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Summary of techniques

• V. Kostakos, D. Ferreira, J. Goncalves, S. Hosio. 2016. 
"Modelling Smartphone Usage: A Markov State Transition 
Model", Proc. International Joint Conference on Pervasive 
and Ubiquitous Computing (UbiComp), pp. 486-497.

• S. L. Jones, D. Ferreira, S. Hosio, J. Goncalves, V. Kostakos. 
2015. "Revisitation Analysis of Smartphone App Use", Proc. 
International Joint Conference on Pervasive and Ubiquitous 
Computing (UbiComp), pp. 1197-1208
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Motivation

• Model smartphone use
• Make predictions about next “screen event”
• In realtime and ongoing 
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Within 5 
seconds

Within 2 
minutes

On Off Lock Unlock

Some prior work in HCI
(Usability)



Markov modeling (variant)

• Probability of transitioning to a “state”
– Given current state
– Given elapsed time
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Android Event Description

0: Off Power to the screen has stopped
1: On Power to the screen has been activated
2: Lock Screen locked (to avoid accidental input)
3: Unlock Screen unlocked (input is enabled)



Method

• Re-analyse an existing dataset
– 271,832 screen events 
– 90 days
– n=218
– Securacy: An Empirical Investigation of Android Applications' Network 

Usage, Privacy and Security (WiSec 2015)

• Validate with another dataset
– 34,169 screen events
– 30 days
– n=17
– A Systematic Assessment of Smartphone Usage Gaps.  (CHI 2016)
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Results
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To

0: Off 1: On 2: Lock 3: Unlock

0: Off 0.50% 33.03% 59.4% 7.05%

From 1: On 45.32% 2.03% 0 52.64%

2: Lock 2.83% 95.64% 0 1.53%

3: Unlock 80.5% 13.58% 0 5.92%
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Time between events
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Interaction with the lock screen

Unlock the phone



Account for context

• Day & time
• Battery level
• User “type”
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Context: day & time
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Context: day & time
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Context: day & time
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Context: battery level
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Context: user “type”
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OS can “Interrogate” the model

• How much time do we spend at each state?

• Starting in state 3, how much time (on average) does it take 
to reach either state 2 or 1? 

• If the user turns on the phone (state 1), what is the 
probability that the phone remains in that state for 20 
seconds? 
– For 120 seconds? 
– How does this change with context? 
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A worked example

• If we arrive to state 1 (screen ON), what is the probability 
that we are still in state 1 after 20 seconds?

= 1 - (
       probability we move to state 0 in less than 20 seconds + 
       probability we move to state 2 in less than 20 seconds +
       probability we move to state 3 in less than 20 seconds
    )

!17



= 1 - ( 
         prob. we move to state 0 * (integral 0<t<20 for 1➡0) +
         prob. we move to state 2 * (integral 0<t<20 for 1➡2) +
         prob. we move to state 3 * (integral 0<t<20 for 1➡3)
   )
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= 1 - (
                                   0.4532 * (integral 0<t<20 for 1➡0) +
                                   0         * (integral 0<t<20 for 1➡2) +
                                   0.5264 * (integral 0<t<20 for 1➡3)
   )
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= 1 - (
                                   0.4532 * 0.6659034 +
                                   0                            +
                                   0.5264 * 0.9705692
   )

= 0.187    i.e.  18.7%
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Hence:
• Staying in state 1 for at least 20 sec: 18.7%
• For 120 sec:                                     6.9%
• For 20 sec & battery > 75%:             19.0%
• For 20 sec & battery < 25%:             17.7%
• For 20 sec & 2pm:                           17.5%
• For 20 sec & 4am:                           18.4%
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Dataset 
210.5%
4.5%
10.9%
10.8%
10.8%
6.6%

Error (RMSE) = 7.8%

Model



Revisitation analysis:
Do smartphones create habits?

We	built	an	app	and	deployed	to	an	appstore.	The	app	collects	data.
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Differences in launching

Y-axis	is	LOGARITHMIC!
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Histograms per user
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Patterns emerge (users)
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Histograms per app
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Patterns emerge (apps)
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Compare to Web revisitaton (2000’s)
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Similar patterns.  
What does this mean?

Do	phones	create	habits?

Technology	A

Technology	B

Behaviour
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The end
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