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Abstract

The purpose of this research was to develop, standardize, and test the reliability of a short neuropsychological test
battery in the Spanish language. This neuropsychological battery was named “NEUROPSI,” and was developed to
assess briefly a wide spectrum of cognitive functions, including orientation, attention, memory, language,
visuoperceptual abilities, and executive functions. The NEUROPSI includes items that are relevant for
Spanish-speaking communities. It can be applied to illiterates and low educational groups. Administration time is 25
to 30 min. Normative data were collected from 800 monolingual Spanish-speaking individuals, ages 16 to 85 years.
Four age groups were used: (1) 16 to 30 years, (2) 31 to 50 years, (3) 51 to 65 years, and (4) 66 to 85 years. Data
also are analyzed and presented within 4 different educational levels that were represented in this sample: (1)
illiterates (zero years of school); (2) 1 to 4 years of school; (2) 5 to 9 years of school; and (3) 10 or more years of
formal education. The effects of age and education, as well as the factor structure of the NEUROPSI are analyzed.
The NEUROPSI may fulfill the need for brief, reliable, and objective evaluation of a broad range of cognitive
functions in Spanish-speaking populationiiNS 1999,5, 413-433.)
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INTRODUCTION easy to administer, score, and interpret. These instruments,

however, are not completely satisfactory. Some limitations

Different comprehensive evaluation instruments have beeaf these short questionnaires are (1) false negatives are high,

developed to assess cognitive dysfunctions in the NeUr%ing they are not sensitive to mild brain impairments (Ber-

psychology domain. Some of these instruments represe%lucci et al., 1994; Dick et al., 1984; Nelson et al., 1986;

extensive neyropsychological tesF batteries, such. as ”‘§chwamm et al., 1987); and (2) they may point to general
Halstead-Reitan Neuropsychological Battery (Reitan &cognitive impairments, but they are not specific enough.

Wolfson, 1993), the Luria—Nebraska Neuropsychological As a potential solution to these difficulties, some short

Battery (Golden, 1980), and the Scheme of NeumpsyChOﬁ]struments have been proposed such as the instrument of
logical Assessment (Ardila & Ostrosky, 1991; Ardila prop

. ] . the Consortium to Establish a Registry for Alzheimer’s Dis-
et al., 1981). Such comprehensive batteries have two Si%ase (CERAD: Morris et al., 1989), or the Brief Neuropsy-

n|f|_cantI|m|tat|ons: 1) _thelradmlnlstrau_on and scoring re- chological Cognitive Examination (BNCE: Tonkonogy,
quire many hours making them impractical for use in many1997)
clinical settings; and (2) administration and scoring re- In Latin America it is necessary to have neuropsycholog-

qu_lrre rather spe:;:ahze(?fganr;_ng. hort tal stat ical tests that are developed and standardized for a Spanish-
_ |0 overcome these ciliculties, short mental Status qu‘.asépeaking population. When tests developed in other countries
tionnaires (e.g., the Mini-Mental Status Exam; Folstein

. are used within Latin America, frequently they are just trans-
et al., 1975), and behavioral scales (e.g., Blessed Dement d yehey are ]

{8ted and the norms of other populations used. This proce-
Scale; Blessed et al., 1968) have been developed. They fore undoubtedly invalidates the results. It is not only

important to have data collected in Spanish-speaking pop-
Reprint requests to: Alfredo Ardila, 12230 NW 8 Street, Miami, FL ulations, but also, _g!ven the influence that_ educational fac-
33182. E-mail: aardila@compuserve.edu tors have on cognitive performance (Ardila et al., 1989b,
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1992; Finlayson et al., 1977; Lecours et al., 1987; Ostrosky The NEUROPSI was developed taking into account prin-
etal., 1985, 1986), norms for neuropsychological tests shouldiples and procedures developed in cognitive neurosci-
represent persons with different educational levels includence. Therefore, measures of specific cognitive domains
ing illiterates. that can be differentially impaired following brain damage
Furthermore, frequently neuropsychological tests are simare included.
ply translated to Spanish literally with little consideration The domains covered include Orientation, Attenfi@on-
of cultural relevance. For example, using backward wordcentration, Language, Memory, Visuo-Motor, Executive
spelling for the evaluation of attention (such as in the Mini-Function, Reading, Writing, and Calculation, each having
Mental State Examination; Folstein et al., 1975), namingits own subtests. Each area includes assessment of different
the fingers to evaluate language or word finding difficulty aspects of that particular cognitive domain. Thus, memory
(as found in the Alzheimer’s Disease Assessment Scaleggssessmentincludes immediate and delayed recall of verbal
Rosen et al., 1984), or asking for the seasons of the year @nd visual-nonverbal functioning. Retrieval is assessed by
assess orientation, as included in several geriatric scales, maydependent recall and by different types of cuing (seman-
be inappropriate in certain countries and some cultural contic clustering or recognition). Language evaluation in-
texts. In many countries, instead of four seasons there amudes the assessment of several important parameters such
only a rainy and a dry season. In tropical areas, there mags naming, repetition, comprehension, and fluency. Assess-
be two rainy and two dry seasons. The seasonal chang@sent of attention includes level of alertness, span or effi-
around the year may be so mild and unnoticed, that the coreiency of vigilance—concentration, and selective attention.
cept of “season” is irrelevant and nonsense. In many worldExecutive function includes both problem solving (abstrac-
areas the names of the fingers are rarely used, even by hightion and categorization) and several motor programming
educated neurologically intact people. tasks. Potentially, therefore, the NEUROPSI provides data
Given the current limitations in the neuropsychologicalregarding distinct clinical neuroanatomic syndromes.
assessment of Spanish speakers, the purpose of the researchterpretation of NEUROPSI results is twofold: (1) quan-
described here was to develop, standardize, and test the rtative, in that each item is scored, and can be further com-
liability of a short neuropsychological test battery for the pared with normal performance in the general population;
use with Spanish-speaking adults. This test battery waand (2) qualitative; different types of errors can be distin-
named NEUROPSI (Ostrosky-Solis et al., 1997). guished and specifically analyzed. For example, in addi-
The NEUROPSI has standardized procedures for both adion to an overall memory performance score, the battery
ministration and scoring. It includes items that are relevanprovides several memory parameters including rate of de-
for Spanish speaking individuals, and can be applied to pereay, primacy and recency effects, rate of acquisition across
sons who are illiterate or from low educational groups. Thelearning trials, intrusion and perseveration rates, semantic
battery includes language and picture tests that have higlversusserial-order clustering and signal detection param-
medium, and low frequency of occurrence in the Spanisteters (discriminability and response bias) of recognition
language (Aveleyra et al., 1996). performance.

Table 1. Age, gender, and education distribution

Age (N = 800)
Years of education 16 to 30 years 31 to 50 years 51 to 65 years 66 to 85 years
llliterates (zero years)
M age SD) 21.3(3.3) 39.6 (6.7) 58.8 (4.1) 71.2 (4.1)
FemalgMale 2525 2525 2524 2723
1to 4 years
M age SD) 21.7 (3.8) 39.8 (5.5) 58.9 (3.9) 73.5(6.2)
M education §D) 2.9 (1.0) 2.7(1.2) 2.2(1.0) 2.5(1.1)
FemalgMale 2525 2723 2524 28/22
5to 9 years
M age SD) 22.4 (4.5) 43.6 (4.2) 59.2 (3.7) 73.6 (5.4)
M education §D) 8.6 (0.9) 7.7 (1.5) 7.5(5.2) 7.6 (1.4)
FemalgMale 2525 28§/22 26/25 2§/22
10 to 24 years
M age SD) 23.9 (3.9) 38.6 (6.0) 58.3 (3.8) 72.9 (4.8)
M education §D) 14.5 (2.6) 15.7 (3.3) 16.2 (4.3) 13.5(2.8)
FemalgMale 2525 30/20 26/25 24/26
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In this paper, the normative data for 800 general popuvolunteers and self-referred participants (12.4%). The ob-
lation participants are provided and analyzed to determin¢ained sample included 665 participants (83.12%) from ur-
age, education, and gender effects. Factor structure is aldman areas, and 135 (16.88%) from rural areas. Ages ranged

analyzed. from 16 to 85 yearsNl age=47.77,;SD= 20.14). Education
ranged from zero to 24 yearbl(education= 6.8;SD=6.1).
METHODS Fifty-two percent of the sample were women. Ninety-five per-

cent of the sample was right-handed.

The following inclusion criteria were used: (1) absence
of dementia according to DSM—IV criteria (American Psy-
The standardization sample consisted of 883 volunteers whehiatric Association, 1994); and (2) no neurological or psy-
were recruited from different community centers from five dif- chiatric history such as brain injury, cerebrovascular disease,
ferent states of the Mexican Republic (Mexico City, Colima, epilepsy, Parkinson’s disease, depression, substance abuse,
Toluca, Morelos, and Oaxaca) over a 4-year period (1993-psychiatric hospitalizations, and the like. All participants
1996). Sources of participants included in the present analywere nonpaid volunteers. All participants were native Span-
sis were as follows: regional medical facilities (medical andish speakers and were active and functionally independent.
paramedical people and spouses/anrdriends and relatives  Participants with questionable health histories were ex-
of patients who attended for medical check-ups; 37.9%); nurszluded, yielding a final sample of 800 participants.
ing homes serving local residents (6.2%); social community Four age groups were formed: (1) 16 to 30 years, (2) 31
centers (24.8%); high-school and university students (18.6%}p 50 years, (3) 51 to 65 years, and (4) 66 to 85 years. In

Research Participants

Table 2. Means and standard deviations found in the different NEUROPSI neuropsychological tests
according to age in the illiterate group

16 to 30 yrs 31to 50 yrs 51 to 65 yrs 66 to 85 yrs Maximum

Test M (SD) M (SD) M (SD) M (SD) score
Orientation

Time 2.0(0.9) 2.6 (0.6) 2.6 (0.6) 2.0(0.9) 3

Place 1.9(0.2) 1.9 (2.3) 1.9 (0.3) 1.9 (0.3) 2

Person 0.9 (0.2) 1.0 (0.0) 1.0 (0.0) 0.9 (0.3) 1
Attention

Digits Backwards 2.2(1.1) 2.8(1.1) 2.9(1.0) 2.7 (0.9) 6

Visual Detection 11.4 (3.5) 11.1(3.6) 10.0 (4.3) 7.5 (5.6) 16

Twenty Minus Three 2.2 (1.6) 3.8 (1.5) 3.1(1.8) 2.9(1.8) 5
Encoding

Verbal Memory 4.3 (3.6) 4.6 (0.7) 4.6 (0.8) 3.9(1.0) 6

Copy of a Semicomplex Figure 8.2 (2.2) 7.9(1.8) 7.7 (2.2) 7.3(2.7) 12
Language

Naming 7.3(1.0) 7.4 (1.0) 7.3(0.8) 7.5 (0.6) 8

Repetition 3.7 (0.5) 3.8(0.4) 3.9(0.3) 3.9(0.3) 4

Comprehension 3.7(1.2) 3.8(1.2) 3.7 (1.4) 3.5(1.5) 6

Verbal Fluency

Semantic 13.2 (3.7) 13.7 (4.5) 12.7 (5.0) 13.1(7.1) —
Phonologic 3.5(3.8) 3.5(3.0) 3.6 (4.1) 3.3(4.6) —

Conceptual Functions

Similarities 2.2(2.3) 3.6 (2.3) 2.4(2.3) 25(2.2) 6

Calculation Abilities 1.0(1.1) 1.4 (1.1) 1.6 (1.1) 0.9 (1.1) 3

Sequences 0.2 (0.4) 0.1(0.3) 0.2 (0.4) 0.1(0.2) 1
Motor Functions

Changing Left-Hand Position 1.1 (0.8) 1.4 (0.6) 1.4 (0.6) 1.4 (0.6) 2

Changing Right-Hand Position 1.0 (0.7) 1.1 (0.6) 1.1 (0.6) 1.4 (0.6) 2

Alternating Movements 1.7 (0.7) 0.8 (0.7) 0.8 (0.6) 1.1 (0.8) 2

Opposite Reactions 2.0(0.2) 1.7 (0.6) 1.7 (0.5) 1.6 (0.5) 2
Recall

Words 4.4 (1.6) 3.6 (2.2) 2.4 (2.4) 2.1(2.3) 6

Cuing 4.7 (1.2) 4.5 (1.4) 45 (1.4) 3.7(1.9) 6

Recognition 5.5(1.1) 5.7 (0.8) 5.7 (1.1) 5.7 (0.5) 6

Semicomplex Figure 7.5(2.2) 6.6 (1.8) 6.9 (2.1) 6.4 (3.2) 12
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addition, each age group was divided into four different ed- The following sections are included in the NEUROPSI
ucational levels: (1) illiterates (zero years of education); (2)neuropsychological test battery:

1 to 4 years of education; (3) 5 to 9 years of education; and
(4) 10 to 24 years of formal education. Table 1 presents the-
sample characteristics.

Instrument

The NEUROPSI consists of simple and short items (see Ap-
pendix). Some test items were adapted from current neuro-
psychological instruments. Based on several pilot studies,
tests such as the Rey—Osterrieth Complex Figure Test (Os-
terrieth, 1944) or the Token Test (De Renzi & Vignolo, 1962)
were adapted and simplified to be able to evaluate the el-
derly and low-education populations. Confrontation nam-
ing was evaluated with line drawings that were previously
standardized in a Spanish speaking population (Aveleyra
et al., 1996). By design, NEUROPSI represents a rather bes.
sic and simple neuropsychological test battery.

Orientation Time(day, month, and yearplace(city and
specific place), anBerson(age or, when were you born).
Maximum score= 6 points.

. Attention and Concentratiofmaximum score= 27):

(1) Digits Backwards up to six digits. Maximum
score= 6 points. (2)Visual DetectionOn a sheet that
includes 16 different figures, each one repeated 16 times,
the respondents are requested to cross out those figures
identical to the one presented as a model. The 16 match-
ing figures are equally distributed at the right and at the
left visual fields. The test is suspended after 1 min. Two
scores are obtained: number of correct responses (max-
imum score= 16), and number of errors. (Herial 3
Substractionfrom 20 to 5; maximum score 5).

Encoding(maximum score= 18): (1) Verbal Memory
Six common nouns corresponding to three different se-

Table 3. Means and standard deviations found in the different NEUROPSI neuropsychological tests

according to age in the 1-to-4 years of education group

16 to 30 yrs 31to 50 yrs 51 to 65 yrs 66 to 85 yrs Maximum

Test M (SD) M (SD) M (SD) M (SD) score
Orientation

Time 2.0(1.1) 2.6 (0.5) 2.7(0.4) 2.8(0.4) 3

Place 1.9 (0.2) 2.0 (0.0) 1.9(0.2) 2.0 (0.0) 2

Person 1.0 (0.0) 0.9 (0.2) 0.9 (0.3) 1.0 (0.0) 1
Attention

Digits Backwards 2.6 (1.0) 2.7 (0.7) 3.0(1.0) 2.8(0.8) 6

Visual Detection 13.8 (2.5) 12.3(2.7) 9.7 (3.4) 8.9 (3.8) 16

Twenty Minus Three 3.5(1.6) 3.6 (1.4) 4.3 (1.3) 4.4 (0.9) 5
Encoding

Verbal Memory 4.4 (0.8) 4.6 (0.7) 4.5(0.7) 4.5(0.7) 6

Copy of a Semicomplex Figure 9.5 (2.0) 9.2 (2.6) 9.4 (1.7) 9.2 (2.5) 12
Language

Naming 7.3(1.0) 7.7 (0.5) 7.6 (0.7) 7.7 (0.8) 8

Repetition 3.9(0.3) 3.8(0.4) 3.9(0.4) 3.9(0.3) 4

Comprehension 4.5 (0.9) 4.8 (0.9) 4.6 (1.0) 4.7 (1.0) 6

Verbal Fluency

Semantic 15.2 (5.6) 14.1 (4.3) 15.5 (4.0) 15.6 (4.1) —
Phonologic 6.5 (4.3) 6.9 (3.5) 7.4 (4.2) 7.3 (3.7) —

Conceptual Functions

Similarities 3.5(1.8) 4.6 (1.7) 3.8(1.8) 3.2(2.0) 6

Calculation Abilities 1.3(1.1) 1.5(1.1) 1.6 (1.1) 2.0(0.9) 3

Sequences 0.4 (0.5) 0.3(0.5) 0.3 (0.5) 0.2 (0.4) 1
Motor Functions

Changing Left-Hand Position 1.3(0.8) 1.4 (0.6) 1.2 (0.8) 1.1 (0.8) 2

Changing Right-Hand Position 1.1 (0.8) 1.2 (0.6) 1.1 (0.8) 1.3(0.7) 2

Alternating Movements 1.3(0.7) 1.2 (0.6) 1.0 (0.7) 1.1 (0.8) 2

Opposite Reactions 1.9 (0.3) 1.8(0.4) 1.7 (0.4) 1.3(0.7) 2
Recall

Words 3.9(2.2) 3.3(1.8) 2.7 (2.2) 2.3(1.8) 6

Cuing 4.8 (1.3) 5.1(1.3) 4.1 (1.5) 3.0(1.6) 6

Recognition 5.6 (0.7) 5.7 (0.6) 5.3(0.7) 5.1(0.9) 6

Semicomplex Figure 8.6 (2.3) 8.2 (2.7) 7.4 (2.2) 6.7 (2.9) 12
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mantic categories (animals, fruits, and body parts), are
presented three times. After each presentation, the par-
ticipant repeats those words that he or she remembers.
The score is the average number of words repeated in
the three trials (maximum score6). In addition, intru-
sions, perseverations, recency and primacy effects are
noted. (2)Copy of a Semicomplex Figura figure sim-

ilar to the Rey—Osterrieth Complex Figure, but much sim-
pler, is presented to the participant. The participants are
instructed to copy the best they can. A specified scoring
system is used, with a maximum score of 12 points.

. Languagegmaximum score= 26): (1)Naming Eight dif-
ferent line drawing figures are presented to be named.
They correspond to animals, musical instruments, body

417

ticipant presents visual difficulties, an alternative proce-
dure is used: The patient is required to name body parts
and small objects placed in the hand. Maximum scere

8. (2) Repetition The participant is asked to repeat one
monosyllabic word, one three-syllable word, one phrase
with three words, and one seven-word sentence. Suc-
cessful repetition in each one is scored 1. Maximum
score= 4. (3) ComprehensionOn a sheet of paper two
circles (small and large) and two squares (small and large)
are drawn. Six commands, similar to those used in the
Token Test are given to the participant. The easiest one
is, “Point to the small square,” and the hardest one is “In
addition to the circles, point to the small square.” Max-
imum score= 6. (4) Verbal Fluency Semantic Verbal
Fluency(animals). Two scoring systems are used: the to-

parts and objects. The names used are different from those tal number of correct words; and an abbreviated 4-point

names included in the Verbal Memory section. If the par-

scale. In the latter, 1 point is given to zero to 5 words; 2

Table 4. Means and standard deviations found in the different NEUROPSI neuropsychological tests

according to age in the 5-to-9 years of education group

16 to 30 yrs 31to 50 yrs 51 to 65 yrs 66 to 85 yrs Maximum
Test M (SD) M (SD) M (SD) M (SD) score
Orientation
Time 3.0(0.0) 2.9(0.3) 2.9(0.2) 2.8 (0.5) 3
Place 2.0 (0.0) 2.0 (0.0) 2.0 (0.0) 1.9(0.1) 2
Person 1.0 (0.0) 1.0 (0.0) 1.0 (0.0) 1.0 (0.0) 1
Attention
Digits Backwards 3.4(0.7) 3.4(1.2) 3.6 (0.8) 3.4 (0.8) 6
Visual Detection 15.0(1.2) 14.0 (2.2) 10.2 (3.9) 9.4 (3.1) 16
Twenty Minus Three 4.3 (1.3) 4.6 (0.6) 4.4 (0.9) 4.6 (0.2) 5
Encoding
Verbal Memory 4.8 (0.7) 5.1 (0.6) 5.0 (0.7) 4.6 (0.8) 6
Copy of a Semicomplex Figure 11.6 (0.8) 11.1 (1.0) 10.9 (1.0) 10.8 (1.5) 12
Language
Naming 7.7 (0.5) 7.9 (0.3) 7.9 (0.4) 7.7 (0.7) 8
Repetition 4.0 (0.0) 4.0 (0.0) 3.9(0.1) 3.9(0.1) 4
Comprehension 5.9 (0.4) 5.7 (0.4) 5.5 (0.6) 5.3(0.8) 6
Verbal Fluency
Semantic 19.9 (5.8) 19.6 (6.0) 17.5(3.6) 16.6 (4.4) —
Phonologic 13.4 (4.5) 10.4 (4.4) 10.6 (3.8) 9.4 (4.2) —
Reading 2.3(0.9) 2.4 (0.9) 2.4 (0.9) 2.3(0.9) 3
Writing 2.0(0.0) 1.9(0.2) 1.9 (0.1) 1.8 (0.5) 2
Conceptual Functions
Similarities 5.1(1.1) 5.2 (1.0) 5.0 (1.1) 4.7 (1.4) 6
Calculation Abilities 2.3(0.8) 2.4 (0.6) 2.5(0.6) 2.3(0.9) 3
Sequences 0.7 (0.5) 0.8 (0.4) 0.9 (0.3) 0.8 (0.4) 1
Motor Functions
Changing Left-Hand Position 1.5(0.7) 1.6 (0.7) 1.6 (0.5) 1.6 (0.7) 2
Changing Right-Hand Position 1.5(0.7) 1.6 (0.7) 1.6 (0.6) 1.5 (0.6) 2
Alternating Movements 1.5(0.8) 1.4 (0.7) 1.4 (0.6) 1.5(0.6) 2
Opposite Reactions 1.8 (0.4) 1.5(0.8) 1.6 (0.5) 1.6 (0.5) 2
Recall
Words 4.8 (1.1) 4.5 (1.3) 4.4 (1.6) 3.6 (1.9) 6
Cuing 4.7 (1.7) 5.0 (1.0) 4.9 (1.4) 4.2 (1.6) 6
Recognition 5.7 (0.6) 5.5(0.7) 5.8 (0.5) 5.3(1.2) 6
Semicomplex Figure 10.4 (1.9) 9.9 (1.9) 9.5 (1.8) 7.9 (2.6) 12
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points to 6 to 8 words; 3 points to 9 to 14 words; and 46.
points to 15 or more words in 1 min. Intrusions and per-
severations are noted. For the current analyses, only the
first scoring system was usel@honological Verbal Flu-
ency(words beginning with the letter ‘F’). Two scoring /-
systems are used: the total number of correct words, and
an abbreviated 4-point scale. One point is given to zero
to 3 words; 2 points to 4 to 6 words; 3 points to 7 to 9
words; and 4 points to 10 or more words in 1 min. In-
trusions and perseverations are noted. For the currentanaly-
ses, only the first scoring system was used.

. ReadingParticipants are asked to read aloud a short para-
graph (109 words). Next, three questions about the para-
graph are orally presented. The correct answer to each
guestion is scored 1. Maximum scote3. Paralexias are
noted.

F. Ostrosky-Solis et al.

Writing: This involves writing a six-word sentence to dic-
tation, and copying a different six-word sentence. Max-
imum score= 2. Paragraphias are noted.

Conceptual Functiongmaximum score= 10): (1) Sim-
ilarities. Three pairs of words (e.g., orange—pear) are
presented and participants are asked to report the sim-
ilarity. An example is provided. Each one is scored as
zero (physical similarityboth are round, 1 (function-

al similarity: both can be eaténor 2 (the answer cor-
responds to the supraordinate wofulits). Maximum
score= 6. (2) Calculation Abilities Three simple arith-
metic problems are presented. Maximum scer8. (3)
SequencesThe participant is asked to continue a se-
quence of figures drawn on a paper: one circle, one cross,
two circles, two crosses, three circles (“What figure fol-
lows?”). Maximum score= 1.

Table 5. Means and standard deviations found in the different NEUROPSI neuropsychological tests

according to age in the 10-to-24 years of education group

16 to 30 yrs 31to 50 yrs 51 to 65 yrs 66 to 85 yrs Maximum
Test M (SD) M (SD) M (SD) M (SD) score
Orientation
Time 2.9(0.2) 2.9(0.2) 2.9(0.1) 2.9(0.4) 3
Place 1.9(0.1) 2.0 (0.0) 2.0 (0.0) 1.9(0.3) 2
Person 1.0 (0.0) 1.0 (0.0) 1.0 (0.0) 0.9(0.1) 1
Attention
Digits Backwards 4.3 (0.9) 4.4 (0.9) 4.0 (0.9) 3.9(1.0) 6
Visual Detection 14.0 (2.5) 14.3 (2.6) 12.9 (2.7) 10.9 (2.9) 16
Twenty Minus Three 4.7 (0.8) 4.7 (0.7) 4.9 (0.4) 4.8 (0.6) 5
Encoding
Verbal Memory 5.0 (0.9) 5.0 (0.7) 5.3(0.7) 4.7 (0.9) 6
Copy of a Semicomplex Figure 11.8 (0.5) 11.7 (0.5) 11.3(1.2) 10.9 (1.4) 12
Language
Naming 7.9 (0.3) 7.9(0.2) 7.9 (0.6) 7.8 (0.4) 8
Repetition 4.0 (0.0) 3.9(0.1) 3.9(0.1) 3.9(0.2) 4
Comprehension 5.9(0.2) 5.9 (0.3) 5.8 (0.4) 5.7 (1.1) 6
Verbal Fluency
Semantic 21.6 (5.4) 22.3(5.0) 20.1 (5.1) 18.4 (4.8) —
Phonologic 13.4 (4.3) 14.5 (4.1) 13.4 (3.9) 11.9 (4.1) —
Reading 2.8 (0.4) 2.8 (0.5) 2.9(0.4) 2.4(0.1) 3
Writing 1.9(0.1) 2.0(0.0) 2.0(0.0) 1.9 (0.2) 2
Conceptual Functions
Similarities 5.7 (0.7) 5.5(0.9) 5.2 (0.8) 5.1(1.1) 6
Calculation Abilities 2.6 (0.6) 2.6 (0.7) 2.7 (0.6) 2.5(0.8) 3
Sequences 0.9 (0.2) 0.9 (0.3) 0.9(0.2) 0.8 (0.4) 1
Motor Functions
Changing Left-Hand Position 1.7 (0.5) 1.6 (0.6) 1.7 (0.6) 1.6 (0.6) 2
Changing Right-Hand Position 1.8 (0.5) 1.6 (0.6) 1.5(0.6) 1.4 (0.6) 2
Alternating Movements 1.9 (0.3) 1.8 (0.4) 1.8 (0.5) 1.6 (0.6) 2
Opposite Reactions 1.9 (0.3) 1.8 (0.4) 1.7 (0.4) 1.6 (0.5) 2
Recall
Words 5.3(0.9) 4.8 (1.2) 4.6 (1.5) 3.6 (1.8) 6
Cuing 5.5(0.9) 5.1(1.2) 5.1(1.3) 4.3 (1.5) 6
Recognition 5.6 (0.6) 5.5(0.8) 5.7 (0.6) 5.3(1.1) 6
Semicomplex Figure 10.9 (1.2) 10.5 (1.6) 10.2 (1.9) 8.8 (2.7) 12
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8. Motor Functions(maximum score= 8): (1) Changing tell which ones were previously presented. Maximum
the Position of the HandParticipants are asked to re-  score= 6. (5) Recall of the Semicomplex Figuféaxi-
peat three positions with the hand (right and left). The mum score= 12.
task is demonstrated by the examiner up to three times.

A maximum score of 2 is used for each hand. Maximum In total, 26 different scores are obtained. The maximum
score= 4. (2) Alternating Hand Movementdo alter-  total score is 130. Reading and writing sections were not
nate the position of the hands (right hand closed, left handised with participants having fewer than 5 years of education.
open, and to switch). Maximum score2. (3) Opposite

ReactionsIf the examiner shows a finger, the respon-
dent must show a fist; if the examiner shows a fist, the
subject must show a finger. Maximum scere2. Administration

Procedure

9. Recall(maximum score= 30): (1) Recall of Verbal In-  The NEUROPSI neuropsychological battery was adminis-
formation Recall of the six words presented in 3.1. (2) tered independently by trained psychologists. Testing was
Spontaneous RecaMaximum recall= 6. (3)Cued Re- performed in single sessions. Administration time was 25
call. Recall by categoriesafiimals fruits, andbody to 30 min. In order to assure standardized procedures a de-
parts). Maximum score= 6. (4)RecognitionThe exam-  tailed instruction manual for both administration and scor-
iner reads 14 different words, and the participant musing was developed.

Table 6. F values, level of significances, and differences among the different educational groups
in the NEUROPSI subtest scores

Test F p Differences observed
Orientation

Time 52.48 .0001 EVs.E2, E3, E4; EXs.E3, E4

Place 4.53 .0105 Els.E2, E3, E4

Person 2.48 .0555 none
Attention

Digits Backwards 109.70 .0001 B/k.E3, E4; E2vs.E3, E4; E3vs.E4

Visual Detection 20.79 .0001 El, E2, 8.E4

Twenty Minus Three 64.09 .0001 BB.E2, E3, E4; EX/s.E3, E4
Encoding

Verbal Memory 27.27 .0001 El, E2, B3.E4

Copy of a Semicomplex Figure 196.96 .0001 \E1E2, E3, E4; EXrs.E3, E4; E3vs.E4
Language

Naming 28.52 .0001 El, B%.E3, E4

Repetition 14.77 .0001 El, B&.E3, E4

Comprehension 224.01 .0001 4. E2, E3, E4; EA/s.E3, E4; E3vs.E4

Verbal Fluency

Semantic 87.92 .0001 Bis.E2, E3, E4; EX/s.E3, E4; E3vs.E4
Phonologic 195.61 .0001 Bis.E2, E3, E4; EX/S.E3, E4; E3vs.E4

Reading 33.59 .0001 B&.E4
Writing 27.32 .0001 E3s.E4
Conceptual Functions

Similarities 125.46 .0001 Els.E2, E3, E4; EXS.E3, E4; E3vs.E4

Calculation Abilities 91.34 .0001 Bis.E2, E3, E4; EX/s.E3, E4; E3vs.E4

Sequences 168.74 .0001 B4 E2, E3, E4; EX/S.E3, E4; E3vs.E4
Motor Functions

Changing Left-Hand Position 15.58 .0001 E1,\E2E3, E4

Changing Right-Hand Position 22.40 .0001 E1,\E2E3, E4

Alternating Movements 69.57 .0001 E1l, B E3, E4; E3vs.E4

Opposite Reactions 8.01 .0001 E4 E2; E3vs.E4
Recall

Words 30.52 .0001 El, BE%.E3, E4; E3vs.E4

Cuing 13.30 .0001 E4s.E1, E2, E3

Recognition 1.26 .5739 none

Semicomplex Figure 73.28 .0001 E3$.E2, E3, E4; EX/s.E3, E4; E3vs.E4

Note E1= zero years of education; E2 1-4 years of education; E3 5-9 years of education; E4 10—24 years of education.
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With the purpose of obtaining a test—retest reliability score pf education). The significance level was sgb at .05 after
the NEUROPSI was administered twice to a group of 30Bonferroni correction. Correlations were of the Pearson
normal participants, with a 3-month interval. Interrater re-product—-moment type. Factor components were obtained
liability was determined by independent scores of the NEU-using varimax (orthogonal) rotated factor matrix to identify
ROPSI performance of 20 respondents by two differenigroups of variables in the neuropsychological battery.
examiners.

RESULTS

Tables 2, 3, 4, and 5 present the general results obtained in
Statistical analyses were carried out using the Statistical Packhe whole sample according to age within the illiterate group,
age for Social Science (SPSS 8.0 forWindows 1997). Analy4 to 4 years of education, 5 to 9 years of education, and 10
sis of variance (ANOVA) investigated the effects of age, andto 24 years of education, respectively. It is observed that in
education, as well as interaction between both variables. Fanost tests, scores steadily increase between the first and
this analysis age was divided into four age groups (16—30, 31feurth educational group. Differences between the first and
50, 51-65, and 66—85 years) and education included four diffourth group, however, are variable depending upon the par-
ferentlevels (illiterates, 1-4 years, 5-9 years, and 10—24 yeatiular test. In some tests, differences are evident, whereas

Statistical analyses

Table 7. Means and standard deviations found in the different NEUROPSI neuropsychological tests
in the three subgroups with a higher educational level

10 to 12 years 13to 17 years 18 to 24 years

(N =76) (N=93) (N=31)
Test M (SD) M (SD) M (SD) Differences
Orientation
Time 2.9(0.3) 2.9 (0.3) 3.0(0.4)
Place 2.0(0.1) 2.0(0.1) 2.0 (0.0)
Person 1.0 (0.0) 1.0 (0.0) 1.0 (0.0)
Attention
Digits Backwards 3.9(1.0) 4.3(0.9) 4.4 (1.6) E4LE2, E3
Visual Detection 12.2 (3.4) 13.3(2.9) 13.6 (2.8)
Twenty Minus Three 4.7 (0.7) 4.8 (0.6) 4.9 (0.3)
Encoding
Verbal Memory 4.8 (0.8) 5.0(0.9) 5.3 (0.6) &$.E3
Copy of a Semicomplex Figure 11.3(1.0) 11.5(0.9) 11.4 (1.2)
Language
Naming 7.9(0.3) 7.9 (0.5) 8.0(0.1)
Repetition 3.9(0.2) 3.9(0.1) 4.0 (0.0)
Comprehension 5.8 (0.8) 5.8 (0.5) 6.0 (0.0)
Verbal Fluency

Semantic 19.9 (5.0) 21.0 (5.3) 21.4 (5.6)

Phonologic 12.6 (4.5) 14.0 (4.1) 13.7 (4.0) L E2
Reading 2.6 (0.7) 2.7 (0.6) 3.0(0.0) El, E2E3
Writing 2.0 (0.0) 2.0 (0.0) 2.0 (0.0)

Conceptual Functions
Similarities 5.2 (0.8) 5.5(0.9) 5.7 (0.6)
Calculation Abilities 2.5(0.6) 2.6 (0.7) 2.8 (0.5) &$.E3
Sequences 0.9 (0.3) 0.9 (0.3) 0.9 (0.2)
Motor Functions
Changing Left-Hand Position 1.6 (0.6) 1.6 (0.6) 1.9 (0.3)
Changing Right-Hand Position 1.5(0.6) 1.6 (0.6) 1.7 (0.5)
Alternating Movements 1.6 (0.5) 1.8 (0.4) 1.9(0.3)
Opposite Reactions 1.8 (0.4) 1.8 (0.4) 1.8(0.3)
Recall
Words 4.3 (1.6) 4.7 (1.5) 4.9(1.3)
Cuing 49(1.2) 4.9 (1.4) 5.3(1.0)
Recognition 5.5(0.8) 5.5(0.9) 5.6 (0.6)
Semicomplex Figure 9.7 (2.3) 10.2 (2.1) 10.6 (1.2)

Note E1= 10-12 years; EZ 13-17 years; E3 18-24 years.
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in others, differences are minimal. A general tendency fodivided into three educational groups: 10to 12,13to 17, and
scores to decrease across the age ranges is observed. Thisto 24 years of formal education. According to the Mexi-
tendency was particularly evident in the memory test scorexan educational system, 10 to 12 years correspongdeeto
In general, it was evident that the educational variable wagaratoria(preparatory; similar to high school). A university
much more influential on the neuropsychological test scoreslegreelicenciatura requires 5 additional years (i.e., 13-17
than the age variable. years of education). Over 17 years corresponds to a postgrad-
Using ANOVAs, differences among the four educationuate (posticenciatura) training. Results are presented in
groups were calculated (Table 6). It is observed that in allTable 7. Aslight tendency for test scores to increase with in-
the tests except for Orientation in Person and Recognitiogreasing education is observed. Within this group, nonethe-
of Verbal Information, the education variable was signifi- less, statistically significant differences are observed in only
cant. In some tests, significant differences were found amongpur test scores: Digit Backwards, Encoding—\Verbal Mem-
all four educational groups (Copy of a Semicomplex Fig-ory, Phonologic Verbal Fluency, and Reading. These results
ure, Language Comprehension, Semantic Verbal Fluencymply thatafter 10 years of formal education, performance in
Phonological Verbal Fluency, Similarities, Calculation Abil- this set of neuropsychological tests is fairly homogenous.
ities, Sequences, and Recall of the Semicomplex Figure).Thus, inthe 10 to 24 years of education group a ceiling effect
Because 10 to 24 years is such a large educational spanyas evident.
further analysis of the participantsinthe 10to 24 years of ed- Using ANOVAs, differences among the four age groups
ucation range was performed. These participants were sulivere calculated (Table 8). Only in some tests was the age

Table 8. F values, level of significances, and differences among the different age groups
in the NEUROPSI subtest scores

Test F p Differences observed
Orientation
Time 8.96 .001 Alvs.A2, A3; A3 vs.A4
Place 1.59 .190 none
Person 2.56 .053 none
Attention
Digits Backwards 3.69 .037 AZs. A4
Visual Detection 41.01 .0001 Al, A%.A3; Al, A2, A3 vs.A4
Twenty Minus Three 9.00 .0001 Als.A2, A3, A4
Encoding
Verbal Memory 14.92 .0008 Al, A2, ABs.A4; Al vs.A3
Copy of a Semicomplex Figure 2.53 .056 none
Language
Naming 2.00 115 AXs.Al, Ad
Repetition 1.48 .328 none
Comprehension 1.83 .315 none
Verbal Fluency
Semantic 9.84 .0001 Al, AZs.A4; A2 vs.A3
Phonologc 3.59 .013 Ags.A4
Reading 12.08 .0001 Al, A2, Ags.A4
Writing 8.34 .0001 Al, A2, A3is.A4
Conceptual Functions
Similarities 3.98 .0078 A%s.A3, A4
Calculation Abilities 2.32 .073 none
Sequences 1.17 .318 none
Motor Functions
Changing Left-Hand Position 0.68 .560 none
Changing Right-Hand Position 0.33 .795 none
Alternating Movements 4.28 .005 Als.A3
Opposite Reactions 19.72 .0001 Ad.Al, A2, A3; Al vs.A2
Recall
Words 30.80 .0001 Al, A2, ABs.A4; Al, A2 vs.A3
Cuing 30.63 .0001 Al, A2, A8s.Ad
Recognition 6.92 .0001 Al, A2, ABs.A4
Semicomplex Figure 35.90 .0001 Al, A2, AB.A4; Al vs.A3

Note Al = 16-30 years; A2 31-50 years; A3= 51-65 years; A4 66—-85 years.
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variable statistically significant. This significant age effect dent factors on neuropsychological test performance, even
was observed in the Orientation tests (Time), Attention (Vi-though some interactions are evident.
sual Detection, Serial Three Substractions), Encoding sec- Gender effects were analyzed. Only a few differences were
tion subtests (Verbal Memory), in the Language subtestsstatistically significant (see Table 10). No S&#Age inter-
except language repetition and comprehension tests, in sonagtion effect was found. The SexEducation effect was min-
motor tests (Alternating Movements and Opposite Reactmal. Statistically significant differences between men and
tions), and most importantly, in all the recall tests. With thewomen were observed only in a few tests and in some edu-
exception of Similarities, no differences were observed incation groups. No significant differences in any tests were
the conceptual function tests. No differences were observefbund across the four educational groups. Interestingly, in the
in changing the position of the hand. three tests that include numerical information (Digits Back-
Interactions between education and age also wergards, Twenty Minus Three, and Calculation Abilities) sta-
analyzed (Table 9). Few interactions were statistically sigtistically significant differences were observed in two out of
nificant: Orientation (Time and Person), Serial Three Subthe four educational groups. Performance was higherin men
stractions, Language Repetition, Calculation Abilities,thanin women. For the remaining tests, only a few were sig-
Sequences, and Cuing Recall. For the rest of the test scoragsficantand only within a specific education range. Those tests
interactions did not reach statistical significance. It fol- and educational ranges that were statistically significant are:
lows that both schooling and age represent rather indepe®@rientation in Place (illiterates), Alternating Movements (il-

Table 9. F values for education and age variables, and interactions between education and age

E: Education A: Age Ex A
Test F F F
Orientation
Time 59.60*** 12.87*** 7.71%*
Place 4.59* 0.58 0.68
Person 38.00*** 6.50%** 4 53%**
Attention
Digits Backwards 108.00%*** 1.85 2.09
Visual Detection 23.71%** 44 32%** 2.01
Twenty Minus Three 63.46%** 6.27*** 3.37***
Encoding
Verbal Memory 29.36*** 14.75%* 0.72
Copy of a Semicomplex Figure 199.46*** 5.81** 0.53
Language
Naming 26.98*** 2.27 1.56
Repetition 14.89*** 1.88 2.52*
Comprehension 226.59*** 2.75 0.98
Verbal Fluency
Semantic 88.87*** 4.54** 1.69
Phonologic 198.71*** 2.62 1.89
Reading 26.00*** 6.26** 1.52
Writing 22.66*** 3.64* 1.16
Conceptual Functions
Similarities 122.38%** 6.76*** 1.80
Calculation Abilities 95.57*** 3.21 2.60*
Sequences 166.18*** 3.46 36.11%**
Motor Functions
Changing Left-Hand Position 14.28%*** 0.74 1.11
Changing Right-Hand Position 20.82*** 0.99 1.92
Alternating Movements 68.67*** 3.10 1.41
Opposite Reactions 4.44** 13.86*** 1.79
Recall
Words 32.91%** 30.16*** 1.74
Cuing 11.97%** 23.66*** 3.14**
Recognition 0.96 3.81* 1.39
Semicomplex Figure 80.95%** 20.36*** 1.06

*p < .01; **p < .001; ***p < .0001.
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Table 10. F values and level of significance for sex differences in the four educational groups

Education
Zero years 1to 4 years 5to 9 years 10 to 24 years
Test F p F p F p F p
Orientation
Time 1.19 0.27 0.00 0.95 1.21 0.27 1.12 0.29
Place 3.87 0.02 1.28 0.25 0.40 0.52 1.30 0.25
Person 0.18 0.66 2.26 0.13 0.41 0.51 0.00 0.99
Attention
Digits Backwards 2.11 0.14 0.98 0.32 3.98 0.05 6.23 0.01
Visual Detection 0.00 0.92 0.85 0.35 1.84 0.17 2.63 0.10
Twenty Minus Three 5.89 0.02 0.07 0.91 241 0.12 8.15 0.01
Encoding
Verbal Memory 0.34 0.55 0.33 0.56 1.01 0.31 1.78 0.18
Copy of a Semicomplex Figure 0.00 0.94 0.28 0.59 2.34 0.12 0.54 0.45
Language
Naming 1.11 0.29 0.09 2.76 4.60 0.03 3.34 0.06
Repetition 0.39 0.53 0.07 0.78 0.83 0.36 0.67 0.41
Comprehension 0.09 0.76 2.23 0.13 0.00 0.92 0.51 0.47
Verbal Fluency
Semantic 0.11 0.73 0.78 0.37 0.56 0.45 2.16 0.14
Phonologic 2.72 0.10 0.01 0.90 2.65 0.10 0.05 0.82
Conceptual Functions
Similarities 0.52 0.46 7.27 0.01 2.38 0.12 0.52 0.46
Calculation Abilities 2.76 0.09 0.27 0.60 2.22 0.01 7.14 0.01
Sequences 1.26 0.26 0.00 0.97 0.66 0.41 0.59 0.44
Motor Functions
Changing Left-Hand Position 0.04 0.83 4.09 0.04 1.37 0.24 0.44 0.50
Changing Right-Hand Position 2.13 0.15 1.09 0.30 1.84 0.18 3.40 0.06
Alternating Movements 5.50 0.02 1.33 0.24 1.89 0.17 4.05 0.05
Opposite Reactions 2.85 0.09 1.28 0.25 0.84 0.35 3.48 0.06
Recall
Words 0.71 0.39 2.43 0.12 0.58 0.44 0.32 0.56
Cuing 0.97 0.32 1.29 0.25 0.59 0.44 0.57 0.44
Recognition 0.40 0.52 0.24 0.62 0.17 0.67 0.09 0.75
Semicomplex Figure 1.18 0.27 0.06 0.79 4.35 0.04 6.43 0.01
Total NEUROPSI score 0.52 0.47 0.23 0.62 2.89 0.09 5.06 0.03

literates), Similarities (1—4 years of education), Naming (5—9%nd Sequences (.66). Factor | would appear to include sev-
years of education), and Alternating Movements (10—24 yearsral attention and frontal lobe related functiolisxécutive
of education). Performance in these tests was again higher Frunctionfactor). Factor 1l (9.6% of the variance) is mainly
menthaninwomen. Ingeneral, however, the gender effectwagpresented by Writing—Dictation (.91) and Writing—Copy
minimal on the NEUROPSI. (.77) scores, while the rest of the subtest loadings were mod-
A factor analysis with varimax rotation of the neuropsy- erate to low. Factor Il was in consequence a writing, and
chological test battery was performed with the quantitativemaybe, fine movements factor or motor programming fac-
scores and general results are shown in Table 11. Seven dibr (Writing factor). Factor Il (6.1% of the variance) best
ferent factors with an eigenvalue higher than 1.00 were diseorrelated with the two verbal fluency tests: semantic (.83),
closed. These seven factors accounted for 61.8% of the totahd phonologic (.63). Obviously, it is a verbal generation
variance. factor (Verbal Fluencyfactor). Factor (5.7% of the vari-
The loadings of the different subtests on the seven facance) IV most involved motor functions—alternating (.92),
tors are presented in Table 12. It is observed that for eacthe changing hand position right hand (.79), and left hand
factor, except the first, only a few test scores have a higl{.79). It may be considered as a motor sequencing factor
loading on each factor. (Motor Sequencinéactor). Factor V (4.3% of the variance)
Factor | (28.6% of the variance) best correlated with Dig-primarly involves the four recall scores (Delayed Recall
its Backwards (.64), Copy of a Semicomplex Figure (.74),Semicomplex Figure (.52), Spontaneous Verbal Delayed Re-
Calculation Abilities (.64), Language Comprehension (.70)call (.64), Recognition (.52) and Categories (.76). Obvi-
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Table 11. Factor analysis of the NEUROPSI

neuropsychological test battery

F. Ostrosky-Solis et al.

ously, itis a memory factoilemoryfactor). Factor VI (3.9%
of the variance) involves orientation in space (.64), and Mo-

tor Functions—Opposite Reactions (.49). And finally, Fac-

Eactor Eigenvalue Pv(zrci::(t:gf Clgr:g:::;’e tor V11 (3.6% of the variance) involves Orientation to Person
(.78) and Language Repetition (.63). These two last factors
| 8.852 28.6 28.6 are not easy to interpret.
Il 2.984 9.6 38.2 The test—retest reliability with a 3-month interval, ad-
m 1.885 6.1 443 ministered and scored by the same examiner for the total
v 1754 57 49.9 NEUROPSI score was 89 Table 13 presents the reliabil-
ity scores found in the different subtests. Interrater agree-
v 1.343 43 54.3 ment was substantial; correlation coefficients for the
Vi 1.117 3.9 58.2 NEUROPSI scales ranged from 7.7 (Phonologic Fre-
Vil 1.103 3.6 61.7 guency) to 1.0 (Orientation to place and person). These

high interrater reliability coefficients indicate that standard-

Table 12. Correlations between the different test scores and the seven factors

Factor

Test Il Il \ Y, VI VI
Orientation

Time .58 -.03 .06 .06 .10 .32 .08

Place .09 —-.05 .09 .03 .13 .64 .08

Person .03 A1 .06 .05 12 .03 .78
Attention

Digits Backwards .64 .10 .20 17 .04 .09 .18

Visual Detection .38 -.18 .15 .03 .33 -.15 .04

Twenty Minus Three .54 —.04 .15 —.06 —.05 .10 31
Encoding

Verbal Memory .39 .09 .24 .24 .08 .06 .16

Copy of a Semicomplex Figure 74 17 14 12 24 -1 -.09
Language

Naming .36 .06 .05 .03 .15 .23 A1

Repetition .35 -.07 .00 .13 —.08 .04 .63

Comprehension .70 A1 .23 A2 .16 .07 .04
Reading .06 .25 .35 .02 44 -.03 .03
Writing

Dictation 13 .91 .02 .04 .03 .05 .01

Copy .05 77 A7 .02 .30 -.18 14
Verbal Fluency

Semantic .30 -.04 .83 .07 17 .13 .07

Phonologic .58 .02 .63 .16 .03 -.09 .01
Conceptual Functions

Similarities .58 .04 .28 .15 21 .08 .00

Calculation Abilities .64 .49 .16 .14 .15 —.06 .15

Sequences .66 .22 .07 .22 .01 .08 .00
Motor Functions

Changing Hand Position

RH .28 .09 .04 .79 —-.08 .15 .01
LH .15 A2 .10 .79 .23 .05 A1

Alternating Movements .23 .01 15 .92 .19 .03 .08

Opposite Reactions .00 43 .03 21 —.02 .49 .07
Recall

Words .38 -.01 .04 A1 .64 .20 .07

Cuing 22 —-.08 .01 17 .76 A2 .01

Recognition -.07 .07 .02 .00 .52 A7 .02

Semicomplex Figure .52 .02 .22 12 52 -.02 —.06
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Table 13. Reliability in the different subtests

First testing Second testing

Test M SD M SD r
Orientation

Time 2.82 0.27 2.84 0.37 .80

Place 2.00 0.00 2.00 0.00 1.00

Person 1.00 0.00 1.00 0.00 1.00
Attention

Digits Backwards 3.46 1.05 3.23 0.83 .78

Visual Detection 13.25 2.86 13.57 2.82 .87

Twenty Minus Three 4.66 0.63 4.91 0.35 .82
Encoding

Verbal Memory 5.00 1.35 4.76 1.23 .79

Copy Semicomplex Figure 10.73 1.58 10.73 0.83 .89
Language

Naming 7.53 0.87 7.69 0.63 .94

Repetition 4.00 4.00 4.00 0.00 .00

Comprehension 5.69 0.63 5.61 0.50 .89

Fluency

Semantic 19.38 5.59 19.07 3.70 .80
Phonologic 11.92 2.78 12.31 2.92 a7

Conceptual Functions

Similarities 5.15 0.89 5.15 1.46 .88

Calculation 1.92 0.75 2.15 0.80 .78

Sequences 0.84 0.37 1.00 0.00 .82
Motor Functions

Left-Hand 1.46 0.66 1.69 0.63 .81

Right-Hand 1.69 0.48 1.61 0.76 .84

Alternating 1.46 0.66 1.53 0.51 .79

Opposite Reactions 1.61 0.50 1.69 0.48 .82
Recall

Words 5.00 1.35 4.76 1.23 .79

Cuing 5.53 0.66 4.76 1.16 .84

Recognition 5.76 0.59 5.76 0.60 .92

Semicomplex Figure 9.11 2.31 10.03 1.24 .83
Total NEUROPSI score 91.46 8.65 91.07 6.45 .89
Note N = 30.

ized instruction assures that scoring of the test is consissized that current results were obtained in Mexico. There is,

tent across examiners. as a consequence, a limitation in generalizability of results
to other populations. Furthermore, sensitivity at higher ed-
DISCUSSION ucational level has to be taken with caution, considering the

ceiling effect observed in participants with over 10 years of
In Latin America and in Spanish-speaking countries there igducation.
a need for brief, reliable, and norm-based neuropsychologi- Results point out that educational level had a significant ef-
calinstruments to assess cognitive abilities of geriatric, neurdfect on most tests. Strongest educational effects were noted
logical, and general medical populations. Standardizedn visuoconstructional abilities, phonological verbal fluency
neuropsychological instruments in Spanish are still few. No-and conceptual functions, including similarities, calculating
tably, Spanish is the first language for about 10% of the worldabilities, and motor sequences. On most of the NEUROPSI
population. Interestingly, the United States represents th&ests, just1to 4 years of education was enough to show highly
fifth-largest Spanish speaking country in the world (Mexi- statistically significant NEUROPSI performance differences.
co, Spain, Colombia, Argentina, and the U.S.) with overReading and writing were not even given to the lowest two
20,000,000 Spanish speakers. To a certain extent, thereforeducational groups. This finding has both theoretical and
the United States might be considered a Latin Americarpractical implications. Our results agree with several other
country. The NEUROPSI was developed to help fill this needstudies that have shown effects of educational level on neuro-
of the Spanish-speaking world, and eventually, it might bepsychological test performance (Ardila et al., 1989b, 1992;
adapted to other languages. However, it has to be emphé&inlayson et al., 1977; Heaton et al., 1986; Ostrosky et al.,
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1985, 1986). Learning opportunities play a crucial role in thesitive to the effects of normal aging. According to Cattell
development of some abilities frequently included in neuro{1971), crystallized intelligence is measured by tests of
psychological tests (Ardila, 1995). As Wgotsky (1962) andknowledge and skills that were acquired in previous learn-
Luria (1976) have pointed out, complex psychological pro-ing experience. In the NEUROPSI, these measures are re-
cesses such as oraland written language, decision making, aladed to Language (Repetition and Understanding), and some
the solution of problems have a social origin and they deMotor skills. These tests with no particular sensitivity to
pend uponinternalized social relations. Therefore, living connormal aging effects may nevertheless be useful when di-
ditions and learning opportunities influence the developmenagnosing pathological aging (i.e., dementia). By contrast,
and organization of such processes. Furthermore, recent stuigsts that require learning, conceptual and problem solving
ies have shown that literacy may somehow influence the brainperations, are related to fluid intelligence. In our battery
organization of cognition, including language (Matute, 1988)these measures were represented by immediate and delayed
and handedness (Ardilaetal., 1989a). Studies about the corecall of verbal and visuospatial material. In these tests, pre-
sequences of brain damage iniilliterate populations evidencéously stored knowledge is not especially useful.
a more bilateral representation for linguistic and visuospa- Only a few AgeX Education interactions were statisti-
tial abilities (Rosselli et al., 1985). cally significant: Orientation (Time and Person), Twenty Mi-
The effect of education on neuropsychological test pernus Three, Language Repetition, Calculation abilities, and
formance, however, is uneven. In reviewing current resultsSequences. It follows that both schooling and age represent
it is evident that some subtests are extremely sensitive toather independent factors on NEUROPSI performance.
education (e.g., Copy of a Semicomplex Figure, Languag®&onetheless, seemingly the level of education can somehow
Comprehension, Phonologic Verbal Fluency), whereas othand at least in some tests influence the cognitive changes as-
ers are minimally and even not associated with educationadociated with aging. Recently, it has been proposed that ed-
level (e.g., Motor: Opposite Reactions; Recall: Recognition)ucation provides protection against dementia (Mortiner,
A ceiling effect in the 10- to 24-years of education group 1988). It was proposed that psychosocial factors reduce the
was observed. This ceiling effectis not unusual in many neuromargin of “intellectual reserve” to alevel where a minor level
psychological instruments, particularly, screening instru-of brain pathology results in adementia. Mortiner further pro-
ments. Furthermore, the educational effentita linear effect.  posed that “psychosocial risk factors” (i.e., no or low educa-
Itis, in fact, represented by a negatively accelerated curvetion) will present the strongest association in the late onset
differences between zero and 3 years of education are hugdementia of the Alzheimer type (DAT). During the last de-
differences between 3 and 6 years of education are lower; beade, several studies (e.g., Bonaiuto et al., 1990; Caramelli
tween 6 and 9 are even lower; and so on (Ardila, 1998; Ardileet al, 1997; Korczyn et al., 1991), but not all studies (e.g.,
& Rosselli, 1989; Rosselli & Ardila, 1991, 1993; Rosselli Christensen & Henderson, 1991; O’Connor etal., 1991) have
etal., 1990). Beyond some 10to 12 years of education, barelyupported this notion. Our current results point to a complex
any education effect can be found in these measures. So, wheglationship between education and cognitive ability associ-
comparing people with 12 and 18 years of education, virtuated with age. The interaction between age and education may
ally no educational effect is usually found. be different depending upon the specific cognitive domain.
It should be emphasized that the NEUROPSI is a ratheT his type of heterogenous relationship between age associ-
easy screening test battery. If harder items were selected,aded changes and educational level has been previously pro-
stronger educational effect could be anticipated. In the curposed in the literature (Capitani et al., 1996). Undoubtedly,
rentresearch, only very few differences were observed whethis is an area that deserves more research and analysis.
participants with over 10 years of education were further Factoranalysis disclosed seven NEUROPSI factorsthatac-
divided into increasing educational groups: Encoding—counted for 62% of the total variance. Factors were related to
Verbal Memory, Phonological Verbal Fluency, Reading, Cal-Executive Functions (Factor 1); Memory (Factor V); Writ-
culation Abilities and Digits Backwards. ing (Factor I1); Orientation and Attention (Factor I, VI, and
With regard to aging effects, there was a general tenVIl); Verbal Fluency (Factor I11); and Motor Functions (Fac-
dency toward a decrease in test scores with increasing ag®r V). Thus, factor analysis confirms the presence ofthe in-
However, some tests appear particularly sensitive to the eflependent cognitive domains that underlie the NEUROPSI
fects of aging, such as Visual Detection, Verbal Memory,quantitative scores. However, as in any neuropsychological
Opposite Reactions, and delayed recall of verbal and visuoistrument, quantitative analysis should be complemented
visuospatial information. For other tests, the effect of agingwith qualitative interpretation. For example, because quan-
was minimal. These tests included Orientation (Place antitative scoring of a visuomotor task such as copying of a semi-
Person), Language (Repetition and Understanding) and sontemplex figure emphasizes a number of details, factor analysis
Executive functions (e.g., Sequences). ofthe NEUROPSI subtest, grouped this test with attention re-
Our findings regarding age-related test scores are consisated tasks. Therefore, in order to analyze the visuospatial and
tent with previous studies (Ardila & Rosselli, 1989; Catell, visuomotor component of this task, qualitative analysis of the
1971; Heaton et al., 1986; Ostrosky-Solis et al., 1992, 1995)nistakes in the drawing (i.e., wrong orientation of line and an-
In general, those tests that depend on past accumulategles, or spatially disarticulated) should also be performed be-
knowledge or “crystallized intelligence” tend to be less sen-fore making a final interpretation.
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Total test—retest reliability in cognitively intact partici- Ardila, A., Ardila, O., Bryden, M.P., Ostrosky, F., Rosselli., M., &
pants over a period of 3 months was excellent at .89 for the Steenhuis, R. (1989a). Effects of cultural background and ed-
NEUROPSI total score. Interrater agreement was substan- ucation on handednesseuropsychologia27, 893—-898.

tial suggesting that that scoring of the test is consistent acrog¥dila, A. & Ostrosky, F. (1991)El Diagnostico del Dafio Cere-
examiners. bral: Enfoque NeuropsicologiciBrain damage assessment: A

i . . neuropsychological approach]. D.F., Mexico: Trillas.
thilst Is?[ulg]pvc\)/g?en(t:ct)(l)lei?;%h:rfllz?ntlr\1/laetxti2§ ?r?é?vi%rfjgr}tri?n”lrdila, A. & Rosselli, M. (1989). Neuropsychological character-
y . - y . ' . istics of normal agingDevelopmental Neuropsycholg@y 307—
other Spanish-speaking countries were not included. As a

consequence, results have to be applied to people from oth@fgiia A, Rosselli, M., & Ostrosky, F. (1992). Sociocultural fac-
countries with caution. Currently, additional data are being  tors in neuropsychological assessment. In A.E. Puente & R.J.
collected in Colombia, and eventually the NEUROPSI will  McCaffrey (Eds.),Handbook of neuropsychological assess-
be also administered in other Latin American countries. Thus, ment: A biopsychosocial perspectiym. 181-192). New York:

it can be anticipated that in the future a significantly broader Plenum Press.

data base with samples from diverse countries will becomérdila, A., Rosselli, M., & Rosas, P. (1989b). Neuropsychological
available. assessment in illiterates: Visuospatial and memory abilities.

The NEUROPSI is currently also under testing in vari—A E:rai” agd gognitior,él%)lﬂ—;B% s . Rigalt C.. & Cruz. F
ous clinical groups including dementia, depression, schizo=V€ €Y' E. ©0mez, L. strosky-Solis, F. Rigalt, C., & Cruz, F.

. g . (1996). Adaptacion de los estimulos no verbales de Snodgrass
phrenia, lupus, closed head injury, and focalized left and

iaht hemisoh lesi R | ilable f y Vanderwart en poblacion hispanohablante: Criterios para la
right hemisphere lesions. Results are not yet available for denominacion, concordancia de la imagen, familiaridad y com-

presention, but preliminary results appear encouraging. Nev- pejidad visual [Snodgrass and Vanderwart nonverbal stimuli
ertheless, at the moment, the absence of validity, and sen- adaptation to a Spanish-speaking population: Criteria for nam-
sitivity data is still a limitation. ing, concordance, familiarity, and visual complexitifevista

In summary, the NEUROPSI may help fill the need for  Mexicana de Psicologid 3, 5-19.
brief, reliable and objective evaluation of a broad range oBertolucci, P.H.F., Brucki, S.M.D., Campacci, S.R., & Juliano, Y.
cognitive functions in Spanish-speaking people. Itis the only (1994). O Mini-Examen do Estado Mental en uma populacao
available Spanish instrument that provides norms across a 9eral [Mini-Mental State Exam in a general populatioAf-
broad range of ages and educational levels including illit-_ Auives Neuropsiquiatrieb2, 1-7.

erates, primary school, high school, and professional level: lessed, G., Toml.'ns.on’ B.E., & Roth, M. (1968)' The association
between quantitative measures of dementia and of senile changes

in the cerebral grey matter of elderly subjed@sitish Journal
of Psychiatry 114, 797-811.
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APPENDIX
NEUROPSI: EVALUACION NEUROPSICOLOGICA BREVE EN ESPANOL

Observacion generaPara los criterios de calificaciéon cualitativos y cuantitativos de cada reactivo, es necesario consultar

el Manual
I. ORIENTACION
Respuesta Puntaje
A. Tiempo ¢En qué dia estamos? 0 1
¢En qué mes estamos? 0 1
¢En qué afio estamos? 0 1
B. Espacio: ¢ En qué ciudad estamas? 0 1
¢En qué lugar estamos? 0 1
C. Persona: ¢Cuantos afios tiene usted? 0 1
Total (6)
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Il. ATENCION Y CONCENTRACION
A. Digitos en regresion

Pida que repita cada serie en orden regresivo, es decir, del Ultimo al primero; ej., 2-5, respuesta “5-2.” Si logra repetir al
primer ensayo, se pasa a la serie siguiente. Si fracasa, aplique los dos ensayos.
4-8 2
9-1
2-8-3
7-1-6
8-6-3-2
2-6-1-7
6-3-5-9-1
3-8-1-6-2
5-2-7-9-1-8
1-4-9-3-2-7

OO0 UUTh,DWWN

~

Total

—~

B. Deteccion visual

Se coloca la hoja de deteccion visual frente al sujeto y se le pide que marque con una “X” todas las figuras que sean iguales
al modelo. Suspender a los 60 segundos.
Total de errores

Total de aciertos (16)

C.20 menos 3

Pida que a 20 le reste 3. Suspenda luego de 5 operaciones
17-14-11-8-5 Respuestas Total (5)
IIl. CODIFICACION

A. Memoria verbal
Lea las siguiente palabras y pida al sujeto que las repita una vez que usted termine. Utilice siempre los tres ensayos.

ler ensayo 20 ensayo 3er ensayo Observaciones
gato mano codo Intrusiones

pera vaca fresa Perseveraciones
mano__ fresa___ = pera____  Primacia______
fresa_ = gato__ = codo___  Recencia______
vaca____ codo_____ gato

codo___ pera_____  mano

Total Promedio (6)
1 ensayo 2 ensayo 3 ensayo

B. Copia de una figura semi-compleja

Pida al sujeto que copia la lamina 1 del material anexo. Utilice la reproduccion presentada abajo para registrar la secuencia
de la copia.
AQUI LA REPRODUCCION DE LA
FIGURA SEMI-COMPLEJA
Tiempo__ Total ___ (12)

IV. LENGUAJE

A. Denominacién
Pida al sujeto que nombre las figuras que aparencen en las lamina® déeld 9 dematerial anexo y anote la respuesta.

Respuesta Puntaje Respuesta Puntaje
chivo 0 1 llave 0 1
guitarra 0 1 serpiente 0 1
trompeta 0 1 reloj 01
dedo 0 1  Dicicleta 0 1

Total (8)
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Nota Si el paciente presenta problemas de agudeza visual que le limiten realizar la actividad anterior, en su lugar, pida que
denomine los siguientes elementos preguntandole “¢,Qué es esto?.”
lapiz reloj boton techo codo tobillo zapato llave
1 2 3 4 5 6 7 8
Total (8)

B. Repeticién
Pida al sujeto que repita las siguientes palabras y frases:

Respuesta Puntaje
SOl 01
Ventara. . 0 1
Elnlnollora . 0 1
El hombre camina Ientamente por Ia caIIe 0 1
Total 4)

C. Comprensién

Presente la lamina 10 y evalle la comprension de las siguientes instrucciones, considerando que para que este reactivo
tenga validez, debe asegurarse que el sujeto comprenda los términos “cuadrado’y “circulo.” De no ser asi, intente con otras
palabras como por ejemplo “bolita” y “cuadro.”

Puntaje

sefiale el cuadrado pequefi. . 0 1

sefiale un circulo y un cuadrmd . e 0 1
sefiale un circulo pequefio y un cuadrado geand ......... 0 1
toque el circulo pequefio, si hay un cuadrado geand. ... 0 1
toque el cuadrado grande en lugar del circulo pequen. 0 1
ademas de tocar los circulos, toque el cuadrado pequeii 0 1
Total ___ (6)

D. Fluidez verbal

Pida al sujeto que nombre en un minuto todos los animales que conozca. Posteriormente, empleando el mismo tiempo,
solicite que mencione todas las palabras que recuerde que inicien con la letra “F” sin que sean nombres propios o palabras

derivadas.
Animales Palabras con F
Total semantico Total fonoldgico
Intrusiones Intrusiones
Perseveraciones Perseveraciones
V. LECTURA
Pida que realice en voz alta la lectura de la Lamina 11 del material anexo. Mencione que se le haran preguntas sobre su
contenido.
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Respuesta Puntaje
¢ Por qué se ahogo el gus&no. ......... 0 1
¢,Que paso con el otro gus&ho. ........ 0 1
cComosesalvbelgusan.............. 0 1
Total ____ (3)

VI. ESCRITURA

Pida al sujeto que escriba al dictado (primera frase) y por copia (segunda frase Lamina 12).

Puntaje
El perro camina por la calle 0 1
Las naranjas crecen en los arboles 0 1
Total ___ (2)

VII. FUNCIONES CONCEPTUALES

A. Semejanzas
Pregunte en que se parecen los siguientes estimulos. Proporcione el ejemplo: “Silla-s@snuebles.”

Respuesta Puntaje
naranja-pera 0 1 2
perro-caballo 0 1 2
ojo-nariz 01 2

Total ___ (6)
B. Célculo

Pida al sujeto que resuelva mentalmente las siguientes operaciones. Limite de tiempo para cada problema: 60 segundos.
Se puede leer nuevamente el problema dentro del limite de tiempo.
Respuesta Puntaje
¢Cuanto es 13 15? (28).. e . 01
Juan tenia 12 pesos, remm y gasto 14
¢, Cuanto le quedo? 7.. .
¢, Cuantas naranjas hay en dos docenas y media? (30)

0
0
Total (

1
1
3)
C. Secuencia

Presente la Lamina 13 del material anexo y pida que continle la secuencia (¢, Qué figura sigue?)
Total N

VIIl. FUNCIONES MOTORAS
Para su aplicacion, siga las instruccionesMehual

A. Cambio de posicion en la mano
0 =no lo hizo
1 = los hizo entre el segundo y el tercer ensayo
= |o hizo correctamente al primer ensayo
Ejecucién: Mano derecha 01 2
Mano izquierda 0 1 2
Total (4)

B. Movimientos alternos de las manos
0= no lo hizo
1 = lo hizo desautomatizado
= los hizo correctamente
Total ___ (2)

C. Reacciones opuestas
0=no lo hizo

= lo hizo con errores
2 =lo hizo correctamente
Total __ (2)
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IX. EVOCACION

A. Evocacion de la informacion verbal
1. Evocacién espontanea
Pida al sujeto que recuerde las palabras previamente memorizadas.

gato pera Intrusiones
mano vaca Perseveraciones
codo fresa
Total (6)

2. Evocacion por claves
Pida que recuerde las palabras anteriormente memorizadas de acuerdo con las siguientes categorias:
partes del cuerpo Intrusiones

frutas Perseveraciones

animales

. Total (6
3. Reconocimiento ©)

Lea las siguientes palabras y pida que reconozca aquellas que pertenecen a la serie memorizada anteriormente.

dedo codo* Zorro vaca*
gato* arbol mano* flor
cama gallo fresa*
pera* lapiz ceja
Total (6)

B. Evocacion de la figura semi-compleja

Pida al sujeto que dibuje de memoria la figura semi-compleja. Registre la secuencia observada.
Tiempo Total (12

RESUMEN DE LOS PUNTAJES

|. ORIENTACION

A. Tiempo 3

B. Espacio (2)

C.Persona ___ (1)
Total __ (6)

Il. ATENCION Y CONCENTRACION
A. Digitos en regresion  Total (6)

B. Deteccion visual Total (16)

C. 20 menos 3 Tota (5)

ll. CODIFICACION

A. Memoria verbal Total (6)

B. Copia figura semi-compleja  Total (12)

IV. LANGUAJE
A. Denominacion Tota (8)
B. Repeticion Total 4)
C. Comprension Tota (6)
D. Fluidez verbal Total semantica (4)
Total fonoldgica (4)
V. LECTURA Total  (3)
VI. ESCRITURA Total __ (2)
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NEUROPSI

VIl. FUNCIONES CONCEPTUALES
A. Semejanzas Total (6)
B. Calculo Total 3)
C. Secuencias  Total D)

VIIl. FUNCIONES MOTORAS

A. Cambio de posicién de la mano Total 4)
B. Movimientos alternos con las manos Total (2)
C. Reacciones opuestas Total (2)
IX. EVOCACION
A. Evocacion de informacion verbal
1. Evocacién espontanea Total _ (6)
2. Evocacion con claves Tota (6)
3. Reconocimiento Total (6)

B. Evocacion de la figura semi-compleja  Tota (12)

Total

https://doi.org/10.1017/51355617799555045 Published online by Cambridge University Press

433


https://doi.org/10.1017/S1355617799555045

