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response task when orientation is changed rather than color 
[15]. What remains an open question is how children’s 
behavior might be affected by other distractors resulting 
from varying interface complexity. In this study, we focus 
on how the added complexity of more realistic interfaces 
might affect children’s interactions. In addition, we extend 
previous work by conducting our study with even younger 
children, ages 5 to 10. Children of this age range are of 
particular interest because of the rapid cognitive and motor 
skills development that occurs during this period [34,44]. 
We compare touch and gesture interaction data from 30 
children and 30 adults collected in two different types of 
interfaces: (1) a simple, stimulus-response version, and (2) 
a more complex, realistic version. The added complexity 
that we introduce into the interface arises from colorful 
animations, progress indicators and feedback, and a 
narrative, game-oriented purpose for the interactions. 

We analyzed the touchscreen interaction logs and 
performed gesture recognition experiments on the gesture 
data. Interface complexity affected some of the touch 
interactions, primarily related to visual salience, and it did 
not affect gesture recognition. We also find general 
differences between children and adults. The findings from 
our study are two-fold: we first replicate key aspects of 
Anthony et al.’s studies [2,4] such as miss rate affected by 
age and target size, but we also go beyond prior work to 
investigate the effect of interface complexity for target and 
gesture interactions. The contributions of this work are (1) 
collection of a touch and gesture corpus of interaction data 
from children as young as 5 years old; (2) analysis of the 
effect of interface complexity on touch and gesture 
interaction in both children and adults; and (3) design 
implications for touch and gesture interaction for children. 
The findings from this study enable the design of better 
touchscreen interfaces specifically tailored toward children.  

RELATED WORK 
Most previous work focusing on users’ interactions with 
touchscreens has used adults [14,17,18,33,37,47–49]. Some 
studies have looked at the difference in interaction patterns 
between children and adults, but have not examined 
differences across various ages [7,11,12,21,31,35]. Only a 
few studies have looked at differences between younger and 
older children [4,28,46]. We focus our review of prior work 
on four major categories: effect of interface complexity on 
interaction patterns, touch interactions for children, gesture 
interactions for children, and gesture recognition.  

Interface Complexity  
A limitation of prior work on children’s touchscreen 
interactions is that the studies have used very simple apps, 
designed only to elicit the basic data necessary to study 
interaction patterns [2–4,7]. These apps can be compared to 
classic psychology “stimulus-response” tasks [16]. These 
apps, however, do not resemble real world applications that 
children might actually use in their daily lives. While these 
previous studies offer a solid foundation for understanding 
the ways in which children use touchscreens, we cannot be 

sure that these results are generalizable to more complex, 
realistic apps without studying the effect of the increased 
complexity. We do that in this study by comparing 
children’s touch interactions in a simple, abstract interface, 
like previous work, and a more complex interface closer to 
the applications children use in the real world.  

Touch Interactions and Children 
Previous work on children’s touch interactions has focused 
on helping designers create better interfaces for 
touchscreens [2,28,36,38]. McKnight and Cassidy [28] 
studied the interactions of 7- to 10-year-olds with various 
types of mobile touchscreens, offering guidelines for the 
design of mobile devices intended for children. Similarly, 
several other studies have offered design guidelines for user 
interfaces for apps targeted toward children [2,36,38]. A 
recent study by Vatavu et al. [46] showed that children 
improve significantly in their ability to perform tapping 
interactions between the ages of 3 and 6. While these 
studies all used relatively simple stimulus-response apps, 
they have shown that, not only do children’s interactions 
differ from those of adults, they also differ between 
younger and older children. However, there is still room for 
more work on comparing interaction patterns across ages at 
different points of development. We examine children’s 
touch interactions in a study comparing interactions from 
ages 5 to 10, a time of rich development [34,44]. 

Gesture Interactions and Children 
As with touch interactions, much of the work on children’s 
gesture interactions has examined ways in which designers 
can improve children’s experiences when using gestures in 
touchscreen interfaces [1,3,20,29,31]. Some recent studies 
have investigated age-appropriate methods of prompting 
young children to make gestures within smartphone apps 
[20,29]. Hiniker et al. [20] found that children responded 
best to prompts that were specifically designed for them 
rather than for adults. McKnight and Fitton [29] 
recommended that applications be designed to compensate 
for common errors children make, such as delayed timing 
of interactions and accidental touches during gestures. 
Anthony et al. [3] demonstrated the importance of 
providing visual feedback when eliciting gestures from 
children. In another study, Aziz et al. [1] studied the types 
of gesture interactions that were appropriate for children 
ages 2 to 4. Nacher et al. [31] explored multi-touch gesture 
interaction for children of ages 2 to 3, showing that they can 
effectively use a variety of common gestures and 
recommending guidelines to compensate for the challenges 
very young children face when making gestures. These 
studies point toward a need for more information about how 
children’s gesture patterns change as they grow and 
develop. We add to this body of literature by analyzing 
children’s gesture patterns from the ages of 5 to 10, and 
comparing them to adults. Whereas these previous studies 
focused on qualitative characteristics of the gestures, we 
consider how recognition of children’s gestures is affected 
by how children are making gestures. 
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Gesture Recognition and Children 
A sizable number of gesture recognition algorithms for 
touchscreen interfaces have been developed, but they have 
largely been designed for and tested solely on adults 
[6,19,22,25,26,39,41,45,50]. A comparison of the efficacy 
of some of these recognizers [6,45] for children’s gestures 
is presented by Anthony et al. [4], but only for ages 7 to 17, 
and with ages clustered together in groups of three. Arif and 
Sylla [7] examined how adults and children make gestures 
using pen vs. touch input. They found that adults’ gestures 
were better recognized when using pen rather than touch, 
but that children’s gestures were equally poorly recognized 
for both input modalities. The study reported 80% accuracy 
for children and just under 90% accuracy for adults, well 
below acceptance rates established by prior work [24,35]. 
Kim et al. [23] examined gestures made by young children, 
but they were identifying children’s age and development 
levels based on their gestures, not the challenges of 
recognizing children’s gestures. More in-depth analysis of 
children’s touchscreen gesture interactions and recognition 
is needed to provide better support for these ages. To that 
end, we analyze the performance of a popular multi-stroke 
gesture recognition algorithm, $P [45], on gestures 
produced by children aged 5 to 10, as well as adults. 

METHOD  
In our study, each participant performed two different tasks 
on mobile touchscreen devices: (1) touching targets, and 
(2) drawing simple gestures (e.g., letters, numbers, and 
shapes). These tasks are based on three related studies from 
Anthony et al. [2–4]; however, those studies only used 
simple touch and gesture interfaces, similar to psychology 
stimulus-response tasks [16]. Our study examines how 
interactions change when the interface is more realistic. 
Participants in our study used both a simple version of each 
task and a more complex version. Overall, each participant 
performed four different tasks in the same session, which 
lasted approximately an hour; breaks were offered between 
the tasks. Task order was counterbalanced across sessions.  

During each session there were one or two participants, 
either children or adults, with two researchers in the room. 
If there were two children, their ages were similar. (We 
examined whether being paired or single affected the 
participants’ interactions, and we found no effect. 
Therefore, we exclude this factor from our analyses.) Each 
participant was read the informed consent or assent before 
deciding to participate, and then asked to rank four different 
incentive prizes. These prizes were small inexpensive toys 
for children and small office supplies for adults. They were 
used as motivational items to encourage participants to 
finish all four tasks, (e.g., [9]) since the tasks might get 
repetitive for young children. After each task was finished, 
participants earned the prize for that level, and took home 
their highest-ranked prize if they finished all four tasks.  

Equipment  
The applications were run on Samsung Google Nexus S 
Smartphones with the Android 4.0.4 operating system. The 

display resolution was 480 x 800 pixels, the pixel density 
was approximately 234 pixels per inch, and the phones 
were 4.88 x 2.48 x 0.43 inches, with a 4-inch screen.  

Participants  
A total of 60 participants (30 adults, 30 children) 
participated in our study. All children were recruited from 
the P.K. Yonge Developmental Research School, affiliated 
with the University of Florida; adults were recruited from 
the University of Florida. Of the adults, 15 were female and 
15 were male; of the children, 16 were female and 14 were 
male. The adults’ ages ranged from 17 to 33 years (M: 23.0 
yrs, SD: 3.8 yrs) while the children’s ages ranged from 5 to 
10 years (M: 7.7 yrs, SD: 1.6 yrs). Of the 60 participants, 
47 were right-handed (78%), 7 were left-handed (12%), and 
3 were ambidextrous (3 others did not specify).  

Participants were asked to rank themselves as either 
“expert”, “average”, or “beginner” with touch input devices 
(e.g., smartphones, tablets). Participants tended to rank 
themselves highly: 16 (53%) of adults said “expert,” 14 
(47%) said “average”, and 22 (73%) of children said 
“expert”. Only 2 of the children (7%) labeled themselves as 
“beginners”. All of the adults owned a touchscreen 
smartphone, while children more often had their own 
tablets (22 out of 30, 73%). Only 7 children (23%) said they 
owned their own touchscreen smartphone; the majority of 
the smartphones the children use are owned by a family 
member (22 out of 30, 73%). Table 1 shows the percentages 
of adults and children that said they use touchscreen 
devices daily. Although the interpretation of the self-
rankings is subjective, these data reflect the current 
pervasiveness of touchscreen devices in children’s lives. 

Target Interactions  
We based our target task application design on the simple 
application used by Anthony et al. [2,4]. We added game 
elements to increase interface complexity to study its effect 
on interaction patterns. In the simple application, the 
participant was asked to touch blue squares (Figure 2a). In 
the complex application, the participant was asked to touch 
fish trapped in ice cubes that melted when tapped (Figure 
3). We refer to these applications as the Target Abstract 
(TA) and the Target Game (TG) applications.  

General Design of Target Tasks 
In both the TA and TG applications, the participant was 
asked to touch 104 targets that appeared on the screen. The 
design and distribution of these targets was as inspired by 
the previous studies [2,4]. There were four target sizes: very 
small (0.125 inches), small (0.25 in), medium (0.375 in), 

 Mobile 
Phone 

Tablet 
MP3 

Player 
Tablet 

PC 

Adults 
Use it 
daily 

93% 30% 20% 30% 

Children 
Use it 
daily 

27% 50% 23% 0% 

Table 1. Percentage of adults and children who participated 
in our study and use a touchscreen device daily. 
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accuracy rates for children are far from those reported to be 
acceptable: 91% to 97% according to prior work on 
children and adults, respectively [24,35]. Prior studies 
reported 81% recognition for children ages 7 to 17 [2], 84% 
for children ages 7 to 10 [4], and 77-81% for children ages 
10 to 13 [3], but we show that these are not representative 
for all ages of children. The gestures in our study made by 
10-year-olds were recognized with 94% accuracy; however, 
gestures by 5-year-olds were only at 64% accuracy. The 
reason that we obtained higher accuracy for older children 
than previous studies is possibly because those studies 
grouped younger and older children together. Thus, 
application developers must carefully consider their target 
age groups and how this will affect gesture recognition. 

Number of Training Examples. We also examined the 
effect of increasing the number of samples used to train the 
recognizer. We ran a separate repeated measures ANOVA 
on recognition accuracy with within-subjects factors of 
interface complexity (GA or GG) and number of training 
examples (one to four), and a between-subjects factor of 
age (individual ages). Tests of within-subjects effects with 
a Greenhouse-Geisser correction found a significant effect 
of the number of training examples on recognition accuracy 
(F1.11,50.8=186.1, p<.0001). As expected, and shown by prior 
work [3,45,50], recognition accuracy improves as the 
number of training examples is increased. The test also 
confirmed a significant impact of age on recognition 
accuracy (F6,46=7.73, p<.0001). Furthermore, the test found 
a significant interaction between the number of training 
examples and age (F6.63,50.8=5.38, p<.0001, G-G applied). 
The accuracy of recognition tests with only one training 
example is much worse for younger children, and it catches 
up more slowly as the number of training examples is 
increased. This finding implies that the number of training 
examples used to train a recognizer will depend on the age 
of the target audience. Developers should expect accuracy 
rates to “level off” relatively quickly for adults (three to 
four training examples), while access to more training 
examples for young children will enable better accuracy. 

User-Independent Results (No Effect of Complexity) 
We also tested children’s gestures in a user-independent 
experiment. In this test, the recognizer is trained on gestures 
made by participants other than the one who made the 
gesture which is being tested. While this results in lower 
accuracy than the user-dependent test, it gives designers an 
idea of accuracy rates they can expect for “out of the box” 
applications with pre-trained recognizers. Because user-
independent tests require consistent numbers across users, 
we first removed the gestures from the nine participants 
who did not completely finish the gesture tasks (13% of the 
gestures). We had a total of 51 participants (27 adults and 
24 children) with complete data for the gesture tasks. 

We did not have enough training examples per person to 
run the user-independent tests by individual ages. 
Therefore, we ran the tests by age group: 5- to 7-year-olds 
(10 participants), 8- to 10-year-olds (14 participants), and 

adults (30 participants). We used the procedure explained 
by Vatavu et al. [45] with 10 trials, 9 participants (P), and 5 
training examples (T). In total, there were 2.7 x 105 

recognition tests (3 age groups x 9 values of P x 5 values of 
T x 10 trials per combination of P and T x 10 trials per 
testing participant and test set x 20 gestures). 

The average user-independent recognition rate we found 
was 81% for adults, 76% for ages 8 to 10, and 65% for ages 
5 to 7. All of these values are well below reported 
acceptance rates [24,35]. As in the user-dependent case, a 
repeated measures ANOVA on recognition error rate per 
number of participants in the training pool with a within-
subjects factor of interface complexity and a between-
subjects factor of age found no significant effect of 
complexity (F1,24=1.81, n.s.). The test showed a significant 
effect of age (F2,24=9.88, p<.01), as expected. 

Summary of Gesture Interactions 
Our gesture recognition experiments show that there is a 
significant effect of age on recognition accuracy in both 
user-dependent and user-independent scenarios, supporting 
previous work [2–4]. There was no significant effect of 
interface complexity on recognition rates, so visual aspects 
of the interface do not affect how users make gestures. 

DISCUSSION AND DESIGN IMPLICATIONS  
This study’s findings supplement previous work that has 
examined children’s touchscreen interactions in isolation 
[2–4,7]. Our study has expanded the focus from simple 
stimulus-response apps to more realistic applications. Our 
work shows how the findings from simpler applications can 
generalize to real-world applications. Our findings point to 
several design recommendations for touchscreen interfaces 
for children of this age group. Regarding the effect of 
interface complexity, significant to mention is the fact that 
children did not miss targets more often when using a more 
complex application, nor did they miss by a greater margin, 
nor did they make their gestures any differently (e.g., same 
recognition accuracy). Therefore, our findings support 
design recommendations from Anthony et al. [2–4] 
pertaining to ignoring holdovers, using reasonable target 
sizes, allowing out-of-bounds touches, aligning targets to 
screen edges, training age-specific recognizers, and 
designing gesture sets for children. We provide new 
recommendations that follow from our data.  

Provide salient visual feedback of accepted input to 
prevent holdovers. In our study, participants, especially 
children, experienced many fewer holdovers in the more 
complex application. We speculate that this finding is due 
to the increased visual saliency of the feedback received 
during gameplay for correct touches that hit the fish targets. 
Therefore, in applications designed for children, ensuring 
that activation of interface widgets via onscreen feedback is 
prominent and immediately noticeable (e.g., animation) will 
prevent the occurrence of holdovers that may distract 
children from their main tasks. An example is a touchscreen 
keyboard on a smartphone: children may benefit from 
larger and longer feedback when pressing an onscreen key. 
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Avoid small targets at the screen edges, especially in 
visually complex interfaces. We found that children 
tended to miss small targets on the right-hand side or top 
edge of the screen more often than other locations or other 
target sizes. This effect was even more pronounced in the 
visually complex application, possibly due to decreased 
visual saliency of targets in those locations in relation to 
onscreen graphics. We emphasize that in both conditions, 
the smaller targets had a much lower success rate overall. 
The right-hand side problem is at least in part likely due to 
the demographics of our participants, who were 
predominantly right-handed, and unintended touches would 
be more likely to occur on that side. (Left-handedness 
appears in approximately 10% of people [30].) We 
recommend designers avoid laying out small targets in 
places that will be more difficult for children to notice and 
touch or more susceptible to unintended touches. 

Consider the trade-off between visual saliency and 
response time when designing games or applications for 
speedy input. Children, especially ages 5 and 6, exhibited a 
slower response time in the more visually complex 
application than in the simpler application. Many games 
rely on speed of response as part of the challenge of 
gameplay or increase the required speed to increase the 
challenge of the game, e.g., Pop Balloon Kids1. For young 
children, this strategy must balance between onscreen 
visual stimulus and desired reaction speed. An animation-
centric game will be more distracting to the children, 
slowing their reaction times. Play-testing with the target age 
group will help designers balance their games and account 
for this effect. Future work is needed to understand how 
other types of interface changes affect response time. 

Train gesture recognizers for younger children with 
more examples. In our gesture recognition experiments, we 
noted that recognition accuracy was worse the younger the 
child, for both user-dependent and user-independent tests. 
In addition, increasing the number of training examples per 
gesture continued to improve accuracy for the youngest 
children, while for older children and adults accuracy 
“leveled off” after only a few samples in both testing cases. 
The recognizer we used in this work, $P [45], is notable for 
requiring few training examples, like other members of the 
$-family [5,6,45,50]. However, the inconsistency in gesture 
styles exhibited by young children requires more examples 
to compensate. Designers of applications for very young 
children will need to collect more training data upfront to 
achieve reasonable levels of accuracy. Our results do show 
that designers can collect examples from many different 
children rather than requiring many examples from one 
child. Future studies could answer how many samples and 
children are needed to obtain a desired accuracy. Further 
work is also needed on algorithms to recognize young 
children’s gestures more accurately in general. 

LIMITATIONS AND FUTURE WORK 
The study we present goes beyond prior work by studying 
younger children and effects of interface complexity on 

interaction. Still, the study has several limitations. First, the 
children we recruited were ages 5 to 10, an age range 
experiencing rapid cognitive and motor skills development 
[34,44]. However, findings for this age group may not 
transfer to younger children. Second, gesture recognition 
accuracy in our study did not “level off” for the youngest 
children. Having more training examples might provide 
better guidance on how much data is needed to support 
young children; however, issues of attention during 
empirical studies make this difficult [9,10]. Future work 
could collect data in more natural activities, e.g., integrated 
into games children already play at home or at school. 
Third, even the complex interfaces used in this study only 
show one target onscreen at a time and prompt users for 
clearly segmented gestures. Recognition of intended targets 
and gestures is more challenging in real tasks on 
touchscreen devices, and should be considered in future 
work. Finally, this study only used small screen devices and 
may not generalize to larger screen devices. For example, 
tabletops afford different types of interaction than small 
screens, including collaboration [18,21,40], which should 
be considered in future work. This study also points toward 
new investigations into recognition of young children’s 
gesture input, including tailored or even personalized 
gesture recognizers, adaptive gesture recognition interfaces, 
and design of natural gestural user interfaces for children.   

CONCLUSION 
We presented an empirical study of 30 children ages 5 to 10 
and 30 adults who interacted with touchscreen apps we 
built to log all their touch and gesture interactions. Two of 
the apps used an abstract stimulus-response interface to 
elicit touchscreen interactions, and two of the apps used 
game-like interfaces to immerse the participants in the task. 
We analyzed the interaction logs for similarities and 
differences between children and adults, and between the 
two types of apps. We also conducted offline gesture 
recognition experiments to estimate the accuracy on young 
children’s gestures and how much data is needed for 
reasonable accuracy. Interface complexity affected some 
touch interactions related to visual salience, and did not 
affect gesture recognition. We also find general differences 
between children and adults. Based on our findings, we 
presented design recommendations for touchscreen 
interfaces for children of this age. Our work contributes to 
practical design of interfaces for young children, and 
answers research questions about how age, interface 
complexity, and task elements affect children’s interactions.  
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