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Evaluation of a fatiguE CountErmEasurEs  
training Program for flight attEndants 

INTrOduCTION

Cabin crew/flight attendants perform a number of 
pre-flight, during flight, and post-flight checks to ensure 
passenger safety . They work highly variable, and often 
more extreme schedules than pilots and are sensitive to 
extended schedules, time zone changes, night schedules, 
and on-demand calls . In 2005, Congress directed FAA’s 
Civil Aerospace Medical Institute (CAMI) to investigate 
fatigue in cabin crew operations . CAMI teamed with the 
National Aeronautics and Space Administration (NASA) 
Ames Research Center’s Fatigue Countermeasure Group 
to conduct a preliminary study of fatigue and found that 
“flight attendant fatigue appears to be a salient issue war-
ranting further evaluation .” (Nesthus, Schroeder, Con-
nors, Rentmeister-Bryant, & DeRoshia, 2007; p .21) The 
findings of that study lead to a series of congressionally 
mandated follow-on studies in 2008, including: a survey 
of field operations, a field study on the effects of fatigue, 
validation of models for assessing fatigue, a focused study 
of incident reports, a review of international policies and 
practices, and a review of the benefits of training for 
fatigue risk management . During a field study, objec-
tively measuring sleep with actigraphy, flight attendants 
were found to be sleeping an average of only 5 .7 hours 
per night on work days (Roma, Mallis, Hursh, Mead, 
& Nesthus, 2010) . Flight attendants often worked in a 
fatigued state . These fatigue levels are influenced by type 
of operation, duty duration, continuous-duty overnights, 
reserve practices, reduced rest, lack of breaks, restricted 
rest periods, and duty report times (Avers et al .,2009b; 
Roma et al ., 2010) . Some of the key conclusions result-
ing from these studies indicated the industry needs to: 1) 
identify ways to improve schedules from a science-based 
approach to maximize alertness and minimize fatigue 
while meeting operational and economic constraints 
of the industry; 2) develop an adaptive fatigue mitiga-
tion safety system such as a fatigue risk management 
system (FRMS) that combines scientific principles and 
knowledge with operational support and constraints; 3) 
apply scientific modeling tools to maximize alertness and 
minimize fatigue while meeting operational and economic 
constraints; 4) develop and administer a comprehensive, 
science-based fatigue countermeasure training program; 
and 5) establish a flight attendant fatigue workgroup of 
subject matter experts, aviation stakeholders, medical and 

research scientists, and aviation safety management system 
(SMS) experts to evaluate 14 CFR sections 121 .467 and 
135 .273 for possible revision (Avers, Hauck, Blackwell, 
& Nesthus, 2009a; Avers et al ., 2009b; Banks, Avers, 
Nesthus, & Hauck, 2009; Holcomb et al ., 2009; Nesthus 
et al ., 2007; Roma et al ., 2010) . 

In response to one of the recommendations from these 
studies, this paper will evaluate the benefits of a fatigue 
countermeasures training program developed specifically 
for flight attendants .

Fatigue Countermeasures Training Evaluation
The fatigue countermeasure training evaluation 

was designed to establish a standard for fatigue coun-
termeasures training programs with regard to content 
development and applicability across occupations that 
utilize non-traditional work shift schedules . A theoreti-
cally grounded taxonomy of training criteria was used 
to assess training success across multiple domains . This 
was done to improve the training process and provide 
a more complete evaluation of learning . The following 
hypotheses were developed from this discussion:
• H1: Performance on cognitive measures will improve 

from pretest to posttest and follow-up .
• H2: Motivation, attitude strength, and self-efficacy 

will improve from pretest to posttest and follow-up .
• H3: Use of fatigue countermeasures will improve from 

pretest to follow-up .

As discussed previously, shiftworkers are especially 
prone to experiencing fatigue, sleepiness, physical symp-
toms, and work-family conflict . This is in large part 
due to the mismatch of their schedules with the body’s 
circadian rhythms and most diurnal schedules of the 
working/domestic/social environments; however, the 
degree to which these outcomes are directly affected by 
fatigue are relatively unknown, though improved fatigue 
management should minimize negative outcomes . The 
following hypothesis was developed from this discussion:
• H4: Fatigue, sleepiness, the experience of physical 

symptoms, and work-family conflict will decrease 
from pretest to follow-up .

Additionally, previous training evaluation meth-
odologies were expanded and enhanced to rule out 
lingering threats to validity and improve confidence in 
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the  conclusions drawn from our training evaluation . By 
using multiple evaluation strategies, training outcomes 
can be compared to provide convergent evidence for the 
effectiveness of the training . Two training evaluation strat-
egies that allowed evaluators to have greater confidence 
in the inferences drawn from evaluation results were the 
internal referencing strategy (IRS) and the rolling group 
design (RGD) . 

Internal referencing is a useful variant of our pretest—
posttest design in which the training evaluator includes 
both training-relevant and training-irrelevant items in 
the pretest and posttest (Haccoun & Hamtiaux, 1994) . 
The concept is that our training-relevant items should 
demonstrate greater improvement following the training 
session than the training-irrelevant items because that 
information is actually part of the training content . The 
irrelevant items serve as a proxy control group for the 
relevant items . Ideally, all items would be derived from 
the same topic area, but the information concerning 
training-irrelevant items would not be covered during the 
training course . This design is especially useful for ruling 
out threats to validity such as history, maturation, and 
testing effects and is not subject to the validity threats that 
typically plague between-subjects designs (Frese, Beimel, 
& Schoenborn, 2003; Haccoun et al ., 1994) . Haccoun 
and Hamtiaux empirically tested and supported results 
suggesting that IRS produces similar inferences about 
the effectiveness of training as a pretest—posttest with 
control group design . However, only a handful of other 
published studies have used this method of evaluation 
(Aguinis & Branstetter, 2007; Cigularov, Chen, Thurber, 
& Stallones, 2008; Frese et al ., 2003; Oostrom & Van 
Mierlo, 2008) and has sometimes been referred to as us-
ing a nonequivalent, dependent variable design (Shadish, 
Cook, & Campbell, 2002) . The following hypotheses 
were developed from this discussion:
• H5: Change in performance from pretest to posttest 

and follow-up on declarative knowledge measures will 
be greater for relevant items than for non-relevant items .

The RGD is another variation of the traditional  pretest–
posttest design in which a group of individuals, who will 
eventually be trained, serve as a control group until they 
receive the training (Quinones & Tonidandel, 2003) . If 
the first group to receive training is the training group 
and the second group to receive training is the “control 
group,” the design allows an evaluation of significant 
mean differences between: 1) the pretest—posttest perfor-
mance of the training group, 2) the posttest performance 
of training group and the pretest performance of the 
control group, and 3) the pretest—posttest performance 
of control group (Cigularov et al ., 2008) . Additionally, 
there should be no significant difference between the 

pretest scores for the training group and for the control 
group . This design is similar to a pretest—posttest with 
a nonequivalent control group and is particularly useful 
when the training will be repeated, with no access to a 
pre-designated control group . To date, Cigularov and 
colleagues have published the only known example of 
RGD . The following hypotheses were developed from 
this discussion:
• H6: Performance on cognitive measures will improve 

from pretest to posttest in the training group .
• H7: Performance on cognitive measures will improve 

from the pretest of the “control group” to the posttest 
of the training group .

• H8: Performance on cognitive measures will improve 
from pretest to posttest in the “control group .”

The current study demonstrates the usefulness of 
fatigue countermeasures training for workers with non-
traditional work schedules . Specifically, our study incor-
porated volunteer flight attendants during the training 
evaluation portion of this research . Content analysis of 
existing fatigue-related training programs was conducted 
and supplemented with additional materials specific to the 
flight attendant workforce . Development of our training 
program was followed by an evaluation using a pretest-
posttest follow-up training design that included internal 
referencing and the rolling group design recommended 
to protect against threats to validity . Kraiger, Ford, and 
Salas’s (1993) taxonomy of learning outcomes was also 
used to thoroughly evaluate the training program . 

mEThOd

Course development
A multi-method approach was used to develop rec-

ommendations for topics that should be included in a 
comprehensive fatigue management training program . 
The process began with identification of existing fatigue 
training programs . These were content-analyzed and used 
to create a basic outline for a fatigue management train-
ing program . An extensive literature review was used to 
supplement the basic outline with flight attendant-specific 
information and other, less frequently cited fatigue topics . 
Course content was developed using existing training 
programs, empirical literature, expert input, and other 
relevant sources . A final course content check was com-
pleted by two subject matter experts who were instructed 
to examine all of the training content for deficiencies, 
excesses, and inaccuracies . 

Once the training outline had been developed, each 
topic area was populated with current information and 
research . Existing training programs that were part of the 
public domain, empirical literature, and experts were all 
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consulted to create the most current training material 
possible . After the information had been compiled, syn-
thesized, and organized in a meaningful way, the entire 
document was reviewed by multiple experts in the field 
of sleep and fatigue research . Modifications were made 
based on this ad hoc group’s feedback, and a final review 
was conducted . Handout materials were also created to 
summarize important topic areas and provide take-away 
information .

Training delivery 
Participants. A total of 50 domestically-based flight 

attendants volunteered to attend a one-day training event . 
To recruit participants, correspondence was sent to air-
lines, union representatives, and professional contacts in 
the aviation industry, providing information along with a 
Web site link to register for the training . Participants were 
responsible for signing up via the Web site and selecting 
one of the three training sessions to attend . They were 
provided confirmation, travel and lodging information, 
and a detailed itinerary via e-mail, though no monetary 
compensation . 

Ten flight attendants participated in the first training 
event, 23 participated in the second, and 17 participated 
in the third . The mean age of our participants was 46 .66 
years with 72% (n=36) being female and 28% (n=14) 
being male . The length of time participants worked in 
the flight attendant field ranged from 2 .83 years to 38 .83 
years (M = 11 .12) . Of the 50 flight attendants who par-
ticipated, two were dropped from further analyses due 
to extensive knowledge of fatigue prior to the training 
(in both instances, the flight attendants represented dual 
roles in their organizations, contributing to a broader 
existing knowledge of fatigue) .

Instructional mode. A traditional PowerPoint lecture 
and discussion delivery method was used for the training 
program, with the addition of supplemental materials 
when appropriate (e .g ., short video clips, accident reports, 
interactive personal experience, etc .) . 

Procedure. Flight attendants participated in the fatigue 
countermeasures training as a part of a one-day event 
hosted by the FAA . Prior to arrival, flight attendants 
were asked to complete an online survey that included 
questions and the various training-relevant and irrelevant 
pretest measures . The training lasted approximately three 
hours and was followed by administration of posttest 
measures . All participants were provided with a handout 
of the training materials and tools to aid fatigue preven-
tion and management . Approximately six weeks after the 
initial training, participants were contacted via e-mail 
and asked to complete a follow-up survey . Up to two 
reminder e-mails were sent to encourage completion of 
the follow-up survey . 

Training Evaluation
Training criteria were developed in line with the 

training objectives and training content . Kraiger’s 
(2002) taxonomy of cognitive, affective, and behavioral 
outcomes was followed as a model to increase compre-
hensiveness and multidimensionality of learning in the 
assessment . Cognitive outcomes included declarative 
and self-knowledge, while affective outcomes included 
motivation and attitude . The behavioral outcome mea-
sured involved skill acquisition, or the individual’s use 
of learned fatigue countermeasures . In addition, we also 
measured reported outcomes such as fatigue, perceived 
sleepiness, the experience of physical symptoms, and 
work-family conflict . 

The evaluation approach centered around a pretest-
posttest design with the addition of a six-week follow-up 
test/survey . Methods such as IRS and RGD were used 
for the cognitive measures to rule out threats to validity 
that typically plague pretest—posttest designs and to 
increase confidence that trainee changes were the result 
of the training .

Cognitive. Declarative knowledge was assessed via rec-
ognition and recall of basic fatigue knowledge regarding 
causes, consequences, fatigue mitigating strategies, and 
appropriate situations for their use . Training-irrelevant 
items included information similar in nature to the 
training-relevant items, with a focus on a related, though 
different topic, but this information was not covered 
in training . The purpose of the declarative knowledge 
measure was to determine whether trainees learned the 
information necessary to apply fatigue countermeasures 
on the job and at home . Knowledge was assessed via 
self-report . 

Affective. Attitudes regarding fatigue management 
were assessed via self-report, as were motivation and 
self-efficacy . The purpose of the attitude measure was to 
ensure that trainees valued fatigue management, while 
the motivation measure assessed whether trainees saw 
a need to apply fatigue management strategies . Finally, 
the self-efficacy measure was included to determine the 
extent to which trainees felt that they were capable of 
utilizing fatigue countermeasures .

Behavioral. The use of fatigue management strategies 
was assessed via open-ended, self-report and a behavioral 
checklist . The purpose of these measures was to determine 
whether trainees actually applied the training content to 
their daily lives . 

Additional outcomes. Although not grounded in 
Kraiger’s (2002) taxonomy of training outcomes, several 
other measures - including fatigue, sleepiness, the experi-
ence of physical symptoms, and work-family conflict - were 
also measured to determine the impact that fatigue training 
had on these outcomes . Fatigue was measured using a brief 
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self-assessment questionnaire called the Fatigue Assess-
ment Scale (Michielsen, De Vries, & Van Heck, 2003), 
and sleepiness was assessed using the Epworth Sleepiness 
Scale, a validated tool for measuring daytime sleepiness . 
The physical symptoms experienced by our participants 
were measured using a checklist of common symptoms 
reportedly experienced by shiftworkers (Spector, 1987), 
and finally, work-family conflict was assessed using a scale 
that combines questions regarding how work interferes 
with family and how family interferes with work .

rEsulTs 

Due to the relatively small sample that participated in 
all three training evaluation phases, ANOVAs were used 
to identify whether significant differences existed between 
groups on any of the pretest measures . Results indicated 
that there were no significant differences between groups 
on pretest measures, so all three training groups were 
combined for further analyses . 

hypothesis Tests
Change in performance on cognitive measures fol-

lowing training was assessed using repeated measures 
ANOVAs . The overall ANOVAs were significant for 
acquiring new information [F(2, 34)=70 .27, p< .001], 
articulating awareness [F(2, 34)=103 .83, p< .001], and 
propositional knowledge [F(1, 36, 23 .11)=16 .58, p< .001] . 
Note that the assumption of sphericity was violated in 
the test of propositional knowledge, and as a result, the 
Greenhouse-Geisser correction is reported . 

The significant overall ANOVAs were followed up by 
paired sample t-tests to examine the changes from pretest 
to posttest and from pretest to follow-up . The Bonferroni 
procedure was used to adjust the significance level to p= .025 
and correct for Type 1 error . The results of these analyses 
are displayed in Table 1 . Training produced significant 
gains from pretest to posttest and from pretest to follow-
up across knowledge measures, thus fully supporting H1 . 
As a result of the training, participants were better able to 
recognize, paraphrase, and differentiate information relevant 
to effective fatigue management . This effect was significant 
immediately following training and four to six weeks later 
during the follow-up evaluation . 

Changes in motivation, attitude strength, and self-efficacy 
following training were examined using repeated-measures 
ANOVAs . The overall ANOVA for motivation was not sig-
nificant [F(2, 34)=2 .20, p= .13, partial η2=11] . The overall 
ANOVA for attitude strength violated the assumption of 
sphericity, and as a result, the Greenhouse-Geisser correction 
was utilized [F(1 .44, 24 .42)=3 .51, p= .06, partial η2=17] . 
Additionally, the overall ANOVA for self-efficacy was sta-
tistically significant [F(2, 34)=3 .76, p= .03, partial η2=18] .

Significant overall ANOVAs were followed up by paired 
sample t-tests to examine the changes from pretest to post-
test and from pretest to follow-up . Note that the p value 
for overall test of attitude strength rounded up to  .06; 
therefore, the decision was made to conduct paired sample 
t-tests for this outcome . The Bonferroni procedure was 
used to adjust the significance level to p= .025 and correct 
for Type 1 error . The results of these analyses are illustrated 
in Table 2 . With the exception of motivation from pretest 

Table 1.         
Means, SDs, and Paired Sample t-tests of Cognitive Training Outcomes 

 Pretest Posttest Follow-up Pre–post Pre–follow-up 
Variable M SD M SD M SD t t 

Acquiring new information 45.68 21.27 91.36 9.57 87.45 12.75 8.90* 10.08* 
Articulating awareness 24.60 20.68 88.10 10.10 84.09 17.02 15.12* 10.08* 

Propositional knowledge 74.07 18.28 90.37 8.32 90.00 8.63 4.00* 4.90* 
Note. *p<.001           

  
Table 2.         
Means, SDs, and Paired Sample t-tests of Affective Training Outcomes 

 Pretest Posttest Follow-up Pre–post Pre–follow-up 
Variable M SD M SD M SD t t 

Motivation 17.61 3.09 17.39 2.70 18.28 3.12 – – 
Attitude strength 18.78 2.34 20.06 2.31 19.94 2.69 2.64* 1.72 

Self-efficacy 13.89 2.19 14.94 2.82 14.56 2.91 2.49* 1.80 
Note. *p<.025         
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Table 3.      
Means, SDs, and Paired Sample t-tests of Additional Training Outcomes 

 Pretest Follow-up Pre–follow-up
Variable M SD M SD t 

Federal Air Surgeon 2.56 .52 2.33 .53 1.91* 
EpworthSS 9.17 2.90 8.60 3.83 0.44 

Physical symptoms 36.89 9.99 35.86 9.97 0.92 

Work-family conflict 14.72 3.85 15.67 4.34 -0.91 

Family-work conflict 8.44 2.68 8.11 3.23 -0.47 
Note. *p<.05, one-tailed      

  
Table 4. 
Means and SDs of Training Outcomes Based on the Internal Referencing Strategy 

 Relevant items Irrelevant items 

 Pretest Posttest Pretest Posttest 

Variable  M SD  M SD  M SD  M SD 
Acquiring new information  45.68 21.27  91.36 9.57  33.33 18.18  37.37 16.47 
Propositional knowledge  74.07 18.28  90.37 8.32  56.67 21.96  85.56 13.38 
 
 

to posttest, all affective measures changed in the expected 
direction following training . The change in attitude strength 
and self-efficacy from pretest to posttest was statistically 
significant, indicating that participants felt more strongly 
about fatigue management and their ability to apply fatigue 
management strategies after participating in the training . 
Although attitude strength and self-efficacy showed positive 
effects through the follow-up period, the changes were not 
significant; thus, H2 is partially supported . 

The application of fatigue countermeasures was as-
sessed using a paired sample t-test . Using a checklist 
response format, there was a significant difference between 
countermeasure utilization when assessed during the 
pretest (M=140 .81, SD=13 .19) and during follow-up 
(M=151 .07, SD=13 .29), t(17) = -3 .01, p< .01 . Also in 
support of H3, prior to training 44 .4% of respondents 
reported making changes at home, compared to 83 .3% 
following the training . Results were similar when partici-
pants were asked about the use of fatigue countermeasures 
on the job, with 50% reported making changes prior to 
training, and 83 .3 % reported making changes following 
the training . When asked in an open-response format, 
the number of strategies being used at home increased 
by 138 .5% following training . The number of fatigue 
countermeasures used at work increased by 175% from 
pretest to follow-up . 

Table 3 provides the means and standard deviations 
for measures of fatigue, sleepiness, physical symptoms, 
work-family conflict, and family-work conflict . Paired 
sample t-tests were conducted to determine if significant 
differences exist between outcomes, as measured during 
the pretest and follow-up . Only the Fatigue Assessment 
Scale demonstrated significant differences indicating that 
flight attendants experienced less fatigue at the time of 
follow-up . None of the other aforementioned outcomes 
were significant, so H4 is only partially supported .

Table 4 presents the means and standard deviations 
for the relevant and irrelevant items of acquiring new 
information and propositional knowledge . A 2x2 repeated 
measures ANOVA was used for each outcome to test the 
main effect of time (pretest or posttest) and relevance 
(relevant or irrelevant to training), as well the interaction 
between time and relevance . 

The results of the analyses for acquiring new infor-
mation indicate a significant main effect for the time 
factor [F(1, 17)=33 .03, partial η2 =  .66, p< .001] and 
the relevance factor [F(1, 17)=99 .15, partial η2 =  .85, 
p< .001] . The interaction between the time and relevance 
factors was also significant [F(1, 17)=137 .18, partial 
η2 =  .89, p< .001] . These results directly support H5 
by demonstrating that the difference in acquisition of 
new knowledge from pretest to posttest was greater for 
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relevant items than for irrelevant items . This relationship 
is further illustrated in Figure 1 . 

The results for propositional knowledge indicate a 
significant main effect for the time factor [F(1, 17)=32 .91, 
partial η2 =  .66, p< .001] and the relevance factor [F(1, 
17)=11 .26, partial η2 =  .40, p= .004] . The interaction 
between the time and relevance factors was not signifi-
cant however [F(1, 17)=2 .38, partial η2 =  .14, p= .11] . 
These results demonstrate that the difference in propo-
sitional knowledge from pretest to posttest was greater 
for irrelevant items than for relevant items, which does 
not support H5 . This relationship is further illustrated 
in Figure 2 . Possible explanations for this finding are 
discussed further .

The means, standard deviations, and t-tests for the 
RGD are presented in Table 5 . To test H6, H7, and 
H8, the groups from training sessions 2 and 3 were 
compared to examine differences between pretest and 
posttest cognitive measures . Training session selection 
was based solely on the number of participants in each 

session; sessions 2 and 3 allowed the greatest sample sizes . 
For the training group, performance on each cognitive 
outcome was examined using paired sample t-tests . All 
three cognitive outcomes were significant, indicating 
changes in knowledge between the pretest and posttest 
for flight attendants who participated in the training . 
To simulate a control group, the pretest for one of the 
training sessions was used as a comparison for the post-
test for a training group . Differences in the cognitive 
measures were assessed via independent sample t-tests . As 
illustrated by Table 5, comparisons for all three cognitive 
outcomes were significant . This demonstrates significant 
knowledge differences between the “control” group and 
the post-training group . Finally, there were also signifi-
cant differences between the pretest and posttest for the 
“control” group for all three cognitive measures . Paired 
sample t-tests were used to assess these differences . All 
analyses fully supported H6, H7, and H8 indicating that 
flight attendants were more knowledgeable about fatigue 
management as a result of training . 
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Figure 1. Change in acquiring new 
information by time and item relevance. 
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Figure 2. Change in propositional knowledge 
by time and item relevance. 

 
 

 
Table 5. 
Means, SDs, and t-tests of Training Outcomes Based on the Rolling Group Design 

 Treatment Group Control Group    

 Pretest Posttest Pretest Posttest    
Variable  M SD  M SD  M SD  M SD ta tb tc 

Acquiring new 
information  9.00 3.57  16.56 1.13  6.92 3.43  15.86 1.83 6.90* 5.33* 8.26* 

Articulating 
awareness  2.11 1.36  5.89 0.60  1.57 1.65  6.29 0.83 8.13* 9.19* 10.77*

Propositional 
knowledge  9.22 1.30  11.89 1.45  11.14 2.35  12.79 2.04 3.77* 4.64* 2.98* 

Note.  a Compares training pretest with training posttest.  b Compared control pretest with training posttest.   
c Compares control pretest with control posttest.  * p < .01, two-tailed.   Training Group n=9   Control Group n=14 
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dIsCussION

Overall, the results of this study demonstrate the ef-
fectiveness of a thoroughly developed and comprehensive 
fatigue countermeasures training program . By utilizing 
alternative learning outcomes and multiple evaluation 
strategies, we are able to gain a better understanding of 
the learning process and produce convergent evidence 
of training effectiveness . As a result of the training, 
participants improved their knowledge of basic fatigue 
information and strategy use; they acquired new infor-
mation, were able to articulate awareness, and exhibited 
greater recognition of effective fatigue countermeasure 
strategies . Participants also showed improvements in their 
self-efficacy for addressing fatigue and the strength of their 
attitudes toward fatigue and the importance they place 
on fatigue management . In addition, and perhaps most 
tellingly, training participants demonstrated changes in 
the level of fatigue experienced and the number of fatigue 
countermeasure strategies they used . For example, 41 .2% 
of flight attendants utilized naps for fatigue management 
following training, as compared to only 27 .8% prior to 
training . Flight attendants even received more nightly 
sleep, as a result of training, increasing from 6 .78 hours 
per night to 7 .37 hours . Together, these results provide 
strong evidence for the effectiveness of the fatigue coun-
termeasures training program . 

Use of Kraiger, Ford, and Salas’s (1993) classification 
of learning outcomes for the present project provided a 
more comprehensive understanding of the learning taking 
place as a result of training . Results clearly demonstrated 
training effectiveness in terms of cognitive learning 
outcomes and skill acquisition . Evaluation of affective 
outcomes revealed that self-efficacy and attitude strength 
were significantly improved following training, but that 
motivation was only slightly higher post-training . This 
finding is interesting, considering that their attitudes 
regarding the need to fight fatigue, and the belief that 
they could effectively fight fatigue, increased as a result of 
training . The lack of significant improvement in motiva-
tion may suggest that the information presented during 
training was somehow overwhelming for participants . 
For example, they left training feeling that fatigue was 
an important issue and that they were capable of apply-
ing fatigue countermeasure strategies, but perhaps the 
magnitude of the changes that would need to be made 
were simply overwhelming . Alternatively, given that there 
was an increase in motivation at the time of follow-up, 
perhaps the power for this test was lacking and the more 
subtle effect was undetectable .

Additional training outcomes regarding sleepiness, 
physical symptoms, work-family conflict, and family-
work conflict were not found to be significantly different 

following training . It is possible that fatigue simply does 
not affect these outcomes; alternatively, the four- to six- 
week time frame may have been insufficient to observe 
significant changes . This may highlight the challenges 
of fatigue management faced in flight operations and 
warrants further attention . 

The present study also supports the use of alternative 
training evaluation strategies, including IRS and RGD . 
Rather than relying solely on pretest—posttest designs, 
which are vulnerable to the effects of history, testing, 
and maturation, IRS and RGD methodologies were 
employed in our study to provide greater confidence 
in the validity of the training results . Previously, IRS 
had only been applied to propositional knowledge or 
recognition of declarative knowledge on multiple choice 
tests (Cigularov et al ., 2008; Haccoun et al .,1994) . This 
research examined whether IRS was effective for higher 
level learning outcomes such as the acquisition of new 
knowledge . Specifically, IRS provided evidence of greater 
knowledge acquisition for information covered during 
the course of training, as opposed to information that 
was not a part of the training . This suggested that IRS 
was effective for higher level learning outcomes and can 
be employed more broadly as an evaluation strategy . 
The IRS results for propositional knowledge were not 
as supportive, with training-irrelevant items demonstrat-
ing improvement along with training-relevant items . 
In retrospect, it is likely that the topic chosen for the 
irrelevant items was partially to blame for improvement 
from pretest to posttest . Many of the same coping strate-
gies could be applied to either topic, so when presented 
with multiple choice items participants were more likely 
to guess correctly, even though information specific to 
the irrelevant items had not been included in the train-
ing . Additionally, there may have been a bit of a ceiling 
effect for the relevant propositional items . Nearly 75% 
of the items were answered correctly during the pretest, 
and 90% were answered correctly during the posttest . It 
is possible that these scores did not leave enough room 
for improvement, thereby mitigating the effect . Overall, 
results of the IRS supported further use of this evalua-
tion strategy as a method of strengthening traditional 
pretest—posttest designs .

The RGD also appeared to be a viable alternative for 
strengthening traditional training evaluation designs . As 
hypothesized, results indicated meaningful differences 
between pretest measures of a designated control group 
and the posttest measures of a training group . Use of a 
control group that eventually completed training allowed 
us to have greater confidence in the training results and 
helped to protect against potential threats such as test-
ing effects, history, or maturation . While this evaluation 
design is not widely cited in the empirical literature, it 
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certainly poses an alternative for real-world settings where 
constraints inhibit the use of actual control groups or 
other, more thorough evaluation designs .

Given the multi-industry development of this training 
program, it is likely that the positive effects will generalize 
to other populations that deal with similar non-traditional 
schedules and other occupational conditions that con-
tribute to fatigue . Although tailored toward the specific 
challenges faced by flight attendants, much of the training 
information represents basic knowledge about fatigue and 
how to effectively prevent and manage it . It seems highly 
likely that this training program would be useful and ef-
fective across many industries . Given the effects fatigue 
may have on safety-related behavior and the potential for 
workplace incidents or accidents, fatigue countermeasures 
training should be an effective prevention strategy for 
many organizations (Caldwell, 2005; Rosekind et al ., 
1996) . Only 14 .6% of flight attendants reported having 
received any fatigue education or training, but nearly all 
reported that they experienced fatigue . The results from 
this comprehensive training program, as well as others, 
suggest that it is an effective strategy for reducing fatigue 
and promoting other positive outcomes . Taken together, 
this suggests that fatigue countermeasures training should 
be utilized more frequently as an intervention strategy 
for employees with non-traditional schedules .

Future research should consider the use of fatigue 
countermeasure training across modes of operations . 
Additionally, the benefits of training should be examined 
in the context of improvements in safety-related behavior 
and achievement of organizational objectives . This was not 
possible in the current study, but it has implications for the 
widespread use of the training . These training materials 
should be considered for application via computer-based 
training to enhance usability and cost-effectiveness . 
Finally, researchers might explore the use of IRS with 
skill acquisition or behavioral outcomes . To date, there 
is no existing research examining the suitability of IRS 
for determining behavioral outcomes . 

The computer-based fatigue countermeasures work-
shop for flight attendants is available at http://lfclients2 .
com/Clients/FAA/FatigueFA/Published/EXE/FAA_Fa-
tigue_FA .zip .
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