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ABSTRACT

Introduction: Cognitive tasks are considered to be applicable and appropriate
in assessing cognitive domains. The purpose of our study is to determine the
relationship existence between variables of age, sex and education with selective,
sustained attention and planning abilities by means of computerized cognitive
tasks among healthy adults.

Methods: A cross-sectional study was implemented during 6 months from June
to November, 2010 on 84 healthy adults (42 male and 42 female). The whole
participants performed computerized CPT, STROOP and TOL tests after being

Key Words: content and trained.

Demographics, Results: The obtained data indicate that there is a significant correlation coefficient
Planning, between age, sex and education variables (p<0.05).

Selective Attention, Discussion: The above-mentioned tests can be used to assess selective, sustained
Sustained Attention. attention and planning.

ability of tracking different components of participant’s
response and the ability of developing detailed and large
databases (Gualtieri et al. 2006).

1. Introduction

omputerized neuro-cognitive tests are con-
sidered appropriate in new and developing
fields of psychological testing. Relatively
mild measures of neuro-cognitive impair-
ments can be assessed by these tests where
speed, efficiency and low cost are of great importance.
In theory, computerized neuro-cognitive tests can en-

Cognitive functions can be measured through vari-
ous domains such as executive functions, memory, lan-
guage and visuo-spatial functions (Bosma et al. 2008),
(Cynthia et al. 2002). Attention is a cognitive process
which is defined based on one aspect of environment

hance efficiency, productivity and knowledge. How-
ever, these tests are also confronted with some restric-
tions like any other technology (Gualtieri et al. 2006).
In comparison to common psychological tests, com-
puterized neuro-cognitive tests have few advantages
including coordination in administration and scoring,
probability of creating substituting suitable forms, the
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as selective concentration, while other aspects are ig-
nored. Also, attention has been attributed to allocation
of resources processing (Anderson 2004). Selective at-
tention is defined as information processing capability
during rejection of false and irrelevant one (MacLeod
1991). Selective attention is evaluated by STROOP test.
This test provides a measure of cognitive inhibition or
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the ability to control something learned tightly before
(the dominant response) in favor of an uncommon re-
sponse (Stroop 1935). Sustained attention is needed to
accomplish any cognitive planned, systematic activity
and thoughts. Having disorder in this type of attention
can be observed in diseases like ADHD, schizophrenia
and brain tumors (Lin et al. 1999). Sustained attention is
measured through Continuous Performance Test (CPT),
which obtain quantitative information in regards to sus-
taining attention in a matter of specified time (Beck et
al. 1956).

Executive function is a term referred to self-control
behaviors, which are related to rules and regulations
done through some selective and sustained behaviors.
In order to perform a task which is not done habitually,
executive functions need progress and performance
of an approach. A distributed neural net conducts ex-
ecutive functions with cortical and sub-cortical parts
including frontal cortex and basal ganglia—thalamic—
cerebellar connections (Cynthia et al. 2002). Planning
as a sub-category of problem solving ability consists of
some parts which events anticipation and track keeping
for goal achievement are among them (Shallice 1982).
To assess planning ability in executive function domain
Tower Of London (TOL) test has been used. TOL test
has been developed as a mean to recognize unexpected
planning processes disorders which allocate to dysfunc-
tion of frontal Lobe (Owen et al. 1990), (Lange et al.

Table 1. The comparison of age groups with sex and education

1992). TOL is sensitive to dysfunction of brain anterior
part, which has been confirmed in studies reviewed clin-
ical samples (Krikorian et al. 1994).

The popularity of the cognitive tests in clinical and
research settings (Lezak et al. 2004) means that it is im-
portant to characterize the influence of age factors on
test performance. Previous studies have provided data
about the effects of age, sex, and education on cogni-
tive tests performance. Although most authors report-
ed age-related decrements in these tests performance
(Daigneault et al. 1992), (Feinstein et al. 1994), (Hamel-
eers et al. 2000), (Houx et al. 1993), (Ivnik et al. 1996)
(Klein et al. 1997), (Libon et al. 1994), (Moering et al.
2003),(Spreen & Strauss, 1998), (Swerdlow et al.1995),
(Van Boxtel et al. 2001), some like Graf et al. (1995)
did not find age to influence tests performance. Sex
differences in Cognitive tests performance have been
reported by some (Hameleers et al. 2000), (Martin &
Franzen 1989), (Moering et al. 2003), (Van Boxtel et al.
2001) but not all (Houx et al. 1993), (Klein et al. 1997),
(Swerdlow et al. 1995), (Trenerry et al. 1989) authors.
Again, education was found to be positively related to
Stroop test performance by some authors (Hameleers et
al. 2000; Houx et al. 1993; Moering et al. 2003; Van
Boxtel et al. 2001) but not by others (Trennery et al.,
1989).

Age Vs. S Age Groups TOTAL Val df i
e Vs. Sex alue si
& 15-24 25-34 35-44 45-54 55-65 =
< Female 7 10 4 13 8 42
[}
(%]
Male 7 10 4 13 8 42
10.185 2 .006
TOTAL 14 20 8 26 16 84
Age Vs. Education 15-24 25-34 35-44 45-54 55-65 TOTAL
Illiterate 0 0 0 0 0 0
Diploma 2 5 1 6 3 17
c
o
g Associate of science 3 6 2 7 4 22
§ 6.016 | 2 | 0.049
Bachelor of science 7 0 10 2 6 25
Master of 1 8 6 4 1 20
science
TOTAL 13 19 19 19 19 84
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Table 1 has been analyzed by t-test method. Considering the equal number of healthy men and women participated in our
study, table 1 shows a significant relationship is observed among all age groups (p<0.05). Despite the difference of education
level in each age group, a significant relationship has also been shown between age and education variables (p<0.05).
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Since people with different age groups and educa-
tion levels can show different degrees of attention and
planning, they need to get these domains enhanced for
cognitive rehabilitation. Demographic variables of age,
sex and education were the most important influencing
factors on the basis of previous studies. Hence, current
study aims to determine the relationship between age,
sex and education variables with selective, sustained
attention and planning through cognitive tasks among
healthy adults.

2. Methods

This cross-sectional study was conducted during 6
months from June to November, 2010 at neuroscience
department of Functional Neurosurgery Research Cen-
ter (FNRC) of Shohada hospital in Tehran. The popula-
tion study was selected through random sampling, 15-
65 years old of 84 (42 male and 42 female) healthy adult
subjects whose mean age was 46+3. Filling the informed
consent letter before entering the study was necessary
for the whole subjects. Afterwards, they were examined
by neurosurgeons, neurologists and psychiatrists in or-
der to be removed in case of noticing any disease. After
being confirmed by the mentioned physicians, healthy
participants were referred to perform the computer-
ized STROOP, CPT and TOL tests. Being healthy and
free from previous or current history of psychological
and neurological disorders, having no history of head
injury, lacking any learning disability, living in Tehran,
being Farsi speaker and in age range of 15-65 years
old were the inclusion criteria for participants whom
were accepted for taking part in the study. Anyone did
not qualify these criteria was excluded from the study.
This study has been compromised in ethic committee
and research faculty of Shahid Beheshti University of
Medical Sciences. It has been also approved
and implemented in Functional Neurosurgery

STROOP test: This test was first designed and in-
troduced by Ridley Stroop in 1935 for the purpose of
assessing selective attention and cognitive flexibility
(Stroop 1935). Stroop test has been used for several cog-
nitive evaluations (Stuss et al. 2001), (Ehlis et al. 2005),
(Aman et al. 1998), (Stroop 1935). In our study, this test
is based on the variables of computerized version of
STROOP (Stroop 1935). Naming the colors is the first
stage of the test in which the examinee is asked to click
on the labeled key of the same colored circle shown fre-
quently in red, blue, yellow and green on the screen.
The goal of first stage is to train the test performance
technique to the examinee. The score of this stage has
no effect on the test’s final result. The second stage is
the main STROOP test performance. At this stage, 48
congruent colored and 48 incongruent colored words
are revealed. Congruent words are those which their
color and meaning is the same, for instance the written
word blue which is shown also in blue. Incongruent is
referred to the written words which are not similar in
color and meaning, for example the word yellow which
is displayed in green, blue or red. Totally, 96 congru-
ent and incongruent colored words are shown randomly
and consecutively on the screen and the examinee has
to click on the relevant tagged keys just by considering
the colors regardless of the meaning. Therefore, the ex-
aminees should be aware that the apparent words colors
may look different from their meaning and the emphasis
is on color. The presentation time of each stimulus on
the screen is 2 seconds and the interval between each
two presentation is 800 milliseconds. Researchers be-
lieve that color-word task (the second stage) can mea-
sure mental flexibility, interference and response inhibi-
tion (Wecker et al. 2000). The interference measure is
obtained by subtracting the score of correct incongruent
number from the score of correct congruent words. The

Research Center (FNRC). )
. . 14 13
Statistical Analysis
12
After completing demographic questionnaire 10 g
and performing the CPT, TOL and STROOP g g . =
tests by participants, the data were entered the 5 6 B m Female
SPSS18 software. Statistical analysis of this & — Male
study was done through descriptive statistical 5 —
tests, Pearson correlation coefficient, stepwise
. 0
regression and the t-test. 1524 2534 3544 4554  55-65
age groups
Computerized Tests
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Figure 1. Frequency of male and female in different age groups
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investigating measures of computerized STROOP test
include congruent and incongruent error, congruent and
incongruent time reaction and result tests of the partici-
pants (Stuss et al. 2001), (Ehlis et al. 2005), (Aman et
al. 1998).

CPT test: In order to measure sustained attention,
CPT test has been used in many studies (Verbaten et
al. 1994), (Losier et al. 1996). Due to its relevance
with cognitive and mental disorders, it is considered a
popular test (Epstein et al. 2001), (Lindsay et al. 2001),
(Mirksy et al. 1956), (Riccio & Reynolds et al. 2001),
(Vadhan et al. 2001), (Sykes et al. 1971), (McGee et al.
2000), (Wohlberg et al. 1973). This test has also been
used to assess treatment and rehabilitation impacts on
diseases (Barkley 1977), (Riccio et al. 2001). In all
types of CPT test, the examinee should pay attention
to the complex of visual or auditory stimuli for a while
(only visual stimuli are presented in this test). This test
should take place in a suitable time and place in which
the performance conditions of the test should be ob-
served psychologically. Of course, the test is computer-
ized and the examinee should select and press the cor-
rect key at the appearance moment of any stimulus. The
purpose of this test is that each examinee applies his/her

maximum ability to present the best performance with
a proper speed. In this test, 150 stimuli are presented
from which 20% are target stimuli (the stimulus that
the examinee has to answer is depicted as star, moon
and circle on the screen). The presentation time of each
stimulus is 200 milliseconds and the interval between
each two presentation is 1 second. Before the main test,
an experimental test (sample test) will be run. At the be-
ginning of sample test, required explanations were pre-
sented to the examinee. By the time the sample test is
performed and the examinee is ready the test will start.
The test time including the time for experimental part is
entirely 200 seconds. According to various forms and
obtained analyses of test, designed computerized CPT
test in this study investigates sustained attention on the
basis of Time test, Error01 (error of response in first 50
stimuli), NoO1 (no response in first 50 stimuli), True01
(true response in first 50 stimuli), Time reaction01 (time
reaction of first 50 stimuli), Error02 (error of response
in second 50 stimuli), No0O2 (no response in second 50
stimuli), True02 (true response in second 50 stimuli),
Time reaction02 (time reaction of second 50 stimuli),
Error03 (error of response in third 50 stimuli), No03 (no
response in third 50 stimuli), True03 (true response in
third 50 stimuli) and Time reaction03 (time reaction of

Spring 2011, Volume 2, Number 3

Table 2. Determining selective attention scale among healthy subjects through computerized STROOP test based on age, sex
and education

Table 2 indicates that a significant relationship (p<0.05) is observed between error02 (incongruent error) and no02 (incongru-
ent no response) measures of STROOP test and all three variables of age, sex and education.

Based on STROORP test, the highest correlation has been observed between No02 (incongruent no response) and age and
education variables. Sex variable is highly correlated with Error02 (incongruent error) measure. Conversely, the lowest cor-
relations of age and education variables have been observed with Error02 and No02 has lowest correlation with sex variable.
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third 50 stimuli) measures comparison (Rosvold et al.
1956), (warm 1984).

TOL test: Planning ability that can be measured
through TOL test was first introduced by Shallice in
1982 (Shallice 1982). TOL is a reliable tool designed
to evaluate at least two aspects of executive actions in-
cluding planning and problem solving (Lezak 1995),
(Mazzocco et al. 1992), (Morris et al. 1988), (Owen et
al. 1990), (Lange et al. 1992). In various diseases such
as brain injuries, Parkinson, Hanitington corea disease,
hydrocephalus, depression, attention and hyperactivity
disorder and autism, TOL test has been used to assess
these executive actions (Lange et al 1992), (Owen et al.
1990). The performance method of this computerized
test similar to all other types of TOL test consists of an
experimental stage in which the examinee tries to learn
the correct way of doing the test. An example is shown
on the left side of the monitor screen according to which
the examinee has to put colored loops upon designed
bars on the right side of the screen. During the test, by
moving the colored loops (green, blue and red) to a
proper place as the sample, the score of this problem is
received. There are only three opportunities for the ex-
aminee in each turn. Accomplishing the example on the
first try has 3 points; the second has 2, and last has only
1. If the problem is solved correctly for the first time
3 points, for the second time 2 points and for the third
time 1 point will be received. In case the problem is still

not resolved after three attempts, the score of this level
won’t be considered. The number of movements in each
level is counted and after three attempts, the scoring
will be stopped. Otherwise, presenting a repeated test
would violate the test’s central dimension (its novelty
or nonroutine nature of problem solving ability) which
is required for applying executive planning (Shallice
1991b). As we have mentioned before, measures of
computerized TOL test include Time Test, Time Late,
Time Total, Result and Error. (Morgan 1998).

3. Results

The demographic and statistical data, which has been
summarized within 5 age groups of 15-24, 25-34, 35-
44, 45-54 and 55-65 are presented in four tables, two
charts and three scattered plot diagrams.

The CPT test diagram shows that age and sex vari-
ables have the highest correlation with Error03 (error of
response in third 50 stimuli) measure while education is
highly correlated with True02 (correct responses to sec-
ond 50 stimuli). In contrast, Timereco2 (time reaction of
second 50 stimuli) and age, Timerec03 (time reaction of
third 50 stimuli) and sex and error03 (error of response
in third 50 stimuli) and education variable have the low-
est correlations.
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Figure 2. Frequency of education levels in different age groups
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The total numbers of participants with different educational levels which are equal in both sexes are presented in

Figure 1 and 2.
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(" . h Figure 5 indicates that Time Late mea-
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Figure 3. Correlation of age, sex and education variables with STROOP mea- Assessment of cognitive domains of
sures selective, sustained attention and plan-

ning through computerized STROOP,
p ~ CPT and TOL tests is possible in appro-
o priate circumstances. In situations where

o error reduction, speed and efficiency are
— considered, these tests can be well used
] __A/J\w e \ (Culberston et al. 1995). It is significant
0.02 4 / to note that these tests are applicable as

—e—age .. . ..
a sensitive tool in vast range of clini-

o0 £ A 'é& ‘@}\/ & & 2 F Education cal conditions relevant to cognitive de-
fects (Gualtieri et al. 2006). In studies

R

Correlation
=

-0.04 4

Fred in which common neuro-cognitive tests

- have been stated, moderate correlation

5 coefficient has been observed among
q Variables of CPT ) STROOP, CPT and TOL tests’ measures

neurzscience  (Baker et al. 1985). The influence of in-

Figure 4. Correlation of age, sex and education variables with CPT measures dividual and environmental factors on

Table 3. Determining sustained attention measure among healthy subjects through computerized CPT test based on age,
sex, and education

According to Table 3, there is a significant relationship (p<0.05) between two measures of CPT test, Timerec02, Error03 and
age, sex and education variables.
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Figure 5. Correlation of age, sex and education variables with TOL measures

the computerized neuro-cognitive tests’ performance is
important which refers to the popularity of these tests in
research (Lezak et al. 2004). In current study, measures
of the mentioned tests are assessed by age, sex and edu-
cation variables. Many researchers have reported some
factors such as age related to the changes of attention
and planning in these tests (Jerger et al. 1993), in some
other studies age had no effect on the interference mea-
sure of these patterns (Moering et al. 2003), (Wright et
al. 2003), (Van Boxtel et al. 2001), (Hameleers et al.
2000). In this study, the impact of age groups is shown
on the error02 (incongruent error) and no02 (incon-
gruent no response) measures of STROOP test. The
obtained results are in line with some previous studies
which showed the age effects on interference scores of
the test. This is a classic case that has been confirmed in
several studies (Hameleers et al. 2000), (Daigneault et
al. 1992), (Feinstein et al. 1994). Sex is another variable
which has been referred by McLeod in all age groups
with minimum correlation with STROOP test measures

NEURSCIENCE

(McLeod 1991). However, in our study, two measures
of STROOP test, error02 (incongruent error) and no02
(incongruent no response) have been influenced by sex
variable. The education levels of participants ranged
from illiterate to Master of Science, were correlated
with error02 (incongruent error) and no02 (incongruent
no response) measures of STROOP test. Nevertheless
some exceptions exist in the average performance of ti-
merec02 (incongruent time reaction) of any age groups
with different education levels which is an indicator
of significant influence. Also, a significant correlation
is observed between education and the performance of
error01 (congruent error) and the average of timerecO1
(congruent time reaction). In conclusion, the influence
of age on interference score may be due to the atten-
tion improvement that occurs by age increasing not just
by the automatic response reading (Wright et al. 2003),
(Gestardt et al. 1994), (Welsh et al. 1991), (Diamond et
al. 1996).

Table 4. Correlation of age, sex and education variables with CPT measures

Table 4 indicates that Time Test and Time Late measures of TOL test have a significant relationship (p<0.05) with age vari-
able. There is also, a significant relationship (p<0.05) between Time Late and Time Total measures and education variable.

Time test Time late Time total Error Result

Age r=.074 r=.087 r=.065 r=-.054 r=.022
8 p-value=.009 p-value=.021 p-value=.054 p-value=.051 p-value=.71

Sex r=.036 r=.087 r=-.064 r=.015 r=.014
p-value=.061 p-value=.021 p-value=.010 p-value=.065 p-value=.061

Education r=.015 r=.074 r=.089 r=-.064 r=.059
p-value=.065 p-value=.009 p-value=.021 p-value=.054 p-value=.051
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The CPT test has been constantly reviewed among
healthy subjects whom had the same age, sex and race
point of view (Advokat et al. 2007). The analysis of
scores difference through non-parametric methods was
statistically significant (Advokat et al. 2007). In some
studies, the correlation of time reaction and response er-
ror (commission) measures was significant with the de-
mographic variables of healthy subjects. Another study
has shown more significant errors in commission and
omission measures. In CPT test, no difference such as
variability of standard error measure has been observed
among healthy subjects (Epstein et al. 1998).

According to the CPT test in our study, a significant
correlation coefficient has been observed between ti-
merec02 (time reaction of second 50 stimuli) and er-
ror03 (error of response in third 50 stimuli) measures
and age, sex and education variables.

Based on previous studies, scores of Time test and
Time late measures of TOL test have indicated a sig-
nificant difference among healthy subjects by increase
of executive planning and problem solving efficiency in
aging. This mentioned paradigm is consistent with pre-
vious studies in same field (Welsh et al. 1991), (Levin
et al. 1991). Age-related differences (score tests differ-
ence) were not visible regarding to Time test measure.
This difference indicates that both young people and
elder ones have the ability of planning even in the pres-
ence of few limitations dominated on tests. In fact by
age increasing, healthy subjects show much less speed
in duration of Time test which is due to the failure in
detecting a significant age-related change (Grodzinsky
et al. 1992), (Pennington et al. 1996).

In some studies, time-related variables present age-
based changes in younger healthy subjects according to
which test performance speed and total time test have
been slower among younger ones. Although test per-
formance and ultimately total time test are affected by
dexterity, the number of movements used in TOL test
performance was considerably more among younger
people. This requires more executive function as a pri-
mary determinant factor in improving test performance
speed of people. Findings regards to the comparison
of test performance at different age groups reveal that
planning speed is similar for everyone but in case of
high total score and low error scores, planning effi-
ciency would be higher. Therefore, executive planning
performance in some ages is associated with more ac-
curacy and speed (Welsh et al. 1991), (krikorian et al.
1994). Findings related to the performance of TOL test
between men and women are consistent with previous
studies. Demographic variables such as socio-economic

status, race and geographic locations were not con-
trolled among healthy subjects. In some other studies,
initial results of validity and reliability as a measure of
executive planning and problem solving support TOL
test (Culberston et al. 1995).

Other studies have reported noticeable reduction of total
time mean and number of errors due to aging and also
significant correlation of participants’ performance with
age variable (Levin et al. 1991), (Welsh et al. 1991), (Cul-
berston et al. 1995). Similarly, variables relevant to time
test have shown age-based changes which means people
in all age groups plan identically as a matter of time but
efficiency of this planning is more among adults (Gualt-
ieri et al. 2006). However, current study shows that time
test and time late measures of TOL test have significant
correlation coefficient with age variable and there is also
a significant correlation coefficient between time late and
time total measures and education variable.

Eventually, this test is conducted in order to determine
the existing relationship between demographic vari-
ables of age, sex and education with selective, sustained
attention and planning through cognitive tasks among
healthy adults.

References

Advokat C, Martino L, Hill BD, Gouvier W. (2007). Continu-
ous Performance Test (CPT) of college Students with ADHD,
Psychiatric Disorders, Cognitive Deficits, or No Diagnosis.
Journal of attention Disorders, 10(3) 253-256.

Aman CJ, Roberts R] Jr, Pennington BF. (1998). A neuropsy-
chological examination of the underlying deficit in attention
deficit hyperactivity disorder: frontal lobe versus right pari-
etal lobe theories. Dev Psychol, 34(5):956-69.

Anderson, John R. (2004). Cognitive psychology and its impli-
cation. Worth Publishers. (6th ed.) p. 519.

Baker EL, Letz RE, Fidler AT, Shalat S, Plantamura D, & Lyn-
don M. (1985). A computer-based neurobehavioral evalua-
tion system for occupational and environmental epidemiol-
ogy: methodology and validation studies. Neurobehavioral
Toxicology & Teratology, 7, 369-377.

Barkley RA. (1977). A review of stimulant drug research with
hyperactive children. Journal of Child Psychology and Psy-
chiatry, 18, 137-165.

Beck LH, Bransome ED Jr, Mirsky AF, Rosvold HE, Sarason
L. (1956). A continuous performance test of brain damage. |
Consult Psychol, 20(5):343-50.

Bosma I, Douw L, Bartolomei F, Heimans JJ, van Dijk BW, Post-
ma TJ, Stam CJ, Reijneveld JC, Klein M. (2008). Synchronized
brain activity and neurocognitive function in patients with




[RESEARCH PAPERS

low-grade glioma: a magnetoencephalography study. Neuro
Oncol, 10(5):734-44.

Culberston WC, & Zillmer EA. (1995). Tower of London per-
formance in children and adolescents: Relationships to neu-
ropsychological measures of frontal lobe functioning. Ar-
chives of Clinical Neuropsychology, 5, 314.

Cynthia A, Riccio, Cecil R., Reynolds, Lowe P, Jennifer J,
Moore. (2002). The continuous performance test: a window
on the neural substrates for attention? Archives of Clinical
Neuropsychology, 17: 235-272.

Daigneault S, Braun CM, & Whitaker HA. (1992). Early effects
of normal aging on perseverative and non-perseverative pre-
frontal measures. Developmental Neuropsychology, 8: 99-114.

Diamond A, Taylor C. (1996). Development of an aspect of ex-
ecutive control: developmental abilities to remember what I
said and to do as I say not as I do. Dev Psychobiol, 29:15-334.

Ehlis AC, Herrmann MJ, Wagener A, Fallgatter AJ. (2005).
Multi-channel near-infrared spectroscopy detects specific
inferior-frontal activation during incongruent Stroop trials.
Biol Psychol, 69(3):315-31.

Epstein JN, Conners CK, Sitarenios G, & Erhardt D. (1998).
Continuous performance test results of adults with Attention
Deficit Hyperactivity Disorder. The Clinical Neuropsycholo-
gist, 12, 155-168.

Epstein JN, Johnson DE, Varia IM, & Conners CK. (2001). Neu-
ropsychological assessment of response inhibition in adults
with ADHD. Journal of Clinical & Experimental Neuropsy-
chology, 23, 362-371.

Feinstein A, Brown R, & Ron M. (1994). Effects of practice of
serial tests of attention in healthy subjects. Journal of Clinical
and Experimental Neuropsychology, 16: 436-447.

Gestardt CL, Hong Y, Diamond A. (1994). The relationship
between Cognition and action: performance of children 3,
5 to 7 years old on a Stroop like day-night test. Cognition,
53:129-153.

Graf P, Uttl B, & Tuokko H. (1995). Color- and Picture-word
Stroop tests: Performance changes in old age. Journal of Clin-
ical and Experimental Neuropsychology, 17: 390-415.

Grodzinsky GM, & Gay N. (1994). Tower of London proce-
dure: A standard method and developmental data. Journal
of Clinical and Experimental Neuropsycholoogy, 8, 427-445.

Gualtieri CT, Johnson LG. (2006). Reliability and Validity of a
computerized neurocognitive test battery, CNS Vital Signs,
Archives of Clinical Neuropsychology, 21, 623-643.

Hameleers PAHM, Van Boxtel MPJ, Hogervorst E, Riedel WJ,
Houx PJ, Buntinx F, Jolles J. (2000). Habitual caffeine consump-
tion and its relation to memory, planning capacity and psy-
chomotor performance across multiple age groups. Human
Psychopharmacology: Clinical and Experimental, 15:573-581.

Houx PJ, Jolles J, & Vreeling FW. (1993). Stroop Interference:
Aging effects associated with the Stroop Color-WordTest.
Experimental Aging Research, 19: 209-224.

Ivnik RJ, Malec JF, Smith GE, Tangalos EG, & Petersen RC.
(1996). Neuropsychological tests” norms above age 55: CO-
WAT, BNT, MAE Token, WRAT-R Reading, AMNART,
STROOP, TMT, and JLO. The Clinical Neuropsychologist,
10: 262-278.

Jerger S, Stout G, Kent M et al. (1993). Auditory Stroop effects
in children with hearing impairment. ] Speech Hear Res,
36:1083-1096.

Klein M, Ponds RW, Houx PJ,& Jolles J. (1997). Effect of test du-
ration on age-related differences in Stroop interference. Jour-
nal of Clinical and Experimental Neuropsychology, 19: 77-82.

Krikorian R, Bartok J, Gay N. (1994). Tower of London proce-
dure: a standard method and developmental data. ] Clin Exp
Neuropsychol, 16(6):840-50.

Lange K, Robbins T., Marsden C., James M. Owen. A. ¢ & Paul
G. (1992). L-Dopa withdrawal in Parkinson's disease selec-
tively impairs cognitive performance in tests sensitive to
frontal lobe dysfunction. Psychopharmacology, 107. 394-404.

Levin HS, Culhane KA, Hartmann J, Evankovitch K, Mattson
AJ, Harward H, Ringholz G, Ewinngcobbs L, & Fletcher JM
(1991). Developmental changes in performance on tests of
purported frontal lobe functioning. Developmental Neu-
ropsychology, 7, 377-395.

Lezak MD. (1995). Neuropsychological assessment (3rd ed),
New York: Oxford University.

Lezak MD, Howieson DB, Loring DW. (2004). Neuropsychologi-
cal assessment (4th ed.). New York: Oxford University Press.

Libon DJ, Glosser G, Malamut BL, Kaplan E, Goldberg E,
Swenson R, et al. (1994). Age, executive functions, and visu-
ospatial functioning in healthy older adults. Neuropsychol-
ogy, 8: 38-43.

Lin CC, Hsiao CK, Chen W]. (1999). Development of sustained
attention assessed using the continuous performance test
among children 6-15 years of age. ] Abnorm Child Psychol,
27(5):403-12.

Lindsay RL, Tomazic T, Levine MD, & Accardo PJ. (2001). At-
tentional function as measured by a continuous performance
task in children with dyscalculia. Journal of Developmental
& Behavioral Pediatrics, 22, 287-292.

Losier BJ, McGrath PJ, Klein RM. (1996). Error patterns on the
continuous performance test in non-medicated and medi-
cated samples of children with and without ADHD: a meta-
analytic review. ] Child Psychol Psychiatry, 37(8):971-87.

Mazzocco MMM, Hagerman, R], Cronister-Silverman A, &
Pennington BF. (1992). Specific frontal lobe deficits among
women with the fragile X gene, Journal of American Acad-
emy of Child and Adolescent Psychiatry, 31, 1141-1148.

McGee RA, Clark SE, & Symons DK. (2000). Does the Conners’
continuous performance test aid in ADHD diagnosis? Jour-
nal of Abnormal Child Psychology, 28, 415-424.

MacLeod CM. (1991). Half of a Century of research on the
Stroop effect: An integrative review. Psychological Bulletin,
109:163-203.




Basic and Clinical

NEURSSCIENCE

Spring 2011, Volume 2, Number 3

Mirksy AF, & van Buren JM. (1965). On the nature of the “ab-
sence” in centrencephalic epilepsy: a study of some behav-
ioral, electroencephalo- graphic and autonomic factors. Elec-
troencephalography and Clinical Neurophysiology, 18, 348.

Moering RG, Schinka JA, Mortimer JA, Graves AB. (2003). Norma-
tive data for elderly African Americans for the Stroop Color and
Word Test. Archives of Clinical Neuropsychology, 607:1-11.

Morgan MJ. (1998). Recreational use of "ecstasy" (MDMA) is
associated with elevated impulsivity. Neuropsychopharma-
cology, 19(4):252-64.

Morris RG, Downes JJ, Sahakian BJ, Evenden JL, Heald A and
Robbins TW. (1988). Planning and spatial working memory
in Parkinson’s disease, Journal of Neurology, Neurosurgery,
and Psychiatry, 51, 757-766.

Owen A, Downes ], Suhukia. B, Polkey C & Robbins T. (1990).
Planning and spatial working memory following frontal lobe
lesions in man. NeuropsycJwlogia, 28. 102 1- 1034.

Pennington B.F, & Ozonoff S. (1996). Executive functions and
developmental psychopathology. Journal of Child Psychol-
ogy and Psychiatry, 37, 51-87.

Riccio CA, & Reynolds CR. (2001). Continuous performance
tests are sensitive to ADHD in adults but lack specificity. A
review and critique for differential diagnosis. Annals of the
New York Academy of Science, 931, 113-139.

Riccio CA, Waldrop JJ, Reynolds CR, & Lowe P. (2001). Effects
of stimulants on the continuous performance test (CPT):
implications for CPT use and interpretation. Journal of Neu-
ropsychiatry and Clinical Neuroscience, 13, 326-335.

Rosvold HE, & Delgado JM. (1956). The effect on delayed-al-
ternation test performance of stimulating or destroying elec-
trically structures within the frontal lobes of the monkey’s
brain. Journal of Comparative & Physiological Psychology,
49, 365-372.

Shallice T. (1982). Specific impairments of planning. Philos
Trans R Soc Lond B Biol Sci., 25; 298(1089):199-209.

Shallice T, and Burgess PW. (1991). Higher-order cognitive
impairments and frontal lobe lesions in man. In: H.S. Levin,
H.M. Eisenberg and A.L. Benton, Editors, Frontal lobe func-
tion and dysfunction, Oxford University Press, New York,
125-138 b.

Spreen O, Strauss E. (1998). A compendium of neuropsycho-
logical tests: Administration, norms, and commentary (2nd
ed.). New York: Oxford University Press.

Stroop J. (1935). Studies of interference in serial verbal reac-
tions. Journal of Experimental Psychology, 18, 643-662.

Stuss DT, Floden D, Alexander MP, Levine B, Katz D. (2001).
Stroop performance in focal lesion patients: dissociation of
processes and frontal lobe lesion location. Neuropsycholo-
gia, 39(8):771-86.

Swerdlow NR, Filion D, Geyer MA, & Braff DL. (1995). “Nor-
mal” personality correlates of sensimotor, cognitive, and
visuospatial gating. Biological Psychiatry, 37: 286-299.

Sykes DH, Douglas VI, Weiss G, & Minde KK. (1971). Attention
in hyperactive children and the effect of methylphenidate (rita-
lin). Journal of Child Psychology and Psychiatry, 12, 129-139.

Trenerry M, Crosson B, DeBoe ], & LeberW. (1989). Stroop
Neuropsychological Screening Test manual. Adessa, FL:
Psychological Assessment Resources (PAR).

Vadhan NP, Serper MR., Harvey PD, Chou JC, & Cancro R.
(2001). Convergent validity and neuropsychological corre-
lates of the schedule for the assessment of negative symp-
toms (SANS) attention subscale. Journal of Nervous and
Mental Disease, 189, 637-641.

Van Boxtel MP]J, ten Tusscher MPM, Metsemakers JFM, Wil-
lems B, & Jolles J. (2001). Visual determinants of reduced
performance on the Stroop Color-Word Test in normal aging
individuals. Journal of Clinical and Experimental Neuropsy-
chology, 23, 620-627.

Van der Elst W, Van Boxtel MP, Van Breukelen GJ, Jolles J.
(2006). The Stroop color-word test: influence of age, sex, and
education; and normative data for a large sample across the
adult age range. Assessment, 13(1):62-79.

Verbaten MN, Overtoom CC, Koelega HS, Swaab-Barneveld
H, vanderGaag R], Buitelaar J, van Engeland H. (1994). Meth-
ylphenidate influences on both early and late ERP waves of
ADHD children in a continuous performance test. ] Abnorm
Child Psychol, 22(5):561-78.

Warm JS. (1984). Sustain Attention in Human Performance.
New York: John Wiley & Sons.

Wecker NS, Kramer JH, Wisniewski A, Delis DC, & Kaplan E.
(2000). Age effects on executive ability. Neuropsychology,
14, 409-414.

Welsh MC, Pennington BF, Groisser DB. (1991). A normative-
developmental study of executive function: a window on
prefrontal function in children. Dev Neuropsychol, 7:131-149.

Welsh MC. (1991). Rule-guided behavior and self-monitoring
on the Tower of Hanoi disk-transfer task, Cognitive Devel-
opment, 6, 59-76.

Wright BC, Wanley A. (2003). Adults” versus children’s per-
formance on the Stroop task: interference and facilitation. Br
] Psychol, 94:475-485.

Wright I, Waterman M, Prescott H et al. (2003). A new Stroop-
like measure of inhibitory function development: typical
developmental trends. J child Psychol Pschiatry, 44:561-575.

Wohlberg GW, & Kornetsky C. (1973). Sustained attention in
remitted schizophrenics. Archives in General Psychiatry, 28:
533-537.

—
67




