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Abstract 
Touchpads are essential input devices commonly integrated into lap-
tops. Some users have pointed out that touchpad usability may vary 
depending on operating system (OS), with MacBook trackpads often 
cited as offering superior user experiences. Despite this strong user 
interest, prior research has primarily focused on hardware factors 
(e.g., surface friction, touchpad size), while software-level factors 
remain underexplored. To address this gap, we present LibPad, a 
toolkit for applying OS-specific transfer functions to different hard-
ware. We investigate how transfer function differences across OS 
affect pointing performance across laptop hardware. Our findings 
reveal significant performance differences both across hardware 
under identical transfer functions and within same hardware under 
different configurations. These results highlight the importance of 
software-level considerations in enhancing touchpad usability. 

CCS Concepts 
• Human-centered computing → Pointing devices. 
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1 Introduction 
Touchpads are nowadays de facto standard input devices for mobile 
computers. Interestingly, opinion on their user experience is often 
polarized. Some users adamantly refuse to use a mouse along with 
their laptops, while external touchpads for desktop use are also 
common. In online communities, users express conflicted opinions 
on touchpad usability and it is notable that the MacBook touchpad 
users often swear by superior user experiences of Apple’s Track-
pad [6, 17–19]. However, as to why Apple’s trackpad implementa-
tion is generally preferred is yet to be scientifically understood. 
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(a) Transfer function of Win-
dows default and macOS 

(b) Pointing task program with 
touchpad 

Figure 1: Comparison of transfer functions and task program 

Besides, while input devices have been a key element in Human-
Computer Interaction (HCI) research, underlying mechanisms and 
usability optimization of touchpads have been relatively underex-
plored compared to those of mice [2, 9, 14, 15]. For instance, transfer 
functions that play a pivotal role in pointing device usability are 
largely unexplored for touchpads. The effect of transfer functions 
in mouse usability has been studied through several works [3, 8]. 
A dedicated study is necessary to understand and be able to model 
transfer functions of touchpads. This is because touchpads must op-
timize their transfer functions within the bounded surface area, un-
like mice. Also, we found that touchpad hardware reports absolute 
coordinates, unlike mice that measure relative motion counts [5, 7]. 
Most existing studies on touchpads have focused on hardware as-
pects, such as surface friction [13, 16] and physical size [1]. This gap 
in research motivated us to conduct a study to understand the role 
of transfer functions in touchpads, and reveal how OS-specific im-
plementations and the underlying hardware together form transfer 
functions. As such, we address following research questions: 
• RQ1: How are the transfer functions implemented in different 
OSes, and how do they affect touchpad pointing performance? 

• RQ2: How does the different laptop touchpad hardware influence 
pointing performance when using identical transfer functions? 

2 Implementation 

2.1 Reverse engineering macOS transfer 
function 

We reverse engineered the macOS transfer function through a set of 
tools and techniques. This is because the transfer function of macOS 
touchpad is not publicly documented unlike that of Windows [12]. 
Using a custom tool built on a publicly undocumented and pri-
vate macOS framework (i.e., MultitouchSupport), we recorded each 
touch event with its timestamp, coordinates, and touch state (e.g., 
contact, clicking). We then implemented a pointing task program 
in Unity based on FittsStudy [21], that can log cursor positions 

https://orcid.org/0009-0008-5259-9242
https://orcid.org/0000-0001-5344-6266
https://orcid.org/0000-0003-3464-5838
https://doi.org/10.1145/3746058.3758391
https://doi.org/10.1145/3746058.3758391
https://eunjipark@cau.ac.kr
mailto:hojoon.lee@skku.edu
https://dksqls08@cau.ac.kr
http://crossmark.crossref.org/dialog/?doi=10.1145%2F3746058.3758391&domain=pdf&date_stamp=2025-09-27


UIST Adjunct ’25, September 28–October 01, 2025, Busan, Republic of Korea An et al. 

Figure 2: Regression results of Movement Time and Error Rate 

at millisecond resolution. These cursor logs were aligned with the 
corresponding touchpad inputs at same timestamp, enabling us to 
calculate displacements in both spaces (i.e., touchpad input, cursor 
positions) over time. Based on these data, we computed Control-
Display gain (C-D gain) as follows: 

Control-Display Gain = 

√︁ 
(𝑥𝑑 − 𝑥𝑑 −1 )2 + (𝑦𝑑 − 𝑦𝑑 −1 )2 √︁ 

(𝑥𝑖 − 𝑥𝑖−1 )2 + (𝑦𝑖 − 𝑦𝑖−1 )2 · 
√ 
𝑊 2+𝐻 2 

𝐶 

where (𝑥𝑖 , 𝑦𝑖 ) are touchpad inputs, (𝑥𝑑 , 𝑦𝑑 ) are cursor positions, 
𝑊 and 𝐻 denote touchpad size, and 𝐶 is the pixel-meter converter 
based on display’s DPI. Plotting C-D gain against input speed re-
vealed the macOS transfer function curve, as shown in Figure 1a. 
To apply this transfer function, we developed LibPad based on Lib-
pointing [2], a library originally designed for mouse input. Libpad is 
a touchpad-specific toolkit that accepts absolute input coordinates 
of the touchpad and supports the application of a custom transfer 
function for touchpad input. 

3 Pilot Study 
Participant. Six participants from a local university (5 males, 1 
female) were recruited. Participants’ average age was 24.17 years 
(𝜎 = 2.23). 3 participants primarily used a MacBook with OS X, 
and others used LG and Lenovo laptops with Windows 11. Mac-
Book users in our study typically used the touchpad in daily tasks, 
whereas Windows laptop users typically used a mouse. 

Design. The experiment followed a 3x3x2x3 within-subject design 
with the following independent variables: 
• Target Width: 0.28 cm, 0.56 cm, 1.12 cm 

• Amplitude: 1.92 cm, 3.20 cm, 5.12 cm 

• Time Limit: 1000 ms, 2000 ms 
• Configuration. Windows-default transfer function on Think-
Book (WD), macOS-default transfer function on MacBook Pro 
(MD), and macOS-default transfer function on ThinkBook (WM) 

Apparatus. The application was implemented on a Lenovo Think-
Book 14 G6 running Windows 11, and a MacBook Pro 14 (2024) 
running macOS. ThinkBook’s touchpad measures 12 cm × 7.5 cm, 
while the MacBook’s touchpad measures 13 cm × 8 cm. The pointing 
device was an integrated touchpad. 

Task and Procedure. Participants were instructed to click 30 
circularly positioned targets (See Figure 1b) per condition and asked 
to perform a task as quickly and accurately as possible. After a 
brief task explanation, Participants completed practice trials until 

MD WD WM F value 
Mean SD Mean SD Mean SD Config ID Config × ID 

MT 840.87 285.59 1300.41 495.61 1256.19 469.06 3262.4† 884.75† 33.66† 

ER 17.01 25.34 45.03 37.18 40.99 37.64 734.81† 310.65† 11.60† 

TE 1.08 0.37 1.23 0.57 1.17 0.49 51.67† 17.55† 6.20† 

OC 0.02 0.13 0.10 0.13 0.10 0.13 879.88† 43.10† 70.27† 

SC 1.39 1.62 2.38 1.83 1.94 1.67 396.05† 313.53† 12.48† 

Table 1: Descriptive statistics and ART ANOVA F-values. MD: 
Mac Default, WD: Win Default, WM: Win Mac transfer func-
tion. † denotes 𝑝 < 0.001. 

MD – WD MD – WM WD – WM 
Est. SE 𝑧 Est. SE 𝑧 Est. SE 𝑧 

MT -3650.62 50.61 -72.14† -3421.90 50.61 -67.61† 228.72 50.54 4.53† 

ER -2319.39 64.98 -34.70† -1948.85 64.98 -29.99† 370.54 64.89 5.71† 

TE -556.09 55.05 -10.10† -224.33 55.05 -4.07† 331.76 54.98 6.03† 

OC -1429.83 39.54 -36.16† -1444.34 39.54 -36.53† -14.51 39.49 -0.37 
SC -1801.41 64.54 -27.91† -1104.53 64.54 -17.11† 696.87 64.45 10.81† 

Table 2: Pairwise contrast estimates, SEs, and z-values be-
tween Configurations. † denotes 𝑝 < 0.001. 

familiarized. During the experiment, we recorded the coordinates 
of the touchpad and cursor on the display. 

3.1 Results 
We compared Movement Time (MT), Error Rate (ER) [3], Overshoot-
ing Count (OC) [4], Target Entry (TE) [10], and Submovement Count 
(SC) [11] as performance metrics. Since the Shapiro-Wilks test in-
dicated non-normal distributions (𝑝 < .05) for all conditions, we 
applied Aligned Rank Transform (ART) [20] to examine statistical 
significance as shown in Table 1, including interaction effects. All 
comparisons between Configuration groups showed further signif-
icant differences (𝑝 < .001) shown in Table 2, except for the post 
hoc comparison of Overshooting between WD and WM (𝑝 = .92). 

Movement Time. Average Movement Time was shortest on MD, 
followed by WM and WD. Post-hoc showed MD was significantly 
faster than both WD and WM (𝑝 < .001), as shown in Figure 2. 

Error Rate. Error rate was lowest for MD and highest for WD. 
Post-hoc analysis revealed 𝑝 < .001 for all comparisons, indicating 
that MD was significantly more accurate than WM and WD. 

Target Entry. Participants showed an average of 1.08 entries on 
MD, followed by 1.17 entries on WM and 1.23 entries on WD. Post-
hoc analysis indicated that participants made significantly fewer 
entries on MD compared to both WD and WM. 

Overshooting Count. Average Overshooting Count was 0.018 
counts on MD, significantly higher than both WD and WM, though 
the difference between WD and WM was not significant. 

Submovement Count. Average Submovement Count was lowest 
on MD, with Post-hoc comparison showing all effects significant. 

4 Conclusion 
In this study, we examined how OS-specific transfer functions of 
touchpads affect user experience across different laptop hardware. 
Our results demonstrates that variations in transfer functions sig-
nificantly affect pointing performance, even on identical laptop 



LibPad: Analyzing the Impact of OS-Specific Transfer Functions on Touchpad Pointing PerformanceUIST Adjunct ’25, September 28–October 01, 2025, Busan, Republic of Korea 

hardware. Moreover, hardware differences paired with identical 
transfer function also affect on pointing performance. These results 
indicate the importance of considering both hardware and software 
factors when evaluating and optimizing usability of touchpads. 
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