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Figure 1: (a) State transition from tracking to out-of-range. (b) When the LoD setting is low, the unintended movement error 
was not detected (upper) while high jitter detected from raw cursor (lower). (c) When the LoD setting is high, the unintended 
movement error detected during state transition (upper). In contrast, the jitter get low compared to low LoD setting (lower). 

ABSTRACT 
This study investigates the efect of Lift-of Distance (LoD) on a 
computer mouse, which refers to the height at which a mouse 
sensor stops tracking. Although a low LoD is generally preferred to 
avoid unintended cursor movement in mouse lifting (=clutching), 
especially in frst-person shooter games, it may increase tracking 
errors. We conducted a psychophysical experiment to measure 
the perceptible diferences between diferent LoD settings, and we 
quantitatively measured unintended cursor movement and tracking 
errors at four levels of LoD while users performed mouse lifting. 
The results quantifed the amount of the two types of errors, which 
revealed the trade-of between them in the varying levels of LoD. 
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Our fndings ofer valuable information on optimal LoD settings, 
which could serve as a guide for choosing a proper mouse device 
for enthusiastic gamers. 
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1 INTRODUCTION 
The computer mouse is crucial in the domain of competitive com-
puter gaming, where players constantly seek improvements in their 
performance. The search for an ideal mouse involves various design 
aspects, such as weight [7, 8, 24, 25, 38, 42], shape [16, 17, 20, 21], 
hand position [9, 14], and technical specifcations such as sensor 
sensitivity [3, 5, 6, 39], polling rate [11, 15, 32, 41], and sensor 
position [22]. In particular, competitive players are interested in 
optimizing these features to improve their gaming performance. 

In this study, we focus on a key aspect of gaming mice known 
as Lift-Of Distance (LoD), which is the height at which a mouse 
sensor stops tracking. This feature is especially important for frst-
person shooter (FPS) players who tend to set Control-Display (CD) 
gain low (=low sensitivity and dpi) for more accurate aiming [31], 
which causes unavoidable lifting or clutching [3] – which involves 
picking up the mouse device from the surface and moving it to a 
more comfortable area within the motor space. Ideal lifting refers to 
physically relocating the device without disrupting the position of 
the cursor on the display [5]. For this, the mouse sensor has to stop 
tracking as soon as the mouse is lifted from the surface. Therefore, 
a low LoD is desirable in this regard, and gamers seek the lowest 
possible LoD to prevent adverse mouse movements [13, 35]. 

However, a low LoD is not always better; it comes with the cost 
of tracking error, because a computer mouse does not move on a 
perfectly smooth and even surface. The high and low LoD are in the 
trade-of relationship [43], therefore, optimal mouse LoD settings 
that are suitable for the tracking surface is also an important user 
setting. Although several automated surface calibration tools [10, 27, 
33] try to optimize mouse LoD for users, quantitative measurement 
regarding the efect of LoD changes on tracking performance is less 
reported in the public from academia and industry. 

To the best of our knowledge, no scientifc experiments have 
been conducted to measure the impact of varying levels of LoD 
on user perception and pointing errors, in addition to the lack of a 
proper LoD measurement methodology. Consequently, most of the 
sources cited here are from outside academia, primarily from online 
forums and articles, which might be non-archival in the future. 

In gaming communities, users often use CDs or DVDs as a unit 
of an LoD measurement, which is 1.2 mm per disc [12, 23, 34]. 
When someone mentions that the LoD of their mouse is between 1 
DVD and 2 DVDs, they are implying that the mouse can move the 
cursor when it is placed on top of a single DVD’s thickness (usually 
through the center hole of the disc) but will not work when two 
DVDs are stacked. 

Gamers prefer to keep the level of lift-of distance (LoD) low, 
typically less than 3 mm, to prevent unintentional cursor movement 
when lifting the mouse [35]. However, some argue that the impact 
of LoD on gameplay is minimal. For example, Rocket Jump Ninja, 
a prominent fgure in FPS gaming communities, has claimed that 
LoD does not cause much cursor movement when lifting due to the 
low sensitivity [30] that FPS players usually set. 

In conclusion, while the gaming community has shown interest 
in the impact of LoD on user experience and performance, there is 
a lack of scientifc research on this topic. The available information 
is based primarily on anecdotal evidence from online forums and 
articles, which may not be reliable. To address this knowledge gap, 

well-designed experiments are necessary. This paper would provide 
valuable insights into the optimal LoD range for gaming and other 
pointing tasks, contributing to the development of more efective 
mouse device design. 

2 LIFT-OFF DISTANCE (LOD) SENSING 
METHODS AND MEASUREMENT 

Modern computer mice utilize optical displacement sensor modules 
consisting of a light source, a two-dimensional array image sensor, 
and optics. The lateral displacement of the module can be sensed 
by computing the cross-correlation of two consecutive images cap-
tured from the sensor. However, the mouse sensor lacks the ability 
to measure vertical distance from the surface directly. 

One direct way to control mouse LoD is to employ a separate 
distance sensor, such as in the SteelSeries RIVAL 600 and EVGA 
X17 models. This dedicated distance sensor provides a precise LoD 
control with good accuracy. Nevertheless, this requires an addi-
tional sensor, which incurs additional costs, leading to only a small 
number of mouse models opting for this approach. 

As an indirect control of LoD, a common approach is the SQUAL-
based method, which is widely used in standard gaming-grade 
mouse sensors. The SQUAL method relies on the optical sensor’s 
limited depth of feld, typically restricted to a range of 2-3 mm. 
The optics possesses a stationary focal point, and as the tracking 
surface moves away from the ideal distance, the captured images 
become blurry, making it difcult to detect surface features. SQUAL 
measures the prominence of surface features, with higher values 
corresponding to crisp and in-focus images, and lower values indi-
cating defocused images. Sensors stop tracking when SQUAL falls 
below a certain threshold, and LoD can be controlled by adjust-
ing the SQUAL threshold value. Higher LoD corresponds to lower 
SQUAL thresholds and vice versa. 

For our experiments, we required a mouse that had precise LoD 
control. While there are numerous commercial mice that advertise 
adjustable LoD, the specifc measurements of their LoD have not 
been made publicly available. As a result, we constructed a precision 
measurement jig for an accurate LoD assessment (see Figure 2). 

For choosing an apparatus, we measured four LoD adjustable 
mice: two SQUAL-based LoD sensing mice (RAZER DeathAdder 
V2 and RAZER Viper 8KHz) and two distance sensor-based LoD 
sensing mice (SteelSeries RIVAL 600 and EVGA X17). Among the 
devices tested, EVGA X17 exhibited superior performance in the 
range of 10 LoD levels from 0.4�� to 3.0�� (see Figure 3). 

3 USER TEST 
To understand how diferent LoD settings afect pointing perfor-
mance, a psychphysical LoD perception experiment and quanti-
tative error measurements were couducted. For the apparatus, a 
desktop computer (Intel Core i9 9900, 32 GB RAM, NVIDIA GeForce 
RTX 2060 SUPER) with a gaming-grade monitor (ASUS ROG SWIFT 
PG259QN, 24.5 inch, 1920 × 1080px, 360Hz refresh rate) and large 
mouse pad (Steelseries Qck HEAVY, 450�� × 400�� × 6��) was 
used with the EVGA X17 mouse. 

To fnd out the performance of the LoD sensor while playing FPS 
games, we recruited participants who play games for at least four 
hours a week using a computer mouse, right-handed and between 
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Figure 2: Design of mouse LoD measurement jig. A mouse is fxed to a rail that is moving horizontally. As the mouse moves to 
the right, the base (blue) is slanted downward to increase the distance between the mouse and the surface. By recording the 
mouse position where the cursor stops and moves again while moving to the left and right, the precise height of the mouse 
could be calculated. 

Figure 3: Result of measured LoD during Take-of (=moving right) and Landing (=moving left) using the LoD measuring jig. 
From the left, (a) RIVAL 600, (b) Viper 8KHz, (c) DeathAdder V3, and (d) X17. The red ×-markers are the claimed LoDs of the 
device, and the actual LoD points were measured ten times each. 

the ages of 19 and 50. From a local university, 27 participants were 
recruited. Three participants with the shortest time playing the FPS 
game per week based on the demographic survey were excluded 
(for counterbalancing), and the remaining 24 participants joined the 
experiment. They were asked to read and sign a consent form prior 
to the experiment. The participants performed both experiments 
and it lasted approximately 60 minutes. They were compensated 
15,000 KRW (≈ 11 USD) each for their participation. The Univer-
sity’s Internal Review Board (IRB) approved the entire procedure 
of this study. 

LoD level was set as an independent variable: LoD levels of 1, 3, 
5, and 7 (0.29, 0.77, 1.60, and 2.80mm in measured LoD, respectively) 
as shown in Figure 3d. These levels could provide a wide range of 
LoD while keeping the number of tested conditions manageable. 
We label them LoD1, LoD3, LoD5, LoD7 in the rest of the paper. 

3.1 LoD perception test 
In the frst experiment, a psychophysical test was conducted to 
determine the ability of humans to discriminate between diferent 
LoD levels. ISO 4120:2021 triangle test method [19] was adopted. 

During the triangle test, one trial presented three stimuli, called 
the triad: two stimuli had the same LoD and one stimulus was 
diferent from the others. For each stimulus, one of the four levels 
of LoD was set, then participants were given 45 seconds to freely 

interact within the ’Countryside’ map of AIMLABS1, which simu-
lates an FPS game environment that allows one to move around, 
aim and shoot random targets without a specifc task assigned. 
Time constraints were established to restrict the use of additional 
tactics to distinguish the mouse beyond the intuitive recognition of 
LoD [2, 28]. Participants examined all three stimuli sequentially in 
random order and were asked which one had a diferent LoD from 
the others they thought of. They were forced to choose one, even 
though the stimuli were indistinguishable. 

During trials, interaction between the participants and the ex-
perimenter is strictly minimized. The experimenter only set the 
LoD triads (blindly from the partcipants) without talking. Each 
participant tested six triads2 made from four levels of the LoD. The 
presentation order of the six triads was counterbalanced across 
the participants using a balanced Latin square design [40]. Within 
a triad, the stimuli order3 was randomly assigned. Therefore, 6 
(triads) × 24 (participants) = 144 triangle test results were collected. 

1A online training platform to enhance player’s core FPS aiming skills. 
2When constructing triads using 4 level of LoD, the six possible pairs exist (1&3, 1&5, 
1&7, 3&5, 3&7, 5&7).
3When constructing a triad with two stimuli LoD1 and LoD3, there are six possible 
sequences (113, 131, 311, 133, 313, 331). 
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Table 1: The results of LoD perception test (� = 24). 

Compared setting level LoD1&LoD3 LoD3&LoD5 LoD5&LoD7 LoD1&LoD5 LoD3&LoD7 LoD1&LoD7 
Diference of LoD (mm) 0.48 0.83 1.20 1.31 2.03 2.51 

Correct responses (N) 11 10 6 18 16 16 
�-risk = 0.2 - - = 0.001 = 0.001 = 0.001 

3.2 Target click (TC) task 
In the second experiment, the trade-of between unintended cur-
sor movement (Section 3.2.1) and tracking error (Section 3.2.2) 
was explored. For the TC task, participants played AIMLABS ’SPI-
DERSHOT 180 (ULTIMATE)’ in diferent LoD settings with low 
sensitivity (0.69◦/mm, which is a low value but still in the optimal 
sensitivity range [3]) to encourage mouse lifting. Within a TC task, 
two targets appeared in a random position within the current feld 
of view (FoV), and the following two targets appeared in a ran-
dom position 180◦ behind and were repeated for one minute. This 
task forced participants to rotate their FoV 180◦ per two targets, to 
maximize the number of observable lifting actions. 

Participants completed the TC task 12 times: four LoD levels 
× three sessions per each LoD level. The order of the LoD level 
was counterbalanced across the participants using a balanced Latin 
square design [40]. During the TC task, we collected raw displace-
ment tracking reports from the mouse (Win32 RAWINPUT4) and 
physical movement of the mouse using a motion capture system 
(OptiTrack Prime� 13W, 1.3MP, ±0.30�� 3D accuracy, 240 FPS). 

3.2.1 Unintentional Movement Error. When the LoD is set high, an 
unintentional cursor displacement may occur at the beginning of 
take-of and at the end of landing actions. Because we designed the 
task to rotate the FoV horizontally in a signifcant amount (180◦ 

turn), any movements in the opposite direction to the previous 
tracked movement during lifting are likely to be unintentional; 
hence, we defned it as an unintentional movement error. For exam-
ple, a user moved the mouse all the way to the edge of the mouse 
pad, lifted it, and relocated the mouse back to the center position. 
During this sequence, any reversal cursor movement against the 
primary direction of the motion while lifting should be minimized. 

When a lifting action occurs, there will be two clusters of tracking 
logs: before and after the lifting. We then measured the amount of 
reversal movement on the edge against the major direction vector 
of the primary movement of the logs before lifting (= take-of) 
and after lifting (= landing). The primary direction of a movement 
cluster was measured as follows. We calculate the mouse velocity 
while tracking, detect the local peak velocities, and calculate the 
major movement vector from the 11 data points around the peak. 

3.2.2 Tracking Error. We expect that the instability of cursor move-
ment (=jitter) will increase when the LoD is set lower. We defne 
jitter as a fuctuation in cursor velocity; in other words, we mea-
sured the diference between smoothed and raw cursor velocities. 
We frst grouped cursor movement data according to their speed, 
dividing them into bins of 50mm/s. For each bin, we calculated the 
standard deviation of the diference between the smoothed (moving 

4RAWINPUT data contains the raw usb HID reports from the mouse device before the 
Windows transfer function (i.e., mouse related settings on the control panel) applied. 

average applied three times, window size = 10 units.)5 and the raw 
cursor velocity. The cursor speed distribution shows a long-tail 
distribution all the way up to 2339mm/s; however, the 95 percentile 
of the value lies within 416mm/s. Therefore, we used only seven 
bins up to 400mm/s for further analysis. 

4 RESULTS 

4.1 Demographic survey 
There were 2 women and 22 men (between 19 and 28 years old, 
22.04 ± 2.74) who play the FPS game for 4.38 hours a week on 
average. Only 2 out of 24 participants knew about the LoD sensor 
among mouse sensor performance metrics, and only one responded 
that they tuned the LoD setting. 

4.2 LoD perception test 
ISO 4120:2021 [19] triangle test defnes a perceptible diference 
between samples if the number of correct answers is equal to or 
greater than a certain number determined from the total number of 
trials. From 24 triads, 13, 15, and 16 (equal or more) correct answers 
are required to conclude that there is a detectable diference be-
tween stimuli with �-risk levels of 0.05, 0.01, and 0.001 respectively. 

Table 1 shows the number of correct answers in each triad con-
sisting of two LoD levels, and their corresponding �-risk level in the 
triangle test. The triads are ordered by the diference in measured 
LoD between the levels. Participants could not distinguish two LoD 
settings with diferences of up to 1.20mm, and all triads with a LoD 
diference greater than 1.31mm were distinguishable. 

4.3 Target click task 
From TC task, we measured the amount of unintentional move-
ment errors and tracking error and performed two-way Repeated-
Measure Analysis of Variance (RM-ANOVA) as statistical analysis 
(JASP v0.17.3). LoD levels and Session were set as the within-subject 
variables, and the Greenhouse-Geisser correction was applied when-
ever the data violated the sphericity assumption. As a post hoc test, 
pairwise t-test with Bonferroni corrections was performed. 

4.3.1 Unintentional Movement error. We measured the uninten-
tional movement error (see Section 3.2.1 and Figure 4a) in the take-
of and landing sequence separately. 

A signifcant main efect of LoD levels was found in unintentional 
movement error at take-of (�2.35,51.77 = 13.995, � < .001, �2 = � 
0.389). The post hoc test showed that the amount of error was 
signifcantly lower in LoD1 (0.314�� ± 1.493��) condition com-
pared to LoD3 (0.653�� ± 2.068��, � = 0.018), LoD5 (0.881�� ± 

5Compared to moving average with larger window size, the repeated application of 
the moving average was more efective in producing a smoother result and applying 
center-weighted smoothing 

https://��2.35,51.77


Efects of Computer Mouse Lif-of Distance Setings in Mouse Lifing Action CHI EA ’24, May 11–16, 2024, Honolulu, HI, USA 

(b) Tracking error (=instability of cursor move-
(a) Unintentional movement error (=reversal movement while lifting) during mouse take-of ment) by LoD levels. The error bands are 95% 
(left) and landing (right) by LoD levels. The error bars are 95% confdence intervals. confdence interval. 

Figure 4: The results of target click task. The signifcant main efect of LoD on movement error was observed in the take-of 
sequences, and LoD1 exhibited more tracking error than others. 

2.173��, � < .001), or LoD7 (0.933�� ± 2.245��, � < .001) (Fig-
ure 4a). No signifcant main efect of Session (�1.79,39.33 = 2.665, � = 
0.088 2,  � = 0.108) and LoD ×�  Session interaction ( �3.41,75.00 = 

2 2.017, � = 0.111,  �� = 0.084) was identifed in unintentional move-
ment error at take-of. 

For landing, no signifcant main efect of LoD (�2.72,59.92 = 
1.828 2, � = 0.157,  � = 0.077), Session (� �1.75,38.41 = 0.615, � = 

0.524 2,  � ) (� = 0.027 , or interaction efect �4.11,90.35 = 0.230, � = 

0.924 2,  � = 0.010)�  was found. 

4.3.2 Tracking error. We measured the tracking error (=jitter) while 
the mouse was moving on the surface of the mouse pad (see Section 
3.2.2 and Figure 4b). 

A signifcant main efect of LoD levels was found in the tracking 
error (�2.14,47.02 = 30.751 2, �  < .001, �  = 0.583)� . Post hoc analysis 
showed that the tracking error was signifcantly higher when the 
participants used LoD1 (40.430mm/s ± 8.079mm/s) compared to 
LoD3 (32.963mm/s ± 5.444mm/s, � < .001), LoD5 (30.088mm/s ± 
4.411mm/s, � < .001),and LoD7 (31.033mm/s ± 5.243mm/s, � < 
.001). No signifcant efect of Session (�1.52,33.40 = 2.088, � = 
0.150 2,  � = 0.087)�  and interaction efect between LoD × Session

2 (�3.62,79.71 = 1.012, � = 0.402, �� = 0.044) was found. 

4.4 Post-experimental survey 
In response to the question about their preference for the ideal LoD 
level, 14 participants favored a lower LoD for better performance, 
and 8 participants indicated a preference for a higher LoD. The 
remaining 2 out of the total of 24 respondents mentioned that the 
optimal LoD setting could difer depending on the circumstances. 

The preference for a low LoD was motivated by: “The cursor 
would shake less when moving my FoV quickly.” “It would bounce 
less in the opposite (movement) direction when LoD was low.” and 
“Unintended cursor movement would decrease.” 

The preference for a high LoD was motivated by: “When I play 
FPS games, my body becomes tense, in which case the mouse unin-
tentionally raises of from the pad, and low LoD makes the cursor 
stutter.” 

The preference for adjustable LoD was motivated by: “Depending 
on the games or the users, I think there will be a LoD that suits 
each individual.” and “I think a low LoD was good for lifting and a 
high LoD for tracking.” 

5 DISCUSSION 

5.1 User perception on LoD changes 
Overall, participants could not perceive a diference in LoD until the 
diference in LoD exceeds 1.20 mm. However, an interesting discov-
ery was found in the comparison of LoD1&LoD3 and LoD5&LoD7 
conditions. Even though LoD diference in LoD1&LoD3 condition 
(0.48 mm) was much smaller than the LoD diference in LoD5&LoD7 
condition (1.20 mm), the number of correct responses was signif-
cantly higher in the LoD1&LoD3 condition. We suspect that com-
paring LoD1 (measured LoD = 0.29 mm, virtually zero LoD) against 
others is easier than comparing two midlevel LoDs, which suggests 
that the perceptible diference in LoD diference is nonlinear de-
pends on the distance from the mouse pad. This could be further 
investigated in future work. 

5.2 Trade-of between unintentional movement 
Error and Tracking Error 

We fnd that there is a clear trade-of between the two types of 
error within the range of LoD1 (=0.29 mm) and LoD5 (=1.60 mm). 
Among these ranges, the increased LoD results in better tracking 
stability but more movement error. The optimal level of LoD might 
depend on the characteristics of the task, which should be further 
investigated. 

https://��3.62,79.71
https://��1.52,33.40
https://��2.14,47.02
https://��4.11,90.35
https://��1.75,38.41
https://��2.72,59.92
https://��3.41,75.00
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The possible amount of unintentional movement was approxi-
mately up to 1 mm (≈ 0.9◦–1.8◦ of the change in FoV in appropriate 
sensitivity settings [3]). In pixels, the unintentional error corre-
sponds to ≈19–38 pixels on a full HD screen (1920×1080 px, assum-
ing a narrow FoV of 90◦ [1]). For the tracking error, the spatial jitter 
in LoD1 was signifcantly more prominent (Figure 4b) than higher 
LoD settings. The increased amount of jitter could result in more 
erratic and jumpy cursor movement during high-speed motion. For 
future work, an investigation of how that amount of unintentional 
movement error and jitter afects the performance of professional 
gamers would be interesting. 

5.3 Transition between states in input devices 
The unintended movement error occurred because the transition 
threshold between the state, for example, between tracked or out 
of range (see Figure 1), is set diferently from the user’s intention 
depending on the LoD sensor setting [4]. This phenomenon is seen 
not only in mice. Users of the stylus pen experience annoying hooks 
at the end of the stroke due to the delayed transition from the 
dragging state to the tracking state [18, 29]. Furthermore, the fick 
gesture [26] with fast fnger movement on the touch surface makes 
the transition from the tracking state to the out-of-range state [37], 
and the end velocity of the fick gesture, which determines the in-
ertia of scrolling, might be afected by the unintentional movement 
error [36]. Hence, in future investigations, further research will 
be conducted on the impact of unintentional errors resulting from 
state transitions in diferent GUI elements. 

6 CONCLUSION 
This paper is the frst study to quantify the performance of mice 
with diferent Lift-of Distance (LoD) settings. Unintentional cur-
sor movement and tracking errors were quantitatively defned and 
measured, and a psychophysical experiment was conducted to in-
vestigate the human perception threshold of LoD settings. The 
fndings show a trade-of between unintentional movement error 
and tracking error within the LoD range of 0.29 mm to 1.60 mm. 
Increasing LoD within this range improves tracking stability, but 
increases movement error. The optimal level of LoD may depend 
on task characteristics, requiring further investigation. The results 
increase our understanding of the impact of LoD settings on FPS 
gaming performance. 

In further research, quantifying and understanding how state 
transitions in various input devices afect performance could help 
optimizing input device designs and settings and would enhance 
user experience across applications, including gaming. 

ACKNOWLEDGMENTS 
This work was supported by the National Research Foundation 
of Korea(NRF) grant funded by the Korea government(MSIT) (RS-
2023-00211872 and RS-2023-00223062). 

REFERENCES 
[1] Nafu Aziz. 2023. Best Apex Legends FOV Settings to Use in 2023 — gameriv.com. 

https://gameriv.com/best-apex-legends-fov-settings-to-use/. [Accessed 15-09-
2023]. 

[2] Lehman Benson III and Lee Roy Beach. 1996. The Efects of Time Constraints on 
the Prechoice Screening of Decision Options. Organizational Behavior and Human 
Decision Processes 67, 2 (1996), 222–228. https://doi.org/10.1006/obhd.1996.0075 

[3] Ben Boudaoud, Josef Spjut, and Joohwan Kim. 2023. Mouse sensitivity in frst-
person targeting tasks. IEEE Transactions on Games (2023). 

[4] William Buxton et al. 1990. A three-state model of graphical input. In Human-
computer interaction-INTERACT, Vol. 90. 449–456. 

[5] Géry Casiez, Daniel Vogel, Ravin Balakrishnan, and Andy Cockburn. 2008. The 
impact of control-display gain on user performance in pointing tasks. Human– 
computer interaction 23, 3 (2008), 215–250. 

[6] Hung-Jen Chen, Chiuhsiang Joe Lin, and Po-Hung Lin. 2019. Efects of control-
display gain and postural control method on distal pointing performance. Inter-
national Journal of Industrial Ergonomics 72 (2019), 45–53. 

[7] Han-Ming Chen, Chang-Sian Lee, and Chih-Hsiu Cheng. 2012. The weight of 
computer mouse afects the wrist motion and forearm muscle activity during 
fast operation speed task. European journal of applied physiology 112 (2012), 
2205–2212. 

[8] Eoin Conroy, Adam J Toth, and Mark J Campbell. 2022. The efect of computer 
mouse mass on target acquisition performance among action video gamers. 
Applied Ergonomics 99 (2022), 103637. 

[9] Catherine J Cook and Kamal Kothiyal. 1998. Infuence of mouse position on 
muscular activity in the neck, shoulder and arm in computer users. Applied 
ergonomics 29, 6 (1998), 439–443. 

[10] Corsair. 2023. How do I set up surface calibration for my mouse? 
https://help.corsair.com/hc/en-us/articles/360036007092-Dark-Core-RGB-
SE-FAQ#h_e2944fce-6177-43f2-852f-afd2e50254bd. [Accessed 04-09-2023]. 

[11] Sebastian Friston, Per Karlström, and Anthony Steed. 2015. The efects of low 
latency on pointing and steering tasks. IEEE transactions on visualization and 
computer graphics 22, 5 (2015), 1605–1615. 

[12] GearRate. 2020. What is Lift Of Distance (LOD)? What’s Best For Gaming? — 
gearrate.com. https://www.gearrate.com/en/guide/lift-of-distance/. [Accessed 
10-09-2023]. 

[13] GloriousGaming. 2023. What is LOD? Understanding Lift-Of Distance - Glori-
ous Gaming — gloriousgaming.com. https://www.gloriousgaming.com/blogs/ 
resources/what-is-lod-understanding-lift-of-distance. [Accessed 04-09-2023]. 

[14] Ewa Gustafsson and Mats Hagberg. 2003. Computer mouse use in two diferent 
hand positions: exposure, comfort, exertion and productivity. Applied ergonomics 
34, 2 (2003), 107–113. 

[15] Auejin Ham, Junsu Lim, and Sunjun Kim. 2021. Do We Need a Faster Mouse? 
Empirical Evaluation of Asynchronicity-Induced Jitter. In The 34th Annual ACM 
Symposium on User Interface Software and Technology. 743–753. 

[16] Alan Hedge, David Feathers, and Kimberly Rollings. 2010. Ergonomic comparison 
of slanted and vertical computer mouse designs. In Proceedings of the Human 
Factors and Ergonomics Society Annual Meeting, Vol. 54. SAGE Publications Sage 
CA: Los Angeles, CA, 561–565. 

[17] Annemieke Houwink, Karen M Oude Hengel, Dan Odell, and Jack T Denner-
lein. 2009. Providing training enhances the biomechanical improvements of an 
alternative computer mouse design. Human Factors 51, 1 (2009), 46–55. 

[18] intrispec. 2022. How to get rid of these line ficks/ hooks? — red-
dit.com. https://www.reddit.com/r/wacom/comments/ry0aub/how_to_get_rid_ 
of_these_line_ficks_hooks/. [Accessed 24-01-2024]. 

[19] ISO 4120:2021 2021. Sensory analysis — Methodology — Triangle test. Standard. 
International Organization for Standardization, Geneva, CH. 

[20] Poika Isokoski and Roope Raisamo. 2002. Speed-accuracy measures in a popu-
lation of six mice. In Proc. APCHI2002: 5th Asia Pacifc Conference on Computer 
Human Interaction. Science Press, 765–777. 

[21] Peter J Keir, Joel M Bach, and David Rempel. 1999. Efects of computer mouse 
design and task on carpal tunnel pressure. Ergonomics 42, 10 (1999), 1350–1360. 

[22] Sunjun Kim, Byungjoo Lee, Thomas van Gemert, and Antti Oulasvirta. 2020. 
Optimal Sensor Position for a Computer Mouse. In Proceedings of the 2020 CHI 
Conference on Human Factors in Computing Systems (Honolulu, HI, USA) (CHI 
’20). Association for Computing Machinery, New York, NY, USA, 1–13. https: 
//doi.org/10.1145/3313831.3376735 

[23] Lars. 2022. What is (LOD)? — prosettings.net. https://prosettings.net/blog/what-
is-lod/. [Accessed 10-09-2023]. 

[24] Guangchuan Li, Mengcheng Wang, Federico Arippa, Alan Barr, David Rempel, 
Yue Liu, and Carisa Harris Adamson. 2022. Professional and high-level gamers: 
Diferences in performance, muscle activity, and hand kinematics for diferent 
mice. International Journal of Human–Computer Interaction 38, 8 (2022), 691–706. 

[25] Guangchuan Li, Mengcheng Wang, Alexander Wiesinger, Elias Hoeglinger, Alan 
Barr, Yue Liu, and Carisa Harris. 2019. The impact of mouse weight and con-
nection type on muscle activity and performance while gaming. In Proceedings 
of the Human Factors and Ergonomics Society Annual Meeting, Vol. 63. SAGE 
Publications Sage CA: Los Angeles, CA, 1969–1971. 

[26] Yang Li. 2009. Beyond pinch and fick: Enriching mobile gesture interaction. 
Computer 42, 12 (2009), 87–89. 

[27] Logitech. 2023. Surface tuning your gaming mouse — support.logi.com. 
https://support.logi.com/hc/en-us/articles/360023176274-Surface-tuning-your-

https://gameriv.com/best-apex-legends-fov-settings-to-use/
https://doi.org/10.1006/obhd.1996.0075
https://help.corsair.com/hc/en-us/articles/360036007092-Dark-Core-RGB-SE-FAQ#h_e2944fce-6177-43f2-852f-afd2e50254bd
https://help.corsair.com/hc/en-us/articles/360036007092-Dark-Core-RGB-SE-FAQ#h_e2944fce-6177-43f2-852f-afd2e50254bd
https://www.gearrate.com/en/guide/lift-off-distance/
https://www.gloriousgaming.com/blogs/resources/what-is-lod-understanding-lift-off-distance
https://www.gloriousgaming.com/blogs/resources/what-is-lod-understanding-lift-off-distance
https://www.reddit.com/r/wacom/comments/ry0aub/how_to_get_rid_of_these_line_flicks_hooks/
https://www.reddit.com/r/wacom/comments/ry0aub/how_to_get_rid_of_these_line_flicks_hooks/
https://doi.org/10.1145/3313831.3376735
https://doi.org/10.1145/3313831.3376735
https://prosettings.net/blog/what-is-lod/
https://prosettings.net/blog/what-is-lod/
https://support.logi.com/hc/en-us/articles/360023176274-Surface-tuning-your-gaming-mouse
https://support.logi.com
https://gloriousgaming.com
https://gearrate.com
https://gameriv.com


Efects of Computer Mouse Lif-of Distance Setings in Mouse Lifing Action 

gaming-mouse. [Accessed 04-09-2023]. 
[28] A John Maule and Anne C Edland. 2002. The efects of time pressure on human 

judgement and decision making. In Decision making. Routledge, 203–218. 
[29] M Moyle and A Cockburn. 2005. A fick in the right direction: a case study 

of gestural input. Behaviour & Information Technology 24, 4 (2005), 275–288. 
https://doi.org/10.1080/01449290512331321866 

[30] Rocket Jump Ninja. 2020. Is Lift Of Distance ruining your FPS aim? 
Quake Veteran Thoughts — youtube.com. https://www.youtube.com/watch?v= 
RqFCHnuwTvY. [Accessed 09-09-2023]. 

[31] Eunji Park, Sangyoon Lee, Auejin Ham, Minyeop Choi, Sunjun Kim, and Byungjoo 
Lee. 2021. Secrets of Gosu: Understanding physical combat skills of professional 
players in frst-person shooters. In Proceedings of the 2021 CHI Conference on 
Human Factors in Computing Systems. 1–14. 

[32] Andriy Pavlovych and Wolfgang Stuerzlinger. 2009. The Tradeof between 
Spatial Jitter and Latency in Pointing Tasks. In Proceedings of the 1st ACM SIGCHI 
Symposium on Engineering Interactive Computing Systems (Pittsburgh, PA, USA) 
(EICS ’09). Association for Computing Machinery, New York, NY, USA, 187–196. 
https://doi.org/10.1145/1570433.1570469 

[33] Razer. 2023. How to use the Surface Calibration feature in Razer Synapse 3 — my-
support.razer.com. https://mysupport.razer.com/app/answers/detail/a_id/1605/ 
~/how-to-use-the-surface-calibration-feature-in-razer-synapse-3. [Accessed 
04-09-2023]. 

[34] RTINGS. 2022. Our Mouse Control Tests: Sensor Specifcations — rtings.com. 
https://www.rtings.com/mouse/tests/control/sensor-specifcations. [Accessed 
05-09-2023]. 

[35] thecrispystork. 2023. Which LoD Do You Use? — reddit.com. https://www.reddit. 
com/r/MouseReview/comments/11nw0xm/which_lod_do_you_use/. [Accessed 
11-09-2023]. 

[36] Manuela Uhr, Joachim Nitschke, Jingxin Zhang, Paul Lubos, and Frank Steinicke. 
2017. Evaluation of Flick Gestures on Multitouch Tabletop Surfaces. In Proceed-
ings of the 2017 ACM International Conference on Interactive Surfaces and Spaces 

CHI EA ’24, May 11–16, 2024, Honolulu, HI, USA 

(Brighton, United Kingdom) (ISS ’17). Association for Computing Machinery, 
New York, NY, USA, 324–329. https://doi.org/10.1145/3132272.3132274 

[37] Feng Wang and Xiangshi Ren. 2009. Empirical evaluation for fnger input 
properties in multi-touch interaction. In Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems (Boston, MA, USA) (CHI ’09). Asso-
ciation for Computing Machinery, New York, NY, USA, 1063–1072. https: 
//doi.org/10.1145/1518701.1518864 

[38] Mengcheng Wang, Guangchuan Li, Federico Arippa, Alan Barr, Yanmin Xue, and 
Carisa Harris-Adamson. 2023. The efects of mouse weight and connection type 
on performance, muscle activity, and preferences among professional gamers. 
International Journal of Industrial Ergonomics 97 (2023), 103493. https://doi.org/ 
10.1016/j.ergon.2023.103493 

[39] Yuntao Wang, Chun Yu, Yongqiang Qin, Dan Li, and Yuanchun Shi. 2013. Explor-
ing the efect of display size on pointing performance. In Proceedings of the 2013 
ACM international conference on Interactive tabletops and surfaces. 389–392. 

[40] Evan James Williams. 1949. Experimental designs balanced for the estimation 
of residual efects of treatments. Australian Journal of Chemistry 2, 2 (1949), 
149–168. https://doi.org/10.1071/CH9490149 

[41] Raphael Wimmer, Andreas Schmid, and Florian Bockes. 2019. On the latency of 
USB-connected input devices. In Proceedings of the 2019 CHI conference on human 
factors in computing systems. 1–12. 

[42] Yishu Yan, Ketki Joshi, Alan Barr, and Carisa Harris Adamson. 2022. The impact 
of computer mice weight on muscle activity, performance, and user preferences 
while gaming. Proceedings of the Human Factors and Ergonomics Society Annual 
Meeting 66, 1 (2022), 868–870. https://doi.org/10.1177/1071181322661516 

[43] ZOWIE. 2018. The efects and adjustments of mouse LOD | Do you know 
the wrong mouse LOD(Lift-Of Distance) setting may cause the crosshair to 
shake? Check this video to fnd out the most suitable LOD setting... | By ZOWIE 
e-Sports | Facebook — facebook.com. https://www.facebook.com/watch/?v= 
1755477161235611. [Accessed 10-09-2023]. 

https://support.logi.com/hc/en-us/articles/360023176274-Surface-tuning-your-gaming-mouse
https://doi.org/10.1080/01449290512331321866
https://www.youtube.com/watch?v=RqFCHnuwTvY
https://www.youtube.com/watch?v=RqFCHnuwTvY
https://doi.org/10.1145/1570433.1570469
https://mysupport.razer.com/app/answers/detail/a_id/1605/~/how-to-use-the-surface-calibration-feature-in-razer-synapse-3
https://mysupport.razer.com/app/answers/detail/a_id/1605/~/how-to-use-the-surface-calibration-feature-in-razer-synapse-3
https://www.rtings.com/mouse/tests/control/sensor-specifications
https://www.reddit.com/r/MouseReview/comments/11nw0xm/which_lod_do_you_use/
https://www.reddit.com/r/MouseReview/comments/11nw0xm/which_lod_do_you_use/
https://doi.org/10.1145/3132272.3132274
https://doi.org/10.1145/1518701.1518864
https://doi.org/10.1145/1518701.1518864
https://doi.org/10.1016/j.ergon.2023.103493
https://doi.org/10.1016/j.ergon.2023.103493
https://doi.org/10.1071/CH9490149
https://doi.org/10.1177/1071181322661516
https://www.facebook.com/watch/?v=1755477161235611
https://www.facebook.com/watch/?v=1755477161235611
https://facebook.com
https://reddit.com
https://rtings.com
https://support.razer.com
https://youtube.com

	Abstract
	1 Introduction
	2 Lift-off Distance (LoD) Sensing Methods and Measurement
	3 User test
	3.1 LoD perception test
	3.2 Target click (TC) task

	4 Results
	4.1 Demographic survey
	4.2 LoD perception test
	4.3 Target click task
	4.4 Post-experimental survey

	5 Discussion
	5.1 User perception on LoD changes
	5.2 Trade-off between unintentional movement Error and Tracking Error
	5.3 Transition between states in input devices

	6 Conclusion
	Acknowledgments
	References



