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ABSTRACT 
Making gestures easy for imaging systems to reliably 
recognize often comes at the expense of user effort. But what 
is the impact of increasing a gesture’s effort, even slightly, 
on user preference? We investigate physical effort, system 
reliability, and user satisfaction in two experiments. The first 
explores eight basic command gestures. Participants 
preferred the less effortful gestures in two of the three easy-
difficult gesture pairs when they perceived the difference in 
effort to be significantly different. The second experiment 
explores two separate three-dimensional pointing and 
selection conditions that differ only in the movement 
distance required to finish the task. In both experiments, 
there is a significant negative correlation between a gesture’s 
effort and its appeal. The results show the great impact that 
effort has on a user’s willingness to utilize the system. The 
findings provide evidence that the trade-off between user 
effort and system reliability must be carefully considered to 
build an effective gesture interface. 
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INTRODUCTION 
Despite their natural contribution to human communication 
[7,9] and decades of research in many fields [13,19,21], mid-
air 3D gesture interfaces have been widely adopted in only a 
few niche application areas. Thanks to the recent low-cost 
body-tracking devices like Microsoft Kinect [30] and Leap 
Motion [31], the pace of research has increased, and gesture 
systems are more broadly distributed. Nevertheless, there is 
no consensus on how to design effective gesture interfaces 
or how to measure their success. This lack of understanding 
has limited opportunities to improve their application.  

A gesture system’s recognition reliability is a concern among 
researchers. Various algorithms have been explored to 
achieve higher reliability [12,16,23,29]. However, higher 
recognition reliability alone does not always lead to a more 
usable system. It is likely that designers select specific 
gestures that are more easily distinguished by the technology 
being employed in the recognition. These decisions often 
sacrifice the utility, memorability, comfort and naturalness 
of the gestures from the user’s viewpoint, resulting in a less 
favorable system. Meanwhile, researchers have been relying 
on user-defined gesture sets to develop user-friendly gesture 
lexicons [5,18,27]. Still, user-developed gestures, often 
extracted without an actual gesture recognition system, may 
not be reliably interpreted by gesture systems. Wright et al. 
[28] report an experiment in which some of the most 
preferred gestures had low system performance, and gestures 
with great system performance were sometimes disliked.  

Researchers have noted that effort is a factor in gesture 
preferences and selection [4,17] and it must be taken into 
account when assessing the usability of a gesture interface 
[2,20]. However, effort remains a subordinate design 
consideration. The trade-off between the needs of the system 
and the desires of the user remains unbalanced. 

To some extent, people’s limb trajectories follow predictable 
patterns. Gestures appear to minimize some “cost,” either to 
minimize metabolic energy costs [1], movement time, 
distance, peak velocity, jerk (rate of change of acceleration) 
[8], or peak acceleration [6,15,25]. Stern et al. [24] proposed 
a gesture vocabulary design approach with evaluation of both 
intuitiveness and comfort. They found that users naturally 
filtered out difficult gestures in the intuitive experiment 
when selecting gestures. This suggests that effort could be a 
fundamental factor that affects the attractiveness of the 
gestures from the user’s viewpoint.  

Perhaps evaluating system performance is easier with current 
usability testing methods than evaluating effort, which is 
more difficult to measure. The role effort plays for an 
effective gesture interface, and more importantly, the trade-
off between user effort and system reliability, have not 
received much attention, or are often poorly understood. This 
trade-off needs to be explicitly considered in designing a user 
interface that is appealing and easy to use. Therefore, we 
present an evident investigation of the relationship between 
the perceived physical effort and user satisfaction for several 
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gesture interfaces. We hypothesize that physical effort is 
fundamental to satisfaction and people prefer even slightly 
less effortful gestures that are able to communicate clearly. 
This relationship is first evaluated for 8 basic hand gestures 
in experiment 1, then corroborated in experiment 2 by using 
a three-dimensional pointing and selection task. 

EXPERIMENT 1 
Experiment 1 measures the effort and user preference for 
basic gesture elements independent of any specific task. It 
explores whether users prefer less effortful gestures and the 
effect of recognition reliability on perceived effort and 
appeal by asking participants to repeat each gesture multiple 
times, then rate the physical effort and appeal of the gesture. 

Participants 
Sixteen female and fourteen male adults, with a combined 
mean age of 25.6 years, were recruited from the University 
of Iowa community and participated in this experiment. 
Twenty-one participants had experience with gesture 
interfaces including in-game motion. The participants were 
divided into two cohorts balanced by gender and gesture 
interface experience. The cohorts completed the gestures in 
reverse sequence to offset any effect introduced by the order 
of the procedures, including the effect of fatigue. 

Apparatus 
The Leap Motion controller was used to capture hand 
gestures. The experiment, programmed in JavaScript as a 
webpage, was individually conducted on a PC computer with 
a 12.5-inch IPS display at a resolution of 1366 x 768 pixels 
in a room with soft light. The experiment was presented in 
the Chrome web browser in full-screen mode. The display 
was adjusted to each participant’s eye level. 

The Gestures 
Experiment 1 considered four pairs of basic gestures which 
could be either used as commands themselves or as 
components of more complex gestures. Each gesture pair 
shared a similar movement, but one was slightly larger to 
make it more physically effortful, or “difficult” (Table 1). A 
pinch, the act of squeezing the thumb and index finger, is 
paired with a grab, closing all five fingers from an open 
position to make a fist. A finger key tap, an up-and-down 
tapping movement with one finger, is paired with a palm key 
tap, which involves maintaining the forearm in the air while 
using the whole palm or forearm to tap as if bouncing a ball. 
Swiping, a long, linear movement of the hand and fingers, is 
paired with a sideways wrist motion with an upward motion 
of the forearm. Finally, the circle gesture pair, using a finger 
to draw a circle in the air, differs only in the diameter of the 
circle, either less than 9 cm or greater than 12cm. 

Procedure 
A pilot test indicated that system recognition reliability 
strongly influenced participant ratings of effort and 
satisfaction. When the system repeatedly failed to recognize 
a participant’s attempt to perform a gesture, the participant 
had to perform the same gesture many times. As a result, 
participants became frustrated and increased their subjective 
rating of the gesture effort and lowered their subjective rating 
of preference. Thus, the experiment was designed to 
eliminate the confounding effect of gesture recognition 
reliability. For the first round of testing, each participant 
performed each gesture 20 times for the experimenter, 
simulating a completely reliable gesture recognition system 
(the Wizard of Oz experiment approach [14]). After 
completing each gesture pair, participants rated the gestures 
by answering the following questions on a scale of 0-10: 

Q1. How physically tiring is this gesture? 

Q2. How appealing is this gesture? 

In the second round of testing, participants repeated each 
gesture until the system successfully recognized it 20 times, 
causing the participants to experience the effects of 
occasionally unrecognized performance attempts. This 
allowed us to measure the effect of reliability on the gesture 
attempts. In the second round, participants were paced at the 
speed of one gesture attempt per second. After completing 
each pair, participants responded to the following three 
survey questions on a scale of 0 – 10: 

Q3. How physically tiring is this gesture? 

Q4. How well does the system recognize this gesture? 

Q5. How appealing is this gesture? 

Participants always performed the gesture in pairs, but the 
order of easy / difficult gesture was balanced. They also 
followed the same condition order in the two test rounds. 

Results 
Figure 1 shows the mean perceived physical effort ratings 
(Q1) of the eight gestures (all error bars show 95% CIs). 
Because the responses were not normally distributed, four 
separate Wilcoxon signed-rank tests [26] measured the 
difference between easy and difficult gestures in each pair. 
The differences between three gesture pairs were significant: 
the pinch / grab pair (Z = -0.36, p = 0.02), the tap pair (Z = -

Pair Easy Gesture Difficult Gesture 

1 Pinch Grab 

2 Key Tap – Finger Key Tap - Palm 

3 Swipe Left Swipe Up 

4 Circle Small Circle Large 

Table 1. Eight gestures tested in experiment 1 
Figure 1. Mean perceived effort of 8 gestures. Error bars 

indicate 95% confidence interval.  
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2.98, p = 0.003), and the circle pair (Z = -3.18, p = 0.001). 
The difference between swipe gestures was not significant (Z 
= -1.96, p = 0.051). 

Figure 2 shows the mean appeal ratings (Q2) for the eight 
gestures (error bars show 95% CIs). Four separate Wilcoxon 
signed-rank tests revealed that the appeal ratings of two pairs 
were significantly different: the tap pair (Z = -2.22, p = 0.027) 
and the circle pair (Z = -2.44, p = 0.015). The differences 
between pinch / grab pair (Z = -1.84, p = 0.066), and the 
swipe pair (Z = -1.15, p = 0.251) did not reach significance. 

The correlation between effort and appeal ratings across all 
eight gestures was measured with a Spearman's rank-order 
correlation [22]. There was a significant, negative correlation 
between appeal and effort rating, rs(230) = -0.54, p < 0.001.  

Swipe left received the lowest rating in perceived recognition 
reliability (M = 6.66, SD = 2.1), while grab was perceived as 
most reliable (M = 7.83, SD = 2.1). Gestures in between, 
ranked from lowest to highest, were circle large (M = 6.72, 
SD = 2.6), tap small (M = 6.86, SD = 2.3), circle small (M = 
7.07, SD = 2.4), tap large (M = 7.07, SD = 2.4), swipe up (M 
= 7.59, SD = 2.2), and pinch (M = 7.72, SD = 2.4).  

The relationship between changes in reliability and changes 
in appeal was measured with a Spearman's rank-order 
correlation between the participants’ perception of system 
reliability (Q4) and the difference in appeal between the 
simulated, fully reliable system and the actual system (Q2 – 
Q5). Figure 3 shows the scatterplot of change in appeal, Q2 

- Q5, as a function of the perceived recognition reliability of 
the actual system, Q4. There was a negative correlation at a 
statistically significant level, rs(230) = -0.39, p < 0.001. 

Finally, we conducted a similar correlation between changes 
in reliability (Q4) and changes in perceived effort (Q1 – Q3). 
There was a significantly positive correlation, rs(230) = 0.28, 
p < 0.001, indicating the lower recognition reliability of the 
actual system caused an increased effort rating. 

Discussion 
In three of the four gesture pairs, participants were able to 
perceive that one gesture required more effort than the other. 
Participants did not report that the paired swipe gestures 
differed in effort. Perhaps the difference was too subtle. As 
predicted, participants preferred the less effortful tap and 
circle gestures. The pinch / grab pair effect was in the 
expected direction, but did not achieve significance. Also as 
hypothesized, the negative correlation between each 
gesture’s appeal and perceived effort is indicative of the fact 
that the more effortful gestures were less appealing. 

Finally, user satisfaction is negatively affected when the 
system does not consistently and reliably recognize user 
input. The negative correlation between perceived 
recognition reliability (Q4) and the difference in appeal 
caused by the change in reliability between the ideal and 
actual systems (Q2 – Q5) indicated that: 1) the more reliably 
the system recognized a gesture, the smaller the difference 
between Q2 and Q5; and 2) when gestures were perfectly 
recognized by the system (that is, when Q4 = 10), 
participants tended to find the system more appealing than 
when they simply performed the gesture for the experimenter 
(Q2 – Q5 < 0). 

EXPERIMENT 2 
Experiment 2 explores the relationship between physical 
effort and user preference, using a three-dimensional, 
pointing and tapping-to-select gesture.  

Participants 
The 30 participants from experiment 1 also completed this 
experiment, with the second cohort performing the 
procedures in reverse order as before. 

Apparatus 
The hardware and setup was the same as in experiment 1. 
The three-dimensional interaction was programmed using 
the Three.js JavaScript library. 

Procedure 
The test environment displayed 16 white, spherical targets 
that were regularly spaced on a rectangular grid (Figure 4). 
A wire frame hand model was animated by the participant’s 
hand movements as perceived by the Leap Motion system. A 
round, red selection cursor was rendered just beyond the 
fingertip of the index finger. Shadows of the cursor and 
targets were projected onto two walls and the ground to 
provide navigational cues in the three-dimensional space. 
Each participant was asked to move his or her hand to control 
the cursor and use the tap gesture to select all spheres. The 

Figure 2. Mean appeal (Q2) rating of 8 gestures. Error bars 
indicate 95% confidence interval.  

Figure 3. Regression fit plot of projected difference in 
appeal rating as a function of perceived reliability. 
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current target sphere appeared in yellow. After a successful 
selection, the current target was removed from the 
environment and the next target sphere appeared in yellow. 
Target order was randomized. Visual feedback was given 
when the cursor intersected with the targets. 

Each participant finished the selection tasks in two 
conditions: A and B. The movement distance required to 
finish the task in condition B was 2.2 times longer than in A. 
Because moving a shorter distance requires less energy, 
condition A was expected to be less effortful. Despite the 
difference in physical effort, the two conditions were 
designed to have constant selection reliability. That is, 
although the targets in condition A appeared bigger than in 
condition B, they were equally easy to be precisely tapped. 
Equalizing selection reliability requires the hand-to-target 
size ratio to be the same in the two conditions. In this 
experiment, condition A only used the central area of Leap’s 
working space while condition B used a broader range. 
Because the performance of the sensor is inconsistent across 
its working space [10], we increased the hand-to-target size 
ratio slightly in condition A (A:B = 1.1:1) to offset this 
performance inconsistency.  

To verify that the selection reliability of the two conditions 
was comparable, each participant’s total recognized tapping 
attempts was counted. When participants finished the 
selection task in both conditions, they were asked to answer 
the following survey questions on a scale of 0 – 10: 

Q1. How physically tiring is this task? 

Q2. Do you experience difficulties in finishing the tasks 
precisely? How difficult / ambiguous is the interaction? 

Q3. How appealing is the interaction for the selection task?  

Results 
The total selection attempts and mean participant response to 
survey question Q1 through Q3 are reported in Table 2. 

The selection reliability was calculated by dividing the 
number of targets (16) by the total selection attempts. A 
paired t-test revealed that the difference between conditions 
A and B in selection reliability was not significantly different 
at the p = 0.05 level (t = -1.82, p = 0.079). 

Three separate Wilcoxon signed-rank tests measured the 
differences between the two conditions. The differences for 
all three questions were significant: the perceived effort 
(Q1), Z = -4.35, p < 0.001, the perceived accuracy (Q2), Z = 
-3.49, p < 0.001, and the appeal (Q3), Z = -3.95, p < 0.001. 

To test the hypothesis that people prefer interactions that are 
less effortful, a Spearman's rank-order correlation with 
samples from both conditions was calculated to determine 
the relationship between the participants’ perceived effort 
(Q1) and a condition’s appeal (Q3). There was a significant, 
negative correlation between the two variables, rs(58) = -0.71, 
p < 0.001, indicating that less effort was preferred.  

Discussion 
Experiment 2 explored user preferences for two separate 
three-dimensional pointing interfaces with similar selection 
reliability but different levels of gesture effort. Specifically, 
completing the two conditions in a comparable number of 
attempts, participants perceived the condition that required 
shorter movement distance (condition A) to be less effortful. 
This condition also enjoyed a significantly higher appeal 
rating. Moreover, the strong correlation between the 
perceived effort and appeal supported our hypothesis that 
people prefer less effortful interactions. 

It is worth noting that participants also perceived condition 
B as significantly more difficult to complete, despite 
finishing it with fewer attempts. Reasons for this might be 
(or the combination of): 1) the targets at the corners in 
condition B reached the extreme of the Leap Motion’s 
working space. The occasional loss of tracking at the border 
might have made condition B feel “difficult” to finish. The 
selection reliability, meanwhile, would not be affected by 
unrecognized gestures. 2) The participants may not have 
completely understood the difference between effort and 
accuracy. Thus, the longer movement distance in condition 
B may have been interpreted as more difficult to complete. 

CONCLUSION AND FUTURE WORK 
The results of both experiments demonstrate the importance 
of gesture effort, even when there are only small differences, 
such as tapping with a finger versus tapping with a palm, or 
making a small circle versus a big circle.  

One limitation of this study is the lack of an objective 
measure of physical effort because it is difficult to define an 
empirical effort measure for such small movements. None of 
the standard questionnaires for system usability seem 
relevant, but it may be worth pursuing some such as NASA 
TLX [11] and Borg CR10 scale [3] in the future. 

Effort is critical to the appeal of a gesture interface and has 
been overlooked. Designers too often sacrifice effort in order 
to achieve higher recognition reliability. The experiments 
here show that physical effort greatly affects a gesture’s or a 
system’s attractiveness, for both command tasks and 
pointing tasks. Thus, the trade-off between user effort and 
system reliability must be carefully considered in order to 
make gesture interfaces more usable in the future. 

 Attempts Q1 Q2 Q3 
A 21.1 (4.8) 3.73 (2.20) 3.57 (2.21) 7.63 (1.43) 
B 19.9 (3.6) 6.17 (2.44) 5.30 (2.48) 5.57 (2.56) 

Table 2. Mean (and standard deviation) of participants’ 
response to Q1 through Q3, and total attempts 

Figure 4. Experiment 2 condition A (left) and B (right). 
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