Does far transfer exist?

And why does that question matter?

This presentation was given by Dr. Elizabeth Riley in December 2022 at
NeuroSalon, an informal gathering of the neuro-curious at Cornell University. The
presentation summarized the literature on the concept of “far transfer”. Although

these slides do not stand alone and cannot substitute for the full presentation given,
which included information not contained on the slides as well as frequent
back-and-forth with the audience, they convey the gist of the presentation.



What is far transfer?

“Far transfer occurs when a set of skills generalizes across two (or more) domains that are
only loosely related to each other (e.g., mathematics and Latin).” (Sala & Gobet, 2017)

Does it work? Why does this question matter?
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Origins: Thorndike, 1923

Abstract

Compares the gains made in scores on the Thorndike-McCall Reading Tests for Latin and non-Latin pupils in the ninth grade over
a period of one year and one-half year. The comparisons are always based on pupils making equal scores on the beginning test.
The superiority in gain of the Latin pupils is at once obvious. The gain made by the Latins is about one and one-half times the gain
made by the non-Latins. It is interesting to note, however, that the superiority of gain for the whole year is the same as that for the
first half year. Whatever caused the superior gains of the Latins was a feature of the first half year. It is hard to find adequate
reasons why the second half year of the study of Latin should have had zero effect. From Psych Bulletin 20:06:00607. (PsycINFO
Database Record (c) 2018 APA, all rights reserved)



Far transfer sells




Our educational system loves the idea of far transfer
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Far transfer informs decisions and attitudes about parenting
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The cognitive benefits
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Playing video games can improve your cognitive performance in a wide HOW A NEW Study ShOWS
range of areas. For example: .
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We hope far transfer will prevent or slow dementia
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So does it work? Look at RCTs.

“That is, no impact on far-transfer measures was observed regardless of the type of population and cognitive-training
program. The lack of generalization of skills acquired by training is thus an invariant of human cognition.” (Sala et. al., 2019,
Near and Far Transfer in Cognitive Training: A Second-Order Meta-Analysis

In over a half century, no systematic body of evidence demonstrating the effectiveness of any general problem-solving
strategies has emerged. ... There is no body of research based on randomized, controlled experiments indicating that such
teaching leads to better problem solving. (Sweller, Clark and Kirschner, 2010)

"The results of our study, in combination with many meta-analyses (Melby-Lervag et al., 2016, Sala and Gobet, 2017, Soveri et al.,
2017) demonstrates that cognitive training fails to provide strong evidence for far-transfer effects.” (p
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Abstract 0
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A number of studies suggest that teaching children how to play chess may have an 0
impact upon their educational attainment. Yet the strength of this evidence is % 020
undermined by limitations with research design. This paper attempts to overcome these E 015
limitations by presenting evidence from a randomised controlled trial (RCT) involving " o
more than 4,000 children in England. In contrast to much of the existing literature, we 0.05 L
find no evidence of an effect of chess instruction upon children’s mathematics, reading o e e — e
or science test scores. Our results provide a timely reminder of the need for social Control Group Control Group

1 1 H H Fig. 1. Results from the two meta-analyses of the experimental studies on music and
scientists to employ robust research designs. Jerrim et al., 2017

control group (passive vs. active). Error bars represent standard errors.



How about in older adults? Hmmm.

« We found significant gains on verbal and visuospatial working memory.

The effects were maintained at follow-up only for verbal working

memory.

« Far-transfer effects were not verified, except for the studies whose Cattell

Test was used to assess reasoning.

Borella et al., 2010

Conclusions

Each ACTIVE cognitive intervention resulted in less decline in self-reported IADL compared with the
control group. Reasoning and speed, but not memory, training resulted in improved targeted cognitive

abilities for 10 years.

Rebok et al., 2014

Results

A strong effect size was observed for cognitive exercise interventions compared with
wait-and-see control conditions (WMD = 1.07, CI: 0.32-1.83,z2=2.78, N=7,p =
0.006, N = 3,194). RCTs with follow-up greater than 2 years did not appear to
produce lower effect size estimates than those with less extended follow-up. Quality
of reporting of trials was in general low.

Conclusion

Cognitive exercise training in healthy older individuals produces strong and
persistent protective effects on longitudinal neuropsychological performance.
Transfer of these effects to dementia-relevant domains such as general cognition
and daily functioning has also been reported in some studies. Importantly,
cognitive exercise has yet to be shown to prevent incident dementia in an
appropriately designed trial and this is now an international priority.

Valenzuela et al., 2007



Special considerations in older adults

e Are we trying to train new abilities (and enhance untrained abilities) or prevent

the loss of abilities we already have?
e Brain as a muscle vs. brain as a computer

e Do you need to improve certain cognitive abilities to maintain activities of daily

living? Could this, then, improve cognitive abilities?



Common sense break! Take a step back

Does understanding physics help you when chopping down a tree?
Does knowledge of baking measurements help you learn fractions?
Does gardening expertise help you learn science?

(Is this far transfer, or just generalization? Can you tell the difference?)

Does going to chess club prepare you for talking to teachers?

Do private music lessons and daily practice build character?

Does playing video games enhance your ability to solve puzzles?

(What cognitive benefits of an activity might arise from something other than the intellectual
content?)

What skills and abilities do we value or require and how do we communicate that in our culture?



Why is this belief so prevalent?

1. There is a huge amount of evidence that people who succeed at music,

chess, or Latin, will receive higher scores in math, science and writing.

Study name Statistics for each stud Correlation and 95% CI
Lower Upper
Correlation  limit limt  Z-Value p-Value

Bilalic, McLeod, & Gobet (2007) - S1 0360 -0661 0041 -1.768  0.077 —

Unterrainer, Kaller, Leonhart, & Rahm (2011)  0.043  -0.316 0391 0228  0.820

Frank & D'Hondt (1979) - M1 0050 -0315 0402 0261 0794

Bilalic, McLeod, & Gobet (2007) - S2 0080 -0255 0398 0461 0645

de Bruin, Kok, Leppink, & Camp (2014) 0219 -0212 0579 099 0319

Grabner, Neubauer, & Stem (2007) - M3 0240 -0015 0466 1848  0.065

Frank & D'Hondt (1979) - M2 0250 -0.120 0559 1332  0.183

Frank & D'Hondt (1979) - M3 0260 -0.109 0566 1388  0.165

Grabner, Neubauer, & Stem (2007) - M1 0300 005 0515 2336 0019

Grabner, Neubauer, & Stem (2007) - M2 0300 0050 0515 233  0.019

Grabner, Neubauer, & Stem (2007) - M5 0300 0050 0515 233 0019

Grabner, Neubauer, & Stem (2007) - M4 0450 0221 0632 3658  0.000

0217 0.110 0318 3.943 0.000 RS
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Burgoyne et al., 2016
Conclusion

Allin all, our review points to an association of musical training and enhanced cognitive
performance spanning from executive functions to creativity. That is, even if in some cases
the benefits were restricted to the auditory domain, the available studies suggest that musical
experience is linked to benefits in unpracticed tasks and cognitive functions unrelated (or at
least not obviously related) to musical abilities. However, it is important to note that the causal
relation between the observed benefits and musical experience may not be straightforward,

Benz et al., 2016

The researchers found that taking music courses at higher- or
mid-SES schools relates to higher math scores. Mackin Freeman
said that's not a surprise given the ways in which music and
math overlap.

"If you think about it at an intuitive level, reading music is just
doing math," he said. "Of course, it's a different type of math but
it might be a more engaging form of math for students than

learning calculus." . )
9 Daniel Mackin Freeman



Why is this belief so prevalent?

2. It makes intuitive sense.

3. Neuroplasticity is definitely possible throughout the lifespan, and
undoubtedly occurs as a result of some “brain-boosting” activities. This is best
studied in the context of musical training.

4. There are many potential mechanisms that could explain the benefit of brain
tra|n|ng, and they probably depend heaVIIy on ConteXt The researchers found that taking music courses at higher- or

mid-SES schools relates to higher math scores. Mackin Freeman
said that's not a surprise given the ways in which music and
math overlap.

"If you think about it at an intuitive level, reading music is just
doing math," he said. "Of course, it's a different type of math but
it might be a more engaging form of math for students than
learning calculus."

Daniel Mackin Freeman

Voxel-based-morphometry (PMus>AMus>NMus)

Schlaug et al., 2006



|_ack of far transfer does not necessarily mean lack of value

e But, it's possible that training programs designed to correct or prevent
dyslexia, dementia, autism, and other conditions are scammers
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If far transfer doesn’t work, what actually does?

Exercise

Gut health

Nutritious diet

Vision training for athletes
Non-traumatic environment
Parental nurturing



