(2]

S

n

6

16

17
18

Intern. J. Neuroscience, 117:1-22, 2007 inform a
Copyright © 2007 Informa Healthcare healiheare

ISSN: 0020-7454 [ 1543-5245 online
DOI: 10.1080/00207450500514003

THE EFFECTS OF NEUROFEEDBACK TRAINING
IN THE COGNITIVE DIVISION OF THE ANTERIOR
CINGULATE GYRUS

REX CANNON

Psychology Program, University of Tennessee
Brain Research and Neuropsychology Lab
Knoxville, Tennessee, USA

JOEL LUBAR

University of Tennessee
Knoxville, Tennessee, USA

MARCO CONGEDO

France Telecom R&D
Meylan, France

KERI THORNTON

University of Tennessee

Received 2 June 2005.

The authors give special thanks to Matthew Cain, B.A., Wallis Levin, B.A_ Stuart Wilson, B AL
and Mark Tichon, B.S., Michele Higdon, B.A_, and Ben Kelsay, B A for their dedicated work in
the data collection process; Ann Reed and Bob Muenchen in the Office of Information Technology,
and Dr. Lowell Gaertner in the Psychology Department for sharing their knowledge of statistical
maodels. The authors also express gratitude to the subjects of this study for their time and efforts.

Address correspondence to Rex Cannon, University of Tennessee, Department of Psychology,
Brain Research and Neuropsychology Laboratory, Knoxville, TN 37996, USA. E-mail: rcannon2@

utk .edu



Q1

26
27
28
29
30
31
32
33

34

36

37
38
39
40
41
42
43
44

46
47
48
49

ho n Ln Ln
b = D

2 R. CANNON ET AL.

KERRY TOWLER

Experimental Psychology Program
University of Tennessee

TERESA HUTCHENS
University of Tennessee

This study examines the efficacy of neurofeedback training in the cognitive division
of the anterior cingulate gyrus and describes its relationship with cortical regions
known to be involved in executive functions. This study was conducted with eight
non-clinical students, four male and four female, with a mean age of twenty-two.
Learning occurred in the ACed at significant levels over sessions and in the anterior
regions that receive projections from the AC. There appears to be a multidimensional
executive circuit that increases in the same frequency in apparent synchrony with

the AC and it may be possible to train this sub-cortical region using LNFB.
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INTRODUCTION

The anterior cingulate gyrus (AC) is a subject of intense interest and has
been the focus of numerous studies over the past decade. Studies report
involvement of the AC during a wide variety of cognitive, mnemonic and
emotional tasks (Cabeza & Nyberg, 2000; Cannon et al., 2005; Markela-Lerenc
et al., 2004: Devinsky et al., 1995). In a review, Devinsky et al. (1995)
sum the processes of the AC as: crucial in initiation, motivation, and goal
directed behaviors, emotion and motor functions, attention, direct control of
skeletal and visceromotor systems, response selection, cognitively demanding
processing devoid of movement and possible reclamation from short-term
memory. Attentional processes are probably the most investigated function
of the AC (Pardo et al., 1990: Bench et al., 1993; Posner & Petersen. 1990).
Activation of the prefrontal cortex (PFC), AC, bilateral parietal cortex and
occipital areas is reported in functional magnetic resonance imaging (fMRI)
experiments involving sustained attention and counting (Ortuno et al., 2001).
Studies report significant activation of the supplementary motor area (SMA)
during attentional tasks and suggest that the SMA, dorsolateral PFC, inferior
parietal lobes and the AC would be related to attentional effort as a general



