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Children and the 
commercial web

● children use commercial sites
● gaming, social networks
● informations search
● reading-for-comprehension
● sophisticated advertising

● cognitive development 9yrs
● task-oriented interaction
● task performance
● executive functions
● advert distraction
● cognitive load

Holmberg, N., Sandberg, H., & Holmqvist, K. (2014). Advert saliency distracts children's 
visual attention during task-oriented internet use. Frontiers in psychology, 5.



Cognitive 
load theory

● intrinsic load: inherent level of 
difficulty associated with 
different task types, e.g. visual 
search

● extraneous load: usability of 
visual interfaces depending on 
design, e.g. advert saliency

● limited capacity: tasks with 
high intrinsic load limit 
resources available to process 
distractors
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Lang, A. (2000). The limited capacity model of mediated message processing. Journal of 
communication, 50(1), 46-70.



Children's attention 
management

● advert distraction
● fixations: 

overt, voluntary attention
● advert prominence: 

static, animated
● more prominent, more fixations
● level of executive control

● cognitive load
● intrinsic load: task types
● extrinsic load: advert 

prominence
● interaction effects? 
● executive control
● limited capacity

Holmberg, N., Sandberg, H., & Holmqvist, K. (2014). Advert saliency distracts children's 
visual attention during task-oriented internet use. Frontiers in psychology, 5.



Task types and 
cognitive load

● task-evoked pupillary response, 
task types requiring high levels 
of cognitive load are associated 
with increased pupil size

● reading-for-comprehension 
high intrinsic cognitive load?

● visual search 
low intrinsic cognitive load?

● advert saliency: effects of 
extraneous cognitive load? Paas, F., Tuovinen, J. E., Tabbers, H., & Van Gerven, P. W. (2003). Cognitive load 

measurement as a means to advance cognitive load theory. Educational 
psychologist, 38(1), 63-71.

Beatty, J. (1982). Task-evoked pupillary responses, processing load, and the 
structure of processing resources. Psychological bulletin, 91(2), 276.



● H1a: animated adverts will be associated 
with higher levels of advert distraction 
(fixations) than static adverts.

● H2a: reading tasks will be associated with 
lower levels of advert distraction 
(fixations) than visual search tasks.

● H1b: animated adverts will be associated 
with higher levels of extraneous cognitive 
load (pupil size) than static adverts.

● H2b: reading tasks will be associated with 
higher levels of intrinsic cognitive load 
(pupil size) than visual search tasks.

Hypotheses
- advert distraction, cognitive load



Methods
- data collection

● participants 
○ 57 children
○ 3rd grade (9-10 yrs)
○ school environment

● recording apparatus
○ smi redm, 120 Hz
○ experiment center
○ ie11 web browser

● procedure
○ anti-saccades
○ web experiment



Methods
- study design

● web page stimuli
○ mockup news site
○ 6 IReST texts
○ 6 concurrent adverts
○ 2 x 2 conditions

● 2 task types (fixed order)
○ intrinsic load
○ reading-for-comp (high)
○ visual search (low)

● 2 advert saliency (randomized)
○ extraneous load
○ animated (high)
○ static (low)

1. reading for comprehension,
max 90 seconds, questions

3. visual search, find word and 
click on it, max 30 seconds

2. distraction task,
max 60 seconds



Methods
- data analysis

● event detection, aoi analysis, 
aggregated over trials

● dependent measures
○ cognitive load, average 

pupil dilation in fixations 
on task aoi

○ advert distraction, mean 
number of fixations per 
minute on advert aoi

● within-subjects, same 
participants measured across 
task types and advert saliency 
conditions



Results
- task performance

● task types: reading, search 
○ max duration: 90, 30 sec

● performance measures
○ task accuracy: reading 

comprehension, search 
success

○ task duration: time spent 

● advert prominence: static, 
animated

● significant decrease in reading 
comprehension due to 
animated adverts

pe
rf

or
m

an
ce

task types



Results
- advert distraction

● advert prominence: animated 
adverts associated with more 
advert fixations per minute 
(H1a)

● task types: reading-for-comp. 
associated with less advert 
fixations per minute (H2a)

● interaction: no effect, 
independent factors



Conclusions
- advert prominence, extraneous load

● INTRINSIC LOAD

● task type: reading
● more advert distraction (H2a) ❌
● less cognitive load (H2b)

● task type: search
● less advert distraction (H2a) ❌
● more cognitive load (H2b)

● EXTRANEOUS LOAD

● advert prominence: static
● less advert distraction (H1a) ✔
● less cognitive load (H1b)

● advert prominence: animated
● more advert distraction (H1a) ✔
● more cognitive load (H1b) 



Cognitive load
- pupil size

● pupil size: horizontal diameter 
in pixels, mitigate blinks, 
controlled stimuli, same 
luminance

● visual search 
○ max 30 seconds

● reading-for-comp.
○ max 90 seconds

● possible confounds: distance to 
screen, visual search tasks 
more exciting, engaging (time 
limit),  positive emotion, valence



Results
- cognitive load

● advert saliency: animated 
adverts associated with larger 
average pupil size, extraneous 
cognitive load (H1b)

● task types: visual search 
associated with larger average 
pupil size, higher levels of 
intrinsic cognitive load (H2b)

● interaction: no effect, 
independent factors



Conclusions
- advert prominence, extraneous load

● INTRINSIC LOAD

● task type: reading
● more advert distraction (H2a) ❌
● less cognitive load (H2b) ❌

● task type: search
● less advert distraction (H2a) ❌
● more cognitive load (H2b) ❌

● EXTRANEOUS LOAD

● advert prominence: static
● less advert distraction (H1a) ✔
● less cognitive load (H1b) ✔

● advert prominence: animated
● more advert distraction (H1a) ✔
● more cognitive load (H1b) ✔ 



Thanks!



Discussion
- future research

● supports: previous saliency 
research, advert animation => 
more visual attention

● supports: limited capacity 
models: high intrinsic task load 
=> low advert processing

● needed: updated taxonomy of 
task types and cognitive load: 
reading associated with less 
pupil dilation than search

● needed: examine instantaneous 
load over time, no effect of gaze 
control

Paas, F., Tuovinen, J. E., Tabbers, H., & Van Gerven, P. W. (2003). Cognitive load 
measurement as a means to advance cognitive load theory. Educational 
psychologist, 38(1), 63-71.

Beatty, J. (1982). Task-evoked pupillary responses, processing load, and the 
structure of processing resources. Psychological bulletin, 91(2), 276.
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● children's internet use
○ commercial websites
○ online gaming

● cognitive development
○ task-oriented interaction
○ 9 yrs, school work
○ information search

● advert distraction
○ task types
○ advert salience
○ cognitive load
○ task performance 

Background
- children, internet



Background
- advert distraction

● advert saliency conditions
● animation, abrupt onset

○ increases advert 
attention

○ disrupts reading 
comprehension

● content relevance
○ more saccades, 

fixations on adverts

● gaze control
○ moderating effect 

●  task types
○ cognitive load
○ saliency conditions Holmberg, N., Sandberg, H., & Holmqvist, K. (2014). Advert saliency distracts children's 

visual attention during task-oriented internet use. Frontiers in psychology, 5.



Hypotheses
- cognitive load, advert distraction

● H1a: reading tasks will be associated with 
higher levels of intrinsic cognitive load 
(pupil size) than visual search tasks.

● H2a: animated adverts will be associated 
with higher levels of extraneous cognitive 
load (pupil size) than static adverts.

● H3a: higher levels of gaze control in 
children will be associated with lower 
levels of cognitive load (pupils size).

● H1b: reading tasks will be associated with 
lower levels of advert distraction 
(fixations) than visual search tasks.

● H2b: animated adverts will be associated 
with higher levels of advert distraction 
(fixations) than static adverts.

● H3b: higher levels of gaze control in 
children will be associated with lower 
levels of advert distraction (fixations).



 
 

1. reading for comprehension,
max 90 seconds, questions

3. information search, find word 
and click, max 30 seconds

2. distraction task,
max 60 seconds



Hypotheses
- cognitive load, advert distraction

● H1a: reading tasks will be associated with 
higher levels of cognitive load (pupil size) 
than visual search tasks.

● H1b: animated adverts will be associated 
with higher levels of cognitive load (pupil 
size) than static adverts.

● H1c: higher levels of gaze control in 
children will be associated with lower 
levels of cognitive load (pupils size).

● H2a: reading tasks will be associated with 
lower levels of advert distraction 
(fixations) than visual search tasks.

● H2b: animated adverts will be associated 
with higher levels of advert distraction 
(fixations) than static adverts.

● H2c: higher levels of gaze control in 
children will be associated with lower 
levels of advert distraction (fixations).



Hypotheses

● H1a: task types with high intrinsic load 
(reading) will cause more visual attention 
to task than tasks with low load (search)

● H1b: task types with high levels of intrinsic 
cognitive load (reading) will be associated 
with less visual attention to adverts 

● H1c: high levels of gaze control will be 
associated with more visual attention to 
task

● H2a: adverts with high extraneous load 
(animation) will be associated with less 
visual attention to task

● H2b: adverts with high extraneous load 
(animation) will be associated with more 
visual attention to adverts

● H2c: high levels of gaze control will be 
associated with less visual attention to 
adverts





high cognitive load = high perceptual 
load?

implications: new research design to 
investigate children's cognitive load and 
advert distraction during reading on 
commercial websites

implications: limit advert saliency on 
children's websites that involve reading


