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ABSTRACT 
This short paper introduces an enhancement to the 
Keystroke-Level Model (KLM) by extending it with three 
new operators to describe interactions on mobile 
touchscreen devices. Based on Fitts’s Law we modelled a 
performance measure estimate equation for each common 
touch screen interaction. Three prototypes were developed 
to serve as a test environment in which to validate Fitts’s 
equations and estimate the parameters for these interactions. 
A total of 3090 observations were made with a total of 51 
users. While the studies confirmed each interaction fitted 
well to Fitts’s Law for most interactions, it was noticed that 
Fitts’s Law does not fit well for interactions with an Index 
of Difficulty exceeding 4 bits, highlighting a possible 
maximum comfortable stretch. Based on results, the 
following approximate movement times for KLM are 
suggested: 70ms for a short untargeted swipe, 200ms for a 
half-screen sized zoom, and 80ms for an icon pointing from 
a home position. These results could be used by developers 
of mobile phone and tablet applications to describe tasks as 
a sequence of the operators used and to predict user 
interaction times prior to creating prototypes. 
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INTRODUCTION 
Quantitative prediction models, such as GOMS (Goals, 
Operators, Methods, and Selection rules) and KLM 
(Keystroke-Level Model) have been shown to be useful 
tools in modeling interaction and in deciding between, and 

filtering out designs (e.g. [1]). KLM is used to estimate the 
time taken to complete simple data input tasks by 
combining small timing constants. On physical-key devices 
it has been widely used to predict task times (e.g. text entry 
for Korean Language [10], Text Entry Speed on 12-button 
Phone Keypads [7] etc.).  

Many enhancements to KLM have been proposed in the 
literature to be able to evaluate different techniques. 
However, there has been little research that improves user 
behavior modeling techniques to estimate the time taken to 
achieve common interactions performed on mobile 
touchscreen devices. In this paper we report our work on 
enhancing KLM by extending it with three new operators. 
In this short paper we report our investigation into 
modeling three interactions performed on mobile devices 
and tablets using KLM. Our model is based on suggested 
times derived from Fitts’s Law modelling and analysis of 
how well these interactions fit Fitts’s Law. We believe this 
gives an enhancement for developers of smart-phone and 
tablet applications to predict user interaction times without 
even needing to create prototypes. 

KLM-GOMS MODEL 
KLM was introduced as part of the wider GOMS-related 
work of Card, Moran, and Newell on modelling and 
quantitatively predicting the skilled and error free 
performance of users interacting with a text editor [1]. 
KLM is usually applied in situations that require minimal 
focussed, scripted interaction with a computer interface or 
software design.  

 
Figure 1 Zoom usability test scenario 

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. Copyrights for
components of this work owned by others than ACM must be honored.
Abstracting with credit is permitted. To copy otherwise, or republish, to
post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from Permissions@acm.org.  
MobileHCI ‘14, September 23 – 26, 2014, Toronto, ON, Canada 
Copyright 2014 ACM 978-1-4503-3004-6/14/09...$15.00. 
http://dx.doi.org/10.1145/2628363.2628385 



A
y
s
e
f
e
m

K
D
c
p
c
d
to
s
ta
e
o
c
o

K
U
p
c
p
s
to
p
n
a
f

T
in
ta
T
a
[
K
th
u
d
p
m
o
ti
o
m
c
g
g

C
T
e
in

Assuming error
yield precise e
similar model
experimental s
from observed 
examined desi
making design 

KLM FOR PHO
Dunlop and Cr
compare three 
physical-key p
completion). H
directly map o
o the differen

sessions with a
ask in order to

et al. [9] studie
operators appl
concluded that
only minor mod

KLM FOR MOB
Until recently t
phone calls, se
calendar tasks. 
physical button
smartphones th
ouch screens. 

popular such a
networking, an
adds several ne
fully described 

There has been
ncludes new in
abbing, for mo

Teo and John 
applied to han
6, 11]. They al

KLM models f
hey aimed to a

using speech 
defined a set o
performance m
mobile applicat
of the operato
imes without 

our work, as p
multi-touch ge
conducted an 
gestures on sm
gesture on table

CONCEPT AND
The developme
enhancing KLM
nteractions use

r-free expert us
estimated resu
ls [10]. Mor
studies results
values, the est

igns still prov
choices. 

ONE USERS 
rossan [2] used
different text 

phones (mult
How and Kan 

nto the phone
nt input meth

a small set of s
o gather new ti
ed how the tim
ly to mobile 
t the operator 
difications.  

BILE DEVICE 
the main use o
ending text m

Phones used 
ns as the prim
hese buttons h

Moreover, ot
as taking pict
nd playing mu
ew interaction
by interaction 

n surprisingly 
nteraction techn
obiles and tabl
showed that t

ndheld devices
lso presented a
from storyboar
apply such res
and gestures.

of operators to 
measures. They
tions could the

ors they added
needing to cre
art of their res
estures on m

exploratory 
martphones an
et is equivalent

D METHODOL
ent of three pro
M. These proto
ed widely on ta

ser interaction,
ults, which is 
reover, when 
s were consid
imated differen

ved to be a s

d KLM operat
entry method

titap, predicti
[5] defined 1
 keyboard inte
hods. They u
subjects and a
imes for these

me values of th
phone menu 
values fit wel

INTERACTION
of mobile pho
essages, and s
very small dis
mary interface
ave been repla
ther uses are 
tures, surfing 
usic, videos a

styles that ha
models.  

little publishe
niques such as 
ets. Luo and J
the method co
using stylus-

a tool to autom
rd descriptions
earch to novel

Holleis et a
give study-ba

y assumed tha
en describe task
d and predict 
eate prototypes
search on user

mobile device
study of pin

nd tablets [12
t to our Zoom i

LOGY OF PRO
ototypes came 
otypes reflecte
ablets and mob

, KLM proved 
a drawback 
the estimat

derably differe
nce between tw
strong basis f

tor sequences 
ds for tradition
ive, and wo
3 operators th
erface accordin
used videotap

message typin
 operators. Mo

he original KL
navigation an

ll and suggest

NS 
nes was makin
sometimes bas
splays and sma
e. With mode
aced with larg
becoming mo
the web, soci

and games. Th
ave not yet be

ed research th
swipe, zoom, 

ohn followed b
ould be sound
based interfac

matically genera
s and stated th
 interfaces tho
al. adopted an
ased estimates 
at developers 
ks as a sequen
user interactio

s [4]. Closest 
r performance 
s, Tran et a

nch and spre
2]. Their spre
interaction.  

OTOTYPES 
in the process 
d three commo

bile devices: 

to 
of 
ed 

ent 
wo 
for 

to 
nal 
ord 
hat 
ng 
ed 
ng 
ori 
M 
nd 
ed 

ng 
sic 
all 

ern 
ger 
ore 
ial 
his 
en 

hat 
or 
by 

dly 
ces 
ate 
hat 
ose 
nd 
of 
of 

nce 
on 
to 
of 
al. 
ad 
ad 

of 
on 

1. Sw
swi
(e.g

2. Tap
resp
dist
spe

3. Zoo
gra
scre

The thr
conduc
used to
for the
compu
require
the dis
variety
is wide

Where

 T is t
may 

 a rep
time 

 b rep

 D is t

 W is 

 

Fig

wipe interaction
ipe gestures (s
g. scrolling thr

p interaction, 
ponse time in
tance from a h

eed or pointing

om interaction
aphics in a win
een (e.g. zoom

ree prototypes 
ct these intera
o analyze the 
ese interaction

uter interaction
ed to rapidly m
stance to the tar
y of available f
ely used [9] an

T = a + b * I

e 

the average tim
also be referre

presents the in
required to exe

presents for the

the distance fro

the width of th

gure 2. Swipe (l

n, which enable
short or long) 
rough a docume

which estim
n comparison 
home position

g to a target etc

n, which is use
ndow or frame

ming, panning a

were built to e
actions. Fitts’s 

general case o
ns. It is prim
n and ergonom
move to a targe
rget and the siz
formulations, t

nd is defined as

ID, where	ܦܫ ൌ
me taken to co
ed to as MT (m

ncorporating r
ecute the opera

e inherent speed

om start to the 

he target.  

left), Tap (right

es the user to d
to achieve ce

ent etc.). 

mates the user
to his/her fin

n (e.g. to estim
.).  

ed to cause tex
e to appear lar
a map/photo etc

estimate the tim
Law [3] as a

of time taken 
marily used i
mics to predic
et area, it is a f
ze of the target
the Shannon f

s:  ൌ	 ଶ݈݃ ቀௐ  1
omplete the mo

mean movement

reaction time 
ator, 

d of the device

center of the t

t), & Zoom pro

do different 
ertain tasks 

r’s tapping 
nger travel 

mate typing 

xt or other 
rger on the 
c.). 

me taken to 
a model is 
estimation 
n human–

ct the time 
function of 
t.  One of a 
formulation 

1ቁ. 

ovement. It 
t time), 

and/or the 

e, 

target and  

 

ototypes.



The constant "1" in the formula made a difference from 
Fitts’s original form, especially for low values of the ratio 
D/W, given the advantage that the ID is always non-
negative. Here we are investigating the ability of modelling 
the finger touch input for different target sizes and 
movement distances. 

DEVELOPING AND TESTING THE PROTOTYPES 
The prototypes were developed in HTML5 / JavaScript and 
displayed on an iPad Mini (a 7" multi-touch tablet), as 
shown in figure 2. Three usability studies were conducted 
to extract completion times (in seconds). For each 
interaction we tested a range of target size and distances 
from the starting point to the center of the target (in pixels).  

Participants 
30 volunteers took part in the Swipe and Zoom usability 
tests. The participants were aged 22-39, 35% female / 65% 
male, bachelor graduates, and 70% were familiar with touch 
screens and 85% were PC users. 21 users conducted the 
Tap tests, with a similar demographic profile. 

Tasks 
For the Swipe task, forty eight successive attempts were 
made. As shown in figure 3, users dragged down a box 
placed on the top center towards the destination box placed 
on the bottom center of a web page using the participant’s 
index finger. The participant stopped and removed his/her 
index finger from the screen when the destination box color 
turned to light green. This was recorded as a successful 
attempt. 

The Tap task, ten successive attempts were made. As 
shown in figure 4, users were asked to place their index 
finger on the “Home Position” box near the bottom of the 
page. The participant searched for the “Running Target” 
box and placed his/her index finger on this target box. 
He/she removed his/her index finger from the “Running 
Target” box when its color turned to light green. 
Afterwards, the participant placed his/her index finger back 
on the “Home Position” box. This was recorded as a 
successful attempt.  

For the Zoom task, twenty six successive attempts were 
made. As shown in figure 1, each by placing the thumb 
finger of the participant on the box number 1 and his/her 

index finger on the box number 2. The participant zoomed 
till he/she exceeded both the left bottom and the right top 
corners of the border box, within the target box. He/she 
stopped and removed his/her thumb and index fingers from 
the screen when the border box color turned to light green. 
This was recorded as a successful attempt.  

Results 
For the Swipe task, as shown in figure 5, target width and 
target amplitude varied across four levels resulting in IDs of 
1 to 4 bits. The target width varied from 50 to 400 pixels, 
while target amplitude varied from 100 to 800 pixels. Mean 
movement time ranged from 20ms to 1610ms with each 
score derived from over 1440 observations. While the Tap 
task, the target width varied from 50 to 250 pixels, while 
target amplitude varied from 125 to 900 pixels. Mean 
movement time ranged from 50ms to 470ms with each 
score derived from over 210 observations. For the Zoom 
task, the target width varied from 50 to 150 pixels, while 
target amplitude varied from 100 to 550 pixels (fixed step 
of 50 pixels). Mean movement time ranged from 60ms to 
1230ms with each score derived from over 1440 
observations. Regressing MT on ID yields the following 
prediction equation for movement time (ms): 

 Swipe interaction:    MT = 9.46 + 55.83 ID. 

 Tap interaction:     MT = 52.12 + 14.62 ID. 

 Zoom interaction:    MT = 114.86 ID - 20.45. 

By comparing the results with the previous work of Tran et 
al. [12], both outcomes are largely in line with slightly 
different prediction equation and higher correlating MT 
with ID (R2 Zoom > 0.884). 

POOR FIT FOR ID=4 
It was noticed in the Swipe and Zoom usability tests that 
the 4th ID level does not fit in the straight line, which 
passes by the other 3 levels of ID. Moreover, the constant 
“a”, representing the incorporating reaction time and/or the 
time required executing the operator, in the prediction 
equation for movement time of the Zoom usability test is 
negative. By excluding ID=4, as shown in figure 5, 
regressing MT on ID yields the following predictions (ms): 

 Swipe interaction:    MT = 44.78 + 34.64 ID. 

   

Figure 3 Swipe usability test scenario 

  

Figure 4 Tap usability test scenario 
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