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Neurotechnologies

Tech for changing and monitoring
one’s brain, cognition, and health.

Neurofeedback
Training

(Cognitive Neurotechnologies )
“enable the monitoring and/or
modulation of the function of the
brain [...and] enhancements of
mental performance and cognitive

\capacity” (Eaton & llles, 2007). )

Brain Training
Games

Neurotechnologies are a category of emerging technologies for changing and

monitoring one’s brain, cognition, and health.

A smaller subset of this category is called cognitive neurotechnologies.
These kinds of interventions aim or claim to target and train both neuronal networks
in one’s brain and cognitive abilities or cognitive transfer.

Two examples of cognitive neurotechnologies are:

1. Neurofeedback Training interventions.
2. Brain Training Games
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This figure summarizes trends in design features of cognitive neurotechnologies. They

include:

* A navigation interface for using the intervention.

* A training task interface for training with the intervention.

* Personal data and messages about them to help individuals monitor or self-track
their changes.

* And an adaptive mechanism by which the training adapts to the user, player, or
learner.

Let’s consider a few examples.
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[Neurofeedback relieves the symptoms of autism l

lThere is currently no cure for aulism.l%ul the symptoms can greatly improve through Neurocore'’s
proven, natural autism treatment program. First, we use advanced qEEG technology to identify what
brain activity is behind the negative side effects. Next, we use multiple neurofeedback sessions to train
the brain to self-regulate and optimize its performance, resulting in a more calm and focused state. In

some cases, children’s medication may be able to be reduced.

(Neurocore, 2017; Green emphasis added).

One example is Neurocore, a neurofeedback training intervention that combines in-
person interaction with use of its neurotechnology.

The Neurocore Brain Performance Centers company lists conditions like ADHD and
Autism as under its expertise.

For example, we can see from its 2017 web marketing that it presents autism and
symptoms of autism as a health condition to be treated or cured.

In 2017 and 2018, several regulatory agencies — including Truth in Advertising, the
National Advertising Division of the Better Business Bureau, and the National
Advertising Review Board of the Council of Better Business Bureaus — documented
this company’s absence of sufficient research for sustaining many of its claims about
the effectiveness of Neurocore (Furfaro, 2018).
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Don't mistake Autism Spectrum more commonin boys
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Children with less severe ASD may sometimes be misdiagnosed with other disorders
because of similar observed behaviors. For example, ADHD symptoms may co-occur
for between 30-50% of children on the Autism Spectrum Disorder scale. Likewise, there 1 6 4

is a high degree of co-occurrence of anxiety in children with Autism (almost 40% in a
kids identified with ASD

recent meta-analysis).

Currently there is no cure for ASD, but associated symptoms, including possible co-
occurring ADHD or anxiety, may be reduced through Neurocore's autism therapy
program. First, we use advanced gEEG technology to identify what brain activityis
behind the symptoms. Next, we use neurofeedback sessions to train the brain to self- /

\ regulate and optimize its performance, resulting in a more calm and focused state, / 4
/ \ i \‘, / )

) i
(Neurocore, 2020; Green emphasis added).

Since then, Neurocore changed much of its web marketing.

However, we can still see, as recent as November 1%, 2020, that the company
presents conditions like Autism as a health condition that should be cured, if possible.
This representation pathologizes autism as if it is a disease, and many people may
find this to be troubling for how we understand autism and diversity.
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Example 2: Focus Education’s Jungle Rangers
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Makers of Jungle Rangers Cor - X -+

< C @& ftc.gov/news-events/press-releases/2015/01/makers-jungle-rangers-computer-game-kids-settle-ftc-charges-they

FOR RELEASE

TAGS: Bureau of Consumer Protection | Consumer Protection | Advertising and Marketing | Children |

Health Claims

A Texas company and its officers must stop making unsubstantiated claims that their computer game, Jungle
Rangers, permanently improves children’s focus, memory, attention, behavior, and school performance, including for
children with attention deficit hyperactivity disorder (ADHD), under a Federal Trade Commission settlement.

(FTC, 2015; Accessed November |, 2020; Green emphasis added).

Now let’s consider an example of a brain training game.

In the early part of the last decade, a company named Focus Education marketed and
sold a product called Jungle Rangers.

The company’s marketing messages claimed that playing with this game not only
trains one’s neuronal networks and cognitive abilities, but also permanently improves
children’s focus, attention, memory, behavior, and school performance — including
permanent gains for children with ADHD.

The US Federal Trade Commission (or FTC) evaluated the marketing against available
scientific research, but found insufficient evidence to support such claims.

The FTC charged the company with public deception and ordered the company to
stop making unsubstantiated claims.




A Trend of the “Medical Model’’ of Brain Training

Marketers gf One-on-One ‘Bra - X =

& Cc & ftc.gov/news-events/press-releases/2016/05/marketers-one-one-brain-training-programs-settie-ftc-charges

According to the FTC, the defendants promoted LearningRx through LearningRx.com and affiliated websites, as well
as through a blog, Facebook and Twitter posts, print and radio ads, and direct mail pieces. They also allegedly used
Google search ads to target consumers searching for terms such as “cure for ADD,” “autism cure,” “Asperger cure,”
and “severe traumatic brain injury cure.” The defendants, based in Colorado Springs, Colorado, offered LearningRx
training through more than 80 LearningRx centers that it franchised in 25 states.

The proposed order settling the FTC’s charges prohibits the defendants from claiming that their programs improve
performance at work or in athletics, or improve the cognitive function of individuals with age-related or other health
conditions, unless the claims are not misleading and substantiated by human clinical testing.

(FTC,2016; Accessed November |, 2020; Green emphasis added).

These examples are part of a trend in the fields of brain training and
neurotechnologies involving a medical model that pathologizes developmental
conditions as symptoms or diseases that should be treated or cured.

The trend has been to commercialize off of the medical model and its popularity.
For example, even though a company called Learning RX offers in person brain
training interventions, the company used search terms like “cure” with
developmental conditions in its marketing to target people searching those terms in
order to show them ads.

To clarify, not all companies in the neurotechnologies field follow this trend, but
many have.
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Neurodiverse _ Neuro-Developmental ~Neurotypical
Conditions Spectrum " Development(s)
* Autism Spectrum » Dyscalculia * Tourette Syndrome
- ADHD . Dys|exia * Other conditions
* Acquired brain injuries | - Dyspraxia and developmental
or conditions disabilities

Some people are dissatisfied with the medical model’s pathologizing of disabilities
and neurodevelopmental conditions as diseases or symptoms to be cured.

An alternative way of understanding the overall spectrum of human differences is to
use the concept of neurodiversity.

In this model, disabilities or neurodevelopmental conditions are often referred to as
neurodiverse conditions.

Also, in absence of normal brainhood, the difference between neurodiverse
conditions and neurotypical development is a difference of typicality, not normativity
based on an ideal normal brain.

A neurodiversity approach aims to include all people as learners by embracing their
neurodevelopmental differences and helping them engage their own quality of life,
not to view them as learners who should be cured to become or be like the
neurotypical (Robertson, 2009; Silberman, 2015).
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A “Banking Model” of Health Learning
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* This "Medical Model” trend also uses designs resembling what
Freire (2000) calls a “banking model” of education:

* Aims to give learners information as messages.

* Limits the learning experience to the learner(s) having of
messages crafted by others.

* Does not encourage or engage the learner’s critical thinking
development or active meaning making beyond given messages.

How can we redesign neurotechnologies to apply a neurodiversity approach to
inclusion and personal quality of life as part of the learning and the outcomes?

To start, it is helpful to notice how the “medical model” trend in this field has also
involved what Freire (2000) calls a “banking model” of education.

The neurotechnologies have focused so heavily on giving information as messages —
such as giving the learner their personal data and messages about it — that these
designs have been only message-centric.

These messages could be examined and revised to remove instances of pathologizing
language that a “medical model” would involve.

However, it is also worth noting that the learning spaces within these technologies do
not encourage or engage the learner’s critical thinking development or active
meaning making beyond given messages.




Transformative Adult Learning (TAL) 29\’*

* Aims to engage learners into personally meaningful learning and
transformation of one’s self and relations to one’s environment.

* Is a type of learning, supported by applying principles.

* Includes theoretical, empirical, and logistical flexibility for including:
* Direct instruction (e.g. giving information/messages).
* Engagement of personally meaningful goals and efforts.

* Support for active expression of dissonance(s) and reflections.

(Knowles, 1973; Mezirow, 1991).

What theories or approaches might we draw from in order to design technologies
that encourage or engage the learner’s critical thinking development or active
meaning making beyond given messages?

One such theory is transformative adult learning — or TAL for short -- with roots in the
works of Knowles and Mezirow.

Applying this theory of learning involves aiming to engage learners to make and
document meanings, not just consume messages made by someone else.




Universal Design for Learning (UDL) o)

Aims to remove or minimize barriers to accessibility and engaged learning,
involving active expression, for any and all learners.

Is a framework for supporting different types of learning through applying
principles, guidelines and checkpoints:

Provide multiple means of Provide multiple means of Provide multiple means of
ENGAGEMENT: REPRESENTATION: ACTION & EXPRESSION:

Provide options for Provide options for Provide options for
RECRUITING INTEREST. PERCEPTION. PHYSICAL ACTION.
Provide options for SUSTAINING Provide options for Provide options for EXPRESSION
EFFORT & PERSISTENCE. LANGUAGE & SYMBOLS. & COMMUNICATION.
Provide options for Provide options for Provide options for
SELF REGULATION. COMPREHENSION. EXECUTIVE FUNCTIONS.

(CAST, 2018;2019; Meyer et al., 2014).

Another useful approach to draw from is Universal Design for Learning (UDL).

UDL aims to include all learners by minimizing or removing barriers to access and to
engaging learning through active expression.

UDL offers a framework for creating multiple means for designers to do so.

10
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Both TAL and UDL call for technology designs to incorporate features that allow
expression, not just consumption of messages made by someone else.
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* Aims for inclusion as part of the intervention design,
learning experiences, research, and the outcomes.

* Is a process, not a set of principles or type of learning.

* Includes a neurodiversity of individuals
(i.e. both “neurodiverse” and “neurotypical”)
as participants in the same design process and study.

(Dalton, 201 3; Motti & Evmenova, 2020; Rapp et al., 2019).

To truly apply concepts of neurodiversity into technology designs, it would also be
helpful to engage a neurodiversity of individuals into the design process itself to
inform design efforts.

With these needs in mind, many scholars have proposed using a Neurodiversity
Design approach.

Whereas Transformative Adult Learning (TAL) is a theory of learning and set of
principles for supporting personally meaningful learning, and Universal Design for
Learning (UDL) is a set of principles for designing learning for all, Neurodiversity
Design is a process for design.

The process includes both people with neurotypical development and neurodiverse
conditions as participants in the same study.

12



Neurodiversity Learning Design (NLD) o)

* Applies a Neurodiversity Design approach to learning technologies.

* Uses ADDIE not as a fixed model, but as a domain-and-theory-
agnostic iterative process (Bernhardt et al., 2020; Molenda, 2003)
capable of formative and summative evaluation with both
preordinate and responsive aims (Stake, 2004).

* Can blending design approaches from TAL, UDL, UXD, LXD, etc.

* Can blend theories and principles to generate design-oriented
research about design strategies, not just products.

| am proposing that the design of learning spaces in technologies like
neurotechnologies can apply a Neurodiversity Design approach to better practice
Neurodiverse inclusion.

We can call this: Neurodiversity Learning Design.

This Neurodiversity Design approach can use ADDIE as a domain-and-theory-agnostic
iterative process that blends theories and principles from TAL, UDL, and other
approaches together.

It could also involve formative and summative evaluation, with preordinate and
responsive measurement aims, to generate design-oriented research about design
strategies, not conclusions about whether a particular product works.

13



4 Neurodiversity Learning Design Study Options:

I. Study participants’ naturalistic use of an off-the-shelf product based
on what they already have decided to use.

2. Pick an off-the-shelf product, without the permission of the
company who made it, and study willing participants’ use of it.

3. Pick an off-the-shelf product, with the permission of the company
who made it, and study willing participants’ use of it.

4. Create a design iteration from scratch, or from a prior non-
commercial project, and study willing participants’ use of the
design in interaction with a design process.

To avoid an overall study design that produces conclusions in terms of whether one

particular product works or not, it is helpful to consider 4 possible study options:

1. The first involves studying how a participant uses a neurotechnology they
selected themselves.

2. The second involves selecting a neurotechnology product for the participant,
without permission from the company who made the product.

3. The third involves selecting a neurotechnology product for the participant, with
permission from the company who made the product.

4. The fourth involves creating an intervention yourself as a researcher and designer,
or as a team.

To maximize the opportunities to perform design-oriented research, | recommend

option 4 as the best study design for Neurodiversity Learning Design research.
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