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Abstract. Predicting the efficiency of interaction techniques can be crucial for
designing user interfaces. While models like Fitts’ law make general predictions,
there is little research on how efficiency varies under different conditions like in
which screen region a movement starts and in which direction it is going, and
whether the surface is horizontal or vertical. This study investigates these aspects
with regard to translation movements on a touch screen, using an extended Fitts’
law setup and considering arm kinematics. The results show that on horizontal
displays translation is faster and causes less arm fatigue than on vertical ones.
Also, on horizontal displays, we identified screen regions and movement direc-
tions that allow significantly faster movement compared to others. Finally, move-
ments that employ shorter kinematic chains (e.g. just the wrist) are significantly
faster than those that use longer ones (e.g. wrist, elbow, shoulder). We suggest
adjustments to Fitts’ original formulation. In the future, our findings can inform
or partially automate positioning decisions in interaction design.
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1 Introduction

For many devices multitouch has become the standard interaction technique. Predicting
the performance of interaction techniques can be important for various reasons, e.g. if
an application is highly time/cost critical (industry, logistics, communications) or needs
very high precision (medical, military). Even for applications where performance is not
the first priority, it is still a criterion to evaluate the user interface [7]: Nielsen et al. [18]
report that in 75% of the 57 studies they evaluated the user preferred the system with
the best performance. Ben-Bassat et al. [2] show that the user would choose the system
with the better performance and ignore the design, even if they have to expect monetary
loss. Other studies could show that users rate a design worse after usage if the usability
was low on effectiveness [22] or efficiency [18].

We find multitouch techniques on a broad range of devices, from smartphones and
tablets to touch-sensitive tables and display walls. The performance of even basic inter-
action techniques like the translation and rotation of objects will likely differ depending



on the size and orientation (horizontal/vertical) of the device and the position and pos-
ture of the user and his or her arm and hand. However, current models like Fitts’ law [6]
do not take such conditions into account yet. Although Fitts’ law has been confirmed for
different input devices like mouse, pen input and multitouch [5], there have only been
few extensions so far [1, 4]. In prior work we have started to look at how the screen
region effects the performance of translation and rotation techniques as a first step to
explore the conditions under which interaction techniques perform best [17].

In this paper, we focus exclusively on translation movements (dragging). However,
in our study we include many different conditions like screen orientation (horizontal
vs. vertical), screen regions (20 regions where the movement can start) and movement
direction (eight directions). Based on existing work [3, 23] we hypothesized that per-
formance will differ with respect to screen orientation and screen region. We also look
at the concept of fatigue as a possible cause for performance differences and as an im-
portant aspect in the subjective evaluation of multitouch displays [14]. Various studies
have shown that the length of the kinematic chains which were used to execute the task
play a decisive role in terms of fatigue and performance. Hincapié-Ramos et al. [9] for
instance showed that working with extended arms, which constitutes a longer kinematic
chain, fatigue increases. Other studies found higher performance for shorter kinematic
chains [12].

We hypothesize that there is an increased perceived fatigue for vertical displays [3].
In accordance with [9] and [12] we hypothesize that users will use longer kinematic
chains on vertical displays which decreases performance.

Our main contributions are the following: We present significant empirical findings
concerning the performance of translation movements on horizontal vs. vertical dis-
plays, considering start points in various screen regions and various movement direc-
tions. We show that horizontal displays outperform vertical ones and identified various
screen regions, on a horizontal screen, which perform better than others. Finally, we
prove correlations between performance and kinematic chains based on a manual video
analysis of kinematic chains.

2 Related Work

Most of the research for multitouch deals with the problem of selection/tapping in terms
of efficiency and precision or both [13, 20]. Or they focused on different interaction
techniques for manipulating objects (translation, rotation or both) with multiple degrees
of freedom in 2D [16] or 3D [11]. There is relatively little research for the transla-
tion/dragging task for multitouch in terms of efficiency in different areas of the display
[3, 23]. Bi et al. [3] divided the multitouch display into different cells to measure the
performance of different tasks for the each cell in relationship to the position of the
multitouch display. The displays were placed around the keyboard (left, bottom, right
and top) and as a vertical screen. The used task for the study was a one-finger ges-
ture task and two docking tasks with translation, rotation and scaling. In contrast to our
experiment they used fewer screen locations (nine) and the direction of the one-finger
drag gesture was limited to up, down, left or right. For one-handed tasks cells close to
the keyboard performed best. For two-handed tasks the placement on bottom and top



had the best performance. The design of Weiss et al. [23] only included up and down
movements.

There are two lines of research where vertical and horizontal displays were at the
center of attention. In the first line of research, the two orientations are compared in
terms of efficiency and performance [8, 19]. In the second line of research, solutions
for the integration of both screen orientations are explored [23]. Hancock et al. [8], for
instance, compared the direct input with a pen input on a vertical and horizontal display
surface. With a selection task on menus they tried to find out which regions are faster
and easier to reach for the used hands. Based on their findings they suggested an adap-
tive interface to detect handedness because handedness influences the performance of
the selection. For instance, the left hand is faster for upper-left und lower-right regions
while the upper-right and lower-left regions are faster for the right hand. Pedersen et
al. [19] found that tapping was performed 5% faster on the vertical surface, whereas
dragging was performed 5% faster and with fewer errors on the horizontal surface. In
contrast to our experiment they compared tapping and dragging tasks on large multi-
touch displays where participants were standing. Additionally, the participants where
free to choose the left or right hand for interaction. In contrast, the BendDesk [23] was
constructed as a combined horizontal and vertical display, connected by a curved re-
gion. The authors studied this curved area and, among other things, compared down-up
movements that cross through all three areas. One of their findings was that dragging on
a planar surface is faster and straighter than dragging across the curve. Given that the
distances were constant for all dragging tasks Fitts’ law would have expected constant
movement durations over all areas.

Since Fitts published his formula which predicts that the time to acquire a target
is logarithmically related to the distance over the target size [6], there has been more
research on this topic and Fitts’ formula has been confirmed for different input devices
like mouse, pen input or multitouch [5].

There has also been work claiming that Fitts” law was unsatisfactory and suggesting
to extend it for a 2D task [24] or for touch input [4]. Additionally, the authors [17]
proposed to consider the direction of the movement. Weiss et al. [23] found indications
that the interaction zone has an influence on the task completion time.

3 Method

3.1 Participants

Participants were recruited via noticeboards on university campus and through aca-
demic mailing lists. 16 subjects (7 male, 9 female) took part in the study and were paid
10 Euros. The age varied between 19 and 33 with an average of 24 years. In terms of
handedness 13 subjects were right-handed and three were left-handed but use the right
hand for controlling mouse and touch interfaces.

3.2 Apparatus

We used a 22-inch multitouch screen (3M model M2256PW) with 1680x1050 pixels
and <6ms touch response time. The application was developed in Java 8 with JavaFX
and was run on an iMac.
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Fig. 1: (a) and (b) show the setup for horizontal and vertical screens, (c) shows the top
view (cam 3) in the vertical screen configuration.

The screen was used in two orientations, vertical and horizontal. In the vertical setup
the display stood on a desk, in the horizontal setup it was placed on a low table so that
the surface was at a height of 73 cm = 28.7 inches (Fig. 1a and 1b). The participants
sat on a static chair centered in front of the display. Interactions were tracked by three
webcams from the left (side view, cam 3), from above (top view, cam 1) and from
behind the participant (shoulder view, cam 2). Figure 1c shows the webcam setup for
the vertical display setup.

3.3 Tasks

The task required to move a circular cursor (grey circle with a red cross) into a target
area marked by a dashed circle (see Figure 2a). The target area was 1.5 cm in diameter.
As soon as the cursor was selected by touching it the cursor changed to monochrome
colors (see Figure 2b). A trial was rated successful if the center of the cross was located
inside the target area when lifting the finger off the screen. Success was signaled by a
green check mark (Figure 2c). It was not necessary to achieve a perfect match between
cursor and target area. But if the center of the cross remains outside the target area a
“sad smiley” appeared to signal failure (see Figure 2d). In this case, the corresponding
trial was repeated at the end of the set. The beginning of a new trial and success or
failure of a trial were accompanied by distinct sounds.

3.4 Material

For a thorough analysis the surface area of the screen needed to be completely cov-
ered by movement paths. A movement path was described by a start and an end point,
marked by two different circular areas. Start points were evenly distributed through a
pattern as broad as possible. The multiplication with end points showed that a high
number of start points would have led to an unacceptably high number of trials per ori-
entation. Therefore, the number of start points was set to 20, so that the display was still



(a) Task is shown (b) Subject starts motion by touch

(c) Success (d) Failure

Fig. 2; Tasks

optimally covered with points in reasonable distances and the study was still feasible
in an adequate time frame and with adequate effort (see Figure 3). Possible end points
were computed for each start point with four possible distances (2.5 cm, 5 cm, 10 cm
and 20 cm) going in eight possible directions (0°, 45°, 90°, 135°, 180°, 225°, 270° and
315°). The combination of distances and directions resulted in 32 different theoretical
end points per start point (see Figure 3b). Some of the end points were not reachable
because of the screen limits, so such points were removed (see Figure 4a). Figure 4b
shows all used configurations for the respective start points. The total number of config-
urations was thus reduced from 640 to 388. Each configuration occurred once in each
set for horizontal and vertical level.

3.5 Procedure

The study was conducted in a lab with a supervisor and took about 1:15 h per partici-
pant. Each subject was briefed using written instructions while allowing for clarification
guestions.

Participants completed a pre-test questionnaire for demographic data. To make sub-
jects familiar with the device and its use (strategy and optimal finger movements) each
session began with a training phase of 30 randomized trials using the same configura-
tions across subjects.

All tasks were conducted first in the horizontal, then in the vertical condition, or
vice versa (setup order was balanced across subjects). Each condition took about 30
minutes to complete with a short break in between. After switching display orientation
another training phase was conducted with a different training set. For every orientation
condition, the task set consisted of at least 388 trials presented in four blocks separated
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Fig. 3: (a) shows all start points, (b) shows all generated directions and distances be-
tween start points (black) and end points (colored dots).
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Fig. 4: Since some end points are off screen we removed several directions and dis-
tances, (a) shows an example where the red points were removed from the configura-
tion set by removing the distance or the angle to this corresponding point, (b) shows all
finally used directions for each start point in the experiment.

by three breaks of 20 seconds. The actual number of trials for each subject depended
on the individual error rate. Every failed trial was repeated at the end of the current set.
Every subject received different task sets with 388 distinct configurations. The order
of configurations was pseudo-random under the condition that neither start point nor
movement direction be the same in two immediately subsequent trials.

After completing all tasks, subjects answered a questionnaire with subjective ratings
concerning the comparison of both orientation setups.
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