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Abstract Neuropsychological impairments (NPI) can

lead to difficulties in daily functioning and ultimately

contribute to poor health outcomes. However, evidence for

the feasibility of NPI assessment in resource-limited set-

tings using tests developed in high literacy/high education

cultures is sparse. The main objectives were to: (1) deter-

mine the feasibility and appropriateness of conducting

neuropsychological assessments among a migrant farm

worker population in Baja California, Mexico and (2)

preliminary describe neuropsychological test performance

in this unique population. A neuropsychological test bat-

tery was administered to 21 presumably healthy adults

(8 men, 13 women) during a two-day international health

services and research collaboration. All but one neuro-

psychological test (i.e. figure learning) was feasible and

appropriate to administer to the study population. Contrary

to expectations, participants performed better on verbal

rather than nonverbal neuropsychological tests. Results

support inclusion of neuropsychological tests into future

studies among migrant farm worker populations in Baja

California, Mexico.
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Introduction

Neuropsychological impairments can lead to difficulties in

daily functioning, poor adherence to both medical and

behavioral interventions [1] and risky health behaviors

(e.g. cigarette consumption) [2]. Thus, understanding the

neuropsychological status of individuals and populations at

risk for poor health outcomes could potentially be advan-

tageous. Neuropsychological status information could be

used to develop new and/or tailor existing interventions for

individuals and/or populations for which intervention

adherence is less than adequate [1]. However, in resource-

limited settings where education and language fluency are

presumably low, measures of neuropsychological status

must be evaluated for feasibility, appropriateness, and

utility [3–7]. To address the challenges of neuropsycho-

logical assessment in resource-limited settings we sought
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to determine the feasibility and appropriateness of a brief

neuropsychological test battery consisting of six (two

verbal and four nonverbal) tests among residents of a

migrant farm working colonia (i.e. neighborhood) in Baja

California, Mexico.

Methods

Geographic Location and Cultural Background

The present study was conducted in the Lomas de San

Ramón colonia in the San Quintı́n Valley of Baja Cali-

fornia, Mexico; approximately 200 km south of the large

municipality of Ensenada. The colonias of the San Quintı́n

Valley are host to many immigrant communities from

various indigenous groups from the Southern Mexican

State of Oaxaca. Although the people of San Quintı́n

Valley are primarily indigenous people, they do speak and

understand Spanish and use it as their primary language.

Children learn Spanish in school, and classes are taught in

Spanish. Most people living in these colonias work in the

agricultural fields as their primary occupation and it is not

uncommon for an entire family, including the teenage

children, to work as migrant farm workers.

Participants

Twenty-one presumed healthy volunteers (8 men and 13

women) aged 17–57 (mean = 32, SD = 10) years old

were recruited during a 2-day period in 2010 as part of an

on-going and long-standing international health services

and research collaboration between the Faculty of Medi-

cine and Psychology at Universidad Autónoma de Baja

California, the Graduate School of Public Health at San

Diego State University, and the School of Medicine at

University of California, San Diego. The purpose of this

international collaboration is to provide quality health

services for the residents of the San Quintı́n Valley in Baja

California, Mexico as well as opportunities to advance the

understanding of the unique needs of this population.

Residents of the colonia who were receiving health and

medical services were referred to the study via medical

staff informed of the study or were directly recruited by

research assistants as residents waited to be seen by a

medical professional. Education in the sample ranged from

0 to 10 (mean = 4, SD = 3), and participants reported

employment as agricultural workers (67%; n = 14) or

homemakers (33%; n = 7). All participants were able to

speak and understand Spanish and were considered to be in

good health, although formal review of medical records

was not possible to conduct.

Assessment Battery

Selection of each assessment in the battery was based on

brevity of administration, its availability in Spanish, as well

as low literacy requirements (based on the assumption that

the target population has low literacy level). Brevity was

essential because only 30 min (typical wait time to see a

doctor) was available to conduct the assessment. Two

trained bachelor-level examiners administered the assess-

ment battery in Spanish (in the order listed below) within a

semi-private classroom adjacent to the clinic where par-

ticipants were being seen. Participants were recruited and

consented with the assistance of clinic team members as

well as directly by the two examiners. On subject (S5) was

17 years of age and was assented prior to participation

because a parent/guardian was unavailable in the colonia.

During and following administration of the assessment

battery, examiners noted participants difficulties and/or

reactions to the tests. All procedures were approved by the

Universidad Autónoma de Baja California, San Diego State

University, and University of California, San Diego Insti-

tutional Review Boards. The complete battery consisted of

seven assessments described below:

1. Animal Fluency [8, 9]: The Animal Fluency Test was

selected as a measure of verbal category fluency. For

this test, the participant was asked to name as many

animals as possible within 1 min. The participant’s

score is the number of items correctly generated.

2. Figure Memory Test [10]: This test provides informa-

tion on the participant’s ability to learn and recall

visual information. Participants were presented with

three index cards that showed a total of four geometric

designs. Each card was presented for 10 s, after which

the participant was asked to draw from memory as

many of the designs as possible on a blank sheet of

paper. This procedure was repeated until the partici-

pant reached at least 15 points on a single trial, or until

five learning trials had been completed. There was no

time limit on this test and the highest trial divided by

the number of trials completed was used as a measure

of learning. The delayed recall portion was not

administered.

3. Hopkins Verbal Learning Test-Revised (HVLT-R)

[11]: A Spanish adaptation of the HVLT-R [12] was

selected to provide information on each participant’s

ability to learn and recall verbal information. A list of

12 words was presented to the subject over three trials.

After each trial, the subject was asked to recall as

many items as possible from the list in any desired

order. There was no time limit on this test and the total

score across all three trials (range 0–36) was used.
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4. Grooved Pegboard Test [13]: This test was used to

measure manual motor speed and coordination. In this

test, participants were required to place 25 small metal

pegs into holes on a 300 9 300 metal board. All pegs

were alike and had a ridge on one side, which

corresponded to a notch in each hole on the board.

Participants were instructed to place the pegs in the

holes as fast as possible without skipping any holes.

The dominant hand was tested first, followed by the

non-dominant hand, and the total time to complete the

task was recorded for each hand.

5. Color Trails Tests 1 and 2 [14]: These two tests are a

measure of processing speed and cognitive flexibility,

respectively. Both tests use numbered colored circles

and universal sign language symbols. The circles are

printed with vivid pink or yellow backgrounds per-

ceptible to colorblind individuals. For the Color Trails

1 trial, each participant used a pen to rapidly connect

the circles numbered in a 1 through 25 sequence. For

the Color Trails 2 trial, participants rapidly connected

numbered circles in sequence, but were asked to

alternate between pink and yellow colors. The length

of time to complete each trial was recorded.

6. Wechsler Memory Scale-III Spatial Span [15]: Spatial

Span was selected as a measure of visually attention

and working memory. For this test, the examiner used

a Spatial Span Board that features 10 cubes with

numbers [1–10] printed on the sides of the cubes

facing the examiner. The examiner tapped the cubes in

a specified sequence and asked the participant to

reproduce the sequence in the same order for the

forward condition and in reverse order for the back-

ward condition. Two trials for each sequence length

were administered. There was no time limit for this test

and the total number of correct forward and reverse

sequences was used (range 0–32).

7. Academic Skills Assessment: A nine-question interview

was used to collect information on each participant’s

frequency of reading, writing, and arithmetic in their

everyday life. Questions used a four-point Likert

format ranging from ‘‘never’’ to ‘‘often’’.

Statistical Analysis

Spearman correlations were conducted to explore associa-

tions between demographic variables (e.g. age, education)

and raw neuropsychological performance. Gender differ-

ences were examined using the Wilcoxon (Mann–Whitney)

test. On an exploratory basis, raw scores on each neuro-

psychological test were converted to demographically-

adjusted (i.e. age, sex, education) T-scores (standard scores

with a mean of 50 and standard deviation of 10) using

previously established United States-Mexican border

(Animal Fluency, List Learning, Grooved Pegboard) [12,

16] and rural Chinese (Color Trails, Spatial Span) [17]

population norms. We chose to use rural Chinese norms for

the color trails and spatial span tests because Spanish

norms for these tests were not available and the Chinese

participants from which the norms were derived, live and

work in similar conditions and have comparable levels of

education to those of the current study sample. For each

test, T-scores less than 40 were coded as impaired. Global

impairment was calculated by averaging all the T-scores

using the same cut-off.

Results

Feasibility and Appropriateness

of the Neuropsychological Tests

For all tests within the battery, participants were able to

understand and successfully complete the test without

difficulty, with the exception of the Figure Memory test.

The first three participants struggled and administration of

the test took considerably more time than anticipated

([25 min). Consequently, these difficulties and test

administration time constraints prompted the removal of

this test from the battery for subsequent participants.

Examiners also noted that the Color Trails 2 posed chal-

lenges for several of the participants in our sample and

significant prompting by the examiner during the test was

often required.

Neuropsychological Performance and Impairment

Table 1 shows the raw scores on the administered tests for

each participant, with the exception of the Figure Memory

test. Performance on the neuropsychological tests, as

measured by the average T-score did not differ by sex

(P [ 0.05) or significantly correlate with age or education

(P [ 0.05). Over half of participants reported reading

(61%, n = 13), writing (71%, n = 15), and/or use of basic

arithmetic (67%, n = 14) in their everyday life on a

‘‘sometimes-to-often’’ basis. Frequency of reading, writing,

and math skills did not differ by sex and were not corre-

lated with age, education, or performance on any of the

neuropsychological tests, although a near significant posi-

tive correlation was observed between education and

writing frequency (Spearman’s rho = 0.41, P = 0.06).

Figure 1 illustrates rates of impairment based on US-

Mexico Border and rural Chinese norms for each of the

neuropsychological tests administered. A majority (86%,

n = 17) of participants exhibited global impairment with

higher rates for the color trails 2 (81%) and the grooved
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pegboard (dominant hand: 67%; non-dominant hand: 52%)

tests.

Discussion

At the onset of this study our primary aim was to determine

whether the selected neuropsychological test battery was

feasible and appropriate for use in a colonia consisting

primarily of indigenous Mexican migrant farm workers. As

previously mentioned, test selection was based on the

assumption that participants would have limited education

and literacy. By and large, this assumption was correct in

that the average education of the participants was 4 years

(SD = 3). However, more than 60% reported reading,

writing, and using arithmetic in their daily lives.

Overall, the selected test battery was well received and

none of the participants expressed frustration or appeared

agitated with the testing procedures. However, the Figure

Memory test was extremely difficult for the first three

participants (S1, S2, S3) and was consuming significantly

more time than anticipated and thus was removed from the

battery for all subsequent testing. Discontinuing the

administration of the Figure Memory test was further jus-

tified after examining performance on the other tests for

these three participants. The first participant’s (S1) per-

formance on all the tests was relatively low, but the second

(S2) and third (S3) participants did well on many of the

other tests, suggesting that failure on the Figure Memory

test was not reflective of generalized difficulties with the

test battery; rather, an indication that this test may be

inappropriate in this population. In fact, previous research

[4] among Aruaco Indians in Columbia found that certain

nonverbal measures were the least appropriate tests for

cross-cultural use compared to verbal measures. In addi-

tion, Matute et al. [18] showed that literacy levels played aT
a
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Fig. 1 Rates of neuropsychological impairment for each test based on

demographically adjusted T-scores, using a cutpoint of T-score \ 40.

(N = 21)
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subtle causal role on poor copying performance on a

nonverbal stick construction task. This is supported in our

semiliterate sample in that, on average, participants had

relatively more difficulty on the nonverbal Color Trails 1

and 2 as well as the Grooved Pegboard and Spatial Span

tests. Contrary to expectations, the majority of participants

in this study performed well on both verbal tests (i.e. ani-

mal fluency and HVLT-R). However, this finding supports

earlier research by da Silva et al. [19] that showed that

verbal fluency (i.e. animals) and semantic memory (i.e.

HVLT-R) test performance is dependent on the ecological

relevance of the test content rather than literacy level.

This study should be interpreted in the context of several

limitations. First and foremost, the sample used for this

study was small (n = 21), with a limited range of age and

education, and thus power to detect expected relationships

between age, education, and NP test results was low. As

such, findings are preliminary and not necessarily gener-

alizable. Second, although participants were assumed to be

in good health, we were unable to rule out the potential

confounding effects of infectious disease (e.g. HIV, HCV,

syphilis) or other chronic medical conditions (e.g. diabetes,

heart disease), as well as the exposure to environmental

toxins (e.g. pesticides), which may affect cognition. Third,

we did not measure the degree of acculturation to United

States’ culture, from which the test battery was developed,

among the participants. This factor may be confounding

neuropsychological results in that a higher degree of

acculturation could potentially result in better ‘‘test-wise-

ness’’ as a consequence of adopting United States’ cultural

elements. However, most participants performed below

average on several of the nonverbal measures based on

norms derived from a Mexican population living within the

US-Mexico border region as well as a rural Chinese pop-

ulation, suggesting that those norms are not appropriate for

interpreting test performance in this group of migrant

farmer workers. Previous research has highlighted how

culture can affect neuropsychological testing (see review:

[20]) and that accurate cognitive assessment is dependent

on both education and the cultural environment [21]. Thus,

future studies should develop norms specific for a given

cultural context and/or use study designs (e.g. control

groups) that allow the assessment of cultural influences on

cognitive functioning. Finally, we were only able to test a

limited neuropsychological battery due to time constraints

and participant burden. Although the selection of tests to be

include in the battery was thorough, several alternative

tests or longer batteries such as the NEUROPSI developed

and standardized in Mexico [22] could have been selected

for their feasibility and appropriateness in this population

provided that sufficient time for administration is available.

Our results contribute to the growing body of research

related to examination of neuropsychological assessment

within resource-limited settings. We found that most of the

examined neuropsychological tests were not only feasible

but also appropriate for use in the study population.

However, larger studies addressing the limitations men-

tioned above will be needed in order to accurately deter-

mine neuropsychological profiles and further fine-tune

assessment protocols. Such information will undoubtedly

assist in the development/tailoring of program materials for

individuals and/or populations for which intervention

adherence is low and subsequently will bolster the health,

functioning, and safety of the migrant farm workers living

in the San Quintin Valley and potentially other similar

resource-limited settings.
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