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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. 

Touchscreen Interactions #chi4good, CHI 2016, San Jose, CA, USA

1923



a
5
lo
s
w
n
w
b
s
[
w
in
w
th
to
th
th
th
th

A
T
s
s
a
b
to
s
b
s
p
“

G
T
a
n
A

and large (0.5 i
5 grid which 
ocations were

studies [2,4]. I
within its boun
next target unt
were presented
both applicatio
same location 
2,4], half the t

was slightly in
nstead of align

was told that he
he activity wa
o use the hand
he phone howe
he way the pa
heir interaction
his factor is ex

Abstract Target
The “abstract” 
simple interfac
squares would
application, ea
blue square, an
ouched each 

stimulus-respon
by Brewer et al
score in the u
points. After t
“game over” m

Gamified Targe
The “complex”
a full-fledged g
named Polly, w
A fish frozen in

(

Figure 2. (a) E
interface from

in). The phone
provided 15 

e used for the
If the particip
nds, the applic
til the particip
d in the same 
ons, and no co
or the same si
targets had edg
nset (10 pixels
ned to the edg
e or she was n
s completed. E

d he or she pref
ever felt comfo
articipants held
ns; since there

xcluded from ou

t Application (T
version of the 
e consisting of
d appear (Fig
ch participant 
d that another 
one. Althoug

nse, there were
l. [9]. After the

upper left hand
the participant 

message appeare

et Application (
” version of th
game interface 
who flipped her
n a square bloc

 

(a) 

Example of inter
m GA. These ap

used by Antho

display was d
possible loca

e targets, as 
pant did not t
cation would n
pant did so. A

order for all 
onsecutive targ
ize. As in the 
ge padding, me
s) from the sid
ge (Figure 2a).
ot being evalua

Each participan
ferred and was
ortable. (We ex
d the phone h
 was no signif
ur further analy

TA)  
target applicat

f a white canva
gure 2a). Be
was instructe

square would a
gh the interfa
e gamified elem
e participant hi
d corner incre

completed al
ed with their fi

TG) 
e target applic
showing an an

r flippers and b
ck of ice appea

rface from TA.
pplications are s
ony et al. [2–4].

divided into a 3
ations; only 
in the previo
touch the targ
not go on to th

All of the targe
participants an

gets were in th
previous studi
eaning the targ
de of the scre
 The participa
ated on how fa
nt was instruct
s allowed to ho
xamined wheth
had an effect o
ficant differenc
yses.)  

tions (TA) was
as on which blu
efore using th
d to touch ea
appear after th
ace was simp
ments as inspir
t each target, th

emented by fiv
ll 104 targets,
inal score. 

cations (TG) w
nimated pengu
blinked her eye
ared as the targ

(b) 

 (b) Example of
similar to those 
. 

3 x 
13 
us 

get 
he 
ets 
nd 
he 
ies 
get 
en 

ant 
ast 
ed 

old 
her 
on 
ce, 

s a 
ue 
he 
ch 
ey 

ple 
ed 
he 
ve 
a 

was 
uin 
es. 
get 

(Figure
was in
melt t
particip
melting
3b). Th
of 17 
After e
animat
six lev
messag
was ins

Gestur
We als
applica
elemen
on int
particip
2b). In
to mak
3). We
(GA) a

Genera
Both th
gesture
prior w
and sy
gesture
collect
and stu

          
1 - Talk
- Moon
- Tap th
- Pop B

 

f Figur
partic

low
target

e 3a). Before 
nstructed to tou
the ice and h
pant touched t
g and the sco
he 104 targets 
or 18 targets 
each level, a c
tion of firewor
vels, another m
ge and their fi
spired by sever

re Interactions
so based our g
ation used by 
nts to increase 
teraction patte
pant was asked

n the complex 
ke these gestur
e refer to thes
and the Gesture

al Design of Ge
he GA and GG
es (Figure 4). 
work [2–4], an
ymbols [8]. Par
e in the set. 
t a representati
udy the challen

                       
king Gina http://b
nbeeps Fireflies h
he Frog http://bit

Balloon Kids http

(a) 

re 3. Example o
cipant has to hi
wer-left-hand co
t, the score incr

using the app
uch the fish th
help Polly ca
the fish, an an
re incremented
were broken u
each, to conti
ongratulations
rks. After the p
message appea
inal score. The
ral popular app

s  
esture applicat
Anthony et al
interface comp

erns. In the 
d to make a nu
application, th

res but in a gam
e applications 
e Game (GG) a

esture Tasks 
G applications
These gestures

nd represent co
rticipants prov
Our chosen g
ive corpus for 
nges of gesture

                      
bit.ly/1jut6VA 
http://apple.co/1
t.ly/1oM4Lcp 
p://bit.ly/1h0Rzf

 

of two screens fr
it (a fish trappe
orner. (b) After
reases and the i

plication, the 
hat appeared i

atch the fish. 
nimation show
d by five poin

up into six diffe
inue the game 
 image appear
participant com

ared with a “g
e design of thi
ps for children

tion design on 
l. [2–4]. We ad
plexity to stud
simple applic

umber of gestu
he participant 
me-like interfa
as the Gestur

applications.  

 used the sam
s have been ch
ommon letters

vided six sampl
gesture set all
recognition ex
s from younge

   

OA9ZEJ 

fg 

(b) 

rom TG. (a) Th
d in a block of i
r the participan
ce melts, releas

participant 
in order to 

After the 
wed the ice 
nts (Figure 
erent levels 

metaphor. 
red with an 
mpleted all 
game over” 
is interface 
1. 

the simple 
dded game 

dy its effect 
cation, the 
res (Figure 
was asked 

ace (Figure 
re Abstract 

e set of 20 
hosen from 
s, numbers, 
les of each 
lows us to 
xperiments, 
er children. 

he target the 
ice) is in the 

nt hits the 
sing the fish.  

Touchscreen Interactions #chi4good, CHI 2016, San Jose, CA, USA

1924



A
T
a
p
th
d
th
f
w
c
w
r
r
[
u
p
o

G
T
w
f
B
in
a
p
s
f
e
a
l
o
a
th
u
in

D
W
th
r
c

  
2

- 
- 

Abstract Gestur
The “abstract” 
a simple interfa
participant cou
he screen, a pr

draw a specific
he gesture and

finished. To e
were not allow
could have led
what they belie
result [3]. Alth
response, there
9]. After the p

upper left hand
participant com
over” message 

Gamified Gestu
The “complex”
was a full-fled
flanked by a tr
Bluebird, wou
nstructed to h

asked them to 
participant was
she would like
fun and increa
each gesture, an
and the score in
evel), a congra

of fireworks. A
another messag
he final score. 

users could no
nterface was in

DATA ANALYS
We have analy
he target ap

recognition exp
cases, we com

                      
 - LetterSchool htt
iWriteWords http
ABC Print Big Tr

Figure 4. The

re Application (
version of the 

ace consisting o
uld draw gestu
rompt appeare
c gesture from
d clicked an o
encourage nat

wed to erase an
d to them tryi
eve is a more 
hough the inte
e were gamifie
participant drew
d corner increm
mpleted all six r

appeared with 

ure Application 
” version of t

dged game inte
ree in which a
uld sit (Figur
help Billy by 
produce. Befo

s also asked w
e to use, to ma
ase engagemen
n animation sh
ncremented (Fi
atulations imag

After the partici
ge appeared wi

As with the a
ot erase their 
nspired by seve

SIS AND RESU
yzed the data f
pplications, a
periments on 

mpared the sim

                       
tp://apple.co/1TojV

p://bit.ly/1HAq0v5
race http://apple.co

e gesture set we 

(GA) 
gesture applic
of a white canv

ures (Figure 2b
d instructing th

m the set. The p
onscreen “Don
ural interactio
ny gestures the
ing multiple ti

aesthetically 
erface was a s
d elements as 

w each gesture,
mented by 10 p
rounds of 20 g
their final sco

(GG) 
the gesture ap
erface showing
an animated bi
re 5a). The 
drawing the g

ore each of the
what color and 

ake the gestur
nt. After the p
howed Billy fla
igure 5b). Afte
ge appeared w
ipant complete
ith a “game ov
bstract gesture
gestures. The

eral popular ap

ULTS  
from the touch

and also con
the gesture sa

mple interface 

            
V6j 
 
o/1Ponuuw 

used in our stu

ations (GA) w
vas on which th
b). At the top 
he participant 
participant dre

ne” button wh
ons, participan
ey made, as th
imes to achiev
pleasing gestu
simple stimulu
in Brewer et a

, the score in th
points. After th

gestures, a “gam
re.  

pplications (GG
g a forest spa
ird, named Bil
participant w
gestures that h
e six rounds, th
line width he 

re drawing mo
participant dre
apping his win
er each round (
ith an animatio

ed all six round
ver” message an
e application, th
e design of th
pps for children

h interactions 
nducted gestu
amples. In bo
to the compl

 
udy, from [2,4].

was 
he 
of 
to 

ew 
en 
nts 
his 
ve 

ure 
us-
al. 
he 
he 

me 

G) 
ace 
lly 

was 
he 
he 
or 

ore 
ew 
ngs 
(or 
on 
ds, 
nd 
he 
his 
n2. 

in 
ure 
oth 
ex 

interfac
To com
finding
[2–4], 
analysi
which 
effect 
summa

Target
To ana
eight p
the stu
of our 
total to
after e
set of 5
data fo
Of the
olds, fo
and fiv
a mark
[27,34,

Figure
the pa
After

Fac

Measur
Holdov

Miss

Pressu
Size

Locat

Respo
Tim

Table
sig

ce, and betwee
mpare the da
gs from the pr
we first replica
is, examining
we highlight 

of age as a fa
arizes the overa

t Interactions 
alyze the touc

participants wh
udy early or log

overall datase
ouch events). 

excluding the f
52 participants
or the target ta
e children, the
four 7-year-old
ve 10-year-olds
ked increase 
,44], and we w

(a) 

e 5. Example of
articipant for th
r the participan

ctors

res 

Interface
Complexi

vers X 

ses  

ure X 
e X 

tion  

onse 
me 

X 

e 2. Summary o
gnificant effect 

en children of 
ata we collect
revious studies
ate similar ana

g the effect o
in the sectio

actor in our an
all effects and 

 
ch interaction 

hose data was in
gging errors w
et, or 2,509 tou

We analyzed
first target as p
s (29 children, 
asks, consisting
ere were three 
ds, seven 8-yea
s. Between the
in cognitive 

wanted to see 

 

f two screens fr
he gesture to dra
nt draws the ges

e 
ity

Participant 
Type (Adult 

/ Child) 
X 
X 

(overall and 
gutter misses) 

X 
X 

X 

X 

of target task fi
(p<.05) of the f

different ages 
ted in this stu
s that inspired

alysis. We also 
of interface c
n headers. W
nalyses as we
findings we w

data, we firs
ncomplete due
ith the applica
uch events out

d 103 targets p
practice. Thus
23 adults) with

g of 16,262 tou
5-year-olds, s

ar-olds, four 9
e ages of 5 to 1
and motor de
if there were d

(b) 

om GG. (a) Bill
aw in a speech 
sture, the score 

Age 
(years) 

Targe
Size

 X
X 

(per-user 
and edge 
padding) 

X

  
  

  

X X

ndings. An X in
factor on the me

and adults. 
udy to the 
d our work 

extend the 
complexity, 

We consider 
ll. Table 2 

will present. 

st removed 
e to leaving 
tions (13% 
t of 18,892 
per person 
, we had a 
h complete 
uch events. 
six 6-year-

9-year-olds, 
10, there is 
evelopment 
differences 

 

ly prompts 
bubble. (b) 
increases. 

et 
e 

Other 
Factors

 
main 

effect of 
edge 

padding

 
 

main 
effect of 
region

 

ndicates a 
easure. 

Touchscreen Interactions #chi4good, CHI 2016, San Jose, CA, USA

1925



in
s
o
a
s
to
to

H
H
v
[
b
e
p
in
b
[
n
h
o
li
t
o
i

G
o
e
m
2
p
ic
f

T
T
m
r

O
e
a
tr
m
T
1
l
d
T
n

P
m
e
a
[
th
in
s

n interactions b
so our analysis 
old, and adults)
age in general
simplicity. Dur
ouch event and
ouch location, 

Holdovers (Effe
Holdovers occ
vicinity as the 
2]. The user h

been registered
events were h
percentage repo
n our dataset, 

by children (92
2], and 81% [4

not notice as qu
have been activ
out of 283, 69%
ikely because t
ended to try to

occur on 77 ou
solated to sma

Going beyond 
our data occurr
effect of interfa
most clearly sh
238 holdovers 
pattern may be
ce melting wh

for children to n

Target Misses (
The original stu
miss rates exh
report the patte

Overall Misse
excluded holdo
aiming for the 
ry 23% of the

missed the targ
These miss rate
17% [2]. The h
ess touchscre

development. B
TA and TG, we
not affect users

Per-User Miss
misses over al
excluded holdo
also examined t
2,4] found sig
he per-user m
nterface comp

small, small, m

between young
considers indi

). In some plac
l (e.g., particip
ring the study, 
d available fea
target size, tou

ect of Complexi
cur when touc

previous targe
has not realize
d. In our data
holdovers (1.7
orted by Antho
the large maj

2%), similar to 
4]). These find
uickly or as ac
vated. Also, th
%) occur on t
these were the

o hit them repea
ut of the 103 tar
ll targets.  

previous work
red in TA (92%
ace complexity
hown among c
in TA for chi

e due to the in
en the touch w
notice and mov

(No Effect of C
udies by Antho
hibited by chi
rn of misses ac

s. We first cal
overs here, so 

current target
e time for TA 
get 17% of the 
es match Antho
higher miss rate
en experience

Because the ov
e can conclude
s successfully h

ses. We calcula
ll targets. Lik
overs and only
the effect of ta

gnificant. A re
miss rate wit
plexity (TA o

medium, large) 

ger children an
ividual ages (5
ces, our analysi
pant type: chi
the applicatio

atures of that to
uch pressure, e

ity)  
ches are locat
et instead of th
ed that the to

aset, 283 of th
7%), about th
ony et al. [4]. O
ority of them 
previous studi

ings indicate th
curately as adu
he majority of
the smallest tar

most difficult 
atedly. Note th
rgets, however

k, the majority
%), showing a

y on this behav
children: there
ldren but only

ncreased visual
was registered, 
ve on. 

Complexity)  
ony et al. [2,4]
ldren and adu
cross users in o

lculated overa
we only count
t. Children mis
and 24% for T
time for TA a

ony et al.: child
es for children 
e and ongoin
verall miss rate
 that interface 

hitting onscreen

ated the per-us
ke previous st
y looked at fir
arget size, whic
epeated measu
th within-subj

or TG) and ta
and a between

nd older childre
,6,7,8,9,10 yea
is only conside
ild or adult) f
ons logged eve
ouch event (e.g

etc.).  

ted in the sam
he current targ
uch has alread

he 16,262 tou
he same as th
Of the holdove
were perform
ies as well (96
hat children ma
ults when targe
f holdovers (19
rgets (0.125 in
and participan

hat holdovers d
r, so they are n

y of holdovers 
a clear benefici
ior. The effect 

e were a total 
y 21 in TG. Th
l salience of th
making it easi

] emphasized th
ults, so we al
our study. 

ll miss rate. W
ted misses wh
ssed on the fir
TG. Adults on
and 15% for TG
dren 23%, adul
are likely due 

ng motor skil
es are similar f
complexity do
n targets.  

ser proportion 
tudies [2,4], w
rst attempts. W
ch Anthony et a
ures ANOVA o
jects factors 
arget-size (ve
n-subjects fact

en, 
ars 
ers 
for 
ery 
g., 

me 
get 
dy 
ch 
he 
ers 
ed 

6% 
ay 
ets 
94 
n), 
nts 
did 
not 

in 
ial 
is 
of 

his 
he 
ier 

he 
so 

We 
en 
rst 

nly 
G. 
lts 
to 
lls 
for 
oes 

of 
we 
We 
al. 
on 
of 

ery 
tor 

of part
effect 
childre
of with
correct
(F2.15,10

signific
(Figure
no sig
validat
Howev
effects
interac
interfa
missed
comple
betwee
animat
for the
larger t

Edge 
inset fr
user m
only f
repeate
subject
paddin
(group
effect 
rate w
(childr
(childr
There 
p<.000
misses
age an
we div
examin
more 

Figure
E

ticipant type (a
of participant 

en miss more o
hin-subjects ef
tion showed a
07.64=897.7, 
cantly harder 
e 6). The sam
gnificant effe
ting that comp
ver, it is wort
s (G-G appli
ction between
ace complexity
d smaller targe
exity was intr
en the two 
tions may be th
e smaller targe
targets by mak

Padding. Edg
from the side o
miss rate on ta
first attempts, 
ed measures A
ts factors of 

ng (yes or no) 
ped into indivi

of edge paddi
was nearly do
ren: 31%, ad
ren: 17%, adu
was also a sig

01). The youn
s they had. Not
nd edge paddin
vided the analy
ned coarse ag
difficulty in 

e 6. Average pr
Errors bars ind

adult or child) 
t type (F1,50=44
often than adu
ffects with a Gr
a significant m
p<.0001). S
to hit for bo

me repeated me
ect of compl
plexity did not 
th noting that 
ied) showed 

n target size,
y (F2.46,122.86=
ets more, but l
roduced; adult

levels of c
he reason: whi

ets, they had th
king them more

ge padding re
of the screen [2
argets with and

while again 
ANOVA on th

complexity (
 and a betwee
idual years) fo

ding (F1,45=262
ouble for targ
dults: 22%) 

ults: 11%), rep
gnificant main 
nger the parti
tably, there wa

ng, contradictin
ysis into indiv
ge groups. Ed
part because 

roportion of mis
dicate the 95% 

found a signif
4.76, p<.0001)
ults, as above. 
reenhouse-Gei

main effect of 
Smaller targ
oth children 
easures ANOV
lexity (F1,50=0
affect misses 
tests of with
a marginal 

, participant 
=2.33, p<.10).
larger targets 
ts were fairly 
complexity. T
ile distracting 
he opposite eff
e noticeable.  

efers to the ta
2]. We examin
d without edg
excluding hol

he miss rate w
(TA or TG) 
en-subjects fac
found a signifi
.78, p<.0001).

gets with edg
versus those

plicating prior 
effect of age (
icipants were, 
as no interactio
ng Anthony et 
idual ages, wh
dge-padded ta

there are m

sses overall by t
confidence inte

ficant main 
), in which 
Also, tests 

isser (G-G) 
target size 
ets were 
and adults 

VA showed 
0.00, n.s.), 
in general. 

hin-subjects 
three-way 
type and 

 Children 
less, when 
consistent 

The visual 
to children 
fect for the 

arget being 
ed the per-

ge padding, 
ldovers. A 

with within-
and edge 

ctor of age 
ficant main 
. The miss 

ge padding 
e without 
work [2]. 

(F6,45=7.17, 
the more 

on between 
al. [4], but 

hereas they 
argets pose 
more edges 

 

target size. 
erval. 

Touchscreen Interactions #chi4good, CHI 2016, San Jose, CA, USA

1926



p
p
w
e
e
o
c
th
th
s
e
a
p
c
in
C
th

T
T
to
o
a
r
w
b
f
p
a
a
m
th
C
a

A
f
p
a
a
0
e
th

B
s
P
h
e
s

L
W
A
c
a
th
lo
a
r

possible to ove
padding, the p
where a miss c
edge. Going b
effect of compl
on edge-padde
complexity. Li
he percent of m
he 10-pixel sp

screen on edge
edge-padded ta
all users), cons
proportion of m
children betwe
ndicating that

Children had a 
he gutter (99%

Touch Pressure
Touch pressure
ouchscreen wh

or the size of th
apps for every
repeated meas
within-subjects
between-subjec
found a signifi
p<.0001), and 
and participant
adults had a lo
more complex 
he simpler in

Children had lo
adults exhibited

A repeated mea
factors found a
p<.0001), and 
and participan
adults had large
0.176) than TG
effect was sma
han adults ove

Both children a
smaller touch
Participants ma
hitting the targ
experience. Al
screen, the resu

Location (No Ef
We also explor
Anthony et al
characterizing 
around targets,
his behavior. 
ocations were

adults. We calc
right and left s

er- or undersh
articipant only
could occur sin
eyond prior w
lexity (F1,45=0.5
ed targets was
ike Anthony e
misses that we

pace between t
e-padded target
argets occurred
sistent with An
misses in the gu
en TA and TG
t complexity 
slightly higher

%) than adults (

e and Size (Eff
e, or the amoun
hen the particip
he contact area
y touch that 
sures ANOVA
s factor of co
cts factor of pa
icant main effe
a marginal in

t type (F1,50=3.4
ower average t
interface (child
nterface (chil
ower average to
d a larger diffe

asures ANOVA
significant eff
a significant in

nt type (F1,50=
er touch sizes 

G (children: 0.1
all. Children a
rall, likely due

and adults had
h size in th
ay have been tr
ets in TG due 
lso, when app
ulting touch siz

ffect of Comple
red the data bey
l. [2,4]. One 

how children
, and whether 

We analyze
 more difficul

culated the mis
ides of the scr

hoot. On targe
y has three sid
nce it is align

work, we foun
56, n.s.), mean
s not influenc
et al. [2,4], we
ere within the 
the target and 
ts. Nearly all o

d within the gu
nthony et al. (
utter varied by 
G, and less tha
did not affec
r average rate 
96%).  

fect of Complex
nt of pressure r
pant touches it
registered, we
the participan

A on touch p
omplexity (TA
articipant type
ect of complex
nteraction betw
497, p<.10). B
touch pressure 
dren: 0.474, ad
ldren: 0.493, 
ouch pressures
rence between

A on touch siz
fect of complex
nteraction betw

=4.196, p<.05)
in TA (childre
159, adults: 0.
also have sma
e to their smalle

d smaller touch
he complex 
rying to be mo
to the immers

plying more 
ze registered is 

exity) 
yond the meas
new area we

n’s touches w
interface com

ed whether ta
lt than others 

ss rate by targe
reen and the to

ets without edg
des of the targ
ed to the scre

nd no significa
ing the miss ra

ced by interfa
e also comput
“gutter”, that 
the edge of th

of the misses o
utter (98% acro
99%) [2,4]. Th
less than 1% f
n 2% for adul
t this behavio
of misses with

xity)  
registered by th
t, and touch siz
ere logged by th
nt performed. 
pressure with 

A or TG) and 
e (child or adu
xity (F1,50=19.9
ween complexi

Both children an
when using th

dults: 0.481) th
adults: 0.526

s than adults, b
n interfaces. 

ze with the sam
xity (F1,50=16.8
ween complexi
). Children an
en: 0.164, adult
163), though th
aller touch siz
er finger size. 

h pressure and
interface (TG

ore precise wh
sion of the gam
pressure to th
usually bigger

sures reported b
e examined w
were distribut

mplexity affect
argets in som

for children 
et location on th
op and bottom 

ge 
get 
en 

ant 
ate 
ace 
ed 
is, 
he 
on 

oss 
he 
for 
ts, 
or. 
hin 

he 
ze, 
he 
A 
a 
a 

ult) 
97, 
ity 
nd 
he 
an 
6). 
but 

me 
87, 
ity 
nd 
ts: 
he 

zes 

d a 
G). 
en 

me 
he 
r.  

by 
was 

ed 
ed 

me 
or 
he 
of 

the scr
run on
vertica
(right, 
factor
subject

For th
effect o
also of
no effe
more th
signific
the scr
sides (
right-h
contrib

In the 
a sign
p<.000
(F1,50=2
of the s
center 
interac
(F1,50=3
vertica
The in
might 
the top
childre
also m

Respon
Anothe
[2,4] is
particip
it appe
on resp
and tar
type. T

Figu
E

reen. Two sepa
n the miss rate
al region (top,

middle, left)
of interface co
ts factor of par

he horizontal r
of the region (
f participant ty

fect of complex
than adults; how
cantly more wh
reen (M=20.9%
(M=19.8%, SD
handed (like t
bute to the loca

second ANOV
nificant main 
01) and a sign
23.59, p<.000
screen (M=20.
(M=19.5%, S

ction between
3.26, p<.10),

al region and 
nteraction betw
be due to the 

p of the screen,
en more than a

made targets har

nse Time (Effe
er measure we
s response time
pant to generat

eared onscreen
ponse time wit
rget-size and a
There was a 

ure 7. The avera
Errors bars ind

arate repeated m
for the within

, center, botto
), with an ad
omplexity (TA
rticipant type (

regions, there 
(F1.76,87.9=4.38, 
type (F1,50=28.7
xity (F1,50=0.19
wever, both ch
hen the targets
%, SD=7.2%) 

D=9.3%). Most
the general p
ation of the mis

VA with the ve
effect of th

nificant main e
1). There were
.6%, SD=9.6%

SD=8.0%). Th
n complexity 
and a signific
participant ty

ween complex
animation of 

, as extra visua
adults. The ex
rder to locate a

ect of Complexi
e considered b
e, that is, the a
te the first touc
. We ran a rep
th within-subje
a between-subj
significant ma

age response tim
dicate the 95% 

measures ANO
n-subjects facto
om) or horizon
dditional with

A or TG) and a
(adult or child)

was a signifi
p<.05, G-G ap

74, p<.0001). 
9, n.s.). Childr
hildren and adu
s were on the ri

than the left
t of our partici
population), w
sses.  

ertical regions
he region (F2

effect of partic
e more misses

%) than on the b
ere was also a

and particip
cant interactio
ype (F2,100=7.7

xity and partic
the penguin’s

al stimulus that
xtra stimulus w
and touch preci

ity)  
beyond previo

amount of time
ch event for a 

peated measure
ects factors of 
ects factor of p
ain effect of 

me to hit the fir
confidence inte

OVAs were 
or of either 
ntal region 
hin-subjects 
a between-
.  

ficant main 
pplied) and 
There was 
ren missed 
ults missed 
ight side of 
and center 
pants were 

which may 

, we found 
2,100=10.61, 
cipant type 
on the top 

bottom and 
a marginal 
ipant type 
on between 
73, p<.01). 
cipant type 
s eyes near 
t distracted 

would have 
isely.  

ous studies 
 it took the 
target after 

es ANOVA 
complexity 
participant 
complexity 

 

st target. 
erval. 

Touchscreen Interactions #chi4good, CHI 2016, San Jose, CA, USA

1927



(
s
s
(
e
d
r
in
c
s
s
p
r

W
th
in
T
(
(
in
y
Y
th
th
T

S
O
c
a
c
s
o

G
W
r
in
r
J
m
it
im
e
e
g
p
p

U
T
w
w
u
a
lo
b
I
s

(F1,50=410.64, p
size (F2.22,110.9=
significant inte
(F2.49,124.5=11.94
effect of compl
down the expe
response time f
nteraction bet

caused by an 
smaller targets
significant ma
p<.0001). Chil
response times 

We ran a sepa
he above but 
ndividual ages

There was a
(F1,45=376.7, p<
(F6,45=11.21, p
nteraction of c

younger the chi
Young children
han older chil
hat the animati

TA, but this eff

Summary of To
Our analysis o
complexity aff
and adults but 
complexity we
salience of 
occurrence of h

Gesture Intera
We analyzed o
running recogn
nterface comp

recognition ex
Java-based imp
multi-stroke ge
ts relatively h
mplementation

experiments we
each gesture a
gestures each.
practice, leavin
participant in e

User-Dependen
The user-depe
when the reco
whose gestures
understand the
applications ar
oaded template

by Wobbrock e
In our study,
systematically 

p<.0001), a sig
=100.62, p<.0
eraction betwe
4, p<.0001, G-
lexity is due to
erience. Also, 
for both childr
tween complex

increase in 
 more difficul
in effect of p
ldren (M=1175
than adults (M

arate repeated 
with the parti
s (e.g., 5,6,7,8

a significant 
<.0001), and a
p<.0001). Th
complexity and
ild, the slower 
n may be more
ldren and adul
ion causes a lo
fect does not cl

ouch Interaction
f the touch int
fects some int

not others. M
ere on measure
interface elem

holdovers, and 

actions  
our participant
nition experime
plexity affect r
xperiments wer
plementation 
esture recogniz
high popularity
n. Both user-de
ere run, explai
application co

The first ro
ng a total of fiv
ach application

nt Results (No 
endent experim
gnizer was tra
s would be tes
e accuracy le
re trained on e
es. We used th
et al. [50] and
, the numbe
increased from

gnificant main
0001, G-G a
en complexity 
-G applied). W
o the use of an

smaller targe
ren and adults.
xity and targe
visual stimulu
lt to locate. T
participant typ
5 ms, SD=283

M=931 ms, SD=

measures AN
icipant type br
8,9,10 years o
main effect 

a significant ma
ere was also
d age (F6,45=2.
their response

e distracted by
lts. In the grap

onger response 
loud the clear e

ns 
teractions show
teraction patter

Most of the eff
es that are aff
ments like 
touch size and

s’ gestures in 
ents to understa
recognition rat
re performed 
of the $P rec
zer, which we 
y, high accura
ependent and u
ned next. As d

onsisted of six
ound was alw
ve samples of 
n. 

Effect of Comp
ment tested re
ained on the s
sted. This test 
evels they ca
each user, rath

he testing proce
d used in later 
er of training
m T = 1 to 4

n effect of targ
applied), and 

and target si
We expect that th
nimation slowin
ets had a long
. The significa
et size may b
us which mad
here was also
pe (F1,50=15.7
3.9) had slow
=72.9).  

NOVA similar 
roken down in
old, and adults

of complexi
ain effect of ag
o a significa
.53, p<.05). Th

e time (Figure 7
y visual stimul
ph, it is evide
time in TG th

effect of age. 

ws that interfa
rns for childr

fects of interfa
ffected by visu

response tim
d pressure.  

GA and GG b
and how age an
tes. The gestu
using our ow

cognizer [45], 
selected due 

acy, and ease 
user-independe
described earlie
x rounds of 2
ways treated 
each gesture p

plexity) 
ecognition rat
same participa
helps designe

an expect wh
her than on pr
edure establish
studies [5,6,45

g samples w
4 (one must b

get 
a 

ize 
he 
ng 

ger 
ant 
be 
de 

o a 
75, 

wer 

to 
nto 
s). 
ity 
ge 

ant 
he 
7). 
us 

ent 
an 

ace 
en 

ace 
ual 

me, 

by 
nd 

ure 
wn 

a 
to 
of 

ent 
er, 
20 
as 

per 

tes 
ant 
ers 
en 
re-
ed 
5]. 

was 
be 

chosen
training
trials x
user-de
missing
was re
had thr
only on

Recogn
per-use
of inter
factor 
effect 
that th
the GG
made t
of age
lower 
finding
childre
recogn
To illu
betwee
as don
confirm
higher 

Studies
affect 
these r
develo
needed
not hav
as adu
childre
more 
finding
can com
while 

Figur
age

n for testing, 
g set). We had

x 51 participan
ependent case
g data, their m

educed. Two h
ree samples, o
ne sample so th

nition Accura
er recognition 
rface complexi
of age (indivi
of complexity
e increased co

G application d
the gestures. W
e (F6,50=9.08, 
the younger 

g is consistent
en’s gesture re
nition rates for 
ustrate this poin
en age and rec
ne in prior wor
med (r=.52, p<
the user’s age

s of children’s
the production
results. Young

opment and as
d to make ges
ve as much pra
ults do. Even 
en’s gestures fo
accurate when
g points to a n
mpensate for t
they are st

re 8. Average u
e. Errors bars i

leaving a ma
d a total of 4 x 
nts x 4 values o
. Because nin

maximum num
had four sampl
one had two sa
hey were exclu

acy. A repeate
accuracy with

ity (GA or GG
idual ages) fo
(F1,50=0.31, n

omplexity of th
did not signific
We also found 

p<.0001). Re
the participan

t with previou
ecognition rate

children at a 
nt further, we r
cognition accur
rk [2,4]. A sig

<.0061, N=27)
, the better the 

s drawing abi
n of gestures b
ger children ar
s such do not 
stures consiste
actice making 
though we tr

or these tests, t
n trained and
eed for recogn
the inconsisten
till developin

user-dependent 
indicate the 95%

aximum of fo
105 recognition
of T x 20 gestu
ne participants 

mber of training
les of each ges
amples; three 
uded from the t

ed measures A
h a within-subj

G) and a betwee
ound no signif
.s.). This resul
he game-like in
cantly alter the
a significant m

ecognition acc
nt was (Figure
us studies of a
s [2–4], but w
finer granulari
ran a bivariate 
racy on just th
gnificant corre
. The general 
 recognition ac

lities [8,27], w
by children, c
re at an earlie
have the mot

ently. Children
gestures on tou

rained the reco
the recognizer

d tested on ad
nizers to be de
ncy in children
ng. Current r

recognition acc
% confidence in

our for the 
n tests (100 
ures) in the 

had some 
g examples 
sture, three 
others had 
tests.  

ANOVA on 
jects factor 
en-subjects 
ficant main 
lt indicates 
nterface of 

e way users 
main effect 
curacy was 
e 8). This 
adults’ and 

we examine 
ity of ages. 
correlation 

he children, 
elation was 
rule is: the 
ccuracy.  

which may 
can explain 
er stage of 
tor control 

n also may 
uchscreens 
ognizer on 
r was much 
dults. This 
signed that 

n’s gestures 
recognition 

 

curacy by 
nterval. 

Touchscreen Interactions #chi4good, CHI 2016, San Jose, CA, USA

1928



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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