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Abstract

Hover is a fundamental interaction mechanism in desktop environments, enabling1

both visual preview before action and physical hover, where users can rest a finger2

without triggering input. These capabilities are absent on mobile touchscreens3

due to the direct nature of touch input, resulting in inconsistencies between the4

desktop and mobile interaction phases. To address this limitation, we introduce the5

tablet mouse pointer, a novel technique that restores two-phase interaction: hover6

followed by tap. Five participants performed a dynamic star-rating task under7

three counterbalanced interaction methods—tablet mouse pointer, tablet touch, and8

laptop mouse—and we measured workload (NASA-TLX), usability (SUS), and9

quantitative performance. Results show that the tablet pointer improves selection10

accuracy and reduces unintended input compared to direct touch, while approaching11

mouse-level precision, with modest increases in temporal and physical demand.12

This work demonstrates that desktop-style hover can be effectively simulated on13

mobile devices, offering a promising path to more precise, preview-rich touchscreen14

interactions.15

1 Introduction16

Hover is a fundamental interaction state in graphical user interfaces, providing immediate feedback17

when a pointer rests over an element without committing an action. In desktop environments,18

hover enhances discoverability, supports content preview, and guides users through hierarchical19

structures. Tooltips, submenus, and subtle visual cues are common hover-driven affordances that20

improve navigation efficiency and intuitiveness. The benefits of hover are well established: is signals21

interactivity, visually emphasizes key elements, enables progressive disclosure to reduce clutter,22

enriches user engagement with dynamic visual effects, and affords precise control through cursor23

placement. However, hover is inherently tied to input devices with pre-contact sensing, such as24

the mouse and stylus. Mobile touchscreens, which integrate navigation and selection into a single25

gesture, lack native hover capability. This one-step interaction model simplifies execution but removes26

hierarchical control, reduces preview opportunities, and creates inconsistencies between desktop and27

mobile design paradigms. The discrepancy stems from the underlying interaction models. Desktop28

systems adopt a two-phase sequence of hover then click, while mobile touch interfaces compress29

these into a single tap. As a result, mobile UIs face limitations in replicating complex behaviors and30

maintaining cross-platform consistency.31

To bride this gap, we introduce the tablet mouse pointer, a virtual pointer controlled by finger32

gestures that reintroduces the two-stage model on touchscreens. Inspired by the desktop mouse33

pointer, our approach allows users to control a cursor directly on the touchscreen, reintroducing both34

hover states and physical hover effects without additional hardware. The first gesture activates and35

moves the pointer, triggering hover effects when it overlaps with interactive elements. A subsequent36

gesture performs selection, effectively simulating the desktop-style hover and click sequence as hover37

and touch. Our empirical evaluation demonstrates that this technique not only restores hover-like38
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functionality on mobile devices but also improves visibility, selection accuracy, and user experience39

in tasks requiring fine-grained control.40

In summary, our contributions are as following:41

• Introduces the tablet mouse pointer, a purely touch-based technique that restores desktop-42

style hover and click on mobile screens without additional hardware.43

• Presents a web-based prototype and study design that combine a dynamic star-rating task44

with standardized workload (NASA-TLX) and usability (SUS) measures for rigorous within-45

subject comparison.46

• Provides empirical evidence that the tablet pointer reduces selection errors and finger47

occlusion while approaching mouse-level precision, offering a practical path to more precise48

and preview-rich mobile interactions.49

2 Related work50

The absence of native hover support on mobile touchscreens has motivated a wide range of approaches51

to replicate or approximate hover-like interactions. Hardware-based methods have explored proximity52

and infrared sensing to detect finger presence before contact. Hinckley et al.’s Pre-Touch Sensing for53

Mobile Interaction introduced capacitive field sensing that anticipates input above the display [1],54

and Ikeda et al. proposed a hover-based reachability technique for one-handed operation on large55

smartphones [2]. While effective, these approaches require specialized hardware, which limits56

their adoption in commodity devices. Gesture-based simulations, such as long-press and two-finger57

gestures, are widely used but suffer from discoverability issues, latency, and memorability challenges.58

Other work has focused on redesigning user interfaces to compensate for the lack of hover. For59

example, LucidTouch introduced back-of-device input to mitigate occlusion [3], while AirPen and60

mmWave-based gesture recognition explored touchless or hybrid sensing techniques [4, 5]. Although61

these methods can improve precision or reduce occlusion, they diverge from the desktop pointer62

paradigm and often incur additional visual, hardware, or cognitive overhead.63

A substantial body of research underscores the value of hover feedback itself. Shimizu et al. showed64

that hover-based visualization significantly improved efficiency when navigating layered image65

content [6]. Similarly, Huang et al. analyzed cursor movement and hover behavior during web search66

and demonstrated that such signals reveals user attention and search intent even in the absence of67

clicks [7]. These findings highlight hover as a powerful mechanism for non-committal feedback68

that enhances navigation speed, precision, and intent inference-capabilities still largely absent from69

mobile interfaces.70

More recent work has explored pointer-like or hybrid interaction techniques across diverse contexts.71

Cai et al. integrated gaze estimation with thumb swipes to extend one-handed reachability on72

smartphones, achieving strong performance but at the cost of camera-based sensing and calibration [8].73

McDonald et al. mapped smartphone motion and gaze into a virtual pointer for VR environments,74

approximating desktop-like cursor interaction but requiring external tracking infrastructure [9].75

Comparative studies have further examined input modality trade-offs, showing that finger, stylus,76

and mouse each present distinct profiles in terms of speed, precision, and workload during trajectory77

tracing tasks [10]. Beyond selection, cursor data have also been leveraged for implicit behavioral78

modeling; Liu et al. demonstrated that cursor dynamics can improve calibration accuracy in mobile79

eye-tracking, underscoring the richness of cursor-based signals [11].80

Despite this growing body of work, few studies attempt to directly replicate the desktop pointer and81

hover paradigm on mobile devices using only standard touch input. Existing alternatives generally82

rely on proximity sensing, external hardware, or gesture surrogates. Our work addresses this gap83

by introducing a contact-based, freely movable pointer on mobile touchscreens and evaluating its84

usability and accuracy in hover-like tasks.85

3 Method86

To reintroduce the concept of hover into mobile interfaces, we developed the tablet mouse pointer, a87

novel technique that emulates the desktop paradigm by decoupling pointer movement from activation.88
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This section details the design and implementation of the tablet mouse pointer as well as the prototype89

environment used for user evaluation. The study comprised three phases: (i) Pre-experiment90

questionnaire. Participants completed a pre-task questionnaire assessing prior device use and91

interaction habits. (ii) Main experiment. After each interaction technique, they completed the92

System Usability Scale (SUS) to measure perceived usability. They also completed the NASA Task93

Load Index (NASA-TLX) to evaluate perceived workload, using the original wording of all items.94

(iii) Post-experiment questionnaire. Upon completing all tasks, they took part in a comparative95

evaluation, indicating their preferred method and providing justifications. In total, each participant96

completed five questionnaires.97

3.1 Pre-experiment questionnaire98

To examine participants’ device usage habits and prior experience, we administered a structured99

pre-experiment questionnaire based on a Google Form. The survey began with an informed-consent100

item, clearly explaining the study purpose, voluntary nature of participation, approximate completion101

time (2–3 minutes), confidentiality of responses, data retention period (five years), and contact102

information for inquiries. Participants were then asked to enter a unique participant code, their name,103

gender (male, female, or prefer not to say), and age. The questionnaire next probed device-use104

patterns for both laptops and tablets. For each device, participants reported usage frequency (ranging105

from “several times a day” to “rarely or never”) and years of experience (ranging from “less than six106

months” to “10 years or more”). These detailed demographic and device-use data were collected to107

characterize the participant sample, ensure informed consent, and contextualize subsequent analyses108

of performance and usability.109

3.2 Main experiment110

The primary task was a dynamic star-rating exercise (Figure 1), in which participants aimed to select111

the target star rating (0.5-5.0 stars) as accurately and fast as possible. When the experiment began,112

stars were highlighted as the experimenter hovered over them, and participants’ selections were113

recorded upon clicking. This study compares three interaction methods: (1) tablet mouse, (2) tablet114

touch, and (3) laptop mouse. Each participant performed the star-rating task with all three methods to115

enable direct within-subject comparisons. To prevent learning or fatigue from affecting the results116

(i.e., to reduce sequence effects), the order of these methods was counterbalanced. Specifically, two117

participants followed the sequence: (1) tablet mouse → (2) tablet touch → (3) laptop mouse, while118

three participants followed: (3) laptop mouse → (2) tablet pointer → (1) tablet touch. Two surveys119

were administered independently to all participants after each task under the three interaction settings,120

using the NASA-TLX to assess perceived workload and the SUS to evaluate perceived usability,121

providing standardized measures of user experience.122

Interaction method details. This study compares three interaction methods: (1) tablet mouse123

pointer, (2) tablet touch interaction, and (3) laptop mouse. All participants used all three methods to124

enable direct within-subject comparisons. The tablet mouse pointer simulates hover with a virtual125

on-screen pointer, allowing users to preview targets before activation. (1) Tablet mouse pointer126

enables users to control a virtual on-screen pointer on a mobile touchscreen via single-finger drag127

gestures. This pointer replicates desktop-style interaction and supports a two-phase model: (i) Hover128

phase. Users drag their finger to move the pointer. When the pointer overlaps with an interactive129

element (i.e., a star icon), a hover state is displayed without committing an action. (ii) Click phase.130

After releasing the initial drag, a second tap activates the element, mirroring a desktop click. Pointer131

movement is absolute and independent of finger position, similar to a laptop touchpad. This indirect132

mapping was deliberate: it introduces a brief learning curve but enables true hover simulation and133

consistent two-phase interaction. To preserve native multi-touch functions, single-finger gestures134

were reserved for pointer control, while two-finger gestures retained system-level actions such as135

scrolling and pinch-to-zoom. (2) Tablet touch interaction. Participants directly tapped the target136

star with a single finger, as is typical of smartphone or tablet usage. Selection occurred instantly upon137

touch, with no hover or preview state. This method relies on direct finger–screen contact and provides138

immediate feedback but can suffer from occlusion when precise half-star ratings are required. (3)139

Laptop mouse. A standard wired optical mouse served as the control device, offering traditional140

desktop pointing and clicking. Participants rested the mouse on a flat surface and used the left button141
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Figure 1: Star rating task – experiment start. When the experiment began, stars were highlighted
as the experimenter hovered over them, and participants’ responses were recorded upon clicking. The
graphical user interface (GUI) for the practice mode is shown in Figure 2 in Appendix A.

to make selections. Cursor speed and click sensitivity were set to default operating-system values to142

ensure consistency across sessions.143

Participants. Five male participants (ages 24-28) were recruited. All had prior experience with144

laptops and tablets, though laptops were more frequently used (ranging from multiple times daily to a145

few times weekly). Tablet use was more variable, from near-daily to rare, with reported experience146

spanning 6 months to over 10 years. All participants provided informed consent, and no personally147

identifying information was collected. Participants were first offered a short practice session to148

familiarize themselves with each interaction technique. Although not all participants used this phase149

extensively, it allowed acclimation to the indirect pointer mapping.150

Implementation details. We developed a web-based prototype in HTML, CSS, and JavaScript.151

Hovering previewed the target rating, and a subsequent tap confirmed the selection. The system152

logged hover precision, confirmation accuracy, and task completion time. Because mobile browsers153

block native hover events, we manually simulated hover states with custom event listeners. Tasks154

were implemented as local HTML files executed in Chrome. Experiments were run on a Samsung155

Galaxy Tab S9 (11-inch display, 2560x1600 resolution, Android 14) and a Samsung Galaxy Book156

Ion (15.6-inch display, 1920x1080 resolution, Windows 11) with a Logitech M110 Silent wired157

optical mouse. Each session lasted about 10 minutes and was conducted under consistent laboratory158

conditions, including controlled lighting, minimal ambient noise, and standardized seating and tablet159

placement. Participants received brief instructions and a short practice trial before data collection160

began.161

Surveys details. These widely adopted methods—the NASA-TLX for perceived workload and the SUS162

for perceived usability—provided standardized measures of user experience. National Aeronautics163

and Space Administration Task Load Index (NASA-TLX) is a multidimensional assessment tool164

developed by NASA Ames Research Center in the 1980s to quantify the workload of aerospace165

workers [12]. Today, it is widely adopted in HCI research. The scale consists of six dimensions:166

mental demand, physical demand, temporal demand, performance, effort, and frustration. Mental167

demand refers to the degree of mental and cognitive effort required; physical demand refers to the168

physical effort exerted; and temporal demand refers to perceived time pressure. Performance reflects169

the level of accomplishment self-rated by participants, effort the amount of mental and physical170

work invested, and frustration the level of insecurity, irritation, or discouragement experienced. Each171

dimension is assessed on a 100-point scale, typically combined with weighting to obtain an overall172

score. Raw-TLX is a simplified variant that omits weighting and directly averages the six dimensions.173

We employed Raw-TLX to identify which specific factors contribute most to workload. System174
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Usability Scale (SUS) is a 10-item questionnaire proposed by John Brooke in 1986 [13]. It is widely175

adopted in both academia and industry for the rapid evaluation of products, services, and prototypes.176

Each item is rated on a 5-point scale with odd-numbered items positively worded and even-numbered177

items negatively worded. Scores are calculated by subtracting 1 from odd-numbered responses and178

computing 5 minus even-numbered responses; these values are summed and multiplied by 2.5 to179

yield a 100-point scale. The average SUS score is approximately 68, with scores above this indicating180

above-average usability and scores in the 80s considered excellent. The SUS is suitable for rapid181

usability assessment but not for detailed diagnostic purposes. The existing SUS questionnaire was182

used without modification, and the full set of items is provided in Appendix D.183

3.3 Post-experiment questionnaire184

To determine participants’ comparative impressions after completing the interaction tasks, we admin-185

istered a structured post-task questionnaire via Google Forms. The survey began with an informed186

consent item that reiterated voluntary participation, anonymity of responses, a five-year data retention187

period, a completion time of approximately 2-3 minutes, and contact information for inquiries. Partic-188

ipants were asked to enter a unique participant code, which allowed us to link their survey responses189

to experimental session without collecting personally identifiable information. The questionnaire190

then asked participants to rate the perceived similarity between the tablet pointer and the laptop191

mouse on a scale of 0 to 100, with 0 representing “very different” and 100 representing “very similar”.192

Participants were also asked to report their preferred interaction method (tablet pointer or touch)193

and explain their choice in a free-text response. Finally, they indicated whether they encountered194

unexpected input errors or system issues during the tasks (e.g., “yes”, “no”, or “not sure”). These195

post-task measures were collected to assess user preferences, identify potential usability issues, and196

contextualize performance results within their subjective experience. Participants rated the similarity197

between the tablet pointer and the laptop mouse on a scale of 0 to 100, with an average score of 50198

indicating moderate similarity. After completing all the questionnaires, the experimenter conducted199

an informal interview, asking open-ended questions about the reason for their responses.200

4 Results201

Overall, the results are presented in four parts: (i) subjective workload measured by the NASA-TLX,202

(ii) perceived usability assessed with the SUS, (iii) objective performance on the rating task, and (iv)203

post-task questionnaire responses. Together, these findings provide a comprehensive assessment of204

the tablet mouse pointer relative to tablet touch and laptop mouse interaction.205

4.1 Pre-experiment questionnaire206

The pre-experiment survey revealed that participants used laptops either several times a day or 1-3207

times per week, with prior experience ranging from 5-10 years to more than 10 years. In contrast,208

tablet usage was more varied, with reported frequencies of 4-6 times per week, 1-3 times per week,209

1-3 times per month, rarely, or never, and durations of use spanning 6-12 months, 1-3 years, 3-5 years,210

and 5-10 years. Overall, participants were more familiar with laptops than with tablets.211

4.2 Main experiment212

NASA – Task Load Index (NASA-TLX). We report NASA-TLX results in Table 1. The mouse213

condition consistently outperformed the other techniques across all dimensions. Compared with214

touch, the tablet pointer achieved higher performance and lower frustration, indicating its benefit215

for precise tasks. However, as expected, it required relatively greater physical, temporal, and effort216

demands, reflecting the additional workload involved in providing physical hover and hover-state217

functionality.218

System Usability Scale (SUS). As shown in Table 2, the tablet pointer scored lower (67.50) than219

touch interaction, likely due to participants’ limited familiarity and lack of extended training during220

the study. Nevertheless, the SUS results indicate that the pointer produced fewer errors than touch,221

albeit with longer completion times. This finding aligns with the NASA-TLX results (Table 1),222

where the pointer achieved higher performance but also higher temporal demand, demonstrating223

consistency across measures. These results also resonate with prior work such as Hover Widgets [14],224
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Table 1: NASA-TLX results. The NASA-TLX is a multidimensional workload assessment tool
comprising six dimensions: mental demand, physical demand, temporal demand, performance, effort,
and frustration. Higher scores in the performance dimension indicate better outcomes, while lower
scores in the other dimensions correspond to reduced workload. Reported values represent mean ±
95% confidence interval.

Interaction Setting Mental Physical Temporal Performance Effort Frustration

Mouse 42.00 ± 51.50 24.00 ± 35.77 28.00 ± 34.45 95.00 ± 10.75 46.00 ± 61.83 24.00 ± 53.12
Pointer 44.00 ± 43.55 48.00 ± 53.69 48.00 ± 45.11 100.00 ± 0.00 56.00 ± 55.94 26.00 ± 46.95
Touch 44.00 ± 42.65 34.00 ± 51.64 44.00 ± 53.12 95.00 ± 10.75 50.00 ± 57.57 34.00 ± 49.36

Table 2: SUS results. The SUS is a 10-item questionnaire commonly used to evaluate perceived
usability. Higher total scores indicate better usability: scores above 80 are considered excellent,
scores around 68 represent above-average usability, and scores below 50 indicate poor usability.
Reported values represent mean ± 95% confidence interval.

Interaction Setting SUS Score
Mouse 81.00 ± 23.29
Pointer 67.50 ± 28.02
Touch 83.00 ± 20.98

which demonstrated that pen-based hover interactions surpass tap-only interfaces in performance and225

satisfaction once users pass the learning phase. Since our study did not include extended training,226

user preferences may have skewed toward more familiar input modes, whereas extended use could227

shift preferences toward the tablet pointer due to its precision and reduced error rate.228

Quantitative task performance. Table 3 shows that the tablet pointer achieved comparable or229

better performance than touch interaction, with lower overshoot rates and fewer attempts. Despite230

participants’ greater familiarity with direct touch and their lack of prior experience with the tablet231

pointer, the pointer consistently reduced error rates, although task completion times were longer.232

These findings align with SUS and NASA-TLX results, where the pointer demonstrated lower error233

and frustration but higher temporal demand.234

Participants reported difficulty selecting half-star ratings by touch because their fingers were occluded235

and no preview feedback was provided. In contrast, the tablet pointer allowed users to visually assess236

the target rating before confirming it with a tap. This hover-tap structure increases predictability,237

reduces accidental selections, and mirrors the interaction logic of desktop interfaces, making it238

particularly useful for tasks requiring fine-grained control.239

4.3 Post-task questionnaire240

When asked about their preferred interaction method, three participants chose touch, citing its241

immediacy, ease of use, and familiarity with smartphone interfaces. Two participants preferred242

the tablet pointer, emphasizing their improved precision and reduced finger occlusion. Post-task243

interviews further contextualized these preferences. Participants who preferred touch stressed its244

Table 3: Quantitative task performance. Attempts indicates the average number of tries required to
reach the correct rating. Overshoot is the proportion of unintended hover confirmations beyond the
target. Time to first attempt (t1st) is the duration from task onset to the first rating confirmation, and
Time to correct attempt (tCorrect) is the time taken to obtain the correct rating. Lower values in all
measures reflect better performance. Reported values are mean ± 95% confidence interval.

Interaction Setting Attempts Overshoot t1st (ms) tCorrect (ms)
Mouse 1.04 ± 0.05 0.01 ± 0.02 1542.46 ± 148.28 1582.80 ± 159.39
Pointer 1.04 ± 0.05 0.03 ± 0.04 1878.34 ± 243.23 1979.78 ± 286.58
Touch 1.12 ± 0.09 0.08 ± 0.06 1307.96 ± 157.87 1445.38 ± 188.62
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intuitive nature, explaining that the direct mapping between input and gesture felt natural on a tablet.245

Conversely, participants who preferred the tablet pointer valued accuracy and visual feedback. One246

participant highlighted that the separation of movement and activation helped reduce accidental247

selections. Importantly, even some participants who preferred touch struggled to give half-star ratings,248

noting that finger occlusion hindered accurate targeting.249

Participants also noted a structural difference between the tablet pointer and the traditional mouse.250

While the desktop mouse operates based on absolute positioning, the tablet pointer relies on relative251

finger movements, employing a touchpad-style mapping. While essential for implementation without252

additional hardware, this difference led some participants to perceive the pointer’s behavior as253

inconsistent with that of a desktop environment.254

Finally, regarding system errors, some participants reported experiencing unintended inputs when255

using touch. Despite these difficulties, several participants found the tablet pointer convenient to use,256

suggesting its potential value in contexts requiring fine-grained input.257

5 Discussion258

The findings of this study showed that participants had mixed experiences with the tablet pointer.259

While some participants found the interaction engaging and enjoyable, others preferred the touch260

interface due to its familiarity, especially for tasks requiring fine-grained input such as rating half stars.261

This aligns with previous work on pen-based devices, which demonstrated that hover interaction can262

increase both efficiency and user satisfaction once users pass an initial learning phase [14]. While263

many participants in this study chose touch because it required little or no learning effort, it is likely264

that preferences could shift to the tablet pointer as they become more comfortable and repeat the task265

over time.266

A major limitation of direct touch is that it often causes occlusion and increases the likelihood of267

unintentional input, especially in tasks requiring precise control. The tablet pointer addresses these268

issues by restoring the separation between hover and touch, allowing for a clearer field of view269

and more intentional control. Participants unfamiliar with the technique initially made more errors,270

but as they focused more on the confirmation phase of the interaction, their performance improved.271

Interestingly, even participants who generally preferred touch pointed out that it was difficult to272

consistently achieve half-star ratings through direct input, underscoring the practical benefits of273

hover-based precision.274

The tablet pointer implementation followed a touchpad-style mapping, controlling pointer movement275

with one-finger input and preserving system-level functionality with two-finger gestures. This design276

allowed participants to perceive the tablet pointer differently from a traditional mouse, highlighting277

that these differences were fundamental, not superficial. Overall, these results suggest that the tablet278

pointer offers a promising alternative to conventional touch-based interactions in mobile environments,279

particularly useful for tasks requiring precision not possible with direct touch alone.280

6 Limitation and future work281

Our study has several limitations. First, the small number of participants (n = 5) limits statistical282

power and the generalizability of the results. Second, the evaluation was restricted to a single task283

(dynamic ratings) using a single tablet device in a controlled environment, leaving open questions284

about applicability to other tasks and touchscreen platforms. Third, participants had limited time285

to adapt to the tablet mouse pointer, which likely biased their preferences for familiar touch input.286

Future work should incorporate training or longitudinal designs to understand performance after287

adaptation. Preferences varied depending on previous device familiarity, suggesting that a stratified288

study design could yield more nuanced insights. Finally, our comparisons were limited to three289

modes: pointer, touch, and mouse. Expanding to include stylus hover, long-press, or gesture-based290

techniques, and employing completely randomized task order, could reduce bias and provide a291

broader understanding of hover interactions.292
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7 Conclusion293

We present the tablet mouse pointer, a novel input technique that reintroduces hover interactions to294

mobile touchscreens by introducing a virtual pointer that decouples movement and activation. This295

approach restores both the visual and physical hover states, allowing users to rest their fingers without296

triggering unintended inputs, bridging a long-standing gap between desktop and mobile interaction297

paradigms. Our empirical study demonstrates that this model supports more accurate selection,298

improves feedback and preview functionality, and provides intuitive and enjoyable interactions.299

Participants noted improved visibility and accuracy when their fingers were removed from the target.300

While the study was limited in scale and training duration, no adverse effects were reported and the301

study was conducted with informed consent. Preliminary results suggest that long-term use will lead to302

a shift in preference for this model, enhancing its potential to improve real-world mobile interaction303

design. Future work should explore pointer behavior optimization, visual occlusion reduction304

strategies, expanded gesture support, and longitudinal adoption studies in everyday applications.305
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Figure 2: Star rating task – practice mode. Participants could freely adjust star ratings to familiarize
themselves with the interaction technique before the experiment. The interface also included a logging
panel and a CSV download option for recording task data.

A Supplementary figures350

B Full pre-task questionnaire351

1. How often do you use your laptop?352

2. How long have you been using your laptop?353

3. How often do you use your tablet?354

4. How long have you been using your tablet?355

C Full NASA-TLX questionnaire356

1. Mental demand: How mentally demanding was the task?357

2. Physical demand: How physically demanding was the task?358

3. Temporal demand: How hurried or rushed was the pace of the task?359

4. Performance: How successful were you in accomplish what you were asked to do?360

5. Effort: How hard did you have to work to accomplish your level of performance?361

6. Frustration: How insecure, discouraged, irritated, stressed, and annoyed were you?362

D Full SUS questionnaire363

1. I think that I would like to use this system frequently.364

2. I found the system unnecessarily complex.365

3. I thought the system was easy to use.366

4. I think that I would need the support of a technical person to be able to use this system.367

5. I found the various functions in this system were well integrated.368

6. I thought there was too much inconsistency in this system.369

7. I would imagine that most people would learn to use this system very quickly.370

8. I found the system very cumbersome to use.371

9. I felt very confident using the system.372

10. I needed to learn a lot of things before I could get going with this system.373
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E Full post-task questionnaire374

1. How similar did the tablet pointer feel to the laptop mouse pointer?375

2. Which method did you prefer when performing the task?376

3. Why did you prefer that method?377

4. Did you encounter any unexpected input errors or system issues while performing the tasks?378
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Agents4Science AI Involvement Checklist379

1. Hypothesis development: Hypothesis development includes the process by which you380

came to explore this research topic and research question. This can involve the background381

research performed by either researchers or by AI. This can also involve whether the idea382

was proposed by researchers or by AI.383

Answer: [A]384

Explanation: The idea for this study was proposed by the researcher. AI was used to conduct385

background research and refine the research questions. At this stage, the researcher identified386

the research topic to be explored and formulated an initial hypothesis.387

2. Experimental design and implementation: This category includes design of experiments388

that are used to test the hypotheses, coding and implementation of computational methods,389

and the execution of these experiments.390

Answer: [B]391

Explanation: The experimental design was conducted by the researcher. The coding and im-392

plementation of the computational methods were performed by AI, guided by the researcher.393

The experimental execution was carried out by the researcher.394

3. Analysis of data and interpretation of results: This category encompasses any process to395

organize and process data for the experiments in the paper. It also includes interpretations of396

the results of the study.397

Answer: [B]398

Explanation: Researchers organized the data, and AI handled data processing. Researchers399

interpreted the experimental results. AI also contributed to the calculations and structure of400

the results.401

4. Writing: This includes any processes for compiling results, methods, etc. into the final402

paper form. This can involve not only writing of the main text but also figure-making,403

improving layout of the manuscript, and formulation of narrative.404

Answer: [B]405

Explanation: The main text of this paper was written by the researcher. AI was used406

to improve the narrative flow and structure. AI also assisted with illustrations, layout407

adjustments, and improved translation.408

5. Observed AI Limitations: What limitations have you found when using AI as a partner or409

lead author?410

Description: It is difficult to expect truly novel ideas from AI, and the text it generates often411

lacks fluency. The evidence base of the information is uncertain, making it unsuitable for412

direct use. Moreover, AI sometimes provides inaccurate information, limiting its reliability413

in areas outside the researcher’s area of expertise.414
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Agents4Science Paper Checklist415

1. Claims416

Question: Do the main claims made in the abstract and introduction accurately reflect the417

paper’s contributions and scope?418

Answer: [Yes]419

Justification: The main claims in the abstract and introduction accurately reflect the paper’s420

contributions and scope (see Abstract and Introduction).421

Guidelines:422

• The answer NA means that the abstract and introduction do not include the claims423

made in the paper.424

• The abstract and/or introduction should clearly state the claims made, including the425

contributions made in the paper and important assumptions and limitations. A No or426

NA answer to this question will not be perceived well by the reviewers.427

• The claims made should match theoretical and experimental results, and reflect how428

much the results can be expected to generalize to other settings.429

• It is fine to include aspirational goals as motivation as long as it is clear that these goals430

are not attained by the paper.431

2. Limitations432

Question: Does the paper discuss the limitations of the work performed by the authors?433

Answer: [Yes]434

Justification: The paper discusses the limitations of the work (see Limitation and future435

work).436

Guidelines:437

• The answer NA means that the paper has no limitation while the answer No means that438

the paper has limitations, but those are not discussed in the paper.439

• The authors are encouraged to create a separate "Limitations" section in their paper.440

• The paper should point out any strong assumptions and how robust the results are to441

violations of these assumptions (e.g., independence assumptions, noiseless settings,442

model well-specification, asymptotic approximations only holding locally). The authors443

should reflect on how these assumptions might be violated in practice and what the444

implications would be.445

• The authors should reflect on the scope of the claims made, e.g., if the approach was446

only tested on a few datasets or with a few runs. In general, empirical results often447

depend on implicit assumptions, which should be articulated.448

• The authors should reflect on the factors that influence the performance of the approach.449

For example, a facial recognition algorithm may perform poorly when image resolution450

is low or images are taken in low lighting.451

• The authors should discuss the computational efficiency of the proposed algorithms452

and how they scale with dataset size.453

• If applicable, the authors should discuss possible limitations of their approach to454

address problems of privacy and fairness.455

• While the authors might fear that complete honesty about limitations might be used by456

reviewers as grounds for rejection, a worse outcome might be that reviewers discover457

limitations that aren’t acknowledged in the paper. Reviewers will be specifically458

instructed to not penalize honesty concerning limitations.459

3. Theory assumptions and proofs460

Question: For each theoretical result, does the paper provide the full set of assumptions and461

a complete (and correct) proof?462

Answer: [NA]463

Justification: The paper does not present formal theoretical results requiring assumptions or464

proofs.465
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Guidelines:466

• The answer NA means that the paper does not include theoretical results.467

• All the theorems, formulas, and proofs in the paper should be numbered and cross-468

referenced.469

• All assumptions should be clearly stated or referenced in the statement of any theorems.470

• The proofs can either appear in the main paper or the supplemental material, but if471

they appear in the supplemental material, the authors are encouraged to provide a short472

proof sketch to provide intuition.473

4. Experimental result reproducibility474

Question: Does the paper fully disclose all the information needed to reproduce the main ex-475

perimental results of the paper to the extent that it affects the main claims and/or conclusions476

of the paper (regardless of whether the code and data are provided or not)?477

Answer: [Yes]478

Justification: The paper provides sufficient information to reproduce the main experimental479

results (see Method).480

Guidelines:481

• The answer NA means that the paper does not include experiments.482

• If the paper includes experiments, a No answer to this question will not be perceived483

well by the reviewers: Making the paper reproducible is important.484

• If the contribution is a dataset and/or model, the authors should describe the steps taken485

to make their results reproducible or verifiable.486

• We recognize that reproducibility may be tricky in some cases, in which case authors487

are welcome to describe the particular way they provide for reproducibility. In the case488

of closed-source models, it may be that access to the model is limited in some way489

(e.g., to registered users), but it should be possible for other researchers to have some490

path to reproducing or verifying the results.491

5. Open access to data and code492

Question: Does the paper provide open access to the data and code, with sufficient instruc-493

tions to faithfully reproduce the main experimental results, as described in supplemental494

material?495

Answer: [NA]496

Justification: The study is based on HCI HTML task files and survey instruments; no external497

code or datasets are required.498

Guidelines:499

• The answer NA means that paper does not include experiments requiring code.500

• Please see the Agents4Science code and data submission guidelines on the conference501

website for more details.502

• While we encourage the release of code and data, we understand that this might not be503

possible, so “No” is an acceptable answer. Papers cannot be rejected simply for not504

including code, unless this is central to the contribution (e.g., for a new open-source505

benchmark).506

• The instructions should contain the exact command and environment needed to run to507

reproduce the results.508

• At submission time, to preserve anonymity, the authors should release anonymized509

versions (if applicable).510

6. Experimental setting/details511

Question: Does the paper specify all the training and test details (e.g., data splits, hyper-512

parameters, how they were chosen, type of optimizer, etc.) necessary to understand the513

results?514

Answer: [Yes]515

Justification: All details regarding data collection, experimental settings, and evaluation516

methods are fully specified (see Method).517
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Guidelines:518

• The answer NA means that the paper does not include experiments.519

• The experimental setting should be presented in the core of the paper to a level of detail520

that is necessary to appreciate the results and make sense of them.521

• The full details can be provided either with the code, in appendix, or as supplemental522

material.523

7. Experiment statistical significance524

Question: Does the paper report error bars suitably and correctly defined or other appropriate525

information about the statistical significance of the experiments?526

Answer: [Yes]527

Justification: The paper reports error bars and statistical analyses appropriately (see Results).528

Guidelines:529

• The answer NA means that the paper does not include experiments.530

• The authors should answer "Yes" if the results are accompanied by error bars, confi-531

dence intervals, or statistical significance tests, at least for the experiments that support532

the main claims of the paper.533

• The factors of variability that the error bars are capturing should be clearly stated534

(for example, train/test split, initialization, or overall run with given experimental535

conditions).536

8. Experiments compute resources537

Question: For each experiment, does the paper provide sufficient information on the com-538

puter resources (type of compute workers, memory, time of execution) needed to reproduce539

the experiments?540

Answer: [Yes]541

Justification: The paper describes the computer resources and execution time used for542

experiments (see Method).543

Guidelines:544

• The answer NA means that the paper does not include experiments.545

• The paper should indicate the type of compute workers CPU or GPU, internal cluster,546

or cloud provider, including relevant memory and storage.547

• The paper should provide the amount of compute required for each of the individual548

experimental runs as well as estimate the total compute.549

9. Code of ethics550

Question: Does the research conducted in the paper conform, in every respect, with the551

Agents4Science Code of Ethics (see conference website)?552

Answer: [Yes]553

Justification: The research complies with the Agents4Science Code of Ethics (see Method).554

Guidelines:555

• The answer NA means that the authors have not reviewed the Agents4Science Code of556

Ethics.557

• If the authors answer No, they should explain the special circumstances that require a558

deviation from the Code of Ethics.559

10. Broader impacts560

Question: Does the paper discuss both potential positive societal impacts and negative561

societal impacts of the work performed?562

Answer: [Yes]563

Justification: The paper discusses both potential positive and negative societal impacts of564

the work. Negative impacts are minimal, since the study was limited in scale and conducted565

with informed consent (see Conclusion).566
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Guidelines:567

• The answer NA means that there is no societal impact of the work performed.568

• If the authors answer NA or No, they should explain why their work has no societal569

impact or why the paper does not address societal impact.570

• Examples of negative societal impacts include potential malicious or unintended uses571

(e.g., disinformation, generating fake profiles, surveillance), fairness considerations,572

privacy considerations, and security considerations.573

• If there are negative societal impacts, the authors could also discuss possible mitigation574

strategies.575
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