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—pEFEEX (2) A4 IBEXEZE (University of Bristol)

[2] Using Random Number Generation and Tear Fluid to Investigate Dopamine’s
Role in Working Memory

Eden Kartar (University of Bristol) + Fumihiko Itagaki (University of Bristol) + Dave
Turk (University of Bristol)

Dopamine is a neurotransmitter which is involved in many cognitive functions, including working
memory. Human tears contain dopamine, which may provide some insights into the central nervous
system (CNS). Analyzing these samples may reduce the invasiveness, cost, and duration of
conventional techniques used to research dopamine activity in the human CNS. Tear fluid samples
may therefore be a very useful research tool. The Random Number Generation (RNG) task is used to
assess working memory and central executive function. Advances have been made in analyzing
performance in this task, which is believed to reflect how fluctuations in dopamine signaling may
impact working memory. This presentation will introduce the method of analyzing dopamine in human

tears, and how these samples may index performance in the RNG task.
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#HE A% IRIEXE (University of Bristol)

Me, Mine and Memory: Exploring the Relationship Between Self, Agency,
Ownership, and Memory

Dave Turk (University of Bristol)

As Osaka and others have shown, there are many similarities between the self and working memory
in terms of their cognitive and neural bases. I hope, therefore, that this presentation on self and

memory will be of interest to working memory researchers.

About Me

As an undergraduate I designed and published the first brain imaging study on autobiographical
memory with Conway (Bristol) and Becker (Pittsburgh). I followed this with a PhD with Baddeley
(Bristol) exploring how faces are processed in working memory. These two areas of interest were
merged in my postdoctoral work with Gazzaniga (Dartmouth College) where I studied self-face
recognition in split-brain patients and using fMRI. This led me to explore other cognitive biases

resulting from self-processing that I will present today.

Previous Work on Self

My initial studies on explicit, evaluative encoding (some might refer to this as conscious self-
processing) revealed a standard pattern of memory advantages for self and activated a region of the
ventromedial prefrontal cortex. This was the case whether participants evaluated trait adjectives or
were identifying their own face. We also showed how explicit, evaluative self-referential encoding
effects might be used to improve classroom learning in literacy. My collaborator, Sheila Cunningham,
has recently shown that similar self-referential tasks also increase verbal working memory span in

adults and children.

My work has also explored how non-evaluative tasks involving self-cues might also impact on
cognition. Using the same trait adjectives but simply pairing them with one’s own name or face also
led to a significant memory effect. We postulated that self-cues might automatically orient attention
to the stimulus and provide an unconscious emotional response that might serve to enhance memory
for this material. We confirmed this with a study involving a prosopagnosic patient who showed the
same memory effect as controls, even though he could not consciously identify his face. In order to
chart the development of self in childhood, words are not the best stimuli to use. However, from an
early age, children have a sense of ownership, so we decided to utilise this as a way to link information
to self. Using this method, we were the first to show self-referential memory effects in children as

young as 4 years old.
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Self and Ownership

Ownership studies yielded a different neural signature and time-course involving attention and
reward circuits in the brain. Others have shown that ownership effects are present in amnesic
populations. Electrophysiological studies in my lab showed how these effects might be linked to
automatic changes in visuo-spatial attention and that dividing attention abolished the ownership effect
completely.  Interestingly, with Itagaki we observed that ownership effects were present in UK

participants but not found in Japanese populations.

In previous ownership studies, we had simply allocated items to participants. In real life, we have the
agency to choose our possessions, so we explored the impact of choice on ownership effects in memory.
Whether participants were offered a real choice between two items, or a blind choice where they
selected numbers on a grid that they were told corresponded to different objects, we observed two
interesting things. First, the ownership effect was enhanced; second, memory overall also increased.
This suggests a general effect of agency on memory, perhaps through increased motivation or arousal

that also benefits memory for other people’s objects.

Dopamine and Self

Given the importance of affective and attentional processes, and the potential for enhanced
motivation and arousal following choice, as well as the differences in the neural architecture and cross-
cultural variation in ownership effects, our attention has now turned to identifying a possible neural
mechanism to explain these patterns. We are currently exploring the role of dopamine as the basis for

individual differences in ownership effects.

My PhD student, Eden, will present our method for collecting and quantifying dopamine. He will
also discuss some UK data we collected with Itagaki on the relationship between dopamine and working

memory performance using his random number generation task.

The Schirmer’s method offers relatively cheap, non-invasive way to quantify brain levels of
dopamine and could potentially unlock our understanding of individual differences in many cognitive
domains, as well as gain a better understanding of the symptoms and behavioural issues experienced
by clinical populations deficient in this neurotransmitter (e.g., ADHD, Parkinson’s disease,

schizophrenia and hoarding disorder to name a few).



