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LilianaL. Will, MS
Diane S. Rohiman, PhD

ABSTRACT. Worker Protection Standard (WPS) training is one of the U.S. Environmental Protec-
tion Agency's (EPA) primary methods for preventing pesticide exposure in agricultural workers.
Retention of the knowledge from the training may occasionally be tested by state Occupational Safety
and Health Administrations (state OSHAS) during a site visit, but anecdotal evidence suggests that
there is no consistent testing of knowledge after WPS training. EPA’ s retraining requirements are at
5-year intervals, meaning the knowledge must be retained for that long. Vineyard workers completed a
test of their baseline WPS knowledge, computer-based training on WPS, a post-test immediately after
training and a re-test 5 months later. Pre-test performance suggested that there was a relatively high
level of baseline knowledge of WPS information on two-answer multiple choice tests (74% to 75%)
prior to training. Training increased the knowledge to 85% on the post-test with the same questions, a
significant increase (p < .001, 1-tailed) and alarge effect size (d) of .90. Re-test performance (78%) at
5 months revealed a return towards but not back to the pre-test levels. Better test performance was sig-
nificantly correlated with higher education and to alesser extent with younger ages. Whether thislevel
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of knowledge is sufficient to protect agricultural workers remains an open question, although an
increase in the proportion of people in awork group who know the critical WPS information may be

the most important impact of training.

KEYWORDS. Agriculture, CBPR, community-based participatory research, computer-based training,
Latino, training, Worker Protection Standard, WPS

INTRODUCTION

The Environmental Protection Agency’s
(EPA) Worker Protection Standard (WPS) is
designed as a primary prevention method. Agri-
cultural employers are required to provide WPS
training to all employees within the first 6 days
of beginning work. The main topic of thistrain-
ing is pesticides. Where pesticides are found,
hazards, entry routes, signs and symptoms, how
to obtain emergency medical care, drift, chemi-
gation, residues, containers, and reducing or
minimizing exposures.! The goal isto minimize
pesticide exposures, and there is evidence that
following some WPS recommendations (e.g.,
wearing proper gloves) does reduce exposures.?

WPS training is required at the beginning of
employment, and then every 5 years,! athough
updated requirements are reportedly in discus-
sion (personal communication, E. Evans, Envi-
ronmental Protection Agency). In order to meet
the WPS requirements, a knowledgeable trainer
is required to be present during the training to
answer questions. Workers are expected to retain
the training for up to 5 years, and employers are
required to maintain astandardized poster describ-
ing the key WPS information in a primary gath-
ering place of al workers (or a location where
al workers will see it). The poster is printed in
both English and Spanish, the primary language
of most agricultura workers at present, athough
only one language may be posted.

Surveys and interviews of agricultural workers
suggest that many workers do not receive WPS
training, or do not remember receiving it. For
example, Shipp et al.2 found that only 21% of
324 farmworkers surveyed in south Texas reported
ever receiving training about pesticides. In
another sample of migrant farmworker mothers,
46% reported such training.* Arcury et al.® indi-
cated that only 35% of farmworkers reported

ever receiving information or training about
pesticides (only 26% reported receiving train-
ing during the current season). However, results
of an objective test of pesticide knowledge
drawn from the WPS suggested that farmwork-
ers could answer such questions at a fairly high
rate (78%), and scores were correlated with
self-reported prior WPS training.®

Quandt et al.” developed a community-based
approach to educating farmworkers about pesti-
cide exposures, “or designing a health interven-
tion where diverse social, cultural, political, and
regulatory issues affect farmworkers' risk of
exposure.” Our intervention is community-based
participatory research (CBPR)® that took a
similar approach, although we employed a com-
puter-based training solution as the most eco-
nomical approach for agricultural workers,
long term. Because current U.S. farmworkers
have amean education in therange of 5to 7 years
(e.q., references 11 and 12), we selected a com-
puter-based training system that had been devel-
oped and used with this target population. !

We addressed three questions in this study:
(1) Prior to training, would farmworkers dem-
onstrate knowledge of the WPS information
that was above chance responding, confirming
McCauley et a.%? (2) Would computer-based
training on WPS improve the farmworkers
knowledge from basdline? (3) Would the trainees
recall the information after 5 months?

METHODS

Participants

Workers (N = 61) were recruited from seven
vineyards in northwest Oregon to participate in a
study on Worker Protection Standard (WPS)
training. We requested, but could not confirm, that
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a flyer or verba description of the volunteer
opportunity be given to all workers available for
an hour to participate in training on a computer.
All participants identified themselves as Hispanic
and dl reported that they were bornin Mexico. By
far the largest number of participants identified
their job title as a variation on trabgjador (worker)
or en e campo (fieldworker), but other job titles
included tractor driver, operations manager, crew
foreman, and supervisor. Self-reports indicated
that the mean years holding their jobs ranged
between 4.8 and 6.5 years in these workers drawn
from the year-round worker pool of the vineyards,
and the mean years the participants had lived in
the United States was 10.8 to 12.6. Participants
were compensated $35 for participation.

As noted in Table 1, 61 participants com-
pleted the pre-test and the training (to answer
guestion 1), 52 completed the pre-test, training,
and the post-test (to answer question 2), and 26
of the 52 also completed the re-test approxi-
mately 5 months later (to answer question 3).
Thelatter number islow because only 37 partic-
ipants were invited to participate in the re-test
study (70% of the sample returned for the re-test).
Additional participants from three vineyards
who had been given the training during the
course of the re-test study were included to pro-
vide alarger and thus more representative sample
of pre- and post-test performance.

The time between training and the re-test was
amean of 4.9 (SD = 0.5) months; the range was
4.5 to 5.6 months, in order to accommodate vine-
yard work schedules. The interva is rounded to
5 monthsin this report. The demographics of the
61, 52, and 26 participant subgroups did not
differ substantially. The mean age ranged from
30.7 to 35.0 years, education ranged from O to
16 years, with a mean of 6.3 to 6.7 years, and
their gender was predominantly male. Four of the
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61 and 2 of the 52 identified their primary lan-
guage as English, and took thetraining in English,
whereas the rest identified Spanish as their pri-
mary language and all but one took the training
in Spanish (the other took the test in English).

Training Content

The WPS training content was presented
using cTRAIN 2.0 computer-based training
software (NWETA; Lake Oswego, OR). The
structure of cTRAIN is based on principles of
behavioral psychology, including (1) self-pacing
and interactivity (frequent quizzes, immediate
feedback, high accuracy criterion); (2) clear
user instructions, requiring little coaching in
order for students to use the training; (3) icon-
based navigation cues always on-screen, mak-
ing it unnecessary to need to remember how to
move about; (4) pictures and/or a movie on all
screens; and (5) spoken-language option select-
able on each screen. The software format was
developed for blue collar workers** and the
user instructions were developed through serial
pilot testing in noneducated agricultural work-
ers.® This software has been used to teach lad-
der safety to orchard workers, who rated it very
positively, providing evidence of significant
knowledge and work practice changes in a
work group similar to the target audience of this
research.'! To optimize the environment, espe-
cialy for participants with limited education,
the 9BUTTON was used for response input
(depicted in Figure 1).

Training content was based on the training
requirements in the EPA manua, How To
Comply With the Worker Protection Standard
For Agricultural Pesticides: What Employers
Need to Know.! Topics covered in the WPS
training were Hazard communication, places

TABLE 1. Mean (SD) Participant Age, Education, and Gender Characteristics

Completed N Age Years of Gender Years Years lived
education in job in U.S.
Pre-test 61 35.0 (9.6) 6.6 (3.1) M=56;F=5 6.1 (5.3) 12.3 (5.8)
Pre-, Post-test 52 34.2 (9.1) 6.7 (2.6) M=49;F=3 6.5 (5.6) 12.6 (5.8)
Pre-, Post-, Re-test 26 30.7 (8.8) 6.3 (2.1) M=25F=1 4.8 (4.8) 10.8 (6.1)
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FIGURE 1. Participants completing WPS re-test using 9BUTTON response unit.

hazardous chemicals are found, hazards posed
by agricultural chemicals, special hazards to
children, chemical container labels, signal
words, material safety data sheets (MSDSs),
Global Harmonization System (GHS), required
signs, re-entry interval (REIl), special dangers
of enclosed spaces, WPS poster, and precau-
tions. There were 49 screens of information and
15 quiz questions in the training. These were
divided into 10 ‘infosets,” which in the termi-
nology of the training program were similar to
sequential building blocks, each of which must
be completed before moving on to the next
building block (infoset). Infosets consisted of 2
to 11 screens of information followed by 1 to 3
quiz questions on the preceding information; all
screens in an infoset were repeated in the event
of an error. The pre-test, post-test, and re-test
had the same 38 questions, athough the answers
were in a different order in the different tests.
The training had previously been pilot tested
with vineyard workers, and changes were made
to the test questions and answers as well as the
training text based on their input.

Procedures

Participants were recruited orally and signed
an institutional review board (IRB)-approved
consent form prior to beginning the training.
Depending on the size of the group, between 5
and 15 laptop computers were set up on tables
in small conference rooms or tasting rooms at
the vineyards and overseen by two research

staff. Participants were instructed to press a button
to begin the training, which began with a brief
tutorial on how to use the software. Staff remained
in the room at dl times to answer questions. The
most frequent question waswhy they kept answer-
ing the same question (repetition of the informa-
tion and the quiz question occurred when they
gave the wrong answer, plus they had the same
questions in the pre- and post-tests). The pre- and
post-tests were completed on the computer as part
of the computer-based training, as was the re-test
given 5 monthslater in the same setting.

Analysis

The test results are reported as mean (SD) per-
cent correct. Differences between test periods
were anayzed by t test, and the nonparametric
signed rank test, which is unaffected by outliers,
was aso used when the distribution of scores was
not normal or when there was a significant outlier.
Effect size (d) is aso reported to characterize the
degree of change against the variation (standard
deviation) in the distribution.”> Spearman’s cor-
relation was used to explore associations.

RESULTS

Test Performance

The mean percent correct on the pre-test was
75% (SD = 8.5) in the 61 participants who com-
pleted the pre-test. For the 52 participants who
completed the training, performance improved
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from 76% (SD = 8.4) on the pre-test to 85%
(SD = 10.1) on the post-test. This difference
was significant t(51) = 6.41, one-sided p
value <.001; the effect size (d) is .90. The
nonparametric signed rank test reported V =
1121, aone-sided p value of.001, confirming
thet test.

For the 26 participants who completed the
initial training and the re-test 5 months later,
performance on the 5 month re-test (mean = 78%;
SD = 10.1) remained significantly above pre-
test (75%) performance (V = 192.5, two-sided
p = .033; signed rank test); however the effect
size (d) was .36. Consistent with this difference,
the 78% performance on the re-test did not dif-
fer significantly from post-test performance
(81%, SD = 7.3) immediately after training
(signed rank test V = 84.5, two-sided p = .11),
and the effect size (d = .33) was smaller. The
signed rank test was used because the perfor-
mance of one participant declined precipitously
on the re-test. That the post-test performance of
the group of 26 completing the re-test (81%)
was well below that of the larger group of 52
(85%) could not be readily explained.

For the 26 participants who completed the
pre-, post-, and re-test, test performance scores
correlated (Spearman r) significantly (two-sided)
with reported years of education completed, but
not with age (Table 2). Poorer performance was
associated with lower education.

| tem-by-Item Responses

The knowledge test used for both pre- and
post-tests consisted of 38 questions. The indi-
vidual answers of the 26 participants who com-
pleted the pre-test, post-test, and re-test a 5 months
were examined. The questions can be catego-
rized as those that were answered correctly by
most or many participants, including on the pre-
test, and those on which participants either learned
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or did not learn the correct answers. These are
detailed next.

Most Questions Answered Correctly on All
Three Tests

Most (at |east 88%) participants answered 12
of the questions correctly on the pre-, post-, and
re-tests (the question correct and answer are
combined below):

e ‘toxic’ means hazardous to your health

e apesticideisachemical that kills pests

e irrigation water may have pesticides in it
so they shouldn’t drink it

o pedticide driftislikely to result in exposure

e asignis posted when pesticides have been
sprayed in afield

e if eyes get a pesticide in them, rinse them
for 15 minutes

e if sick and think it is due to pesticide
exposure, take a pesticide label and go to
hospital

o if pesticide gets on their skin, take off their
clothes and rinse their skin

e wearing gloves and clothes that cover
the skin can prevent pesticide residue
exposure

e removing work boots before walking in a
house can prevent pesticide transfer

e shower as soon as they get home from
work before making contact with anyone

o they can work safely with pedticides if they
take proper precautions

Many (75% to 85%) participants answered seven
questions correctly on all three tests:

e sweating ‘alot’ isasign of pesticide over-
exposure

e go to a hospital immediately if they think
they may be sick due to a pegticide exposure

TABLE 2. Correlations Between Test Performance and Age and Education,
and Two-Sided Probability Levels on Pre-, Post, and Pre-Test Minus Post-Test

Pre-test Post-test Post- minus Pre-test
Age r=-.049 (p=.74) r=-.0043 (p =.97) r=-.003 (p =.98)
Education r=.36 (p=.01) r=.48 (p =.01) r=.03(p=.01)
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e boss required to give pesticide label infor-
mation if worker is exposed to a pesticide

e an unborn baby is less protected from pes-
ticides than is the mother

¢ skin sensitization means becoming more
sensitive to a pesticide after an exposure
toit

e pesticide labels contain information on
legal/allowable uses of pesticides

o employer required to provide soap and water
if pesticides are being sprayed in an area

The responses to the other questions can be
divided into three groups. A chance (50%)
number of participants answered the questions
correctly on the pre-test, but most answered
correctly on the post-test (information
learned); few answered correctly on the pre-
test, post-test, or re-test (the training failed);
chance performance was seen on the pre-test
but most answered incorrectly on the post-test
and re-test (i.e., training failed, it led them to
change to the wrong answer). These questions
are listed below.

Chance on Pre-test, Correct on Post-test
(Information Learned)

Following chance correct answers on the
pre-test, answers to six questions were correct
at the post-test and remained correct (survived)
to the re-test, whereas answers on four ques-
tions were correct at the post-test but did not
survive until the retest.

Information learned that did survive to the
re-test:

e find the phone number of the nearest hos-
pital on the WPS poster

e chronic toxicity is due to exposure for
months or years

e pesticide residue remains on the crop for
several hours or days

e some people eliminate pesticides slowly
while others eliminate pesticides quickly

e OR OSHA requires MSDSs to be pro-
vided to workers within 24 hours of a
request

e pesticide mixer has amore elevated risk of
pesticide exposure than afarm manager

341

Information learned that did not survive to the
re-test:

e call for help if you see someone down in
an enclosed space such as a greenhouse

¢ the forehead is more sensitive to pesticide
exposure than the back

e small pupils are an indicator of pesticide
exposure, versus large pupils

e wash hands before using the toilet when
around pesticides (our answers were poorly
written on this question and may explain
the results)

Low Percent Correct that Didn’'t Change
(Training Failed)

o it is safe to work where pesticides are being
applied if workers are not sprayed directly

e children are at risk of pesticide exposure
due to their developing brain

o the pesticide label is a better source of pes-
ticide poisoning information than afirst aid
book the supervisor may have

¢ some people are more senditive to pesticides
than others

e an MSDS has information on pesticide
hazards

o al pesticides degrade into safe substances

Chance on Pre-test, Wrong on Post-test
(Training Led to the Wrong Answer)

¢ REI isthe time people are prohibited from
entering afield after apegticide application

e wash work clothes separately from home
clothes (although this recovered a 5 month
re-test)

o never take pesticide containers home asthere
may be residue (recovered at 5 month re-test)

Training Experience and Reaction
(Rating) Measures

The 52 participants who took the pre-test,
training, and post-test completed reaction (rating)
questionnaires.*® Of this sample, 68% reported
they had received safety or job training ‘amost
never’ or ‘sometimes.’ Of the 52 participants,
60% reported that they had never taken safety
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or job training on a computer, although this per-
centage increases to 92% if the participantsin a
separate experiment in which they did receive
computer-based training (noted above) are
included in the calculation. The 52 workers
reported that they had been working in their
jobs for a mean of 4.8 years, and their report of
the frequency of safety training did not corre-
late with years on the job (r = .36).

Reaction measures reveded that 94% of partic-
ipants thought the training was ‘excdlent’ or
‘good,” but none rated it ‘not very good’ or ‘ defi-
cient.” Most participants (88%) reported that the
training was ‘much better’ or ‘better than other
training' they had received. Interestingly, their
expectations of the training were not high, with
5% expecting the training would be ‘not as good
as previous training’ and 27% expecting it would
be ‘equa’ to other training (the type of previous
training was not specified in the questions). In
terms of practicality or usefulness, 94% rated the
training ‘ extremely useful’ or ‘very useful.’

DISCUSSION

Test Performance

The pre-test performance of 75% correct by
the larger sample of 61 participants was well
above chance (50%), suggesting that partici-
pants began the training with some knowledge
of the Worker Protection Standard. This is
encouraging as it suggests that the original
WPS training (which we did not attempt to ver-
ify) and interactions with fellow employees and
family provided participants with basic pesti-
cide safety knowledge. Thus, the vineyards had
met their requirement to train their workforce,
athough lay information may have contributed
to their knowledge.!” However, that the mean
percent correct on the pre-test was 75% also
indicates that there many were people below
that percent correct and their knowledge base
must be considered insufficient. Thus, it would
appear prudent to provide WPS refresher training
periodically. Based on our re-test at 5 months,
where there was performance loss (from 81%
back to 78%), the current 5-year interval between
re-training required by EPA* istoo long.

WORKER PROTECTION STANDARD TRAINING

Practical | mportance

In practical terms, and considering the 26
participants who completed al 38 questions on
al three tests, the 75% to 81% correct test per-
formance increase represents an increase from
28 correct answers on the pre-test to 30 correct,
and falling back to 29 correct at the re-test. In
real-world terms, this might not appear to repre-
sent a sufficient addition in knowledge to jus-
tify the time commitment and expense of the
training. Of course, where serious safety con-
cerns are involved, any increase in knowledge
isimportant as the one answer a person remem-
bered could be where to find the phone number
of the nearest hospital (on the WPS poster).

Perhaps a better way of evaluating the train-
ing isin the item analysis, which indicates that
the training improved knowledge of dangers of
enclosed spaces such as greenhouses, the fore-
head is a sensitive area for pesticide exposure,
small pupils are an indicator of pesticide expo-
sure, to wash your hands before using the toilet
when around pesticides, where to find the
phone number of the nearest hospital, the con-
cept of chronic toxicity, that residue remains on
the crop for up to several days, that OR OSHA
requires MSDSs to be provided to workers
within 24 hours of a request, and that a pesti-
cide mixer has an elevated risk of pesticide
exposure (and the latter five items survived for
5 months to the re-test). These are arguably
among the most important items of information
in the WPS. Romén-Mufiiz*8 found that coworker
training was a significant influence in a Latino
group, and likely in any workgroup. Thus,
increasing the proportion of people in a work
group who know this information may be the
most important practical impact of the present
training, so that at least one person remembers
the critical information when a pesticide over-
exposure occurs.

Comparisons with Meta-Analyses

As has been seen in other research,* an agri-
cultural workforce with limited education can
complete and learn from computer-based train-
ing. The knowledge increase following our
WPS training, though modest, was statistically
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significant and the effect size (d) was .90.
Cohen®™ considers this to be a large effect size
(d above .8). By comparison, the Burke et a.*°
meta-analysis of 95 occupational safety and
health training studies in peer reviewed publi-
cations between 1971 and 2003 revealed a
mean effect size (d) of .74 for moderately
engaging training such as computer-based
training and d = .55 for less engaging methods
such as brochures. Whether the groups in the
Burke meta-analysis had limited education of
the level in the present population (mean 6.3 to
6.7 years of education) is unknown but doubtful.
Arthur et al.’ s review of the larger training lit-
erature revealed a mean effect size of .63 for
learning/knowledge from 162 different studies,
well below the d = .90 in the present study.
Thus, based on the effect size, the training pro-
vided in this case is superior to the mean effect
size produced by other similar methods.

Comparisonswith Other WPS Research

The knowledge at pre-test can be compared
to the findings of McCauley et a.® who used a
20-question test. The test was given primarily
oraly in small groups of agricultural workers
who answered by filling in a questionnaire
form. The overall mean correct responses was
78.4% (15 correct of 20), remarkably similar to
our 75% for a very similar but arguably more
challenging set of questions. McCauley had
pilot tested a more extensive scale of 40 ques-
tions but concluded that it was too long for the
population, an assertion that the present results
would appear to contradict given the positive
reaction to our training that included both a pre-
test and a post-test of 38 items.

Reaction Measures

The training was well received by the partic-
ipants. The overall ‘grade’ of the training was
characterized as ‘excellent’ or ‘good’ by 90%
of the participants, and none considered it ‘not
very good’ or ‘deficient.” The reaction mea
sures indicating that the participants liked the
training gives some confidence that the partici-
pants found the information worth learning and
that they were engaged in the task. Thisis one
reason to include measures of reaction, one of

Kirkpatrick’s*® four basic measures of training
effectiveness (along with knowledge, behavior,
and results), in any training.

It islikely that the positive reviews as well
as the performance improvement were due in
part to the careful design of the training,
piloting it with the target audience, training
software and user instructions that had been
developed in and for an agricultural work-
force,™® and possibly to the 9BUTTON response
input device designed for computer novices
with limited education.?* Such steps are rec-
ommended when developing new training
content and training technology for a popula-
tion with limited education such as the U.S.
agricultural workforce. It should also be said
that the positive response to training program
islikely duein part to the rarity of trainingin
Spanish.

CONCLUSIONS

Vineyard workers with a mean of 6.3 to 6.7
years of education began Worker Protection
Standard (WPS) training with a relatively high
pre-test knowledge of WPS information, indi-
cating a high degree of knowledge in the agri-
cultural workforce sampled in this study. The
mean post-test performance increased from
76% to 85%. Although this was only a modest
increase of 1 to 2 correct responses out of 20
answers, the improvement was statistically sig-
nificant (p < .001) and the effect size was large
(d = .90). When retested a mean of 5 months
|ater on the same questions, performance declined
to 78% correct performance, which remained
above pre-test levels but was nonetheless a
decline from the post-test score. This research
suggests, as have reports of others (e.g., refer-
ence 22), that more effective interventions are
needed to improve pesticide safety knowledge,
and that those interventions should involve the
occupational community that is the target
audience for the training. Training interven-
tions in agricultural populations with limited
education can employ technology, as in the
example seen here. Whatever the intervention
method chosen, WPS training needs to be fre-
quently updated.
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