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Figure 1: A user is performing the map based search task.

ABSTRACT

CCS CONCEPTS

Navigating on large high-resolution displays (LHRDs) using devices
built for traditional desktop computers can be strenuous and negatively impact user experience. As LHRDs transition to everyday
use, new user-friendly interaction techniques need to be designed
to capitalise on the potential offered by the abundant screen space
on LHRDs. We conducted a study which compared mouse pointing
and eye-tracker assisted pointing (MAGIC pointing) on LHRDs.
In a controlled experiment with 35 participants, we investigated
user performance in a one-dimensional pointing task and a mapbased search task. We determined that MAGIC pointing had a lower
throughput, but participants had the perception of higher performance. Our work contributes insights for the design of pointing techniques for LHRDs. The results indicate that the choice of technique
is scenario-dependent which contrasts with desktop computers.

• Human-centered computing → Displays and imagers; Empirical studies in HCI.

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.
MUM 2019, November 26–29, 2019, Pisa, Italy
© 2019 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 978-1-4503-7624-2/19/11. . . $15.00
https://doi.org/10.1145/3365610.3365636

1

KEYWORDS
Large High-Resolution Displays, Pointing, Eye-Tracking, MAGIC
pointing.
ACM Reference Format:
Lars Lischke, Valentin Schwind, Robin Schweigert, Paweł W. Woźniak,
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INTRODUCTION

Workspaces have always been populated with information. Walls
full of post-it notes and flip charts are a common sight in many of
today’s offices. With the ever-decreasing cost of screen space, many
predict that these traditional information media will be replaced by
digital counterparts [36] to offer additional content flexibility and
interaction opportunities. Furthermore, previous work has already
identified manifold benefits of LHRDs [2, 6, 28, 34]. When LHRDs
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proliferate in everyday work environments, they will also need to begin support tasks now performed on desktop computers, e.g. working
with spreadsheets. However, when working with an LHRD, pointing
becomes challenging. First, because of the large interaction space,
the cursor movement amplitude becomes very long. This increases
the effort required for moving classical pointing devices, like the
mouse or moving the fingers over a touch pad. Second, the large
interaction space makes it hard for the user to follow and to rediscover the cursor [37]. Despite the fact that various research projects
explored techniques to enhance pointing on LHRDs, e.g. through
mid air gestures [32, 43], multiple cursors [23] or second device
input [5, 31], none of these techniques are widely used.
Mouse and keyboard are the omnipresent input devices in office
environments. Due to the deep familiarity with these devices for
all users, they are unlikely to be replaced in office environments
in the next decades. Consequently, in this paper, we look for input techniques which can be used in addition to traditional mouse
and keyboard input for LHRDs. We aim to explore techniques that
can be used in future work environments. Specifically, we investigate gaze-assisted pointing techniques and verify if manual and
gaze input cascaded (MAGIC) pointing [48] (i.e. an interaction technique where the user can move the mouse cursor to their gaze point
when clicking a mouse button) can be effective when applied to
LHRDs. Past research has shown that, for some interaction scenarios, MAGIC pointing can significantly increase the effectiveness
of pointing tasks [27]. We wondered whether that performance increase could be translated to the LHRD design space. To that end,
we conducted a controlled experiment where participants completed
a one-dimensional pointing task and explored map based data using
MAGIC pointing and mouse and keyboard only. In the experiment,
we observed that MAGIC pointing produced increased task completion time and error rate in the one-dimensional pointing task.
Our contribution is two-fold: (1) a systematic study of MAGIC
pointing on an LHRD with a one-dimensional pointing task and a
map-based practical task and (2) insights on the future applications
of eye tracker-aided pointing techniques on LHRDs. This paper is
organized as follows. First, we review past work on interacting with
LHRDs and pointing using gaze data to highlight the need for our
investigation. Next, we present the method used to study MAGIC
pointing and we introduce the results of our experiments. Finally, we
discuss our results and show how they can be used to design future
pointing techniques.

2

RELATED WORK

The work presented, in this paper is inspired by previous work on
gaze interaction and input techniques for LHRDs.

2.1

Gaze Assisted Pointing

For almost four decades research analysed the potential of eye tracking for interacting with computer systems. Bolt [4] proposed using
eye gaze for interaction in 1982. Zhai et al. [48] proposed using eye
gaze to move the cursor to the gaze position. The authors introduced
two MAGIC pointing approaches. In one approach, they proposed
to move the cursor constantly with the gaze point. In the second
approach, the user was able to move the cursor to the gaze position
by actuating the mouse. The authors compared both approaches

Lischke et al.
with regular pointing using a computer mouse. The results indicated
shorter target acquisition times when participants were able to move
the mouse cursor to their gaze position on demand. Fares et al. [10]
increased the target acquisition performance of MAGIC pointing
through warping the cursor as soon as the user starts to move the
mouse. To reduce the required time to trigger the demand for moving
the cursor.
Drewes and Schmidt [8] proposed using a touch sensitive mouse
for MAGIC pointing. Zhang and MacKenzie [49] compared three
eye tracking based pointing techniques and mouse pointing using a
standardized pointing task. The results showed that mouse pointing
had the highest throughput. However, users also appreciated the
eye tracking based techniques. Fono and Vertegaal [12] utilized
the user’s eye gaze to select windows and zoom selected images.
The authors showed that participants were able to select windows
significantly faster using eye gaze than with regular manual pointing.
Further, Kumar et al. [25] explored combinations of keyboard and
gaze input for target selection tasks. Serim and Jacucci [39] proposed
enhancing touch input with non or little visual attention through gaze
input. Jalaliniya et al. [21] showed that MAGIC pointing cannot only
enhance interaction with desktop setups, but also with head-mounted
display.

2.2

Input Techniques for LHRDs

Research has identified a performance increase when using larger
display spaces and LHRDs for manifold tasks. For desktop tasks,
productivity and satisfaction is increasing with increasing screen
size [6, 14]. Ball et al. [2] showed that users perform a map-based
visual search task faster on larger display space. Liu et al. [28] compared performing a classification task on an LHRD or on a regular
desktop. The results revealed that users were able to classify information faster on an LHRD than on a regular display. Furthermore,
Andrews et al. [1] showed that the extended display space supports
the ability to organize information spatially in sensemaking tasks.
Despite the positive effect on performance and user satisfaction,
performing input on LHRDs can be challenging [37]. For example, users easily lose track of the mouse cursor [37]. Nevertheless,
in many LHRD setups mouse and keyboard are used as input devices [1, 20, 34]. To allow users to perform faster and still precise
input, Esakia et al. [9] proposed using multiple acceleration curves.
However, this does not support rediscovering the cursor.
A number of applications use direct touch for user input on
LHRDs (e.g. [24, 33, 44]). However, direct touch as input technique requires that all areas of the display are easily reachable by
the user [20]. Furthermore, interacting with the whole display space
can be physically demanding [20].
In contrast to touch input, mid air pointing allows the user to keep
the physical position and interact while standing or sitting. Haque et
al. [15] proposed using pointing and clicking gestures detected by
electromyography. Comparable to this, Wittorf and Jakobsen [46]
present a full gesture set for interacting with LHRDs. Compared to
direct touch, performing mid air gestures can be physically demanding.
Second device input has been explored in detail (e.g. [5, 26, 31,
45]). The advantage of smartphones and tablets as input devices
is that they allow to present additional information and to change
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controls dynamically [45]. Furthermore, they are well-suited for
collaboration [26]. However, even the ubiquity of smartphones increased the use of second devices as pointing device. Most proposed
second device techniques, are tailor-made for specific applications
and are not designed for general pointing tasks.
In contrast to other input techniques, the use of eye gaze for interaction with LHRDs is less explored. Stellmach and Dachselt [40]
proposed two input techniques for remote displays using the eye
gaze of the user to select an area on the screen and a smartphone for
precise target selection. In line with these two techniques, Turner et
al. [41] proposed using eye gaze and multi-touch to perform rotate,
scale and translate task on remote displays. More recently, Voelker
et al. [42] proposed combining direct touch with eye gaze interaction in multi display environments. Fortmann et al. [13] proposed
supporting the cursor rediscover process by using eye gaze. Dickie
et al. [7] showed that users can switch tasks faster in a multi display
environment when the system moves the input focus to the screen
where the user is looking at. In a lab study, Lischke et al. [27] compared MAGIC pointing to regular pointing with a standard mouse
on a LHRD. The results of this study revealed an increase in pointing performance for long amplitudes. However, the improvement in
target acquisition time was inconsistent over the display area.

3

METHOD

With MAGIC pointing, Zhai et al. [48] proposed to use eye gaze to
reposition the cursor to support pointing tasks. Thereby, the gaze
position is used in addition to the manual input performed using a
mouse. Participants performed best when the cursor was not constantly moved to the gaze position, but positioned to the gaze position
as soon as the mouse was actuated. To compare MAGIC pointing
to classical manual pointing using a mouse on an LHRD, we implemented the MAGIC pointing technique comparable to this original
technique and previous work [8, 27]: The eye tracker observes the
eye movement of the participant continuously. As soon as the participant presses the right button on the mouse, the cursor is warped to
the gaze position.

3.1

Study Design

We conducted a controlled laboratory experiment to build an understanding of the advantages of using MAGIC pointing when interacting with content displayed on an LHRD, focusing on the following
research questions:
RQ1: Does MAGIC pointing enable more efficient pointing actions on LHRDs than mouse pointing?
RQ2: Is MAGIC pointing less demanding than traditional pointing with a mouse on LHRDs?
As we aimed to answer the two questions in a broad sense, the experiment used two tasks. First we employed a standard abstract onedimensional pointing task, which emulated the task of the original
Fitts’ original experiment [11]. This task is commonly used to evaluate pointing performance (e.g. [19, 29, 49]). Secondly, we asked
the participants to complete search task on a street map, inspired by
Zhang et al. [50], to investigate a possible real-life scenario.
In both tasks, we used the input technique as independent variable
with two levels: mouse only and MAGIC pointing. Implementing
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MAGIC pointing in a widely use manner and comparing this implementation to the most common pointing device in office environments, we achieve a study design, which allow produce comparable
results [18]. We used a within-subjects study design. Hence, all participants performed trials with both input techniques. To balance
learning effects, we altered the order of the conditions.
3.1.1 Tasks.
One-Dimensional Pointing Task:
To analyze the pointing performance, we used a one-dimensional
pointing task, described by Sasangohar et al. [38] and ISO/TS 9241411 [19]. We chose this because of the aspect ratio of the visual field
of view and the aspect ratio (13:4) of the LHRD setup. During the
pointing task, the study software showed two rectangular targets,
which the participants were asked to select alternately. To indicate
which target had to be selected, it was highlighted in red. As soon
as the participant selected one target, the other one was highlighted.
If the participant missed the target, the screen flashed red. Similarly
to Sasangohar et al. [38], we used the target amplitude (A) as independent variable with four levels: 690, 1380, 2760, 5520 pixel. We
also used the target width (W) as independent variable with four levels: 84, 169, 338, 675 pixel (1.12◦ (H), 2.32◦ (H), 4.64◦ (H), 9.20◦
(H)). Thereby, the index of difficulty (ID = log2 WA + 1) [30] for the
easiest task was ID = log2 690
675 + 1 = 1.02 and for the hardest task
ID = log2 5520
84 + 1 = 6.06. This is in line with the recommendations
of ISO/TS 9241-411 [19], which propose using index difficulties
between 1 and 6. Following the recommendations enable us to build
a structured and comparable understanding of MAGIC on LHRDs.
Using two independent variables, each with four levels, and independent variable with two levels resulted in 4×4×2 = 32 conditions.
In every condition, participants performed 20 trials. The study instructor asked every participant to focus on accuracy, but also to
perform the trails as fast as possible. Figure 2 shows a participant
performing this task.
Map Based Search Task:
To analyze MAGIC pointing in the context of a task known to be
effectively performed on an LHRD [2], we designed a visual search
task inspired by Zhang et al. [50] and Ball et al. [3]. To understand
if gaze visualisations support collaborative work, Zhang et al. [50]
asked pairs of participants to discuss and select hotels for a assume
city trip. Ball et al. [3] used map based exploration tasks, to show
that participants acquiring insights faster on larger screen spaces.
We presented each participant with a street map of Paris. We placed
43 map pins, indicating hotels. All hotels were located in clusters
around four points of interest. The system showed the name and price
of the hotel when the participant clicked on the pin. This information
disappeared after two seconds. Each participant was asked to search
for the cheapest hotel close to any of the places of interest. The
task was completed after the participant entered the result into a
text box and clicked on the button “done”. By clustering the hotels
around the places of interest and by requiring that the search target
must be close to any point of interest, we created short and long
distances between pointing targets. We asked the participants to
search carefully and as fast as possible for the best option. In the
study, we used two sets of hotels and places of interest, which we
counterbalanced between the conditions. Figure 1 shows the map on
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Figure 2: A participant is performing the one-dimensional pointing task.
the LHRD, while a participant is performing the task and analyzes
hotel prices.
The map search task involves motor acquisition of the target and
also requires the visual process of (re-) discovering the cursor as well
as locating targets on a visually rich background. These visual search
processes are challenging to perform on LHRDs [37]. To stimulate
the need for rediscovering the cursor, we intentionally designed a
task requiring not only pointing actions.
3.1.2 Measures. We measured the following depended variables
during every study session:
Task completion time (TCT) [ms]. During the one-dimensional
pointing task, we measured the time between the selection of the first
target and the selection of the next target as TCT. During the map
based search task, we measured the time between the map with the
pins was rendered, and the participant indicated to have completed
the task by pressing “done” as TCT.
Error rate (ER). [%] A missed target in the pointing task was
counted as an error. The error rate is the ratio between the error
count and the total number of trials.
Use of Eye Gaze warps. [number of warps] As an indicator of
how often the participants used MAGIC Pointing, we counted how
often participants performed gaze warps in conditions with MAGIC
pointing.
Perceived Task load. [raw NASA TLX score] To assess the perceived effort for each task and condition, participants rated the effort on the raw NASA-Task Load Index (NASA-TLX) questionnaire [16, 17].
3.1.3 Apparatus. To conduct the study we used six Panasonic TX50AXW804 screens with a resolution of 3840 × 2160 pixel and
a diagonal of 50 in, aligned in portrait mode. This resulted in a
4.02 × 1.13 m display space, with a total resolution of 12, 960 ×
3840 pixel (approx. 90 PPI). To provide an equal viewing distance
to the screens we aligned the screens in a semi-circle with a distance
of 1.2 m to the participant. Thereby the display had a viewing angle
of approximately 180◦ horizontal (H) and 42◦ vertical (V).

To realize MAGIC pointing we used a Pupil Labs headset [22]
with a high-resolution (Full HD) world camera and binocular eye
cameras running at a 120 Hz capture frequency. For calculating
the gaze position, we used the Pupil Labs software, version 0.9.3
together with marker-based surface detection. We displayed the
markers on the LHRD. This lowered the space between the single
screens and enabled a more continuous image on the LHRD. We
placed six markers per display for registering the 3D translation of
the eye tracker.
One Microsoft Windows 10 workstation, with two Nvidia TITAN
Pascal graphic cards drove the six 4K 50 in displays and the Pupil
Labs eye tracker. The same machine ran the custom-made study
software. We used only one workstation to minimize latency issues
and ensure perfect timing.
In the middle of the display, at 1.2 m distance from the screen, we
placed a chair for the participant. We placed a table with a standard
office mouse and keyboard in front of the chair.
3.1.4 Participants. We recruited 35 participants (16 female, 21
male) aged between 19 and 31 (M = 23.7; SD = 2.9) by invitations
over university mailing lists. Every participant received 10 EUR
as compensation for taking part in the study. Because of technical
challenges with the eye tracker with participants wearing glasses,
participants were required to use contact lenses.
3.1.5 Procedure. After welcoming every participant, we asked them
to read and sign the consent form. We invited them to take a seat
in front of the LHRD and to fill in the demographics sheet. We
explained the general purpose of the study and asked the participant
to put on the eye tracker headset. When this was mounted, we
calibrated the eye tracker using the Pupil Labs calibration routine and
when completed the participant was given time to become familiar
with the one-dimensional pointing task and the input technique.
During this period, we asked participants to select targets with both
input modalities. When the participant was ready, we started the
trials with logging, alternating the order of the input technique used
and randomizing the level of the other two independent variables.
After performing all 640 target selections with one input modality,
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we asked the participant to answer the questions of the raw NASATLX and changed the level of the input technique to complete the
abstract pointing task.
After completing the abstract pointing task, we continued with
the map search task. We explained the task and showed an example
map. Every participant could play around with the example map
to get familiar with the functionality and the input technique. As
in the abstract task, we altered the order of pointing techniques.
When a participant reported that she or he understood the task, the
actual experimental task was started. After entering the solution and
pressing the ‘done’ button, we asked them to fill in the raw NASATLX questionnaire. Finally, we followed the same procedure with
the second input technique.

4

RESULTS

During the study, the apparatus logged mouse clicks, cursor warps,
when using MAGIC pointing and TCT. The perceived task load was
measured using pen and paper. Based on this data, we conducted the
following analyses.

4.1

Task completion time (TCT)

To analyse the TCT values for the one-dimensional pointing task,
we used the TCT values logged by the apparatus. We removed trials
with a TCT larger than 3 SDs, as outliers. We conducted a three-way
repeated measures analysis of variance (RM-ANOVA) to analyse
the effect of the independent variables on the TCT. Table 1 presents
the results of the analysis. Tukey HSD post-hoc tests revealed that
differences between the two experimental conditions were significant
for all combinations of amplitude and width at the p < .001 level.
Figure 6a shows the TCT per index of difficulty.

Figure 4: Throughput in the MAGIC pointing and mouse conditions. The result sis statistically significant.

target width (W), amplitude (A) and input technique. The MAGIC
pointing had an overall mean TP of 1.93 bit/s. Input using only
the mouse had an overall mean TP of 2.90 bit/s. A one-way RMANOVA revealed that there was a significant difference between
the two experimental conditions, F1,087 = 1729, p < .001. Figure 4
shows differences in throughput between the two conditions.

4.3

Error rate

In the one-dimensional pointing task participants made on average
M = 0.028 (SD = 0.164) errors when using MAGIC pointing. When
participants used only the mouse, they made on average M = 0.016
(SD = 0.126) errors. For this task, we conducted a three-way RMANOVA to analyse the effect of the conditions on error rate. The
results are presented in Table 1. Post-hoc analysis with Tukey HSD
showed that differences between the two experimental conditions
were significant for all combinations of amplitude and width at the
p < .001 level.

4.4

Use of Eye Gaze warps

For the one-dimensional pointing and the Magic Pointing condition,
how target width and amplitude affected the use of eye gaze warps
by the participants (see Figure 5). We found a significant combined
effect of target width × distance (F9,153 = 4.13, p < 0.01). Significant main effects were observed for target width (F3,153 = 10.19, p <
0.01) and amplitude (F3,153 = 792.68, p < 0.01).
Figure 3: Task completion time (TCT) as a function of index of
difficulty in the one-dimensional input task.
Furthermore, we compared the TCT for the map search task.
The average TCT when participants used only the mouse as input
technique was M = 146.088 s (SD = 58.561) and MAGIC pointing as
input technique was M = 143.873 s (SD = 75.276). A one-way RMANOVA revealed no statistically significant effect of input technique
on TCT, p > .05.

4.2

Throughput

Based on the TCT of the one dimensional pointing task, we calcuID
lated the throughput (T P = MT
[bit/s]) [19]. Figure 4 shows TP per

4.5

Perceived Task Load

For the one-dimensional pointing task, a one-way RM-ANOVA
for the combined scores of the raw NASA-TLX revealed no statistically significant difference between the two input techniques
(F1,34 = 0.096, p > .05). Furthermore, we compared the responses
for every item of the raw NASA-TLX. The statistical analysis revealed no significant differences for mental effort (F1,34 = 2.9824,
p > .05), physical demand (F1,34 = 2.984, p > .05), temporal demand (F1,34 = 2.566, p > .05), effort (F1,34 = 3.659, p > .05) and
frustration (F1,34 = 0.273, p > .05). However the statistical analysis
revealed a significant effect on performance (F1,34 = 6.215, p < .05).
Figure 6a shows NASA-TLX-scores. For the map based search task,
the comparison also revealed no statistical significant difference
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TCT

Error

Amplitude

F3,102

382.09 ***

0.15

Target Width

F3,102

278.96 ***

5.68 **

Input Technique

F1,34

155.49 ***

4.70 *

Amplitude × Target Width

F9,306

1.44

0.72

Amplitude × Input Technique

F3,102

15.77 ***

0.10

Target Width × Input Technique

F2,102

0.97

1.81

Amplitude × Target Width × Input Technique

F9,306

2.66 ***

0.74

Significance codes: 0.001 ‘***’, 0.01 ‘**’, 0.05 ‘*’, 1 ‘ ’

Table 1: Three-way RMANOVA results for the pointing task
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Figure 5: Number of gaze warps per condition in the onedimensional pointing task. Bars show CI=95%. The X axis is
order by index of difficulty.
between the two input techniques (F1,34 = 0.28, p = 0.6). Also, the
comparison of the single items revealed no statistical significant
difference: mental demand (F1,34 = 0.073, p = 0.788), physical demand (F1,34 = 1.434, p = 0.239), temporal demand (F1,34 = 1.609,
p > .05), performance (F1,34 = 0.275, p > .05), effort (F1,34 = 0.335,
p > .05), frustration (F1,34 = 0.263, p > .05). Figure 6b shows the
raw NASA-TLX-scores.
4.5.1 Qualitative Feedback. At the end of every study session, we
conducted short semi-structured interviews with every participant.
Overall, we recorded 92 min of interviews. The interviews underlined the quantitative results of the studies. Twelve participants
mentioned they assumed they would have performed better with
more precise gaze tracking. Also, six participants mentioned that
they forgot to use MAGIC pointing because they were so familiar
with using the mouse as a pointing device. However, twelve participants reported that they were able to perform the task faster with
MAGIC pointing than with using the mouse only. Six mentioned that
MAGIC pointing was, in particular, helpful for moving across long

distances with the cursor. We concluded that overall, participants
appreciated MAGIC pointing for the one dimensional pointing task.
For the map based task, the participants had various opinions of the
value of MAGIC pointing. While some claimed that the distances
between the targets were too short to use MAGIC pointing, others
argued that MAGIC pointing allowed them to focus more on the
task. Instead of caring about the cursor position, the participants felt
able to concentrate on the map and request the cursor to move to
the visual focus area on demand. In line with this, seven participants
explicitly mentioned this as an advantage and would also like to use
their gaze point in other applications to reposition the system focus
and the cursor position to the focused visual field.

5

DISCUSSION

In all conditions, MAGIC pointing did not outperform mouse only
pointing. This is in contrast to the results of the original study presented by Zhai et al. [48]. Their results indicated shortest target
acquisition time with MAGIC pointing, but due to the small number of participant could not show a significant effect. Furthermore,
our results are in contrast to previous work presented by Lischke et
al. [27]. The results of the lab study conducted by Lischke et al. [27]
showed that MAGIC pointing decreased the target acquisition time,
for targets which have a high distance to the cursor. However, the
authors reported faster TCT not in all directions from the centre of
the display.
On the other hand, the results of this study are in line with the
results presented by Zhang and MacKenzie [49]. They used the
two-dimensional pointing task, specified in ISO/TS 9241-411 [19].
This task is comparable to the one dimensional pointing task we
used in this study. In both tasks, participants repeatedly pointed to
targets on the same position. This eliminated the visual search of
the target and allowed measuring only the motor movement time
of the cursor. In contrast, Zhai et al. [48] and Lischke et al. [27],
we used a random order of targets. This required locating the target
visually, before moving the cursor to the target. Hence, the results
of the one dimensional pointing tasks, show no benefit in terms
of performance, when the position of the target is known by the
participant. We did not observe a statistically significant difference
in terms of target acquisition time in the map based search task.
However, the descriptive statistics indicate an improvement in terms
of TCT.
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(a) Raw NASA TLX values for the one-dimensional pointing task.
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(b) Raw NASA TLX values for the map based search task.

Figure 6: Perceived task load in both tasks measured with the raw NASA TLX.
Comparing the results of this work and the results presented by
Zhang and MacKenzie [49] to the results of Zhai et al. [48] and
Lischke et al. [27] showed that the question of an optimal pointing
task to assess performance of pointing on LHRDs remains a research
challenge. The results indicate, that MAGIC pointing supports pointing on targets which have an unknown position for the participant.
If the participant knows the position of the target without looking at
it, the hand motor performance for moving the mouse high and does
not benefit from MAGIC pointing.
Interestingly, participants still used MAGIC pointing throughout the study, despite the fact that they perceived it as performing
significantly worse. This indicated that there is a certain appeal to
techniques based on eye tracking. As participants were eager to
use MAGIC pointing as the distance between targets increased, we
hypothesize that gaze warps were perceived as desirable when the
distance to be travelled by the cursor was above a certain threshold. This is also indicated, by the increasing number of gaze warps
with increased distance in the one-dimensional pointing task. In
conditions with the largest amplitude (A=5520), participants used,
on average, more than one gaze warp per trial. This indicates the
high desire to use MAGIC pointing for large amplitudes. However,
this also shows an high inaccuracy in this condition. In practical
tasks, this threshold maybe determined by the maximum distance
that can be performed without clutching or a distance that does not
require head rotations. In this context, we can attribute the inferior
performance in the one-dimensional pointing task to the the fact that
tracking head rotation precisely in a multiscreen environment may
have been not accurate enough. As participants were more incline
to use gaze warps with pointing distances requiring excessive head
rotation, they also used gaze warps in cases where the eye tracker
can offer the least accuracy.
We have extended past work and shown that MAGIC pointing
does not offer a performance benefit when visual search is not part
of the task, even for LHRDs. However, our results also indicate that
participants were eager to use gaze warps above a distance threshold. As we observed no difference in performance in the map based
search task (i.e. a task that required visual search), we hypothesise
that MAGIC pointing may be beneficial for search tasks on LHRDs.

While we were unable to show that the benefits of eye tracking for
visual search (e.g such as those presented by Zhang et al. [50]) are
also true in an LHRD scale, our results indicate that this is possible. Given that the one-dimensional task showed that an increased
tracking accurate was required, we expect that superior performance
for visual search tasks can be achieved if better head tracking is
available. However, technical innovation is required to verify this
hypothesis in a future study.
Future work should address the question how MAGIC pointing
supports target acquisition beyond the pure motor task of a pointing
task. Here, we showed, in connection with previous work [27], that
MAGIC pointing is beneficial when the visual search task involved
in the pointing task is demanding. MAGIC pointing seems to be
promising in multidisplay environments, as such environments commonly increase the effort of visual attention due to switching the
focused display area [35]. The large size and the high resolution
of such displays, causes already for small index difficulties long
target acquisition times. However, in contrast, even high index difficulties would be realistic for LHRDs. To understand fully how
MAGIC pointing on LHRDs influences participants’ performance,
user studies with wider ranges of index difficulties need to be performed. Furthermore, combining MAGIC pointing with other input
techniques than mouse pointing seems to be valuable. Here it could
be interesting to continue work on combining eye gaze interaction
with mid air gestures (e.g. [47]).
In summary, our work shows that MAGIC pointing can offer little benefit to interaction for repetitive tasks, where participants
know exactly where to click on an LHRD. Thus, we see that eye
tracking support for such tasks should be avoided in future systems.
As we observed that performance was not affected in the visual
search tasks, we believe that users may welcome MAGIC pointing
as a beneficial feature in such scenarios. Consequently, we believe
that gaze-supported pointing techniques for visual search tasks
should be used with LHRDs. Our work also indicated that tracking head rotation for LHRDs is still a challenge and may result in
accuracy issues. Consequently, improving head tracking methods for
gaze on LHRDs is an important challenge for future work. Lastly, we
see that participants were willing to use MAGIC pointing through
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our 60 min long study, especially in the map based search tasks. This
was despite the fact that they were free to not use gaze warps. As
a consequence, we recognise that there is a certain appeal and a
perceived benefit of MAGIC pointing that goes beyond novelty and
the technique should be further refined for LHRDs.

6

CONCLUSION

In this paper, we investigated if users working on LHRDs can benefit
from MAGIC pointing. We conducted a study where users completed
an abstract one-dimensional pointing task and a map search task.
We found that MAGIC pointing offered inferior performance in the
pointing task and there was no performance difference in the map
based search task. Users were more likely to use gaze warps for
larger pointing distances. Our results indicate that MAGIC pointing
is an appealing pointing technique for visual search tasks, but it may
cause issues when performing common tasks when the user knows
exactly where to point next.
Our work deepens the understanding of MAGIC pointing and
shows the intricacies of interacting with LHRDs. The results presented pose challenges in terms of testing LHRD performance in
further visual search tasks. We hope that this paper will inspire further research on how to manage and interact with abundant screen
space. Finding new ways to interact with large screens will enable
users to truly benefit from the anticipated advantages of LHRDs.

Lischke et al.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

REFERENCES
[1] Christopher Andrews and Chris North. 2013. The Impact of Physical Navigation
on Spatial Organization for Sensemaking. IEEE Transactions on Visualization
and Computer Graphics 19, 12 (Dec 2013), 2207–2216. https://doi.org/10.1109/
TVCG.2013.205
[2] Robert Ball and Chris North. 2007. Realizing embodied interaction for visual
analytics through large displays. Computers & Graphics 31, 3 (2007), 380 – 400.
https://doi.org/10.1016/j.cag.2007.01.029
[3] Robert Ball, Chris North, Chris North, and Doug A. Bowman. 2007. Move
to Improve: Promoting Physical Navigation to Increase User Performance with
Large Displays. In Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems (CHI ’07). ACM, New York, NY, USA, 191–200. https:
//doi.org/10.1145/1240624.1240656
[4] Richard A. Bolt. 1982. Eyes at the Interface. In Proceedings of the 1982 Conference on Human Factors in Computing Systems (CHI ’82). ACM, New York, NY,
USA, 360–362. https://doi.org/10.1145/800049.801811
[5] Olivier Chapuis, Anastasia Bezerianos, and Stelios Frantzeskakis. 2014. Smarties:
An Input System for Wall Display Development. In Proceedings of the 32Nd Annual ACM Conference on Human Factors in Computing Systems (CHI ’14). ACM,
New York, NY, USA, 2763–2772. https://doi.org/10.1145/2556288.2556956
[6] Mary Czerwinski, Greg Smith, Tim Regan, Brian Meyers, George G Robertson,
and Gary K Starkweather. 2003. Toward characterizing the productivity benefits
of very large displays. In Interact, Vol. 3. 9–16.
[7] Connor Dickie, Jamie Hart, Roel Vertegaal, and Alex Eiser. 2006. LookPoint: An
Evaluation of Eye Input for Hands-free Switching of Input Devices Between Multiple Computers. In Proceedings of the 18th Australia Conference on ComputerHuman Interaction: Design: Activities, Artefacts and Environments (OzCHI ’06).
ACM, New York, NY, USA, 119–126. https://doi.org/10.1145/1228175.1228198
[8] Heiko Drewes and Albrecht Schmidt. 2009. The MAGIC Touch: Combining
MAGIC-Pointing with a Touch-Sensitive Mouse. Springer Berlin Heidelberg,
Berlin, Heidelberg, 415–428. https://doi.org/10.1007/978-3-642-03658-3_46
[9] Andrey Esakia, Alex Endert, and Chris North. 2014. Large display interaction
via multiple acceleration curves and multifinger pointer control. Advances in
Human-Computer Interaction 2014 (2014), 12.
[10] Ribel Fares, Shaomin Fang, and Oleg Komogortsev. 2013. Can We Beat the
Mouse with MAGIC?. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (CHI ’13). ACM, New York, NY, USA, 1387–1390.
https://doi.org/10.1145/2470654.2466183
[11] Paul M Fitts. 1954. The information capacity of the human motor system in
controlling the amplitude of movement. Journal of experimental psychology 47, 6
(1954), 381. https://doi.org/10.1037/h0055392
[12] David Fono and Roel Vertegaal. 2005. EyeWindows: Evaluation of Eye-controlled
Zooming Windows for Focus Selection. In Proceedings of the SIGCHI Conference

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

on Human Factors in Computing Systems (CHI ’05). ACM, New York, NY, USA,
151–160. https://doi.org/10.1145/1054972.1054994
Florian Fortmann, Dennis Nowak, Kristian Bruns, Mark Milster, and Susanne
Boll. 2015. Assisting Mouse Pointer Recovery in Multi-Display Environments.
Mensch und Computer 2015–Proceedings (2015).
Jonathan Grudin. 2001. Partitioning Digital Worlds: Focal and Peripheral Awareness in Multiple Monitor Use. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (CHI ’01). ACM, New York, NY, USA,
458–465. https://doi.org/10.1145/365024.365312
Faizan Haque, Mathieu Nancel, and Daniel Vogel. 2015. Myopoint: Pointing
and Clicking Using Forearm Mounted Electromyography and Inertial Motion
Sensors. In Proceedings of the 33rd Annual ACM Conference on Human Factors
in Computing Systems (CHI ’15). ACM, New York, NY, USA, 3653–3656. https:
//doi.org/10.1145/2702123.2702133
Sandra G. Hart. 2006. Nasa-Task Load Index (NASA-TLX); 20 Years Later.
Proceedings of the Human Factors and Ergonomics Society Annual Meeting 50, 9 (2006), 904–908.
https://doi.org/10.1177/154193120605000909
arXiv:http://dx.doi.org/10.1177/154193120605000909
Sandra G. Hart and Lowell E. Staveland. 1988. Development of NASA-TLX
(Task Load Index): Results of Empirical and Theoretical Research. Advances
in Psychology 52 (1988), 139 – 183. https://doi.org/10.1016/S0166-4115(08)
62386-9
Kasper Hornbæk. 2013. Some Whys and Hows of Experiments in HumanComputer Interaction. Foundations and Trends in Human-Computer Interaction
5, 4 (2013), 299–373. https://doi.org/10.1561/1100000043
ISO/TS 9241-411:2012 2012. Ergonomics of human-system interaction - Part
411: Evaluation methods for the design of physical input devices. Standard.
International Organization for Standardization, Geneva, CH.
Mikkel R. Jakobsen and Kasper Hornbæk. 2016. Negotiating for Space?: Collaborative Work Using a Wall Display with Mouse and Touch Input. In Proceedings
of the 2016 CHI Conference on Human Factors in Computing Systems (CHI
’16). ACM, New York, NY, USA, 2050–2061. https://doi.org/10.1145/2858036.
2858158
Shahram Jalaliniya, Diako Mardanbegi, and Thomas Pederson. 2015. MAGIC
Pointing for Eyewear Computers. In Proceedings of the 2015 ACM International
Symposium on Wearable Computers (ISWC ’15). ACM, New York, NY, USA,
155–158. https://doi.org/10.1145/2802083.2802094
Moritz Kassner, William Patera, and Andreas Bulling. 2014. Pupil: An Open
Source Platform for Pervasive Eye Tracking and Mobile Gaze-based Interaction.
In Proceedings of the 2014 ACM International Joint Conference on Pervasive and
Ubiquitous Computing: Adjunct Publication (UbiComp ’14 Adjunct). ACM, New
York, NY, USA, 1151–1160. https://doi.org/10.1145/2638728.2641695
Masatomo Kobayashi and Takeo Igarashi. 2008. Ninja Cursors: Using Multiple
Cursors to Assist Target Acquisition on Large Screens. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems (CHI ’08). ACM,
New York, NY, USA, 949–958. https://doi.org/10.1145/1357054.1357201
Kai Kuikkaniemi, Max Vilkki, Jouni Ojala, Matti Nelimarkka, and Giulio Jacucci.
2013. Introducing Kupla UI: A Generic Interactive Wall User Interface Based on
Physics Modeled Spherical Content Widgets. In Proceedings of the 2013 ACM
International Conference on Interactive Tabletops and Surfaces (ITS ’13). ACM,
New York, NY, USA, 301–304. https://doi.org/10.1145/2512349.2514588
Manu Kumar, Andreas Paepcke, Terry Winograd, and Terry Winograd. 2007. EyePoint: Practical Pointing and Selection Using Gaze and Keyboard. In Proceedings
of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’07).
ACM, New York, NY, USA, 421–430. https://doi.org/10.1145/1240624.1240692
Lars Lischke, Jan Hoffmann, Robert Krüger, Patrick Bader, Paweł W. Wozniak,
and Albrecht Schmidt. 2017. Towards Interaction Techniques for Social Media
Data Exploration on Large High-Resolution Displays. In Proceedings of the 2016
CHI Conference Extended Abstracts on Human Factors in Computing Systems
(CHI EA ’17). ACM, New York, NY, USA, 2752–2759. https://doi.org/10.1145/
3027063.3053229
Lars Lischke, Valentin Schwind, Kai Friedrich, Albrecht Schmidt, and Niels Henze.
2016. MAGIC-Pointing on Large High-Resolution Displays. In Proceedings of
the 2016 CHI Conference Extended Abstracts on Human Factors in Computing
Systems (CHI EA ’16). ACM, New York, NY, USA, 1706–1712. https://doi.org/
10.1145/2851581.2892479
Can Liu, Olivier Chapuis, Michel Beaudouin-Lafon, Eric Lecolinet, and Wendy E.
Mackay. 2014. Effects of Display Size and Navigation Type on a Classification
Task. In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems (CHI ’14). ACM, New York, NY, USA, 4147–4156. https://doi.org/10.
1145/2556288.2557020
I. Scott MacKenzie, Abigail Sellen, and William A. S. Buxton. 1991. A Comparison of Input Devices in Element Pointing and Dragging Tasks. In Proceedings
of the SIGCHI Conference on Human Factors in Computing Systems (CHI ’91).
ACM, New York, NY, USA, 161–166. https://doi.org/10.1145/108844.108868
Scott I. MacKenzie. 1992. Movement time prediction in human-computer interfaces. In Proceedings of Graphics Interface (GI’92), Vol. 92. 1.

Understanding Pointing for Workspace Tasks
[31] Mathieu Nancel, Olivier Chapuis, Emmanuel Pietriga, Xing-Dong Yang,
Pourang P. Irani, and Michel Beaudouin-Lafon. 2013. High-precision Pointing on Large Wall Displays Using Small Handheld Devices. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems (CHI ’13). ACM,
New York, NY, USA, 831–840. https://doi.org/10.1145/2470654.2470773
[32] Mathieu Nancel, Emmanuel Pietriga, Olivier Chapuis, and Michel BeaudouinLafon. 2015. Mid-Air Pointing on Ultra-Walls. ACM Trans. Comput.-Hum.
Interact. 22, 5, Article 21 (Aug. 2015), 62 pages. https://doi.org/10.1145/2766448
[33] Peter Peltonen, Esko Kurvinen, Antti Salovaara, Giulio Jacucci, Tommi Ilmonen,
John Evans, Antti Oulasvirta, and Petri Saarikko. 2008. It’s Mine, Don’T Touch!:
Interactions at a Large Multi-touch Display in a City Centre. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems (CHI ’08). ACM,
New York, NY, USA, 1285–1294. https://doi.org/10.1145/1357054.1357255
[34] Fateme Rajabiyazdi, Jagoda Walny, Carrie Mah, John Brosz, and Sheelagh Carpendale. 2015. Understanding Researchers’ Use of a Large, High-Resolution Display
Across Disciplines. In Proceedings of the 2015 International Conference on Interactive Tabletops & Surfaces (ITS ’15). ACM, New York, NY, USA, 107–116.
https://doi.org/10.1145/2817721.2817735
[35] Umar Rashid, Miguel A. Nacenta, and Aaron Quigley. 2012. Factors Influencing
Visual Attention Switch in Multi-display User Interfaces: A Survey. In Proceedings of the 2012 International Symposium on Pervasive Displays (PerDis ’12).
ACM, New York, NY, USA, Article 1, 6 pages. https://doi.org/10.1145/2307798.
2307799
[36] Ramesh Raskar, Greg Welch, Matt Cutts, Adam Lake, Lev Stesin, and Henry
Fuchs. 1998. The Office of the Future: A Unified Approach to Image-based
Modeling and Spatially Immersive Displays. In Proceedings of the 25th Annual
Conference on Computer Graphics and Interactive Techniques (SIGGRAPH ’98).
ACM, New York, NY, USA, 179–188. https://doi.org/10.1145/280814.280861
[37] George Robertson, Mary Czerwinski, Patrick Baudisch, Brian Meyers, Daniel
Robbins, Greg Smith, and Desney Tan. 2005. The Large-Display User Experience.
IEEE Comput. Graph. Appl. 25, 4 (July 2005), 44–51. https://doi.org/10.1109/
MCG.2005.88
[38] Farzan Sasangohar, I. Scott MacKenzie, and Stacey D. Scott. 2009. Evaluation
of Mouse and Touch Input for a Tabletop Display Using Fitts’ Reciprocal Tapping Task. Proceedings of the Human Factors and Ergonomics Society Annual
Meeting 53, 12 (2009), 839–843. https://doi.org/10.1177/154193120905301216
arXiv:http://dx.doi.org/10.1177/154193120905301216
[39] Baris Serim and Giulio Jacucci. 2016. Pointing While Looking Elsewhere: Designing for Varying Degrees of Visual Guidance During Manual Input. In Proceedings
of the 2016 CHI Conference on Human Factors in Computing Systems (CHI
’16). ACM, New York, NY, USA, 5789–5800. https://doi.org/10.1145/2858036.
2858480
[40] Sophie Stellmach and Raimund Dachselt. 2012. Look & Touch: Gaze-supported
Target Acquisition. In Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems (CHI ’12). ACM, New York, NY, USA, 2981–2990. https:

MUM 2019, November 26–29, 2019, Pisa, Italy
//doi.org/10.1145/2207676.2208709
[41] Jayson Turner, Jason Alexander, Andreas Bulling, and Hans Gellersen. 2015.
Gaze+RST: Integrating Gaze and Multitouch for Remote Rotate-Scale-Translate
Tasks. In Proceedings of the 33rd Annual ACM Conference on Human Factors in
Computing Systems (CHI ’15). ACM, New York, NY, USA, 4179–4188. https:
//doi.org/10.1145/2702123.2702355
[42] Simon Voelker, Andrii Matviienko, Johannes Schöning, and Jan Borchers. 2015.
Combining Direct and Indirect Touch Input for Interactive Workspaces Using Gaze
Input. In Proceedings of the 3rd ACM Symposium on Spatial User Interaction
(SUI ’15). ACM, New York, NY, USA, 79–88. https://doi.org/10.1145/2788940.
2788949
[43] Daniel Vogel and Ravin Balakrishnan. 2005. Distant Freehand Pointing and
Clicking on Very Large, High Resolution Displays. In Proceedings of the 18th
Annual ACM Symposium on User Interface Software and Technology (UIST ’05).
ACM, New York, NY, USA, 33–42. https://doi.org/10.1145/1095034.1095041
[44] Ulrich von Zadow, Daniel Bösel, Duc Dung Dam, Anke Lehmann, Patrick Reipschläger, and Raimund Dachselt. 2016. Miners: Communication and Awareness
in Collaborative Gaming at an Interactive Display Wall. In Proceedings of the
2016 ACM on Interactive Surfaces and Spaces (ISS ’16). ACM, New York, NY,
USA, 235–240. https://doi.org/10.1145/2992154.2992174
[45] Ulrich von Zadow, Wolfgang Büschel, Ricardo Langner, and Raimund Dachselt.
2014. SleeD: Using a Sleeve Display to Interact with Touch-sensitive Display
Walls. In Proceedings of the Ninth ACM International Conference on Interactive
Tabletops and Surfaces (ITS ’14). ACM, New York, NY, USA, 129–138. https:
//doi.org/10.1145/2669485.2669507
[46] Markus L. Wittorf and Mikkel R. Jakobsen. 2016. Eliciting Mid-Air Gestures for
Wall-Display Interaction. In Proceedings of the 9th Nordic Conference on HumanComputer Interaction (NordiCHI ’16). ACM, New York, NY, USA, Article 3,
4 pages. https://doi.org/10.1145/2971485.2971503
[47] ByungIn Yoo, Jae-Joon Han, Changkyu Choi, Kwonju Yi, Sungjoo Suh, Dusik
Park, and Changyeong Kim. 2010. 3D User Interface Combining Gaze and Hand
Gestures for Large-scale Display. In CHI ’10 Extended Abstracts on Human
Factors in Computing Systems (CHI EA ’10). ACM, New York, NY, USA, 3709–
3714. https://doi.org/10.1145/1753846.1754043
[48] Shumin Zhai, Carlos Morimoto, and Steven Ihde. 1999. Manual and Gaze Input
Cascaded (MAGIC) Pointing. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (CHI ’99). ACM, New York, NY, USA,
246–253. https://doi.org/10.1145/302979.303053
[49] Xuan Zhang and I. Scott MacKenzie. 2007. Evaluating Eye Tracking with ISO
9241 - Part 9. Springer Berlin Heidelberg, Berlin, Heidelberg, 779–788. https:
//doi.org/10.1007/978-3-540-73110-8_85
[50] Yanxia Zhang, Ken Pfeuffer, Ming Ki Chong, Jason Alexander, Andreas Bulling,
and Hans Gellersen. 2017. Look together: using gaze for assisting co-located
collaborative search. Personal and Ubiquitous Computing 21, 1 (01 Feb 2017),
173–186. https://doi.org/10.1007/s00779-016-0969-x

