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Abstract

The relationships among workload, stress, and performance efficiency are topics of applied interest and theo-
retical importance to researchers in the areas of human performance. Such interest naturally extends to a
variety of occupational areas including inpatient, outpatient, and community pharmacies. In that context, these
relationships have become a consumer health issue due to concerns that workload contributes to job stress and
a significant decline in dispensing accuracy. The present study examined the self-reported stress, mood, and
detection accuracy of 102 trained college-aged individuals in a high-fidelity simulated pharmacy task. Partici-
pants evaluated the presence or errors while verifying simulated prescription sets under conditions of low and
high workload. Overall, cumulative and detection theory indices of errors were compatible with estimates from
pharmacy field studies. When rates of sensitivity and specificity for detection were examined, substantial varia-
tions in the identification of existing errors (sensitivity) and difficulties with detection of data-entry mistakes were
observed in the high workload condition, but only modest effects emerged for the low workload condition. Finally,
although increases in objective workload were associated with modest declines in detection accuracy, objective
workload did not significantly impact negative mood (Dundee Stress State Questionnaire) or perceived workload

(NASA Task Load Index) as expected.

Investigations of the effects of workload on subjective
reports of stress, mood, and performance efficiency are
common in many industrial (e.g., safety and quality
control inspection, air traffic control) and medical type
settings (e.g., radiology) in which workers are asked to
perform multiple, successive judgements under high
pressure conditions (Swets, 1992). Relationships
among such variables also have appeared in the theo-
retical work of researchers in the area of applied hu-
man performance (cf., Parasuraman & Mouloua, 1996;
Hancock & Meskkati, 1988). Our interest in this study
is how such factors impact performance on a high-fi-
delity simulated pharmacy task and their generaliza-
tion to actual pharmacy field settings as well as other
occupations having sequential perceptual-motor tasks
with a final verification or checking component.

Pharmacy workload is quickly becoming a topic of con-
siderable media interest and recent public policy given
that errors appeared in an estimated 3-5% of the 2.8
billion prescriptions filled in retail, outpatient, and am-
bulatory settings in 1998 (Proctor, 1999). Conserva-
tive estimates indicate that 0.87 — 1.5% of these errors
are potentially injurious to patients (Abood, 1996;
Guernsey, Ingrim, Hokanson, Doutre’, Bryant, Blair, &
Galvan, 1983). Other studies suggest that as many as

24% of the prescriptions filled contain mistakes and
that 3-4% of the misfills are clinically significant (Flynn,
Barker, Gibson, Pearson, Berger, & Smith, 1999; Allan,
Barker, Malloy, & Heller, 1995). While methodological
and sampling considerations are thought to account
for the fluctuation in estimates of dispensing error, pro-
fessionals in this area generally agree that existing rates
are too high. Since four billion prescriptions are ex-
pected to be filled yearly by 2005 (Proctor, 1999), con-
siderable debate has emerged concerning the impact
of workload and other environmental factors on subse-
guent dispensing accuracy and worker morale.

Perceptions that objective levels of workload (i.e., hours
worked, number of scripts filled) are a major contribu-
tor to the decline in dispensing accuracy and to the
elevated stress levels of pharmacists emanate from
personal interviews with pharmacy personnel and from
pharmacy focus groups (Grasha & O’Neill, 1996). Field
surveys also indicate that high prescription workload is
primary among the factors preventing pharmacists from
directing their efforts toward increased patient coun-
seling and other prescription dispensing practices that
are designed to lower rates of error (Raisch, 1993;
Barnes, Riedlinger, McCloskey, & Montagne, 1996).
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Despite these subjective reports, controlled empirical
studies connecting increments in workload with phar-
macy dispensing errors are slowly beginning to emerge.
A review of the available research to date provides ini-
tial support for a relationship between stress and
workload, but mixed evidence concerning the workload-
error relationship. With regard to the former, several
recently completed pharmacy simulation studies
(Grasha & Schell, 1999a, 1999b; Schell & Grasha,
1999) report significant elevations in self-reported
stress associated with increases in dispensing work-
pace. Estimates of the workload-error relationship, on
the other hand, indicate that this phenomenon is more
complex than previously thought (Chi, 1999). For in-
stance, a review of the findings from studies conducted
at pharmacy field sites yields large discrepancies about
the purported negative effects of prescription workload.
In some cases, moderate (r’s ranging from .40 to .56)
to strong (r = .78) linear associations between prescrip-
tion workload and error are reported (Guernsey et al.,
1983; Rupp, DeYoung, & Schondelmeyer, 1992; Allan,
1994). In stark contrast, published data from other
sources (Kistner, Keith, & Hokanson, 1994; Grasha et
al., 1999a, 1999b) yield relatively weak statistical trends
(r’'s on the order of .10).

Several factors may account for the substantial discrep-
ancies in estimates of the prescription workload-error
relationship. First, in a majority of these studies, error is
commonly measured across pharmacists using a cumu-
lative or a running index of errors committed during an
hour or total errors per work shift. Operationalizing error
in this manner ignores “prescription exposure” or the ra-
tio of actual errors relative to total prescription workload
in a given period of time. Grasha’s (1998) secondary
analysis of data reported by Allan (1994) provides a good
illustration of the potential bias associated with cumula-
tive error measures that are not equated for prescription
exposure. According to Grasha, the moderate correla-
tion (r = .56) between the average number of prescrip-
tions filled per pharmacist half-hour and dispensing ac-
curacy reported by Allan is virtually eliminated (r = .02)
when prescription exposure was statistically controlled.

A similar set of outcomes are reported by Grasha et al.
(1999a, 1999b) who employed a laboratory-based phar-
macy dispensing task to investigate the psychomotor
components associated with filling accuracy. Such find-
ings raise the possibility that current estimates of the
workload-error relationship may be positively biased due
to over-use of cumulative error measures that do not
account for the effects of prescription exposure. Use of
more modern error measures, including decision-based
indices, which take into account prescription exposure
would allow for increased precision in determining the
baseline rates of error.

A second explanation for the conflicting estimates of
the workload-error relationship may be the number of
uncontrolled environmental factors operating in the
pharmacy field sites in which a majority of these stud-
ies were conducted. For example, factors such as the
illumination level of the pharmacy (Buchanan, Barker,
Gibson, Jiang, & Pearson, 1991), interruptions from
customers and co-workers, and environmental distrac-
tions (Allan, 1994; Flynn et. al., 1999) have been shown
to negatively affect pharmacy error rates and to inter-
act with prescription workload effects. Given the lack
of control over such variables, it remains unclear
whether prescription workload makes a unique and
substantial contribution to the variance associated with
dispensing errors or whether its contribution is vastly
overestimated due to confounding variables and/or
other covariates. For example psychosocial factors
such as field-independence, social and significant-other
stress, and perceptions of workload were much stron-
ger predictors of error than were measures of objec-
tive workload on a simulated pharmacy task (Grasha
et al., 1999a, 1999b; Schell & Grasha, 1999).

It is also important to note that the effects of prescription
workload on filling and checking tasks are rarely parceled
from one another. Instead, a composite error measure is
typically employed, which as Facchinetti, Campbell, &
Jones (1999) point out, may obscure relatively high rates
of undetected pharmacy errors. In addition, prescription
workload may also differentially affect filling and check-
ing processes as well as the specific subtypes of errors
(e.g., data entry, selection, and counting mistakes) asso-
ciated with both tasks. In fact, Grasha et al. (1999a,
1999b) report that in combination with other psychoso-
cial variables, data-entry errors were associated with
working slowly, while working quickly increased product
selection errors. No study to date, however, has attempted
to address this latter issue by examining different types
of errors during the final verification or checking task as a
function of different levels of workload. Nor has existing
work documented the levels of stress and changes in
mood associated with verification.

In the current study, the effects of controlled manipula-
tions in prescription workload were examined on subse-
guent performance efficiency and reports of mood and
stress using a high-fidelity pharmacy simulation task. The
latter involves common psychomotor components of the
dispensing task (data-entry, product selection, count &
pour) and the types of perceptual judgments (i.e., dis-
criminating correct product, verifying the accuracy of data
entered and products counted, and final judgments con-
cerning overall accuracy of the order) required of actual
pharmacy personnel. Only one part of the simulated phar-
macy task was employed for the present inquiry—the
final order verification phase.
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Given that a majority of existing research has con-
founded workload effects by assessing accuracy across
both dispensing and verification (checking) tasks, and
few have adequately controlled extraneous sources of
environmental error, the present study isolates and
controls such factors in order to examine performance
on a verification type task. The major goals of the cur-
rent investigation were to: (1) to collect initial baseline
estimates of the workload-error relationship under con-
trolled conditions using cumulative as well as decision-
based, measures of error, and (2) to provide an empiri-
cal test of the purported effects of prescription workload
on self-reported stress. More specifically, the following
hypotheses and research questions were addressed:

[1a] Do increases in simulated prescrip-
tion load provide a direct, negative con-
tribution to detection accuracy for a phar-
macy-like verification task when prescrip-
tion exposure is experimentally con-
trolled?

[1b] Do increases in simulated prescrip-
tion load affect the detection accuracy for
specific classes of errors under similar
conditions?

[2a] Based on anecdotal evidence and
empirical support provided by Grasha et
al. (1999a, 1999b), differential elevations
in negative mood concomitant with
increases in simulated prescription
workload are expected between groups
of individuals subjected to high and low
prescription workload. Reports of nega-
tive mood are expected to be significantly
higher among participants subjected to
high prescription load in contrast to their
low workload counterparts.

[2b] Consistent with mood effects, task-
related stress should also be manifested
by differential reports of perceived
workload between prescription workload
groups. Again, greater elevations in per-
ceived workload were expected for high
workload individuals.

Method
Participants
A convenience sample of one hundred and two (37 men
and 65 women; Mdn age = 22) upper level psychology

undergraduates (M college completed = 3.36 years,
SD = 0.83) at the University of Cincinnati were trained

to work as pharmacy personnel for the present study.
Participation was restricted to individuals with normal
or corrected normal eyesight. They were asked not to
consume any caffeinated, alcoholic, or tobacco-based
products one hour prior to participation®. In order to
increase participants’ motivation for maintaining per-
formance standards similar to those of pharmacists and
technicians, they were informed that the top ten most
accurate on the task would receive a gift certificate for
$25 at the end of the study.

Simulated Pharmacy Environment & Verification Task

A medium-sized (4.45m X 3.60m), off-white simulated
pharmacy equipped with a two-way mirror and a phar-
macy-like workstation served as the testing room. Al-
though a detailed description is available elsewhere
(Grasha et al., 1999a), in essence, the pharmacy simu-
lator shown in Figure 1 was used to increase
participant's awareness of a pharmacy-like environment
and to minimize environmental factors (illumination,
noise and temperature levels) while they performed the
verification task.

In brief, the bulk of participants’ work for the present
study consisted of performing final evaluations for a
series of pre-assembled orders. Specifically, partici-
pants were asked to visually judge the accuracy of the
completed orders against their handwritten order cards
while seated at the simulated workstation. At the con-
clusion of the verification process for each order, par-
ticipants entered simple Yes/No decisions into a com-
puterized database using an Apple SE-30 microcom-
puter. Three decisions were made for each order: (a)
the presence or absence of errors with respect to infor-
mation found in the order label (described below), and
whether or not the (b) “class” and “strength” as well as
the (c) quantity of simulated drugs were accurate.

Simulated Prescription Orders

The orders used in the verification task each consisted
of a brown (13 cm x 7.9 cm x 27 cm) bag with a laser-
printed pharmacy-like label. Each label contained the
following patient information (customer name, employer,
product and product quantity, and special directions for
use), along with an order number, dispensing date, and
the name of a fictitious pharmacist who filled the order.
Inside each prescription-like bag was a clear ZiplocO
(17.8 cm x 20.3 cm) bag containing a 7.5 cm x 12.5 cm
handwritten, white order-card and a given quantity of
“simulated drugs.” To mimic the diversity of actual written
orders encountered in a pharmacy, information on the
prescription label was either transcribed by hand or writ-
ten in script using both blue and black ball-point ink. Care
was taken to insure that the handwriting and printing was
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Figure 1: Panoramic view of the pharmacy simulation work space

legible and that both the order card and the computer-
printed label contained the same information.

As in a pharmacy, participants encountered simulated
drugs of varied colors, sizes and shapes in the pre-
assembled orders they were asked to evaluate. In line
with prior work (Grasha et al., 1999a), various arts and
crafts materials (BEADS), hardware material (NUTS
and WASHERS), paper (CLIPS), and pieces of cereal
(TRIX) were chosen to mimic the diversity of actual
drugs found within a pharmacy. An attempt was also made
to simulate drugs that had similar spellings and sounds.
As such, each type of BEADS, CLIPS, NUTS, WASH-
ERS, AND TRIX had a corresponding misspelled set
(BEEDS, CLEPS, NOTS, WOSHERS, AND TREX) that
was identical to the original forty-eight materials except
for a tiny hand painted colored mark (a dot or a line).

For reference purposes, extraneous amounts of each
of these products were available from one of two types
of opaque, off-white pharmacy bottles (1400ml and
100ml) or from one of two styles of TupperwareO con-
tainers (small [100ml] and medium [185ml]). These
bottles were sorted and stored on regulated pharmacy
shelving as depicted in the pharmacy workstation in
Figure 1. With practice, participants were able to easily
identify each “simulated drug” by inspecting the pre-
printed bottle labels (e.g., BEADS-GL 1.0) that con-
tained nomenclature referencing products by class
(e.g., beads, nuts), color (e.g., gold, red, green), and
size (e.g., 1.0 vs. 10.0).

Experimental Design

A two-between, one-within mixed factorial design with
task period serving as the within factor was used. The
two between factors, prescription workload (high, low)
and the class of errors introduced into a subset of the
orders (counting, selection, and data-entry mistakes)
were factorially combined to yield a total of six experi-
mental conditions. Across conditions, prescription
workload was operationally defined as the quantity of

orders to be judged within a 60-minute period. Based
on personal communications with pharmacy experts
(Shapiro, February, 26, 1998), participants in the “high”
workload (HW) condition examined 120 orders, distrib-
uted evenly over two 60 minute task periods, while
participants in the “low” workload (LW) condition ex-
amined 72 orders (40% less than the HW condition) in
a similar time frame.

A defective order (i.e., one containing a mistake) was
the critical signal for detection, while accurate orders
served as background events for the present study. Both
accurate and defective prescriptions were selected from
those used in prior work (Grasha et al., 1999a) as well
as those supplemented by the principal investigator.
Signal probability, or the likelihood an order contained
an error, was held constant at a rate of 24%?*. The num-
ber of actual defective orders was deliberate and reflects
an attempt to provide ecological validity with regard to
reports of more progressive pharmacy error rates.

The selection of the class of errors (data-entry, selec-
tion, and counting) also reflected those most frequently
encountered in outpatient pharmacy settings. In the
present study, a data-entry error was defined as a mis-
match of information (e.g., patient name, drug name)
between the pre-printed computer label that appeared
on the brown bag and the handwritten order card con-
tained in the ZiplocO bag. Discrepancies between a
requested item or an item quantity referenced on the
order card and the actual items in the ZiplocO bag
served as the vehicle for presenting selection and count-
ing errors. Specifically, orders containing both the wrong
“simulated drug” (i.e., CLIPS 1.0 vs. CLEPS 1.0) and a
“simulated drug” of the wrong strength (i.e., CLIPS 1.0
vs. CLIPS 10.0) were used to equally represent selec-
tion errors. In a similar fashion, counting errors reflected
roughly equal amounts of excesses and deficiencies in
the quantity of the “simulated drugs” in the Ziploc" bag
to that requested on the order-card.
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Procedures and Instruments

Upon arrival for the 3-hour experiment, participants
completed informed consent procedures and then
evaluated their mood using the University of Wales In-
stitute of Science and Technology Mood Adjective
Checklist (UMACL,; Matthews, Jones, & Chamberlin,
1990). The UMACL is composed of twenty-nine adjec-
tives that are rated on a four-point scale. From these
items, three independent scales (energetic arousal,
tension, and hedonic tone [pleasant mood)]) are formed
each of which demonstrates satisfactory internal con-
sistency [Cronbach’s (1951) alpha coefficients ex-
ceeded .74 for each scale in the present study] and
moderate test-retest reliability (Matthews, Campbell,
Joyner, Huggins, Falconer, & Gilliland, 1997). Next,
participants were oriented to the simulated pharmacy
environment and completed a 15-minute training ses-
sion consisting of nine prescriptions (2 defective + 7
accurate). All participants were informed that both ac-
curacy and speed were important for this task, but not
to sacrifice accuracy for speed.

At the completion of training and each subsequent 60-
minute task period, participants completed a modified
version of the Dundee Stress State Questionnaire
(DSSQ; Mattp$ws et al., 1997) that included the NASA-
Task Load Index (NASA-TLX; Hart & Staveland, 1988).
Participants responding to the NASA-TLX are asked to
rate six dimensions of perceived workload using sepa-
rate 100-point scales. From these ratings, a global es-
timate of perceived workload and the unique contribu-
tion imposed by task demands (mental, physical, and
temporal demands) and those associated with the in-
teraction of the participant with the task (perceived ef-
fort, frustration, and performance concern) can readily
be identified. The NASA-TLX has been used extensively
across a variety of experimental and industrial type
tasks and has acceptable test-retest reliability and in-
ternal consistency (Cronbach’s alpha exceeded .65 for
the present study). Although data of an exploratory na-
ture were also collected using the supplementary scales
of the modified DSSQ, these data are not discussed here
as they did not pertain directly to the specific, a priori
hypotheses and scope of the present investigation.

Following completion of the training session and post-
test measures, any questions pertaining to the experi-
mental task were answered. Participants were then
given a delivery receptacle containing 1/6 of the pre-
assembled prescriptions for their respective workload
(high vs. low prescription load) and error conditions
(data-entry, product selection, and counting mistakes).
They were instructed to inspect and make judgements
regarding the accuracy of each prescription in a fash-

ion similar to those made during the training period.
Participants were also informed that equivalent amounts
of simulated prescriptions would be sent via the ex-
perimenter “at a standard rate, designed to be appro-
priate for college students to complete the task (actu-
ally every 10-minutes).” The experimenter placed a tar-
get time next to a small digital clock which participants
could use to monitor progress. In addition, participants
were reminded that the pharmacy counting tray used
during training could be used to help verify the accu-
racy of the number of “simulated drugs.” Finally, a five-
minute verbal warning was given prior to the end of the
60-minute task period. After such time, participants filled
out the modified DSSQ and the NASA-TLX and the
second 60-minute task period commenced. Procedures
for the second 60-minute task period were identical to
those already discussed.

Results

Most participants (94%) demonstrated sufficient under-
standing of the verification task after assessing nine
practice orders (M training score = 8.27/9.00, SD =
0.95). The scores from thirteen individuals however did
not exceed the pre-set inclusion criterion of 5/9 judged
correctly. These individuals were given a second op-
portunity to re-read the instructions and to re-assess
the training set. Participants who failed to meet the in-
clusion criterion after a second training session (n = 8)
were thanked for their time and given a short debrief-
ing. Five of the thirteen individuals, however, did meet
the inclusion criterion after their second attempt and
were included in the final sample of ninety-four partici-
pants (36 males and 58 females).

Statistical Analyses

Due to the number of statistical tests to be conducted,
a more conservative, omnibus alpha level of 0.01 was
chosen for all analyses in an attempt to correct infla-
tion of the Type | error rate. The major assumptions
underlying all parametric statistical tests to be per-
formed were assessed and in several cases arc-sine
transformations were applied in an attempt to stabilize
the variance associated with accuracy measures. The
efficacy of these variance stabilization procedures were
evaluated using Kolmogorov-Smirnov tests (Smirnov,
1948). For major analyses involving tests of group dif-
ferences, a series of Repeated Measures Analysis of
Variance procedures using three between factors
(workload group, error class, and gender) and one
within factor (task period) were performed. Significant
F-tests were followed by pre-planned contrasts to test
specific directional hypotheses unless otherwise noted.



Verification Accuracy, Mood and Stress

7

Effects of Increases in Simulated Prescription Workload
on Overall Detection Accuracy and Detection of Spe-
cific Classes of Error

A comparison of the workload-accuracy relationship
afforded by both cumulative and decision-based de-
tection indices was of interest. First, rates of verifica-
tion accuracy were calculated from cumulative errors
similar to those commonly found in the pharmacy lit-
erature (cf., Allan, 1994; Kistner et al., 1994). Second,
two decision-based detection indexes, commonly re-
ferred to as sensitivity and specificity were calculated.
Sensitivity, within a pharmacy context, is the ability to
detect flawed prescriptions (a false negative problem).
By contrast, specificity references a false positive prob-
lem that could pose potential delays to the verification
process in a work environment because one would try
to correct an error when none is indeed present. More
important, given our criticism of cumulative error mea-
sures, sensitivity and specificity reflect rates of erro-
neous decision making (false negatives and false posi-
tives, respectively) while taking into account all pos-
sible outcomes of such decisions?.

In the current study, and as shown in Figures 2 and 3,
cumulative accuracy ranged from 65% to 98% with a
65% to 93% range for sensitivity and 86% to 98% for
specificity. This is similar to field work where rates of
cumulative error (82% to 96%) were observed (Cambell
& Facchinetti, 1998). Also similar to industry estimates,
error detectability, as shown in Figures 2 and 3 varies
with the type of error-class introduced into the simu-

lated prescription set. The most striking feature, across
accuracy measures, is the consistent decline in the
ability of HW individuals to detect prescriptions having
flawed labels.

When the magnitude of the relationship between pre-
scription workload and detection accuracy is assessed
using point biserial correlations some striking differences
emerge. Curiously, the cumulative detection index
yielded a moderate effect for prescription workload
(r = .42) that, although slightly lower in magnitude, is
consistent with reports from pharmacy field studies men-
tioned earlier. By contrast, sensitivity and specificity,
which unlike cumulative estimates, control for prescrip-
tion exposure produce significantly lower estimates of
this relationship (r's ranging from .05 to .14). Further
examination of the workload effect for specific types of
errors using decision-based measures yielded additional
information that is not readily available from the cumu-
lative index. Namely, the reduced detection accuracy
of HW individuals appears to reflect a lapse in their sen-
sitivity to label errors, despite relatively high rates of
specificity.

Consistent with observations found in Figure 3, the re-
sults of the ANOVA on arc-sine transformations of the
sensitivity measure yielded significant main effects for
Workload (F (1, 82) = 6.26, p <.01), Error condition
(F (2, 82) =12.75, p < .01), as well as a significant
Workload x Error condition interaction (F (2, 82)= 8.67,
p <.01). No statistically significant main effects or inter-
actions emerged for specificity. Post- hoc Scheffé analy-

Label Errors

Selection Errors

Counting Errors

Mean Detection Accuracy

1st 2nd 1st an

Hour Hour

Hour

Hour

W HW Verify
LI LW Verify

lst 2nd
Hour Hour

Figure 2: Simple Accuracy as a Function of Workload Group and Type of Verification Error
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Figure 3: Sensitivity & Specificity as a Function of Workload Group and Type of Verification Error

ses for the sensitivity variable confirmed that HW indi-
viduals were least sensitive in their judgements when
evaluating simulated prescriptions containing label er-
rors (Period 1, t (1, 32) =-3.05, p <.01; period 2, t (1,
32) =-3.78,p <.01), compared to errors of other types.
Because a violation of normality associated with the
decision-based measures could leave the ANOVA pro-
cedure with low power to detect Type 2 errors (Wilcox,
1998), we also fit a series of generalized linear models
including Poisson and Over-dispersed Poisson mod-
els (c.f., McCullagh & Nelder, 1989; Gardner, Mulvey,
& Shaw, 1991) to the data.

The results of these alternative analyses largely cor-
roborated the pattern of findings for sensitivity and
specificity. That is, across error conditions (data-entry,
selection, counting), specificity did not emerge as a sig-
nificant contributor to workload group. Sensitivity, on
the other hand, did appear to make a direct contribu-
tion to workload status that is specific only to data-en-
try errors. More precisely, sensitivity offered a unique
contribution to high workload status only for the first
task period (F (1, 29) =12.12, p <.01).

Effects of Increases in Simulated Prescription Workload
on Negative Mood State

As a whole, the parameter estimates and internal reli-

ability coefficients (Cronbach’s a) for the UMACL ob-
tained in the present study are consistent with norma-
tive data reported by Matthews et al. (1997). For pre-
sentation purposes, mood estimates from each simu-
lation period are depicted graphically in Figure 4 as
standardized change scores from the individual’s pre-
simulation or “baseline” report. A positive departure from
zero (baseline mood) indicates an increase in mood
state referenced in standard deviation units, while a
decrease from baseline reflects a decrease in mood
state from the individual’s pre-simulation baseline in
standard deviation units.

Visual inspection of the plotted standardized change
scores reveals modest declines in energy and pleas-
ant mood that parallel elevations in tension. This pat-
tern also appears to be influenced by workload with
HW individuals evidencing slightly poorer mood over
the course of the simulation when compared to reports
from LW individuals. Based on the ANOVA results, de-
creased energy (F (3, 243) = 19.44, p < .01), pleasant
mood (F (3, 243)=9.64, p < .01), and elevated tension
(F (3, 243) = 12.84, p < .01) were evident. Contrary to
predictions, the observed increase in negative mood
among HW individuals did not significantly differ (p >
.01) from those of LW individuals across mood mea-
sures according to the ANOVA model. Finally, neither
gender nor error condition emerged as significant main
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Across Verification Task Periods

effects or as significant 1t order interactions with
workload. Thus, based on analyses involving reports
of negative mood, no statistical support was obtained
for the hypothesis that HW individuals’ reports of nega-
tive mood during verification would be significantly
greater than similar reports made by LW individuals.

Effects of Increases in Simulated Prescription
Workload on Perceived Workload Scores

Three reports of perceived workload (post-training and
once after each experimental period) using the NASA-
TLX were collected. Given the current disagreement
over weighting procedures (for a review, see either
Nygren, 1991; Dickinson, Byblow, & Ryan, 1993), only
raw NASA-TLX scores were used to evaluate direc-
tional hypotheses involving perceived workload. When
NASA-TLX scores from individuals in each of the re-
spective workload conditions across studies are com-
pared, no substantial differences are evident between
high (M NASA-TLX = 36.85) and low workload (M
NASA-TLX = 37.32) individuals’ reports following
completion of the training period. However, reports of
perceived workload during the first 1-hour verification
period remain at a constant, moderate level for HW
individuals (M NASA-TLX = 36.57), while slightly lower

reports emerge for LW individuals (M NASA-TLX = 31.54).
A similar, but less pronounced trend is evident during the
second 1-hour verification period in which TLX scores
for HW individuals (M NASA-TLX = 34.31) are slightly
higher than reports from their LW counterparts (M NASA-
TLX =28.99). The ANOVA model did not readily confirm
these observed differences, however. In that analysis,
both the main effect for Workload (F (1,82) =1.37.p >
.01) and the Prescription Workload x Task Period inter-
action were non-significant (F (2, 162) = 3.73, p > .01).

Because no statistically significant differences emerged
for perceived workload between verification groups and
across task periods, we collapsed across these factors
and computed mean NASA-TLX scores for compari-
son purposes with previously collected pharmacy data.
Table 1 displays both composite NASA-TLX and indi-
vidual NASA-TLX-component scores from several sets
of comparison data. First, NASA-TLX data reported by
Grasha (1998) are presented for fifty pharmacists and
fourteen technicians who were asked to give perceived
workload estimates based on an average of their last
three pharmacy work-shifts. NASA-TLX data are also
presented for two groups of college students, a 70-
minute (high workpace) and a 90-minute (low workpace)
group who completed a pharmacy-like dispensing task
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Table 1

Mean composite-TLX scores and individual TLX-component scores for
verification data and several relevant sets of comparison data.

Comparison Total Mental Physical Temporal Performance Effort Frustration
Data TLX Demand Demand Demand Concern

Pharmacists 70.8 88.9 31.2 74.4 87.6 85.9 57.1
Technicians 68.4 91.1 47.1 64.1 78.6 714 58.2
Simulated

Dispensing 57.8 51.9 26.8 48.6 79.5 53.3 27.8
Simulated

Verification 42.5 47.6 24.3 35.7 75.7 27.5 24.7
Vigilance 48.0 48.9 14.9 57.5 52.3 51.9 62.4

Card Sorting 20.0

Note: Sample size for pharmacists and technicians equals 50 and 14, respectively.Total samples of individuals completing
separate simulated dispensing and verification tasks equals 71 and 94. Samples sizes for vigilance and card sorting data

equal 162 and 18, respectively.

without a verification component (Grasha et al., 1999a).
For these data, mean NASA-TLX scores are expressed
collapsed across the 70 and 90-minute groups. Vigi-
lance data collapsed across two short vigils (30-40 min-
utes in duration) are displayed for one hundred sixty-
two college participants based on prior work by
Hitchcock, Dember, Warm, Moroney, & See (1999) and
See, Simon, Warm, Dember, & Fowler (1995). Finally,
composite NASA-TLX data from eighteen college par-
ticipants who were asked to perform a 104-second card-
sorting task (Hitchcock et al.,1999) are also provided
as a lower-bound comparison group.

Itis clear from examination of the TLX data in Table 1
that pharmacists and technicians report experiencing
a higher degree of perceived workload in contrast to
other comparison groups. In particular, mental demand,
temporal demand, performance concern, and effort
make substantial contributions to the workload signa-
ture for their job. As one might expect, students com-
pleting a filling-only task under distraction-free condi-
tions report significantly lower perceived workload com-
pared to actual pharmacists (t (1, 119) = 4.34, p < .01).
A similar trend for pharmacy technicians occurs, how-
ever, due to the small number of available reports sig-
nificant tests were not conducted. More important, the
reports from students in the filling-only condition reflect
a similar pattern in the workload signature to those
reported by actual pharmacists and technicians.

The data from the present inquiry follow a similar pat-
tern. Given that verification tasks consume approxi-
mately 4% of a pharmacist’s total workload (Lin, Grasha,
and lvey, 1998), it is not surprising that reports of per-
ceived workload from the verification sample are signifi-
cantly lower in magnitude (t (1, 163) = 6.48, p < .01) than
are similar scores from participants completing a more
cognitively complex dispensing-only condition. This is not
to say, however, that a verification task by itself is not
mentally demanding. In fact, simple visual inspection of
the card sorting data as a lower bound comparison pro-
vides evidence suggesting quite the contrary.

More to the point, TLX-data associated with the verifi-
cation task also reflect a consistent workload signature
that has been demonstrated empirically for simulated
dispensing tasks and that is evident in reports from
actual pharmacy personnel. Such a workload pattern
also appears to be different in kind to those of other
related non-pharmacy tasks. For instance, the vigilance
data referenced in Table 1 displays a workload signa-
ture with temporal demand and frustration being the
primary contributors to composite-TLX scores. Thus,
while the TLX data associated with the verification task
are conceivably low, they mirror a unique and consis-
tent pharmacy workload signature that is qualitatively
different from other related tasks.
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Discussion

Effects of Prescription Workload on Overall Detection
Accuracy for the Simulated Pharmacy Verification Task

In general, rates of detection accuracy in the present
study appear to be in line with pharmacy field estimates
of 82-96% reported by Cambell & Faccinetti (1998).
That workload provides a direct effect for detection
accuracy when simulated prescription exposure as well
as a variety of extraneous environmental factors are
experimentally controlled is interesting given the rudi-
mentary nature of the verification task. Perhaps the
most striking outcome of the present inquiry is the ab-
sence of a moderate to strong linear relationship be-
tween workload and detection rates when such fac-
tors are controlled.

One explanation for the large discrepancy in estimates
of the workload-error relationship concerns the type of
error measure used to assess this relationship. No
pharmacy study to date has examined verification or
dispensing errors using decision-based error measures
that appropriately incorporate prescription exposure
into the final error estimate. Thus, one implication of
these findings is that future work should consider em-
ploying error measures that take into account prescrip-
tion exposure since failing to control for this variable
leads to positively biased estimates of the workload-
error relationship.

It remains to be seen if the magnitude of the prescrip-
tion workload effect observed for simulated verification
is replicable, and if so, would follow a linear, additive
relationship as additional task components (i.e., filling)
and extraneous factors (e.g., interruptions) are intro-
duced under controlled conditions. Alternatively, pre-
scription workload may provide only a modest effect
which in combination with other factors may best ac-
count for the majority of the variance associated with
dispensing errors. To begin to address this issue, a fol-
low-up study is in progress that combines both verifi-
cation and filling tasks over a 6-hour task period.

Effects of Prescription Workload on Detection of Specific
Classes of Errors

Consistent with prior literature examining aspects of
the dispensing task, prescription workload negatively
impacted verification accuracy for specific classes of
errors. In particular, detection of label errors was poor-
est under conditions of high prescription workload.
Given the direct experimental manipulation of specific
error classes in the present study, one implication of
poorer detection ability of HW individuals for label er-
rors may be a more lenient response strategy for check-

ing labels as compared to investigating discrepancies
for other potential errors. Under high pressured condi-
tions, it seems intuitive that a pharmacist would be
more concerned with making sure the correct medica-
tion was given to a patient, rather than checking for
misspellings in the patient’s name and/or street ad-
dress. Since the average pharmacist spends less than
10 seconds verifying a prescription (Lin et al., 1998),
there would be some advantage to focusing on the
more problematic parts of the prescription.

Failing to detect slight differences between two patient
names may be one danger in readily adopting this strat-
egy, especially under HW conditions since both indi-
viduals might receive the wrong prescription. A signal
detection analysis would likely provide relevant data
to address such speculation, however, the low rates
of false positives in the present study were not appro-
priate even for a non-parametric signal detection analy-
sis. Unfortunately, this is common outcome for many
researchers who investigate a variety of decision-
based problems having low rates of error within the
health sciences. Nevertheless, future studies that al-
low assessments over longer portions of the work-shift
may yield data that are analyzable within a signal de-
tection paradigm, thus providing sufficient data to ad-
dress this issue.

Effects of Increases in Simulated Prescription Workload
on Negative Mood and Perceived Workload

In the present study, general increases in negative mood
were evident for both workload groups as they spent more
time verifying the accuracy of simulated orders. Statisti-
cally significant variations in negative mood across the
three task periods were obtained. Contrary to expecta-
tions, however, increases in simulated prescription
workload did not provide a statistically significant increase
in negative mood during verification. The lack of a signifi-
cant main effect for workload may indicate that simulated
prescription workload does not provide a direct and mean-
ingful effect on self-reported mood that is independent of
other factors. This conclusion, in our view, is tentative
given several factors, most notably: the duration of the
verification task, the complexity of the work involved, and
the continuity of the prescription workload.

The duration of the verification task may account for a
lack of a mood effect in the present study. Participants, in
the present inquiry, were asked to perform a simulated
verification task only for two hours which may not be rep-
resentative of the typical work-shift pharmacists and tech-
nicians follow prior to taking a work-break. Thus, a mood
effect that is directly related to workload may emerge as
individuals are asked to spend longer amounts of time
on task, thereby better approximating a typical pharmacy



Technical Report

12

work-shift. Data relevant to this issue are also being col-
lected in a follow-up study where participants are asked
to spend six hours on task with brief rest breaks incorpo-
rated into the design.

Second, a filling task may reflect a more cognitively com-
plex job that, in contrast to verification, is more mentally
draining due to the multiple physical and mental opera-
tions that are needed. If the relationship between cogni-
tive complexity and negative mood is valid, as the verifi-
cation task becomes more cognitively complex, for ex-
ample, by adding a dispensing component, increases in
negative mood would be expected to follow in a linear
fashion. Support for this notion is bolstered by reports of
significant increases in negative mood, as assessed by
the UWIST Mood Adjective Checklist, for more complex
tasks like driving (Matthews, et al., 1997; Fairclough &
Graham, 1999) and sustained attention (Helton, Dember,
Warm, & Matthews, 1999). A study is currently in progress
to assess the mood effects associated with a more
cognitively demanding pharmacy-like task that incorpo-
rates both dispensing and verification components.

Finally, the largest increase in negative mood and per-
ceived workload between groups was found after the first
simulated task period following training. Such differences,
although non-significant, may speak to a more global
“stress effect” that is evident for transitions from one pre-
scription workload level to another (i.e., high-low; low-
high). That is, in the present study, individuals in the high
workload condition evidenced a non-significant trend to-
ward greater elevations in negative mood and perceived
workload following an increase of 40% (60 orders / 60
minutes) in their prescription workload from that of train-
ing (9 orders/ 15 minutes). Low workload individuals, by
contrast, reported trends consistent with smaller increases
in negative mood and perceived workload when asked to
complete a ratio of orders (36 order / 60 minutes) equivalent
to those encountered during training (9 orders / 15 minutes).

Findings by Moroney, Warm, & Dember (1995) regard-
ing work-shift changes and their association with in-
creases in perceived workload may provide a useful par-
allel to the present data. According to Moroney et al.
(1995), the greatest increase in perceived workload
scores emerged when participants experienced a shift
from a low to high work demands. If applicable to a phar-
macy situation, the findings from Moroney et al. (1995)
indicate that the most pronounced mood and perceived
workload effects should be evident during periods when
people experience a substantial shift from having few or-
ders to dispense to an overload in orders to fill during peak
hours. Corresponding data on workload transitions in the
pharmacy literature unfortunately does not exist despite re-
cent media and empirical interest in the relationship.

Limitations of Present Investigation

Conclusions drawn from laboratory-based studies are
subject to a host of sampling and generalizability limi-
tations, of which our study is no exception. Participants
in the present study were drawn from a convenience
sample of college-students and thus were not trained
pharmacy personnel who routinely dispense products
that could potentially harm others. A major underlying
assumption of this laboratory-based study and others
conducted previously using college-aged participants
was that the psychomotor components associated with
the type of errors pharmacists make are similar in kind
to those made by novices performing similar tasks un-
der controlled conditions. Support for this assumption
is bolstered by a variety of similar outcomes between
the two groups. For instance, performance measures
such as time to complete various psychomotor compo-
nents (e.g.. data entry, product selection, and count-
and-pour) as well as the frequency and rates of both
dispensing and verification errors obtained are com-
patible with those found in the pharmacy literature
(Grasha et al., 1999a, 1999b; Schell et al., 1999).

While the simulation task approximates what occurs in
aspects of filling prescriptions, it does not currently
mimic the variety of clinical judgments about legal lim-
its, drug interactions, and appropriateness of prescrip-
tion information for a patient. Additionally, factors such
as interruptions, irregular noise, and inadequate light-
ing were not present in the current form of the task
simulation, although they are common occurrences in
outpatient, hospital, and retail pharmacies. While addi-
tional studies are needed to evaluate the combined
effects of such factors under controlled conditions, the
simulated pharmacy task does allow for a degree of
experimental control over the situation than cannot be
achieved in field-settings. In addition, interventions
designed to reduce their impact can be initially and
safely tested in the simulation, which is a strength of
the laboratory-based approach to this problem. As such,
any data obtained from this approach can be compared
to existing field-site data in the literature or validated
by trying to obtain similar results in field sites.

Finally, significance tests conducted in the present in-
quiry were moderately affected by low statistical power
due to inadequate sample sizes. Although a more strin-
gent alpha level was employed, such procedures in the
present study are likely to provide less than a conser-
vative correction to inflation of the Type | error rate due to the
number of statistical tests performed. Although experimen-
tal economy often preclude such decisions, more research
with larger samples employing similar design methodology
is needed to better determine the underlying relations be-
tween workload, stress, and verification error.
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Footnotes

1 Our rationale for holding signal probability constant across
groups was to increase the likelihood that a significant pre-
scription workload effect reflected variance attributable to dif-
fering amounts of simulated orders and not exposure differ-
ences for the quantities of artificial errors introduced into the
prescription set. Thus, within the high workload condition, 30
of the total 120 presented orders contained errors, while 18
of the total 72 orders in the low workload condition were
flawed.

2 Confidential data were also collected for archival purposes
concerning participants’ use of prescription and over-the-
counter medications as well as consumption of illegal sub-
stances, alcohol, and tobacco-based products 24-hours prior
to the experiment.

3 That is, both sensitivity and specificity reflect a ratio of er-
rors to total outcomes. For sensitivity, this ratio is given by
(Correct detection of flawed orders [CDFQ] divided by
[CDFO] + False Negatives). Similarly, specificity reflects (Cor-
rect detection of accurate orders [CDAQO] divided by CDAO +
False Positives).

4 Replacing the perceived workload scale found in the DSSQ
with the NASA-TLX was based on several criteria. First, the
perceived workload scale in the DSSQ, although quite ac-
ceptable, has not been validated as extensively across work
domains as has the NASA-TLX. Second, perceived workload
estimates, using the NASA-TLX, were available for compari-
son purposes from a sample of pharmacy technicians and
actual pharmacists as well as college-aged participants who
performed a simulated dispensing task (Grasha et al., 1999a,
1999b).
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