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Improvement of Visual Attention and Working Memory
through a Web-based Cognitive Training Program

Michael Scanlon Context: Prior work hasrevealedthat cognitive ability is adaptiveand canbe

Lumos Labs, Inc. improvedwith cognitive behavioraltraining methods;however,use of these
methods is limited outside of the lab.

David Drescher

Lumos Labs, Inc. Objective: To investigatethe efficacy of Lumosity, a web-basedcognitive
training programdevelopedby Lumos Labsto improve attentionand memory
Kunal Sarkar in healthy adults.
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Design, Settings, and Participants: Randomized,controlled experiment
consistedof assessmentraining intervention,and post-trainingassessment.
Volunteer participants(n=23, mean age=54)were recruited from various
locations acrossthe US. Training and testing were conductedon each
participantOpersonalcomputerto simulate conditions of actual use. Both
groupsusedcomputerson a regularbasis.Resultsand compliancedatawere
captured automatically via the online program.

Intervention: Online cognitivetraining for twenty minutesoncedaily for five
weeks.Trainedparticipantscompletedan averageof 29.2 sessionsand control
participantsreceivedno training. Training sessionsonsistedof five distinct
exercises.

Main Outcome Measures: Testsof working memory and visual attention.
Assessmenpre- and post-trainingwas conductedvia a separateveb-based
application.

Results: The trained group improved significantly in measuresof visual
attention and working memory, while the control group did not. Training
reducedthe averageerrorin localizationof transient,non-centralvisual stimuli
(p<0.01,two-tailed t-Test). Trained subjectsalso improvedin the measureof
spatialworking memory(p<0.01,two tailed t-Test). Therewere no significant
changes in the control group.

Conclusions: The resultsof the study indicate that training and improving

fundamentakognitive abilities suchasworking memoryandvisual attentionis
possible outside of a laboratory setting with a web-based application.
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Introduction

Fundamental cognitive abilities such as

memory, attention, sensoryperception,and

processingspeedinfluence how well people
performat work, interactsocially, and conduct
tasksof daily living from problem-solvingto

driving. It is now believedthat people can

improve thesebasic abilities with appropriate
training. The ACTIVE studydemonstratedhat

evenolder adults (age 65-94) are capableof

achieving significant gains in processing
speed,memory and reasoningafter several
hours of directedtraining (Ball et al., 2002).
Furthermore,these gains are still present5

years after the original training took place
(Willis et al., 2006).

Lumos Labs developeda web-basedognitive
training programthat makescognitive training
tools accessibleto a larger audience.The
programis composedof a set of exercises
designed to improve attention, working
memory, processingspeed, and response
inhibition among other executive processes.

Since cognitive training exercisescan be
tedious,theseexerciseavebeenstructuredo
make them more engagingand encourage
long-termconsistenusage Although the tasks
are based on experimentally validated
approachego cognitive improvement,they
have not been evaluated in this new format.

Working Memory: Working memory, the
process of temporarily storing and
manipulating information, underlies
performance in many other activities,
including logical reasoning and reading
comprehensionWorking memorycapacityhas
a strongrelationshipwith generalintelligence
(Conway et al., 2003; Kane et al, 2005).

Visual Attention: The allocation of attention
determinesto a large extent,what information
about the environment is perceived.
Improvementin visual attentioncanleadto a
variety changesin behavior, from more
efficient information processingto safer
driving.
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Training Program Overview

The training program consistsof a set of
exercisesdesignedto train and improve
attention,working memory, processingspeed
and executive function.

The programis composedof five discrete
exercises.Each exercisewas developedto
specifically train one or more cognitive
functions. Key components of the program are:
* Dynamic difficulty changes to
consistentlychallengeeachindividual
and enhance their progression

* Web-basedlatform ensuressaseand
ubiquity of access

* Game-like featuresand motivations
(suchas scoring, unlocking of levels,
etc.) transforma tedioustraining task
into an entertaininggame,leadingto
better complianceand more effective
training

e Simple self-instruction: No human
trainer required

Training related to visual attention:

Birdwatching is an exercisedesignedto
improve attention by increasingthe spatial
extent of visual information that can be
processedn a shortamountof time. The goal
is to scorepoints by accuratelyidentifying a
letter in the center of the screen, while
simultaneouslydetectingthe location of a bird
graphicin the periphery.Thelevel of difficulty
was adjustedautomaticallyby decreasinghe
stimulus duration (range: 30-200ms),
increasingthe eccentricity of the non-central
stimulus, and increasing non-relevant
information (distractors).

Training exercises related to working memory:

Memory Match and Monster Garden exercises
both target the improvement of working
memory. Memory Match is a speedech-back
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task where users must comparethe current
stimuluswith thosepresentedpreviously.The

goal of Monster Garden is to navigatethrough
a mazewhile relying on spatial memory to

avoid obstacles.The number of obstacles
increasesas the userOsbility to navigatethe

maze improves. Both exercisesincorporate
game-likeelementssuchas scoringand bonus
points.

Methods

Design:

This study used a single arm design with
participantsplacedrandomlyinto a training or
control group. Trained participantscompleted
a daily programof computer-baseexercises
deliveredvia the internetfrom a secureserver.
Subjectstrained an averageof 29.2 sessions,
each of which was completed within 20
minutes. The intervention period lasted 5
weeks.

Both trained and control participants
completeda battery of cognitive assessments
at the beginning and end of the study. The
assessmentsvere each completedin one
session from home on a web browser
communicatingwith the administratingserver.
Therewas no contactwith the control group
between assessments.

Volunteers/Participants:

Volunteerswere recruitedby email and word
of mouth from locations acrossthe United
States.All participantswere mentally and
physically healthy. ParticipantsOonly
compensationwas continued accessto the
program after the experiment concluded.

Trained: n = 14 (8 female), mean age = 57
Control: n = 9 (3 female),averageage = 50.
(One control did not complete the second

visual attentionassessmerdnd was excluded
from this analysis.)
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Figure 1: Visual attention test
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Assessment:
Cognitive performancewnas assessedsingthe
web-based testing application.

Visual Attention:

Visual attentionwas assessedsing a test
of the ability to interpret information
outsideof the centralfield of view. In this
divided attention task, subjects were
required to fixate on and identify a
stimulus in the center of the computer
screen,and simultaneouslylocate stimuli
presentedfor 100ms outside of their
central view. Non-central stimulus
eccentricityvaried between120 and 600
pixels from the central stimulus. The
distancebetweentargetand responsavas
averagedacrossall trials, providing a

measure of localization error. See Figure 1.

Figure 2: Spatial working memory test
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Working Memory:

Working memory spanwas measuredwith a

computerizedrersionof the reversespanboard
test (seeFigure 2). Subjectsneededto recall

the order and location in which randomly
placed squareswere highlighted. After each
correcttrial, the numberof highlightedsquares
incremented by one until the subject
committed two mistakeson the samelevel.

The ultimate level reachedindicated each
participantOs spatial working memory span.

Results:

In the visual attentiontest, trained subjects
improvedsignificantly morethanthe untrained
controls (p<.01, two-tailed t-Test, see Figure
3). The largesttraining effects were seenon

the mostdifficult trials, wherethe non-central
stimuluswas most distantfrom the centerof

the screen (p<01, two-tailed t-Test with

Bonferonni correction; Figure 4). This result
indicatesthat the trained subjectscould more
precisely locate rapidly presentedvisual
stimuli, and could accuratelyevaluatea larger
scope of visual information.

Figure 3: Visual attention improvementfollowing
training (p<.01, two-tailed t-Test).
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Figure 4: Largestimprovementon trials farthestfrom
central stimulus
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The reverse span board test revealedthat
trained subjectshad a significantly longer
spatial working memory span following
training (p<.01, Figure 5). The subjects
averagedan increasedworking memory span
of 15%, while control subjectsshowed no
significant change.

Figure 5: Increasedspatial working memory span
following training (p<.01, paired t-Test)
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Discussion

All participantswere able to use the testing
and training software from a personal
computerwithout guidance.Complianceand
gualitative feedbacksuggestthat the game
structure motivated frequent training.
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Trained participantsimprovedsignificantly in
measuresof visual attention and spatial
working memory. Since these tests were
different than the exercisesin the training
program, this change represents an
improvementin visual attention and spatial
working memory that extends beyond the
trained task itself.

The resultsof this pilot study demonstratéhat

training and improving a fundamental
cognitive ability is possiblewith a web-based
application. The study also demonstrateshe

viability of conductingan entire study online,

including intervention and assessment.

This software introducesthe possibility for
individuals to changeand improve their own
fundamentalcognitive abilities from a home
PCin arelatively shortamountof time. Lumos
Labsintendsto explorethe effectivenesof a
modified training programin the rehabilitation
of cognitive impairment,such as that due to
stroke,braintrauma,or aging.We invite other
researcherdo consideror discusspotential
applicationsto their own human behavior
research.
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