath and colleagues [13] to the duration of the intervals be-
tween action and effect. In one of their experiments (Experiment
3b), Dignath et al. [13] demonstrated that not only the duration of
the effect but also the temporal delay between the action and the
effect had a significant impact on reaction times. Participants were
instructed to respond as quickly as possible to the presentation of
a colored asterisk by pressing a key (left or right). Each key press
was associated with an auditory effect that occurred either after
a short delay (50 ms) for one key or after a long delay (2000 ms)
for the other key. Participants completed five blocks of 40 trials
each. The results showed that responses were initiated more slowly
when the reaction was associated with a long delay of the effect
compared to a short delay of the effect. This indicates that temporal
delays between action and effect are integrated into the cognitive
structure of the action plan and are automatically retrieved during
action selection, significantly influencing the efficiency of action
execution.

2.4 Summary

The study of delays in HCI has been critical in understanding how
system performance impacts user experience and behavior. Delays,
which refer to the temporal gap between a user’s input and the
system’s response, have been shown to negatively affect user ex-
perience and overall performance. Previous research has largely
focused on the immediate consequences of these delays, such as
frustration [36, 49, 64], reduced user satisfaction [1, 34], and de-
creased performance, such as longer task completion times [2, 8, 11].
These studies provide valuable insights into the disruptive effects
of even brief delays, particularly in contexts that require precise
timing, such as video games and other time-sensitive tasks.

It is clear that delays slow down user performance because users
have to wait for the system’s response or must use compensatory
strategies. However, it is less certain whether users also slow down
their actions independently of these factors. Psychological research
based on ideomotor theory [56] suggests that delayed action effects
can also become embedded in users’ cognitive-motor processes,
leading them to anticipate these delayed effects and adjust their
actions accordingly [13, 31]. This raises an open question: Do users,
after repeated exposure to delays, systematically alter their behavior
by slowing down their actions in anticipation of delays, even before
encountering the current delayed feedback? Further research is
needed to explore this potential cognitive-motor adaptation and
determine the extent to which delays become embedded in users’
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action plans independently of direct compensatory strategies or
waiting times.

Our study addresses this question by examining whether re-
peated exposure to system delays leads users to slow down their
actions, not merely as a response to the delay itself but as a result
of incorporating these delays into their cognitive action structures.

3 Method

In this section, we describe the method of our study that investi-
gates whether delays in system response are integrated into user
action plans. Specifically, we explore whether repeated exposure to
delayed system feedback causes users to gradually initiate actions
more slowly. To investigate this, we designed a game-like point-
and-click task where participants had to shoot at targets as quickly
as possible. One target disappeared immediately upon being clicked,
while the other target disappeared after a short delay. This setup
allowed us to measure how repeated exposure to these different sys-
tem response times affected user performance, specifically whether
the delay led to a gradual slowing of response times for the target
with delayed disappearance.

Our task design reflects a deliberate effort to balance ecological
validity with experimental control. To explore the cognitive and
behavioral effects of system-induced delays in a context that mir-
rors real-world HCI scenarios, we drew inspiration from related
studies in cognitive psychology [13, 31], which have demonstrated
behavioral changes caused by delays in controlled environments.
Translating their task structures into a HCI setting allowed us to
explore how such effects manifest in interactive systems. The game-
like nature of the point-and-click task was chosen to maintain
participant engagement and motivation over a high number of tri-
als (480 per participant), ensuring robust data collection without
inducing fatigue. This approach was essential for capturing the
hypothesized slowdown effect, which relies on participants repeat-
edly experiencing delays to form associations between their actions,
input elements, and the corresponding delayed effects.

All analysis scripts and associated raw data are available via the
Open Science Foundation (OSF, project link: https://osf.io/e2mc9)

3.1 Participants

We recruited 50 participants (22 self-identified as female, 27 as
male, one participant did not disclose gender information and none
self-identified as non-binary) from our institution and the local
community who participated voluntarily or for course credits. The
participants had a mean age of 23.4 years (SD = 4.1; min = 17; max
= 37) and were predominantly right-handed (48 right-handed, 2
left-handed), as assessed via self-report. Most participants, 40 of 50,
reported they do not play first-person shooter games at all or for
a maximum of three hours per week. Four participants reported
playing first-person shooter games for 3 to 5 hours per week, four
reported 5 to 10 hours per week, and one reported more than 15
hours per week. Regarding their general experience with working
on a computer, 29 participants indicated using their computer for
more than 15 hours per week, ten participants reported 10 to 15
hours per week, two participants reported 5 to 10 hours per week,
and five participants reported 3 to 5 hours per week. Four partic-
ipants indicated using their computer not at all or for less than 3
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Figure 1: Study setup. The images show a participant sitting in front of the study setup and playing the game-like point-and-click
task. The screen in the left image shows our custom game interface. It shows the player’s virtual weapon and a lateral target. At
the top of the screen is a counter showing the number of targets remaining in the round and the score. The screen on the right
shows the performance feedback that was presented after each round. Feedback was given on accuracy and average reaction
time. Arrows indicate whether performance (accuracy and response time) was better or worse than in the previous round.

hours per week. When asked about their preferred input device,
25 participants stated they primarily use a mouse. 15 participants
stated to primarily use a touch pad, and ten participants reported to
use both equally. Before starting the game, all participants provided
informed, written consent.

3.2 Apparatus

We developed a custom version of Aimlabs [32] with Unity3D (ver-
sion 2020.3.14f1). We installed our game-like task on a stationary
workstation in our laboratory (see Figure 1). The workstation (In-
tel i7, Nvidia GT970, 16 GB RAM) was attached to a monitor (24"
FullHD @60Hz), a computer mouse (Logitech M10), and a headset.
The game ran in full-screen mode. The laboratory was quiet and
free of external disturbances.

To determine end-to-end latency of our setup, we used a high-
speed camera (GoPro 7) recording monitor and mouse at 240 frames
per second (4.167 ms/frame). We took 60 measurements during
gameplay. Each measurement was manually reviewed from the
recorded data. Measurement started with a mouse click to fire the
virtual weapon and ended with the first visible particle effects of
the shot rendered on the display. The results of our measurements
show that the end-to-end latency of our setup is 13.8 frames (SD =
2.34 frames), corresponding to 57.51 ms (SD = 9.73 ms). This base-
line end-to-end latency of our systems is reported separately to
increase comparability with other study settings. All further delay
and latency values in this paper are reported without the measured
baseline end-to-end latency.

3.3 Game mechanics and game procedure

The game’s goal was to shoot targets (red balls) as quickly as possi-
ble. Players were rewarded with points for successful hits, and no
points for missing the target. The targets appeared in three loca-
tions: left, middle, or right. Only one target was visible at any given

time. The avatar was stationary and could not be moved in the
game world. The movement of the avatar’s weapon was controlled
by moving the mouse. Players could fire their virtual weapon by
pressing the left mouse button. The trial procedure is illustrated in
Figure 2. In each trial, participants had to shoot two targets, one
central target and one lateral target. Every trial started with spawn-
ing a target at the middle position to ensure a central orientation of
the participant’s attention and the mouse cursor. After shooting the
middle target, it was destroyed, and after 0.4 s, a lateral target (left
or right) appeared. A distinct hit sound was generated after suc-
cessfully shooting the lateral target, and the target was destroyed.
If the player missed the lateral target, it disappeared without a hit
sound. Each shot was accompanied by a shooting sound. In all trials,
the lateral targets had a fixed size of 62 pixels (diameter) and were
placed at a consistent distance of 262 pixels from the location of
the central target (center to center). These constant parameters
were chosen to minimize variability and ensure sufficient statistical
power for detecting the hypothesized effects.

Our experimental manipulation was applied to the lateral targets.
For half of the participants, the left target had a delayed effect. This
means that when the lateral target appeared on the left side, the
hit sound and the destruction of the target occurred with a delay
of 0.6 seconds. Conversely, when the lateral target appeared on the
right side, the hit sound and destruction occurred immediately after
successfully shooting the target (see Figure 2). For the other half of
the participants, the delay assignment was reversed. For each trial,
we measured the response time (RT), defined as the time from the
appearance of the target to shooting the target.

The game started with a short warm-up round (ten trials) to
familiarize the players with the setting and the game itself. Fol-
lowing the warm-up round, participants played eight rounds, each
consisting of 60 trials (30 trials with a delayed effect of the lateral
target and 30 trials with an immediate effect of the lateral target,
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Figure 2: Experimental trial procedure of the game-like point-and-click task. In each trial, participants had to shoot two targets,
the central target and one lateral target. A trial started with an inter-trial interval of 0.4 s followed by the center target. After
the central target was shot, either the left or the right lateral target spawned after 0.4 s. For half of the participants, the left
target had a delayed effect. This means that when the lateral target appeared on the left side, the hit sound and the destruction
of the target occurred with a delay of 0.6 seconds. Conversely, when the lateral target appeared on the right side, the hit sound
and destruction occurred immediately after successfully shooting the target. For the other half of the participants, the delay
assignment was reversed. After the lateral target had disappeared, the next trial started. RT is defined as the time to successfully
hit the lateral target after its appearance and is denoted by an orange arrow. The blue arrow indicates the inserted system delay.

presented in randomized order). After each round, an in-game per-
formance overview showcasing accuracy and mean response time
of the previous round was presented to the participants (see Fig-
ure 1). Furthermore, the performance overview showed how the
performance changed compared to the previous round, thus, moti-
vating participants to enhance accuracy and response time. This
feedback remained for at least 30 seconds to give the participants
the opportunity to briefly recover themselves and their hands. After
30 seconds, participants could start the next round by clicking on a
start button. In total, each participant completed 480 experimental
trials: 240 trials with a lateral target with a delayed effect and 240
trials with a lateral target with an immediate effect. For half of the
participants, the target with a delayed effect was always the right
target, while for the other half, the target with a delayed effect was
always the left target.

3.4 Procedure

After being welcomed by the experimenter in the laboratory, partic-
ipants were informed about the study procedure and gave informed
consent and agreement to data collection. Participants were not
informed about the exact purpose of the study (investigating inte-
gration of system delay in motor action) but were told to test a novel
game. Afterward, each participant played the game. After complet-
ing the ninth round (one practice round and eight experimental
rounds), the game automatically ended and a post-experience ques-
tionnaire was displayed. The questionnaire was used to collect
demographic information from the participants, such as their iden-
tified gender, age, need for vision correction, employment status
or course of study, information about their experience with video

games, and general experience with working on a computer. Partic-
ipants rated their experience with video games and computers on
a scale based on hours spent per week (0-3 hours, 3-5 hours, 5-10
hours, 10-15 hours, and more than 15 hours). They also provided
information about their preferred input devices. The study ended
with a debriefing session in which participants were asked about
the temporal pattern of the game and whether they noticed any
temporal regularities. First, the experimenter asked whether the
participant noticed any regularities in the game. If the participant
stated that they did not notice any regularities, the participant was
informed about the purpose of the study and the debriefing was
finished. If, on the other hand, the participant indicated that they
had noticed regularities in the game, the experimenter asked what
these noticed regularities were. The experimenter then asked if
the participant noticed any temporal regularities and if they could
specify what these temporal regularities were. After these three ad-
ditional questions, the participant was informed about the purpose
of the study and the debriefing ended. The experimenter recorded
all responses on a pre-printed form. The study took approximately
one hour. This study was conducted in accordance with the ethics
and privacy regulations of our institution and, thus, following the
policies of our country and funding body. Throughout the user
study, participants did not face any immediate risks or dangers. The
study did not involve vulnerable groups, and no intense emotions
or physical stress were induced. All participants were informed
about the study’s purpose and explicitly informed that they can
withdraw from the voluntary participation at any time. The data
of all participants were anonymized in all data sets. All authors
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were dedicated to the highest ethical standard and adhered to the
institution’s code of conduct.

3.5 Experimental Design and Hypotheses

For our investigation, we used a 4 x 2 design with BLock (1-2, 3-4, 5-
6 and 7-8) and EFFECT DELAY (no delay and delay) as within-subject
factors. To obtain reliable mean estimates for each phase of the
experiment, each BLock level comprised two game rounds with a
total of 120 trials (60 delay trials and 60 non-delay trials). To measure
the potential effect of learned action-effect-delay associations, we
assessed RT as the time to successfully hitting the lateral target
after its appearance (orange arrow in Figure 2). If the effect delay is
integrated in motor action, towards the end of the game, we should
observe higher RTs when shooting the target with a delayed effect
than when shooting the target without a delayed effect. Therefore,
we address the following research question (RQ) and hypotheses
(H1 and H2):

RQ: Are temporal system properties, such as the delayed disap-
pearance of a shot target, integrated into action plans, resulting in
a slowdown in player performance?

H1: Users will take longer (higher RT) to shoot targets that dis-
appear with a delay compared to targets that disappear immediately
(main effect of EFFECT DELAY).

H2: The RT difference between shooting targets with a delayed
effect and those with an immediate effect will increase as the exper-
iment progresses (interaction between Brock and EFFECT DELAY).

3.6 Statistical Analyses

Analysis scripts and associated raw data can be found at https:
//osf.io/e2mc9. Data was preprocessed and analysed in R (version
4.4.2, [52]) using within-subject ANOVAs and t-tests. Effects with
violations of sphericity were Greenhouse-Geisser-corrected and
are reported with corresponding ¢ estimates. We used the tidyverse
R package bundle (version 2.0.0; [61]) for preprocessing and the R
package rstatix for statistical analyses (R package rstatix version
0.7.2; [28]).

We used parametric tests to analyze our data since our sample
size of 50 participants ensured, according to the central limit theo-
rem, that the sampling distribution was approximately normally
distributed [5, 16] and the methods employed are known to be
relatively robust to violations of the normality assumption at this
sample size [40]. To minimize potential distortions caused by ex-
treme values, we conducted an outlier analysis, excluding response
times exceeding 4000 ms as well as reaction times deviating more
than 3 standard deviations from the cell mean. To confirm the ro-
bustness of our results, we performed additional non-parametric
analyses which supported our original parametric findings. Fur-
thermore, analyses conducted with and without outlier removal
did not differ substantially. All additional analyses are available in
the OSF repository (https://osf.io/e2mc9).

4 Results

4.1 Response Times

RTs indicate how much time has elapsed between the appearance of
the target and the shooting by the participant (see orange arrow in
Figure 2). For the analysis of RT, we excluded the first trial of each
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round and trials in which participants failed to hit the lateral target
(12 % of all trials). We then excluded trials with RTs higher than
4000 ms (0.02 % of all trials) as an extremely high RT may indicate
that the participant was distracted. According to established outlier
detection standards [6], we then excluded all trials with RTs that
deviated more than three standard deviations from the individual
condition mean (0.7 % of all trials). In sum, 86 % of all experimental
trials were included for RT analysis.

Figure 3A shows mean RT values as a function of BLock x EFFECT
DELAY. A 4 (BLoCK: 1-2, 3-4, 5-6 and 7-8) x 2 (EFFECT DELAY: delay
and no delay) ANOVA with repeated measures on both factors
on RT revealed a significant main effect of BLock, F(2.02,98.89) =
48.3, p < .001, 1712, = 0.50, ¢ = 0.673. Not surprisingly, participants
performed better in later blocks than in earlier blocks, indicating a
general practice effect (Meanj-2: 1096 ms, Means-4: 997 ms, Means_¢:
950 ms, Meany-g: 944 ms; see Figure 3A). All blocks, with exception
of the last two blocks, differed significantly from each other (all ps
<.001, Block 5-6 vs. Block 7-8: p = .567). Importantly, there was a
significant main effect of EFFECT DELAY, F(1,49) = 18.0 p < 0.001,
r]f, = 0.27. Participants shot slower at targets with a delayed effect,
than at targets with an immediate effect (975 ms vs. 1019 ms, Figure
3A). Most importantly, there was a significant interaction effect of
Brock x EFFECT DELAY, F(2.29, 112.28) = 5.7, p = .003, 1712, =0.10, ¢ =
0.764. Comparisons of the two EFFECT DELAY conditions for each
Brock condition separately are listed in Table 1. As hypothesized,
the difference in RT's between trials with delay and trials without
delay was greater in the last blocks than in the earlier blocks, with
the lowest mean difference of 19.4 ms (SD = 102) in the first rounds
(1-2) and the greatest difference of 81 ms (SD = 121 ms) in the last
rounds (7-8, see Figure 3B).

4.2 Error Rate

ERs indicate the ratio of failed shots on the lateral targets and is
specified in percent. For the analysis of ER, we only excluded the
first trial of each round. In sum 98 % of all experimental trials were
included for ER analysis.

Figure 3C shows mean ER values as a function of BLock x EFFECT
DELAY. A 4 (BLock: 1-2, 3-4, 5-6 and 7-8) x 2 (EFFECT DELAY: no delay
and delay) ANOVA with repeated measures on both factors on ER
did not reveal any significant effects for BLock, F(2.58, 126.57) =
1.7, p = 0.185, r]f, = 0.03, ¢ = 0.86, EFFECT DELAY, F(1,49) =19 p =
0.170, r]f, = 0.04, or the interaction of BLock x EFFECT DELAY, F(2.46,
120.54) = 0.7, p = 0.524, 7712, =0.01, € = 0.82. Figure 3D shows that the
ER differences between the two EFFECT DELAY conditions converge
to zero for each individual BLock condition. The non-significant
comparisons of the two EFFECT DELAY conditions for each BLock
condition separately are listed in Table 2.

4.3 Qualitative Feedback/Debriefing

In the brief interview conducted at the end of the experiment,
participants shared their impressions about potential anomalies
they encountered during the game. They speculated about delays,
the position and size of the targets, and the presence or absence of
rhythm. Notably, 84% of participants suspected there were delays
on either the left or right side, depending on the version of the game
they played (i.e. version with a delayed effect for the left lateral
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Figure 3: Results. Upper panel: (A) Mean response times (RT) of successful shots on a lateral target as a function of EFFECT
DELAY: no delay (dark blue solid lines) vs. delay (light blue dashed lines) and BLock. (B) Mean RT effect, calculated as the
difference between mean RT for targets with delay and mean RT for targets without delay for each block. Lower panel: (C)
Mean error rates (ER) as a function of EFFECT DELAY and BLoCK. (D) Mean ER effect, calculated as the difference between mean
ER for targets with delay and mean ER for targets without delay for each block. Error bars represent standard errors.
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Block  No Delay Delay Difference  #(49) P Cohen’s d
M SD M SD
1-2 1087 213 1106 211 19 1.333 756 0.188
3-4 984 171 1009 133 24 1.705  .378 0.241
5-6 924 153 976 146 52 4136 <.001 0.585
7-8 903 169 985 167 81 4760 <.001 0.673

Table 1: Means (M) and standard deviations (SD) of RTs in ms for each condition and comparisons of the two EFFECT DELAY
conditions for each BLock condition separately. p-values are Bonferroni corrected for multiple comparisons.

Block No Delay Delay Difference  #(49) p Cohen’s d
M SD M SD
1-2 124 87 123 847 -0.1 0.103  1.000 0.014
3-4 11.1 6.6 11.0 6.99 -0.1 0.157 1.000 0.022
5-6 13.2 84 11.6 8.52 -1.6 1.892  .257 0.268
7-8 11.3 9.0 104 830 -1.0 1.258  .856 0.178

Table 2: Means (M) and standard deviations (SD) of ERs in % for each condition and comparisons of the two EFFEcT DELAY
conditions for each BLock condition separately. p-values are Bonferroni corrected for multiple comparisons.

target or version with a delayed effect for the right lateral target).
However, in some cases, participants identified the delays either
late or incorrectly. Additionally, 16% of participants did not mention
any delays at all. Some participants felt that the delays might have
affected their performance, with a few expressing uncertainty about
whether they had successfully hit the target, which led them to fire
multiple shots. This created a sense of unease for some. Furthermore,
10% of participants believed there was a rhythmic pattern in the
appearance of the targets or that one side appeared more frequently.

5 Discussion

In this study, we investigated whether delays in system responses
are integrated into users’ cognitive-motor processes and contribute
to a slowing of user actions. Specifically, we examined whether the
repeated experience of delayed system responses causes users to
initiate their actions more slowly over time. In our study, partici-
pants performed an aim trainer task in which targets were shot, and
either disappeared immediately or with a delay (after 0.6 seconds).
The results of our study provide compelling evidence that delays in
system responses are integrated into users’ cognitive-motor action
plans. Specifically, participants showed a significant slowing down
of their response times when shooting at targets that disappeared
with a delay compared to shooting at those that disappeared imme-
diately (confirming H1). This effect became more pronounced as
the experiment progressed, with the slowdown reaching 80 ms by
the end of the experimental game (confirming H2).

The results of our study provide important insights into how
delays affect user behavior. In the following sections, we discuss the
meaning and underlying cognitive mechanisms of our findings, as

well as the implications for designing more efficient interactive sys-
tems that take into account users’ adaptations to temporal system
properties.

5.1 Integration of System Delays into Users’
Cognitive Action Structures

The results of the present study show that system delays are not
only disruptive due to the waiting time they cause, but are also inte-
grated into users’ cognitive action structures, leading to longer-term
behavioral adjustments. Actions associated with a delayed system
response were executed more slowly than those associated with
an immediate response. Thus, we demonstrate that the repeated
experience of delayed system responses leads to slowed down user
behavior and, consequently, an increase in task completion time,
even before the delay in the current interaction occurs.

Our findings extend previous results from cognitive psychology
to the context of HCL. Results from simple stimulus-response ex-
periments have suggested that temporal properties of action effects
can influence the actions that trigger them. A study by Kunde [31]
showed that actions producing longer effect durations are initiated
more slowly than those producing shorter effect durations. Even
more relevant to our study are the results of Dignath et al. [13],
which demonstrated that delays in action effects can also induce
a slowdown. However, our study shows that these findings are
not limited to reduced stimulus-response paradigms but are also
applicable to real-world HCI scenarios. Whereas previous studies
employed simple stimulus-response tasks, we demonstrated this
slowing effect in an applied, time-sensitive HCI scenario: a game-
like task in which participants were motivated to shoot targets as
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quickly as possible. Furthermore, while Dignath et al.[13] exam-
ined delays of two seconds, which are typical for processes such as
web page loading or data transmission, our results show that even
shorter delays of 0.6 seconds can lead to a significant slowing of
user responses.

The delay-induced slowing effect demonstrated in our study
can be explained by the ideomotor theory [26, 56]. The basis of
goal-directed action control lies in the close associations between
actions and their effects in our memory. When an action (navigating
and clicking on a target) consistently produces a particular effect
(target disappears), the association between the specific action and
the effect is strengthened. As a result, anticipating the desired
effect (target disappearing) automatically activates the associated
action (navigating and clicking on the target). As proposed by
Dignath and colleagues [13], temporal information such as a delay
between an action and its effect also becomes part of such action-
effect associations in users’ memories. This means that when a
participant anticipated the disappearance of the target, they also
anticipated the previously experienced delay of this disappearance.
Because anticipating a longer time interval requires more time than
anticipating a short time interval [13, 31], actions associated with
longer effect delays were initiated more slowly than those with no
delays.

Overall, our findings underscore the importance of considering
not only the immediate, observable impacts of system delays, but
also how users in HCI environments implicitly adapt their behavior
in anticipation of these delays. This highlights the fact that users
integrate the temporal properties of system responses into their
cognitive-motor processes, leading to a systematic slowdown in
their interactions. Reducing delays is crucial, even if delays were
not integrated into action plans, since there are obvious negative
effects on UX and performance. However, with our work, we could
argue that it is even more important than previously thought be-
cause delays are integrated in the users’ cognitive models of the
interaction.

5.2 Implications

The results of our study have implications for the design of inter-
active systems. Designers should be aware that delays can lead
to systematic behavioral adjustments in users. Repeated delays
are anticipated by users and integrated into their cognitive action
structures, resulting in a measurable decrease in efficiency.

The most obvious implication is to minimize delays as much
as possible to ensure optimal performance, particularly for time-
sensitive tasks. This is especially crucial in the gaming domain,
where fast user actions often play a decisive role. The repeated
experience of system delays not only leads to immediate negative
effects such as frustration and inefficient target acquisition but,
according to the results of our study, also causes a slowing of player
actions. This is particularly relevant for competitive games, where
quick reactions can be the key to success. Game designers and
developers should therefore prioritize reducing latency, for exam-
ple by applying latency compensation techniques [38], to prevent
players from experiencing long-term performance degradation due
to repeated delays. Moreover, minimizing system delays is equally
important in workplace settings, especially for technology-driven
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tasks. Companies should invest in high-performance, responsive
systems and hardware to ensure efficient operation of digital tools
and IT infrastructures. Delays in system responses can not only
frustrate employees but, as the results of our study suggests, grad-
ually lead to cognitive slowdowns in work performance, further
compounding the delays caused by the system itself.

If delays are unavoidable due to system limitations, already es-
tablished principles for avoiding user frustration could prevent
the slowdown effect. In the case of unavoidable delays, it is rec-
ommended to provide users with immediate visual or auditory
feedback that their actions have at least been successfully regis-
tered, for example in the form of wait cursors or progress bars [44].
While it remains to be investigated whether such feedback can actu-
ally prevent or reduce the slowing effect demonstrated in our study,
it seems plausible from a cognitive-psychological perspective. Even
if the system takes longer to display the intended effect, users still
receive immediate feedback on their action. This may lead them to
perceive the action itself as more complete, potentially weakening
the association with the subsequent delay.

Our results might explain seemingly contradictory results for
the effects of delay variations. Halbhuber et al. found that changes
in system response delay [21] affect subjective feedback and per-
formance. Schmid et al. [54], however, found no effects for rapid
changes in system response delays. In the study by Halbhuber et
al., participants had time to integrate the system response delay
into their action plan, consequently resulting in slower RTs. Rapid
changes in system response delays, however, prevented the integra-
tion of the delay into users’ action plans resulting in no observable
effects. Altogether the results might suggest that constantly vary-
ing system response delays improves performance and subjective
perception compared to longer-term switches of constant amounts
of delay.

Since our study suggests that users anticipate delays and inte-
grate them into their action planning, developers and designers
could strategically design mechanisms to take advantage of this
anticipatory behavior. For example, they could deliberately asso-
ciate certain waiting times with certain system effects, resulting
in a more predictable and smoother interaction experience. This
approach has already been explored in studies on time-based ex-
pectancy [59, 60]. In this framework, the duration of the delay
provides the user with information about what to expect next. For
instance, if a shorter delay consistently leads to one system effect
and a longer delay to another, users can predict these effects based
on the elapsed time and adjust their reactions accordingly. A recent
study applied the concept of time-based expectancy to the gaming
context [22]. In this study, delay-event associations were used to
make target locations more predictable. The results showed that
associating different delays with specific target locations improved
player performance due to anticipatory mechanisms.

Moreover, our study highlights the applicability of psychological
concepts such as ideomotor theory in the HCI context. Our findings
were predicted and validated on the basis of ideomotor theory. We
have demonstrated that properties of computers and computerized
devices can become part of cognitive action structures, thereby in-
fluencing user behavior. Our study highlights that HCI researchers
may benefit from engaging with the psychological foundations
of perception and action control when designing and evaluating
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new interaction technologies [29]. There are already approaches
to applying ideomotor principles in human-robot interaction [18]
and in game design [7]). In cognitive psychology, there are further
HClI-relevant concepts that examine the interaction between action
and perception [17, 24], as well as the role of temporal factors in this
relationship [3, 4]. Enhancing the bidirectional exchange between
applied HCI research on user behavior and cognitive psychology
could generate valuable synergies for the development of more
intuitive, efficient, and user-centered interaction technologies.

5.3 Limitations and Future Work

While our study provides valuable insights into the integration of
system delays into users’ cognitive action plans, several questions
remain unanswered, suggesting opportunities for future research.

An open question arising from our study is which specific com-
ponent of the point-and-click-task is affected by the observed slow-
down effect. The response time measure in our study encompasses
several phases, including the recognition of the target’s location, the
planning phase before action initiation, the movement of the mouse
cursor, and the execution of the click. While our study demonstrates
the overall impact of anticipated delays on task completion times,
isolating these individual phases would provide deeper insights
into the specific mechanisms underlying the observed effects and
would facilitate the integration of our findings into models of user
interaction with system delays [10, 33, 39]. We hypothesize that the
slowdown primarily occurs during the action planning phase, prior
to the initiation of movement. This assumption is supported by
previous studies, which showed that keypresses were initiated later
when triggering effects with longer durations [31] or delayed ef-
fects [13]. Analogously, we propose that in our study, the observed
slowdown may predominantly affect the initiation of actions. How-
ever, it cannot be excluded that the execution phase, including
cursor movement and click time, may also be affected. While the
results of the present study already have general implications for
the design of interactive systems, future studies could aim to in-
vestigate the slowdown effect in experimental settings that allow
for a more targeted analysis of the individual components of re-
sponse time. Such studies could use analyses of mouse movements
or standardized tasks like Fitts’ Law tasks [41] to systematically
investigate recognition, planning and execution dynamics to pro-
vide further clarity on how specific components contribute to the
slowdown effect.

One aspect of our study design to consider is the absence of a
time limit for responses or a time-based reward system. This may
have encouraged participants to prioritize accuracy over speed,
potentially influencing the observed results. While we interpret
our findings in light of ideomotor theory—suggesting that system
delays are integrated into users’ cognitive-motor processes and
subsequently lead to slower responses when shooting at targets
with delayed effects — it could be argued that the observed slow-
down effect is, at least in part, due to a speed-accuracy trade-off.
Indeed, the descriptive data (see Figure 3) indicate slightly lower
error rates for targets with delayed effects in blocks 5-6 (difference:
1.6%) and blocks 7-8 (difference: 1.0%). This pattern may reflect a
potential adaptation strategy by participants: they may have slowed
down their responses to improve accuracy, with this trade-off being
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more pronounced for targets with delayed feedback. A possible
explanation for why this effect only occurred for delayed targets
could be an increased uncertainty associated with their delayed
disappearance, leading participants to adopt a more cautious and
precise approach. However, error rates for targets with delayed
feedback do not show a statistically significant difference compared
to targets with immediate feedback (see Table 2). Furthermore, a
comparison of the unstandardized and standardized effect sizes
for differences in response times and error rates (see Table 1 and
Table 2) shows that the estimated effect sizes for error rates are sub-
stantially smaller than those for response times. This suggests that
a speed-accuracy trade-off cannot fully explain the slowdown effect.
In addition, the performance feedback (see Figure 1) prominently
displayed detailed information on both accuracy and response time,
along with clear indications of improvement or deterioration in each
metric. This dual focus was designed to reinforce the importance of
both aspects equally, ensuring that participants were consistently
motivated to balance speed and accuracy throughout the task. Nev-
ertheless, this alternative explanation should be investigated or
controlled more closely in future research. This could involve tasks
with stricter time constraints, time-based reward structures, easier
tasks or standardized tasks with measures independent of speed-
accuracy trade-offs [42].

Another limitation of our study is that the effect of delay inte-
gration was observed over a relatively short number of interactions
(240 interactions with delay and 240 interactions without a delay). It
is unclear how this effect would evolve over longer periods. Would
the difference between response times for targets with delay and
targets without delay continue to grow, or would it reach an asymp-
tote? If an asymptote is reached, how would this be related to the
magnitude of the delay? Investigating these dynamics could reveal
whether the behavioral adaptation to delays has limits or stabilizes
over time.

In our study, we used a mixture of delay conditions (0 and 0.6
seconds) within the same experimental setup, allowing us to demon-
strate the impact of input-element-specific delays (e.g., when the
process triggered by one input element takes longer than the pro-
cess triggered by another input element). However, delays often do
not affect individual input elements alone; instead, delays within
a given environment tend to be consistent with low variability
around a fixed latency. Future studies should examine if users may
adapt to a generally slow system by slowing their overall pace of
interaction. Relatedly it would be interesting to examine how this
adaptation influences their behavior when transitioning to a more
responsive system. This aligns with the work of Olguin Munoz et
al. [45], who demonstrated that users adapt to system delays in
the context of wearable cognitive assistance systems. They found
that even after the delays were removed, users continued to exhibit
slower interactions. This suggests that prolonged exposure to sys-
tem delays can lead to lasting changes in user behavior, which may
persist even when the system becomes more responsive. Building
on these insights, future studies could explore how extended expo-
sure to delays across different systems or interfaces impacts user
behavior when transitioning between environments with varying
levels of responsiveness.

Other aspects of our task design, while contributing to the clarity
of our findings, highlight opportunities for future research to extend
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their applicability. One such aspect to consider is the magnitude of
the delays used in our study. We employed delays of 0.6 s, which
allowed us to clearly observe the effects of delay integration on
user behavior. In gaming contexts, for example, shorter delays have
also been shown to be relevant and can lead to performance de-
clines. While our study provides valuable insights into how delays
influence user actions, future research should investigate whether
slowdown effects can be observed across a wider range of latencies
to further clarify the generalizability of our findings. Another aspect
to reflect on is the 0.4-second interval between the disappearance
of the central target and the appearance of the lateral target. This
interval was implemented to allow participants to refocus their
attention across the entire screen and ensure readiness for the task.
However, this interval may have allowed for potential anticipatory
cursor movements prior to the target’s appearance. Such anticipa-
tory behavior could have contributed to increased variability in user
behavior, potentially reducing the statistical power of our study.
Nevertheless, because the identity of the lateral target (with delayed
effect or with immediate effect) was randomized and therefore un-
predictable, any anticipatory movements would not constitute a
confounding factor. Still, to better control for such anticipatory
behavior, future studies could record cursor trajectories or at least
the mouse cursor position at the moment of target appearance.
Furthermore, our study employed a fixed target size and distance
across all trials. This decision ensured consistency and sufficient
statistical power to detect the hypothesized slowdown effect and
was aligned with our goal of isolating the impact of effect delays
on user behavior in a controlled experimental HCI setting. How-
ever, this simplification may limit the applicability of the findings
to real-world HCI scenarios, where distances and target sizes are
often variable. Incorporating such variations in future experiments
could extend the scope of these results and provide deeper insights
into whether the observed slowdown effects generalize to more
complex and dynamic interaction settings.

Finally, the game-like nature of our task (shooting targets in an
aim trainer) might also limit the generalizability of our findings
to other HCI contexts. This task was chosen because we expected
participants to be more motivated compared to performing more
repetitive everyday GUI tasks (such as clicking the print button),
allowing us to conduct a larger number of trials (480 trials). Ad-
ditionally, we used this task to ensure that the anticipated effect
would manifest in a scenario where users are motivated to act as
quickly and accurately as possible. However, it would be important
to examine whether similar slowdown effects occur in more diverse
and practical scenarios, such as office tasks or real-time collabo-
rative environments. To build on these findings and extend their
applicability to a broader range of interactions, future work could
involve developing a classification system for different types of
interactions and sequences of interactions where this phenomenon
is likely to be observed. Such a classification could help identify
which specific tasks, systems, or environments are more susceptible
to the integration of delays into users’ cognitive-motor processes,
providing a more targeted approach to mitigating the negative
effects of system delays in various HCI contexts.
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6 Conclusion

In this paper, we examined the effects of repeated exposure to
system delays during point-and-click tasks. We found that delays
lead to longer task completion times not only due to waiting peri-
ods but also because of a delay-induced slowdown in user actions.
Our results show that participants became progressively slower
when performing actions associated with delayed system responses
compared to actions with immediate feedback. This suggests that
repeated exposure to delays causes these delays to become inte-
grated into users’ cognitive action structures, leading to measurable
behavioral changes.

An important insight from our findings is that system prop-
erties—such as delays—are not just temporary obstacles but can
become embedded in users’ cognitive planning processes. Whether
delays, visual feedback, or other system behaviors, these charac-
teristics can influence how users anticipate and execute actions,
resulting in behavioral adaptations that may persist over time. De-
signers need to be aware that consistent system properties can
shape user behavior over time, potentially leading to long-term
adaptations. Therefore, it is crucial to design interfaces that miti-
gate such unintended behavioral consequences and support more
intuitive and efficient user interactions.
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