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ABSTRACT

Rehabilitation following acquired brain injury typically focuses on regaining use of the
affected lower and upper limbs. Impairment of cognitive processes, however, is predictive of
rehabilitation outcomes. Cognitive activities have become more readily accessible to the
home user through web-based games that engage brain functions often disrupted by acquired
brain injury. With cognitive testing, it is possible to “prescribe” brain training that targets the
specific cognitive functions disrupted by an individual’s acquired brain injury. Previous
research has shown that individuals with acquired brain injury have difficulty finding the time
to train on cognitive tasks at home, and are often confused and overwhelmed when attempting
to operate computers without assistance. We asked if computer-based braining training were
made available in a structured training format, at no cost to the participant, would acquired
brain injury survivors benefit from using commercially available brain training? Three
acquired brain injury patients were recruited. Pre and post training psychometric measures of
memory and attention were obtained, as well as qualitative evaluation of the user experience.

1. INTRODUCTION

Rehabilitation following acquired brain injury such as stroke routinely takes a bottom up approach, with
primary focus placed on gait retraining (Putnam et al, 2006), followed by upper limb rehabilitation, and
speech and language therapy. Impairment of higher order cognitive processes (sustained and divided
attention, short-term verbal and visual memory, abstract reasoning, comprehension, and judgment) however,
predicts length of inpatient stay as well as the number and frequency of referrals for outpatient and home
therapies (Galski et al, 1993). Cicerone et al. (2010) found remediation of attention deficits after TBI should
include direct attention training and metacognitive training to promote development of compensatory
strategies and to foster generalization to real world tasks. This meta-analysis found direct attention training
through repeated practice using computer-based interventions might be considered as an adjunct to treatment
when there is therapist involvement. Regarding memory training, the task force continued to recommend
training in the use of external compensations (including assistive technology) with direct application to
functional activities for persons with moderate or severe memory impairment after TBI or stroke

Cognitive activities have become more readily available to the community dwelling user through the
availability of web based brain training games that engage brain functions often disrupted by acquired brain
injury. Computer based brain training is available for improving memory, attention, speed of information
processing, mental flexibility and problem solving. Research has demonstrated that brain training can combat
cognitive decline associated with the normal course of aging. In addition to improving performance on
training tasks, the Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) study
demonstrated training generalized to measures of real world function (Ball et al, 2002), and benefits were
sustained for as much as five years after training time (Willis et al, 2006).
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The ACTIVE study started a revolution in computer-based brain training games for normal individuals.
Computer-assisted training for brain injury had been available since the 1970’s (Lynch 2002). While the
initial application of video games was for therapeutic recreation, by the mid-1980s, the IBM PC and
Macintosh were available and clinicians began to develop rehabilitation applications for cognitive retraining
following traumatic brain injury, which showed positive results in areas such as attention training (Shaw and
McKenna, 1989, Park and Ingles 2001). It was only after research demonstrated that brain training could
stem the tide of age-related cognitive decline that “brain fitness” became the focus of computer-based brain
training. Currently there is a range of commercially available brain training games for normal adults to use to
improve or maintain cognitive function. In contrast to programs designed for patient populations, these
commercially available brain-training games are priced to be accessible to the general public. The pricing
structure and commercial availability of these programs makes them more accessible to patient populations.
There is a growing body of research using commercially available brain training games to treat acquired
brain injury (Zickefoose, et al., 2013, Kessler et al., 2013, Finn & McDonald, 2011). This study examines the
therapeutic value for individuals with acquired brain injury of computer-based brain training designed for
normal adults, in combination with metacognitive training.

Lumosity (www.lumosity.com), a web based suite of brain training games grounded in the neuroscience
of brain plasticity, was selected for this single case series study. Decades of research in brain plasticity, the
ability of the brain to remodel itself in response to changes in sensory inputs, has demonstrated the capacity
for intact areas of the brain to take over for damaged areas (Jenkins and Merzenich 1987, Pascuale-Leone
and Torres 1993, Buonomano and Merzenich 1998, Hallett 1999, Johansson 2000, Harvey 2009). The
damaged areas may also be capable of recovering some of their lost function (Cramer et al. 2011). Research
has demonstrated that gray matter, the neuronal cell bodies and supporting structures in the brain, can thicken
in response to us or shrink due to lack of use—"“use it or lose it” is a fundamental principle of brain function.
Neural connections can be created and honed through practice or can deteriorate and disappear when not
used. When the physical brain changes due to acquired brain injury, cognitive abilities change—most often
for worse, not better. Neuroplasticity research has demonstrated the brain’s ability to sharpen degraded
sensory inputs and revitalize function (Pascual-Leone and Torres 1993, Tallal et al. 1996, Erickson et al.
2007, Berry et al. 2009, Dux et al. 2009).

Lumos Labs, creator of Lumosity Games, offers a research portal, which makes it possible to capture
frequency, duration, and outcome of use at no cost to the participant. The brain training games target
cognitive domains of function that are most often affected by acquired brain injury including memory,
attention, processing speed, decision-making ability, and mental flexibility. Additionally, the Lumosity
games are novel and engaging exercises in which the difficulty level continuously adapts to each individual’s
progress.

The aim of this study was to examine the ability of community dwelling patient’s with acquired brain
injury to use and benefit from commercially available computer-based brain training games designed for
unimpaired adults. We were particularly interested in each individual’s ability to improve visual attention and
memory using computer-based brain training in combination with metacognitive training, and the effects of
these improvements on function in daily life.

2. METHOD

2.1 Design

This study utilizes a single case A-B-A design (i.e. pre-testing, intervention phase, post-testing) in the
context of an outpatient treatment setting. All testing in the treatment setting was administered once at
baseline and once following completion of training. Each participant was his or her own control.
Participants received 24 sessions of training on Lumosity during group speech therapy. Participants were
encouraged to train on Lumosity games outside of their speech therapy sessions.

Patients came to the outpatient NeuroRehab Department at Sierra Nevada Memorial Hospital two
times per week for 60 minutes for a total of 12 weeks. Each training session included 15 minutes of
metacognitive training by the speech therapist to promote development of compensatory strategies and
foster generalization to real world tasks, followed by group discussion for psychosocial support. Each
session included 15-20 minutes of Lumosity Training Program games, and 15-20 minutes of free play on
any Lumosity games selected by each individual. Training took place in a group setting. Patients trained
on either a computer or tablet using the Lumosity web site games for attention and memory. Lumosity
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Brain Performance Test subtests (BPT) were completed pre/post. These are computer-based tests
modeled on standardized neuropsychological test that produce a composite score. Following completion
of training the semi-structured interview was conducted with each patient.

2.2 Participants

Patients were recruited for the study from individuals with acquired brain injury who were receiving out
patient speech therapy at Sierra Nevada Memorial Hospital. Patients included in the case series met the
following criteria: 1) adult over age 18, 2) with acquired brain injury, 3) receiving out patient speech
therapy services from Sierra Nevada Memorial Hospital, 4) with adequate vision (corrected or
uncorrected) to see a standard computer or tablet screen, 5) with adequate upper extremity mobility to
use a computer or tablet keyboard, 6) ability to use a computer or tablet 45-60 minutes 2 times per week
for 12 weeks (no prior computer experience required), and 7) willing to respond to semi-structured
interview questions. Each patient gave informed consent to participate in the study. Dignity Health
Institutional Review Board waiver was obtained to present anonymized case study results.

Patients were excluded who: 1) had compromised cognitive ability such that they were unable to
comprehend instructions regarding computer or tablet use, or were unable to comprehend training
instruction, 2) were physically unable to view computer or tablet screen for up to 60 minutes 2 times per
week for 12 weeks, 3) were physically unable to use a computer or tablet keyboard, 4) were unable to
commit to training 2 times per week, 60 minutes per session, for 12 weeks.

Three individuals completed the program. Patient A is a 34-year-old male high school graduate with some
college coursework who worked in a military skilled occupation. He fell 13 feet while at work in May
2013, landing on the back of his head. He suffered a traumatic brain injury with brief loss of
consciousness that resulted in headaches, blurred vision, and difficulty with attention and concentration.
He has returned to work less than full time on modified duty. Patient B is a 60-year-old male high school
graduate who completed 3 to 4 years of trade school and was self-employed in a skilled occupation. He
was in a motor vehicle accident in 2008 in which he suffered a severe traumatic brain injury, as well as
multiple bone fractures. He continues to have problems with memory and attention. He has not returned
to work. Patient C is a 66-year-old female with 16 years of education who worked in a professional
occupation. She had surgery in July 2012 to remove a brain malformation that was causing seizures. The
surgery removed her left hippocampus. She has not worked since the surgery. She has memory problems
with acquiring new learning.

2.3 Neuropsychological Measures

Neuropsychological testing included Woodcock Johnson Cognitive Abilities (W] III) subtests Pair
Cancellation, Verbal-Auditory Learning Immediate and Delayed, and Lumosity Brain Performance Test
(BPI) 7 Subtest Composite score. Pre and post training performance was evaluated in the areas of: 1)
psychosocial functioning using the Barkley Functional Impairment Scale (BFIS-Self and Other Report,
2011), 2) visual attention using the Woodcock Johnson Tests of Cognitive Abilities (Woodcock et al.,
2001) Pair Cancellation subtest, 3) visual memory using the Woodcock Johnson Tests of Cognitive
Abilities Verbal-Auditory Learning and Delayed subtests, 4) composite computer-based brain training
overall cognitive performance using a composite score of 7 subtests from the Brain Performance Test
(BPT) in the Lumosity (www.lumosity.com) program.

Table 2. Pre-Training Neuropsychological Testing Age-Related Percentile Scores.

Participant WJ-III WJ-III WJ-IIT Lumosity
Verbal-Auditory | Verbal-Auditory | Pair Cancellation | Brain Performance Test (BPT)
Learning Delayed
50% 14% 18% 45%
B 7% 8% 23% 10%
21% 7% 49% 16%

2.4 Intervention Materials
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2.4.1 Games Lumosity, developed by Lumos Labs (www.lumosity.com), offers a set of web-based brain
training games to improve cognitive function. The training is based on the volume of literature showing that
behavior leads to structural and functional changes in the brain associated with specific task demands. The
Lumosity brain training programs focus on critical characteristics of effectiveness including: 1) targeting
brain functions that will lead to the maximum benefit for users in daily life, which involves transfer of
improvement in the games to performance of real world tasks; 2) adaptivity based on setting training at a
level that is challenging without being discouraging, and that adjusts task difficulty in response to individual
user performance on a moment-to-moment dynamic basis, within task and across sessions; 3) novelty since
working in new ways that are not over-learned is critical for driving nervous system remodeling; 4)
engagement to keep the brain in an engaged and rewarded state, which makes it more receptive to learning
and change, with rewards teaching the brain mechanism to process information more effectively; and 5)
completeness by targeting a range of cognitive functions including processing speed, attention, memory,
flexibility, and problem solving. Processing speed training uses spatial orientation and information
processing tasks; attention training includes visual field and visual focus tasks (Figure 1), memory involves
spatial recall, n-back recall (Figure 2), and working memory tasks focused on symbols, rhyming words, and
visual-spatial pattern location and memory; flexibility includes task switching, response inhibition, verbal
fluency, and planning (mazes); and problem solving uses basic arithmetic functions (addition, subtraction,
multiplication, and division), logical reasoning, and quantitative reasoning (Hardy & Scanlon, 2009).

Attention + Lost in Migration

- x.m:‘ T Migrarin,; d

Spot the direction of the center bird.
Don't let the others distract you - some are
lost in migration!

Personal Best . . .ovvvvviiiiin i 75 G @ 0 0

Figure 1. Lost in Migration. This game challenges attention and response inhibition. The
game is used for avoiding distraction, increasing work productivity, and improving
concentration. This screen shot appears courtesy of Lumosity.

To answer,

Time: 00:00 Score: 0000
click the Do

Another symbol
will appear.
Does it match the
previous one.
Not Match or
Does this match the previous symbol? [EACIESIIRAGUN
Use the arrow
R keys for a
lumosity 00 60

quicker
response.

Figure 2. Speed Match. This game challenges processing speed and reaction time. It is based on the
n-back task. Speed training is designed to improve the ability to think quickly, accurately, and pay
attention while others are talking. This screen shot appears courtesy of Lumosity.

Participants were provided with a unique user name and password for access to the Lumosity web site
(www.lumosity) research portal. Participants trained on Lumosity games two times per week for 30 to 40
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minutes per session in the NeuroRehab Lab. Each participant also had access to the Lumosity games outside
the structured twice-weekly training sessions. Each participant was invited to play the games as often as
possible. All participants completed the 24-class session training in the NeuroRehab Lab.

2.4.2 Metacognitive Training and Psychosocial Support Metacognitive training included 1) memory
compensation techniques, 2) types of memory, use of checklists, and routines, 3) strategies to reduce
unwanted auditory, visual, and anxiety related distractions, 4) strategies to maximize depth of
understanding for new material and optimize learning, 5) compensatory strategies to reinforce recall at
the community level including note taking tools, session agendas, and handouts. Psychosocial training
included 1) symptom management and coping strategies for headache, frustration, dizziness, feeling
overwhelmed, 2) sharing among participants compensations and strategies for symptoms, 3) recognizing
strengths and weakness about specific injury, learning about mechanism of injury, and how that translates
into cognitive and emotional issues, 4) checking in about concerns, likes and dislikes, and 5) expressing
frustrations with the games.

2.5  Semi-Structured Interview Questions

Following completion of the 24 session training, participants were asked to respond to the following
questions: 1) what was your overall impression of the cognitive computer games, 2), what did you enjoy
about working with computer cognitive games, 3) what were the challenges involved in training, 4) how
has the training affected your day to day life?

2.6  Analysis

Pre/post training quantitative analysis is graphically displayed. Thematic analysis (Braun & Clarke,
2006) was used to analyze the semi-structured interview data. Video interviews were conducted with all
3 participants.

3. Results
3.1 Quantitative Results

Age-related percentile scores pre and post training are displayed graphically for each participant. All
participants experienced improvement on Woodcock-Johnson III outcomes measures with the exception
of Woodcock-Johnson III Pair Cancellation. Participant A showed decline in the BPT composite score
following Training. The Barkley Functional Impairment Scale (BFIS) was used as a self- and other-
report measure of the impact of acquired brain injury on instrumental activities of daily living. This
instrument did not produce reliable data in the overall analysis. One participant did not have a collateral
that knew her well and she misunderstood the instructions regarding pre-injury assessment of her
functional abilities. Neither the participants, nor their collaterals, rated composite functional abilities in
the impaired range post injury; therefore pre/post training scores were uninformative.

3.1.1 Participant A showed improvement on all outcomes measures with the exception of WJ-III Pair
Cancellation and Lumosity Brain Performance Test.
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Figure 3. Participant A’s pre and post training performance expressed in age-related percentile scores
on the Woodcock-Johnson III Tests of Cognitive Abilities Visual-Auditory Learning, Visual-Auditory
Delayed, Pair Cancellation, and Lumosity’s Brain Performance Test.

3.1.2 Participant B showed modest improvement on all outcomes measures.

100

90

80

70

60

50 Pre

40 H Post

30

20
0 T T T

W-] Visl-Aud ~ W-] Visl-Aud W-] Pair Cancel Lumosity BPT
Learn Delay Composite

Figure 4. Participant B’s pre and post training performance expressed in age-related percentile scores
on the Woodcock-Johnson III Tests of Cognitive Abilities Visual-Auditory Learning, Visual-Auditory
Delayed, Pair Cancellation, and Lumosity’s Brain Performance Test.

3.1.3 Participant C showed modest improvement on all outcomes measures with the exception of W-J III
Pair Cancellation.
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Figure 5. Participant C’s pre and post training performance expressed in age-related percentile
scores on the Woodcock-Johnson III Tests of Cognitive Abilities Visual-Auditory Learning, Visual-
Auditory Delayed, Pair Cancellation, and Lumosity’s Brain Performance Test.

3.2 Qualitative Analysis

Semi-structured interviews were completed with each of the 3 participants following completion of 24
sessions in the NeuroRehab Computer Lab. Participants were asked to give an overall impression of the
cognitive computer games, what they enjoyed about working with computer cognitive games, what were the
challenges, and how did the training affect day to day life. Three themes emerged when examining
participation: brain engagement, remembering to remember, and cognitive processing efficiency.

3.2.1 Brain Engagement

Participant A found the game training improved critical thinking skills. When allowed to engage in ‘free
play,” he trained on games that improved his spelling skills important for his work. He enjoyed the
opportunity to “exercise” his mind, however found the training games to be repetitive and wanted more
variety. He questioned whether his scores on the computer games got better “because my brain got better or I
simply got better at the game.” Participant B found the games were engaging and offered him “new things to
help out” his brain function. He described some games as “fun” and enjoyable. Participant C found the
games “engaged me, pulled me into something helping my brain.” She looked forward to game play and to
receiving feedback about her game performance.

3.2.2 Remembering to Remember

Participant A found the comprehensive training program helped him develop strategies to compensate for
attention and memory problems following brain injury, and facilitated his ability to remember to remember
information important in his daily life. Participant B reported being able to “remember things better.”
“Things are coming back to me quicker, better—I’m remembering things better.” He is remembering to focus
on memory in his day-to-day life. Participant C reported the game play gave her confidence that her
“memory is improving.” She described the game training as getting her “into the flow of using my memory.”
She expressed the opinion that her memory was being helped in “a subtle way” as a result of game play.

3.2.3 Cognitive Processing Efficiency

Participant A found computer-based brain training improved the speed and efficiency with which he
processes new information. Participant B found cognitive processing efficiency was diminished by spending
too long on the computer or playing games that were too challenging, which led to headaches. Participant
C’s impression was that her “mental flexibility” and “thinking” were improving as a result of computer-based
brain training.
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4. DISCUSSION

All participants completed the 24 sessions of training in a supervised treatment setting. Unlike participants
post acquired brain injury who were unable to complete training in their own homes (Connor and Standen,
2012), these individuals benefited from a structured environment that included a regular schedule of training,
metacognitive training by the speech therapist to promote development of compensatory strategies and foster
generalization to real world tasks, followed by group discussion, and supervision when using computers to
access brain training games. Quantitative data analysis revealed that 2 of the 3 participants experienced
modest improvement on the objective outcomes measures examining memory and attention. One participant
(Participant A) experienced substantial gains on outcomes measures of memory and composite cognitive
functioning, without improvement on outcomes measures of attention. The individual who experienced the
greatest gains was the youngest individual with the most recent injury. This individual’s improvement may
be partially related to the natural recovery process; however, he clearly articulated strategies he learned over
the course of training that improved the efficiency and effectiveness of his memory and attention. Each of the
participants enjoyed the opportunity to engage their brains in purposeful activity, which was subjectively
beneficial. Despite Clay and Hopps (2003) findings of non-adherence to rigid regimens, participants in this
study found the routine of twice weekly training sessions to be beneficial and effective.

These participants experienced intermittent technical difficulties when attempting to train outside the
twice-weekly program suggesting that a usability gap exists between computer-based brain training and
individuals with brain injury. For commercial products, such as Lumosity, to be viable for patients with
physical and cognitive limitations, it will be important for game features to include: 1) allowing adequate
time for visual scanning of the video display and responding to stimuli in the presence of problems with
visual scanning, 2) adequate time for navigating the keyboard to allow for cognitive and physical limitations,
and 3) the ability to terminate games that are beyond the participant’s abilities and move on to other games.
Establishing a pricing structure that takes into account the financial limitations of individuals on fixed
incomes will be important.

5. CONCLUSIONS

Rehabilitation research conducted in treatment settings poses challenges unlike those of grant-supported
research conducted by academics and professional researchers. Self- or unit-directed research is limited by
insurance reimbursements, lack of clinician time, and self- or unit-directed research may not be generalizable
to other patients (Wilson & McLelland, 1997). Nevertheless, without the knowledge provided by such
research, it is difficult to assess the effectiveness of clinical practice. The initial results from the 3
participants in this study reveal that individuals with acquired brain injury may need the structure and support
of a professionally staffed and supported program to benefit from commercially available brain-training
games, consistent with the findings of Cicerone et al. (2010). While each of the participants was interested
and engaged in the brain training games, designing a product that is commercially viable for a wide ranging
audience, including individuals with cognitive and physical limitations, is difficult. The task demands of
training suitable for an adult with acquired brain injury involving physical and cognitive deficits are different
from training suitable for a young adult seeking to maximize cognitive functioning. The availability of web
based training for cognitive recovery following brain injury offers tremendous potential for cognitive
rehabilitation, as long as the necessary supports are in place.
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