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Executive Functions of the Brain among

University Students and Its relation to Gender.

Abstract

This study aims to investigate the executive functions of the brain among
university students and its relation to sex. The sample consisted of 183
university students (98 male, 85 female). The Behavioral Rating Inventory
of Executive Function was used.

The results showed that the university students have a high score in
executive functions of the brain, and also showed no significant differences
between the two sexes in executive function as measured by the used
instrument. The results were discussed according to the previous studies, the
development of the executive functions and the interaction between sex and
age and the development of executive functions.

Keywords: clinical neuropsychology, executive functions, gender

differences, Behavioral Rating Inventory of Executive
Function.
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(cold)
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.(Prencipe, Kesek, Cohen, Lamm, Lewis & Zelazo, 2011) (hot )
( )

.(Green, 1996, Green, kern, Braff & Mintz, 2000)

.(Damasio, 1995, Stuss etal., 2005)
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Frontal Cortex Prefrontal

(Chan, Chen, Cheung, Chen & Cheung, 2006; Lin, Chan, Zheng, Yang &
.Wang, 2007)

.(Diamond, 2013)

.(Diamond, 2013; Fitzpatrick, Gilbert & Serpell, 2013)
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.(Weiss et al., 2003

.( Helpren, 2012
.(Rahman, Bakare & Serinsu, 2011)

(new imaging technologies)
Stevens &
.(Haman, 2012)
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Models of Executive Functions

Luria's Theory A

.(Luria, 1973)

Supervisory Attentional System Model 2

Contention scheduling
.Supervisory Attentional

(Norman & Schallice, 1986; Stuss; Alexander; Shallice;
Picton; Binna & Macdonal, 2005

(Stuss and Benson Model 3

(Anterior reticular activating system)
(Diffuse thalamic projection system)
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.(Fronto-thalamic gating system) -

(2)
C )
right)

(cingulate area) (frontal
(Dorsolateral (cingulate and orbitofrontal areas)
(Dorsolateral prefrontal and prefrontal cortex)
(Dorsolateral prefrontal cortex) medial frontal areas)

(Stuss (Left dorsolateral prefrontal cortex)
.etal., 1995)
Duncan's goal-neglect theory A
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(Duncan, 1986; Duncan &

.Goldman-Rakic's working memory model

44

.Owen., 2000)

(featural)

(features)
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.(Dopamine) (Catecholamines)
(delayed-
matching task)
.(Goldman-Rakic, 1992)
.Damasio’s Somatic Marker .6
1995
.Phineas Gage (Ventromedial frontal cortex)

.(Damasio, 1995)
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(Anderson,
.2002)

.(Thompson etal., 2000)

(Zelazo, Carlson, & Kesek, 2007) .

(Blair, 2002)
.(Best, Miller & Jones, 2009)
Inhibition
.(McCloskey, etal., 2009)
8
5
10 5
14 10
.(Welsh, 2002)
4 (Anderson, 2002)
13-11 9 7 5
19-16
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(solidified)
.(Hughes, 2011)

.(Hughes, 2011)

dysexecutive syndrome

.(Sohlberg & Mateer, 2001)

impulsiveness
social poor social judgment
difficulty egocentrism disinhibition

interpreting the behavior of others

poorly regulated perseveration
disorganization attention

ineffective weak goal formulation
decreased flexibility/ planning
slowed processing shifting
immature diminished divergent thinking
weak self-monitoring problem solving

inefficient responses to feedback/
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reduced initiation consequences
(Burgess & Alderman, 2004) dulled concrete thinking
.emotional responses

ADHD
.(Dickstein, etal., 2006)

.(De Luea etal., 2003)

(degenerative)
.(Carmelli, Swan & De Crarli, 2002)

Tower of London Stroop test
WCST
CANTAB D-KEFS COWAT
(Chan, Shum,

.Toulopoulou & Chen, 2008: Burgess, 2003)

Behavioural Rating Inventory of
Executive Functions
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5-2

18-11 18-8

Behavioural Rating Inventory of Executive Functions- Adult Version

.(Roth, Isquith, & Gioia, 2005) 90 18

(flexibility)
(emotional control
(self-monitor
(working memory)
(plan/organize

(BRIEF-A)

.(e.g. Welsh, 2002)

¢
BRIEF-A
(inhibit)
) (shift)
)
(initiate) ( )
)

(organization of material)

.(task control)
BRIEF-A

.(0.90) (0.98 -0.73)
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(behavioural regulation)

(metacognition)

(monitor)

(ADHD)
(Traumatic brain injury)
(Roth, etal., 2005)
(Rabin et al., 2006)
BRIEF-A
( )
(ecological validity)
.(veridicality) (verisimilitude)
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e.g., Waber, Gerber, Turcios, Wagnger & )

(3)

Pennington & Ozonoff, )

(9)
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Clinical Scales

:Shift

:inhibition

Forbes, 2006

(1996
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(stuck)
:emotional control -3
(realm)
:self-monitor -4
linitiate -5
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:working memory

:plan/organize

.(puzzles)

53



:task monitor

:organization of materials

:(Validity Scales)

‘negativity scale
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85

:infrequency scale

) ()

:inconsistency scale

98) 183

24-18
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:2005)
90-18
9) (75)
(shift) (inhibit)

(self-monitor) (emotional control)
(plan/ organize) / (working memory) (initiate)

organization of ) (task monitor)
(negativity) : .(material
.(inconsistency) (infrequency)

(behavioural regulation index)
(metacognition index)
.(global executive composite)

56



.2015

(1)
(1)
8 Inhabit
6 Shift ( )
10 Emotional
control
6 Self-monitor
. 8 Initiat
(fluidly ) nitiate ( )
(mind) 8 Working
memory
10 / o
Plan/organization
systematic
6 Task monitor
8 Organization of
materials
10 Negativity
5 Infrequency
10 Inconsistency
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Cronbach's )

30 .0.93 (Alpha
0.93 0.92-0.83
32
.0.90 (Cronbach's Alpha)
0.45
.0.01
0.05 0.01
(2)
t-test
()
t-test )
(
12.67 (3.16) 14.6 .
12.07 -1.44 (2.79) 15.2 Inhabit
(2.26) 10.6
9.03
8.49 0.78 (2.01) 104 Shift
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t-test )
(
17.51 (4.59) 19.5
0.73 )
14.20 (4.21) 19.0 Emotional control
9.36 (2.87) 10.0 Self-
-1.20 .
14.20 (2.63) 10.5 monitor
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-1.50 Initiate
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11.19 ' (2.62) 13.5 Working memory
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-254 .
8.83 (3.53) 18.2 monitor
3.60) 12.5
13.52 - 3.05 (360) o
12.79 (3.48) 14.1 Organization
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-341 Negativity
(3.38) 17.5
(1.55) 8.6
0.39 Infrequency
(1.65) 85
1.20) 1.8
- 2.11%* (1.20) .
(1.93) 2.2 Inconsistency
48.21 (10.11) 54.8 behavioural
-0.29 .
43.61 (8.73) 55.1 regulation
61.90 (12.63) 67.5
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59.67 (11.63) 71.7 metacognition index
110 (21.78) 130.8 global
103 -1.50
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)
.(Niemeier et al., 2007)

(heuristic)

18

61

8-5



References

Anderson, P. (2002). Assessment and development of executive function
(EF) during childhood. Child Neuropsychology, 8, 71-82.

Best, J. R., Miller, P. H. & Jones, L. L. (2009). Executive functions after age
5: Changes and correlates. Developmental Review, 29, 180-200.

Blair, C. (2002). School readiness: Integrating cognition and emotion in a
neurobiological conceptualization of child functioning at school entry.
American Psychologist, 57, 111-127.

Burgess, O. W. & Alderman, N. (2004) Executive dysfunction. In L. H.
Goldstein and J. E. McNeil (Eds.) Clinical Neuropsychology: A
practical Guide to Assessment and Management for clinicians (pp.185-
209). N.Y: John Wiley & Sons, Ltd.

Burgess, P. W. (2003) Assessment of Executive Function. In: P. Halligan,
U. Kischka & J. C. Marshall (Eds.) Handbook of Clinical
Neuropsychology. Oxford: Oxford University Press.

Chan, R. C .K; Chen, E. Y. H; Cheung, E. F C.; Chen, R. Y. L. & Cheung,
H. K. (2006) the components of executive functioning in a cohort of
patients with chronic schizophrenia: A multiple single case study
design. Schizophrenia research, 81(2-3), 173-189.

Chan, R. C. K; Shum, D.; Toulopoulou, T.; & Chen, E. Y. H. (2008)
Assessment of executive functions: Review of instruments and
identification of critical issues. Archives of Clinical Neuropsychology,
23: 201-216.

Damasio, A. (1995). The frontal lobes. In K. Heilman & E. Valenstein
(Eds.), Clinical Neuropsychology (2nd ed., pp. 409--460). New York:
Oxford University Press.

De Luca, C., Wood, S., Anderson, V., Buchanan, J., Profitt, T., Mahoney,
K., et al. (2003). Normative data from the CANTAB: Development of
executive function over the lifespan. Journal of Clinical and
Experimental Neuropsychology, 25, 242-254.

Diamond, A. (2013) Executive functions. Annu. Rev. Psychol. 2013.
64:135-68.

62



.2015

Dickstein, S. G.; Bannon, K.; Castellanos, F. X. & Milha, M. P. (2006) The
neural correlates of attention deficit hyperactivity disorder: an ALE
meta-analysis. Journal of Child Psychology and Psychiatry, 47 (10):
1051-1062.

Duncan J, Owen AM. (2000). Common regions of the human frontal lobe
recruited by diverse cognitive demands. Trends Neurosci. 23:475-83.

Duncan J, Seitz RJ, Kolodny J, Bor D, Herzog H, Ahmed A, Newell FN,
Emslie H. (2000) A neural basis for general intelligence.
Science;289:457-460.

Duncan, J. (1986) Disorganization of behavior after frontal lobe damage.
Cognitive Neuropsychology, 2: 271-290.

Fitzpatrick; S.; Gilbert, S. & Serpell, L. (2013) Systematic review: Are
overweight and obese individuals impaired in behavioral tasks of
executive functions. Neuropsychological Review, 23:138-156.

Goldman-Rakic, P. S. (1995). Anatomical and functional circuits in
prefrontal cortex of nonhuman primates: Relevance to epilepsy. In H.
H. Jasper, S. Riggio,&P. S. Goldman-Rakic (Eds.), Epilepsy and the
functional anatomy of the frontal lobe (pp. 51-62). New York: Raven.

Grafmam, J. & Litvan, I. (1999) Importance of deficits in executive
functions. The Lancet, 354: 1921-1923.

Green, M. F.; Kern, R. S .; Braff, D. L. & Mintz, J. (2000) Neurocognitive
deficits and functional out come in schizophrenia: Are we measuring
the "right stuff"? Schizophrenia Bulletin, 26 (1),: 119-136.

Helpren, D. F. (2012) Sex differences in cognitive abilities. N.Y.:
Psychological Press.

Hughes, C. (2011) Changes and Challenges in 20 Years of Research Into the
Development of Executive Functions. Inf. Child. Dev. 20: 251-271.

Huizinga, M. & Smidts, D. P. (2011) Age-related changes in executive
function: A normative study with the dutch version of the Behavior
Rating Inventory of Executive Function (BRIEF). Child
Neuropsychology, 17: 51-66.

63



Lezak, M. D., Howieson, D. B., & Loring, D. W. (2004).
Neuropsychological assessment (4th ed.). New York: Oxford
University Press.

Lin, H. ; Chan, R. C. K; Zheng, L. Yang, T. & Wang, Y. (2007) Executive
functioning in healthy elderly Chinese people. Archives of Clinical
Neuropsychology, 22: 501-511.

Luria, A. (1973). The working brain: An introduction to neuropsychology.
New York: Basic.

McCloskey, G., Perkins, A., & Divner, B.V. (2009). Assessment and
Intervention for Executive Function Difficulties. New York: Routledge.

Meltzer, L. (Ed.). (2007). Executive Function in Education: From theory to
practice. New York, NY: The Guilford Press.

Niemeier, J. P.; Marwitz, J. H.; Lesher, K.; Walker, W. C. & Bushnik, T.
(2007) Gender differences in executive functions following traumatic
brain injury. Neuropsychological Rehabilitation, 17 (3), 293-313.

Norman, D. A., & Shallice, T. (1986). Attention to action: willed and
automatic control of behavior. In R. J. Davidson & G. E. Schwartz & D.
Shapiro (Eds.), Consciousness and self-regulation (pp. 1-18). New
York: Plenum.

Pennington, B., & Ozonoff, S. (1996). Executive function and
developmental psychopathology. Journal of Child Psychology and
Psychiatry, 37, 51-87.

Pennington, B., & Ozonoff, S. (1996). Executive function and
developmental psychopathology. Journal of Child Psychology and
Psychiatry, 37, 51-87.

Rabin, L. A.; Roth, M. R.; laquith, P. K.; Wishart, H. A.; Nutter-Upham, K.
E.; Pare, N.; Flashman, L. A. & Saykin, A. J. (2006) Self- and
informant reports of executive function on the BRIEF-A in MCI and
older Adults. Archives of Clinical neuropsychology, 21: 721-732.

64



.2015

Rahman, O.; Bakare, M. & Serinsu, C. (2011) No sex differences in spatial
location memory for abstract designs. Brain and Cognition, 76 (1): 15-
19.

Roth, R. M., Isquith, P. K. & Gioia, G. A. (2005) Behaviour Rating
Inventory of Executive Functions. Florida: PAR Inc.

Savla, G. N. (2009) Executive functions in Schizophrenia: Defining and
Refining the Constructs. Unpublished Ph.D theses. University of
California, San Giego.

Stevens, J. S. & Haman, S. (2012) Sex differences in brain activation to
emotional stimuli: A meta-analysis of neuroimaging studies.
Neuropsychologia 50: 1578-1593.

Stuss, D. T. ; Alexander, M. P. ; Shallice, T.; Picton, T. W.; Binna, M. A. ;
Macdonal, R. etal., (2005) Multiple frontal lobe systems controlling
response speed. Neuropsychologia, 43: 396-417.

Stuss, D. T., & Alexander, M. P. (2000). Executive functions and the frontal
lobes: A conceptual view. Psychological Research, 63, 289-298.

Stuss, D. T., & Knight, R. (2002). Principles of frontal lobe function. New
York: Oxford University Press.

Stuss, D. T., Gallup, G. G., Jr., & Alexander, M. P. (2001). The frontal
lobes are necessary for “theory of mind”. Brain, 124, 279-286.

Stuss, D., & Benson, D. (1986). The Frontal Lobes. New York: Raven
Press.

Thompson-Schill, S. L., Bedney, M., & Goldberg, R.F. (2005). The frontal
lobes and the regulation of mental activity. Current Opinion in
Neurobiology, 15, 219-224.

Weiss, E.; Kemmler, G.; Deisenhammer, E,; Fleischhacker, W. & Delazer,
M. (2003) Sex differences in cognitive functions. Personality and
Individual Differences, 35 (4): 863-875.

Welsh,M. C. (2002). Developmental and clinical variations in executive
functions. In D. L.Molfese & V. J. Molfese (Eds.), Developmental
variations in learning (pp. 139-185). Mahwah, NJ: Lawrence Erlbaum
Associates, Inc.

65



Zelazo, P. D., Carlson, S. M., & Kesek, A. (2007). The development of
executive function in childhood. In C. Nelson & M. Luciana (Eds),
Handbook of Developmental Cognitive Neuroscience (2nd Ed.).
Cambridge, MA: MIT Press.

66



