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Introduction: The effects of training content consisting of examples and/or non-examples was studied on the ac-
quisition of safety-related skills. Method: Participants (N = 160) were randomly assigned to first receive
computer-based training on office ergonomics that included either no examples of safe or at-risk postures, safe
examples only, at-risk examples only, or both safe and at-risk examples. Participants then attempted to classify
as safe or at-risk various postures depicted in short video clips and demonstratewith their own posture the range
of safe postures. Results:Groups that were trainedwith both safe and at-risk examples showed greater classifica-
tion accuracy and less error in their demonstration of safe postures. Training with only safe or at-risk examples
resulted in a moderate amount of error and a consistent underestimation of risk. Conclusion: Training content
consisting of both examples and non-examples improved acquisition of safety-related skills. Practical applications:
The strategic selection of training content may improve identification of risks and safe work practices.
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1. Introduction

Training is an important component of occupational safety and
health programs (OSHA, 1998; Burke et al., 2006; Robson et al., 2010;
Burke et al., 2011). The primary purpose of training is to provide
workerswith the knowledge and skills necessary to avoid illness, injury,
or death. Because of its importance, there is a continuous need for safety
researchers to evaluate training content and methods to improve its ef-
ficiency and effectiveness (Robson et al., 2010; Arthur, Bennett, Edens, &
Bell, 2003; Cohen & Colligan, 1998).

1.1. Training with examples and non-examples

Experts in psychology, education, and instructional design have rec-
ommended incorporating examples into training to facilitate concept
learning and skill acquisition (e.g., Clark, 1971; Brethower, 2000;
Markle & Tiemann, 1970; Merrill, Tennyson, & Posey, 1992; Foshay,
2010). In concept learning, examples refer to objects, events, or in-
stances that have one or more defining characteristics or qualities of a
concept (Merrill et al., 1992). Examples are said to be members of a
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concept class. For example, cakes, cookies, pies, and candy are members
of the class of dessert foods. Examples are usually necessary for concept
learning to occur, but they are not always sufficient. Mastery of some
concepts may require the use of non-examples. Non-examples are ob-
jects, events, or instances that do not have the defining characteristics
or qualities of the concept and, therefore, do not belong to the concept
class. Wheat bread, hot dogs, broccoli, and crackers are non-examples
of the class dessert food. Research has shown that mastery of a concept
is greatest when training includes both examples and non-examples
(e.g., Derenne, 2006; Durkin & Rittle-Johnson, 2012; Grobe & Renkl,
2007; Stark, Kopp, & Fischer, 2011; Wisniewski, Church, & Mercado,
2009).

The importance of training with examples and non-examples seems
to extend equally well to safety concepts; however, the explicit use of
examples and non-examples in safety training is rarely discussed—if at
all—in the safety literature. Consider the problem of teaching a
contractor's apprentice safe and hazardous electrical conditions. To
best illustrate the distinction between safe and hazardous conditions,
the apprentice may be shown several safe conditions (i.e., examples)
and several hazardous conditions (i.e., non-examples). Safe examples
might include the presence of extension cords with insulated wire and
a grounding conductor, wiring enclosed in panels and machinery, use
of ground fault circuit interrupters, and use of electric tools in dry con-
ditions. The hazardous instances or non-examples might include exten-
sion cords that are frayed, cut, or without a grounding conductor,
damaged machinery with exposed wiring, use of an overloaded outlet,
and use of electric tools in damp conditions. It seems intuitive that the
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apprentice shown only one type of example may not learn to recognize
all possible safe and hazardous electrical conditions, and yet the safety
training literature is mostly devoid of the topic of examples and non-
examples. Furthermore, we can find no authoritative recommendations
in the safety literature concerning the use of safe and at-risk examples,
despite a common concern among safety experts that providing both
examples and non-examples of safe conditions or practices may create
confusion about what is safe and what is not safe.

Using both examples and non-examples may be important in safety
training not only to increase accuracy in learning concepts but also to
minimize bias. Research in the psychology of learning has shown that
training with examples only can result in overgeneralization of the con-
cept (e.g., Wisniewski et al., 2009). For example, a study that
investigated learning in a driving simulator showed that training with
safe driving examples only, when compared with both safe and at-risk
examples, resulted in greater speeds and other risky maneuvers at a
traffic signal (Ivancic & Hesketh, 2000). Indeed, the biased training in
that studymay have contributed to anovergeneralization of safe driving
conditions and underestimation of risks, but the effects of biased train-
ing is not well understood. More research is needed to evaluate the ef-
fects of training with safe and at-risk examples to better understand
the conditions under which biased training leads to an overestimation
or underestimation of hazards and risks.
1.2. Verbal skills versus performance skills

Safety training is used to improve different types of safety-related
skills associated with hazard and risk identification and safe work
practices. Many of the skills trained are verbal (i.e., classification,
recognition, discrimination, comprehension, detection, and identifi-
cation) in the sense that they help workers report differences
between safe and at-risk work conditions. As an example, a worker
who is trained to inspect scaffolding for sound wooden planks is ex-
pected to visually evaluate the planks and accurately report whether
they are safe (e.g., straight, consistent, and complete with clean sur-
face, etc.) or hazardous (e.g., splits or warps greater than 1/4 inch,
gouges, mold, etc.). Because workplace safety and health depend
on verbal skills, it is imperative that the effects of examples and/or
non-examples be considered in the development of safety training
as they have the potential to either help or impede worker's learning
of hazards and risks.

It is also important to determine how trainingwith examples and/or
non-examples affects safety-related performance, which can be defined
as kinesthetic or physical repertoires (Wan, 2014; Tiemann & Markle,
1990). For example, courses on driver safety often use pictures and
videos to teach people how to respond during a loss of vehicle control.
In response to hydroplaning on a straight road, drivers are taught to
keep the wheels straight and to let off of the accelerator or gently
apply the brakes. Safe driving programs, like many other classroom
and computer-based training programs often incorporate examples of
safe practices with the assumption that the ability to recognize correct
or incorrect responses will result in the ability to perform the appropri-
ate safe responses. This transfer of learning from verbal skills to perfor-
mance skills is an example of vertical transfer (Blume, Ford, Baldwin, &
Huang, 2010).

The transfer of learning among skills seems to be an important
consideration for safety training programs, especially those in which
safety-related verbal skills are directly targeted and are assumed to
also result in acquisition of associated performance skills. The necessary
or boundary conditions under which this type of transfer of learning
may occur has not been systematically studied in safety research. This
void highlights the need for basic research to elucidate the extent to
which training with examples and/or non-examples affects acquisition
of safety skills. The results of such research could lead to more effective
and efficient safety training programs.
1.3. Purpose and hypotheses

Themain objective of this study was to evaluate the use of examples
(safe leg angles) and non-examples (at-risk leg angles) in a computer-
ized training module on postural ergonomics. For the purposes of this
experiment, the content in the training module was simplified to
focus only on safe and at-risk knee angles when seated at a computer
workstation. Four different trainingmodules were tested experimental-
ly. The modules consisted of either (a) no safe or at-risk examples,
(b) only safe examples, (c) only at-risk examples, (d) or both safe and
at-risk examples. These training conditions were assessed on partici-
pants' acquisition of a posture-related verbal skill (i.e., classifying pos-
tures as safe or at-risk) and a performance skill (i.e., demonstrating
safe postures). It was hypothesized that training with only safe or only
at-risk examples will result in more accurate classification than training
with no examples, but training with both safe and at-risk examples will
result in the most accurate and least biased classification. Similarly, it
was hypothesized that training with no examples will result in more
error in demonstrations of safe postures than training with either safe
or at-risk examples alone, but that training with both safe and at-risk
examples will produce the least amount of error. Finally, we explored
the transfer of learning by examining the effects of training with both
safe and at-risk examples on the correspondence between classification
and demonstration skills.

2. Method

2.1. Participants and settings

Participants (n=160)were recruited from undergraduate psychol-
ogy courses at Queens College. Each individual participated in one
40-min to 70-min session that took place in a private room equipped
with a computer workstation. The study was approved by the college's
institutional review board, and all participants signed a consent form.

2.2. Experimental design

A randomized group design was used to test the effect of the differ-
ent training conditions. Participants were randomly assigned in a bal-
anced manner to one of four groups that received training with either:
(a) no safe or at-risk examples of knee angles (No Ex); (b) only safe ex-
amples (S Ex); (c) only at-risk examples (A Ex); or (d) both safe and at-
risk examples (S&A Ex).

2.3. Procedure

Participants completed computer-based training and assessment as
outlined in Table 1. The S Ex, A Ex, and S&A Ex groups were presented
the training and assessment materials with an automated PowerPoint
slideshow. The slideshow consisted of pictures and videos recycled
from previous studies (e.g., Taylor & Alvero, 2012; Taylor, Skourides, &
Alvero, 2012). The sets of pictures and videos depicted a person seated
at a computerworkstationwith their lower leg in one of several neutral,
flexion, and extension positions. Leg angles 77° to 100°were classified a
priori as safe. Angles 40° to 76° (flexion or backward position) and 101°
to 165° (extension or forward position) were classified as at-risk
(ranges of safe and at-risk leg angles were adapted frommaterials pro-
vided by theU.S. Department of Labor, 2011). The pictures and videos of
leg angles were measured in angular degrees using a digital protractor
(Iconico Screen Protractor; v. 4; New York, NY). The No Ex group re-
ceived no training and participated in the assessment phase only.

2.3.1. Training phase
Training beganwith an information component that displayed oper-

ational definitions of safe or at-risk leg angles to supplement the use of
examples in the subsequent training components (cf. Klausmeier &



Table 1
Exposure to components and content of the training and assessment phases by group.

Group

Phase/component Format/content No
examples

Only safe
examples

Only at-risk
examples

Both safe/at-risk
examples

Training
Information (examples) Read definition of safe leg angles No Yes No Yes
Information (non-examples) Read definition of at-risk leg angles No No Yes Yes
Presentation (examples) View pictures and 5-s videos of safe leg angles No Yes No Yes
Presentation (non-examples) View pictures and 5-s videos of at-risk leg angles No No Yes Yes
Classification (examples) Match-to-sample with pictures and 5-s videos of safe leg angles No Yes No Yes
Classification (non-examples) Match-to-sample with pictures and 5-s videos of at-risk leg angles No No Yes Yes

Assessment
Classification (examples and non-examples) Match-to-sample test with 30-s videos of safe and at-risk leg angles Yes Yes Yes Yes
Demonstration Move right leg to estimated upper and lower safe limit Yes Yes Yes Yes
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Feldman, 1975). Safe leg angles were defined as “lower legs that are
nearly perpendicular to the floor” and at-risk leg angles were defined
as “lower legs that are angled substantially forward or backward.” The
S Ex group was presented with the safe definition only, the A Ex group
was presented with only the at-risk definition, and the S&A Ex group
was presented with both definitions.

During the presentation component of training, participants viewed
a set of pictures and a set of 5-s videos that were equal in number and
that showed examples of various leg angles. The S Ex group viewed 30
examples of safe leg angles from 15 pictures and 15 videos, the A Ex
group viewed 30 examples of at-risk leg angles, and the S&A Ex group
viewed 30 examples of safe leg angles and 30 examples of at-risk leg
angles.

During the classification component of training, participants com-
pleted a matching-to-sample procedure that consisted of a series of tri-
als that showed various safe or at-risk leg positions. Two sets of trials
were classified—one with 15 pictures and one with 15 5-s videos for a
total of 30 trials. The S Ex group viewed 30 trials with only safe leg an-
gles, the A Ex group viewed 30 trials with only at-risk leg angles, and
the S&A Ex group viewed 30 trials of safe leg angles and 30 trials of at-
risk leg angles. Participants were instructed to classify the leg angle
seen on each trial as either safe or at-risk and then record their answer
on a check sheet. Tomaximize the participants learning and attention to
the training content, both sets of trials were repeated to provide self-
administered feedback on accuracy (order of trials: classify set of
pictures, feedback on pictures, classify set of 5-s videos, and then feed-
back on 5-s videos). Participants were instructed to compare the correct
answers displayed on the screen to their answers on the check sheet
and use a marker to highlight the correct trials.

2.3.2. Assessment phase
At the start of this phase, instructions preparing the participants for

the assessment were presented. In the classification assessment, verbal
skills were assessedwith a randomized sequence of 30 30-s video trials,
comprised of 15 trialswith examples of safe leg angles and 15 trialswith
examples of at-risk leg angles. Consistent with the whole interval re-
cording method (Wirth, Slaven, & Taylor, 2014), participants were
instructed to classify each video as safe only if leg angles were safe for
the entire video; otherwise, the videos were to be classified as at-risk.
Participants recorded their classification of each video on a check sheet.

In the demonstration assessment, participants were instructed to
physically demonstrate their estimates of the lower and upper limits
of the safe range—that is, to move their right lower leg backwards to a
flexion position as close as possible to 77° and then forwards to an ex-
tension position as close as possible to 100°. Participants were also
instructed to hold each position for a few seconds, which was long
enough to capture the position with a digital photo. This assessment
consisted of two trials per participant—one trial for each position con-
ducted in a randomly determined sequence. Each trial began with the
participant's lower right leg positioned perpendicular or approximately
90° to the floor.

2.4. Data reduction and analysis

2.4.1. Classification assessment
A primarymeasure of the classification skill was the number of trials

(30-s videos) correctly classified as safe and at-risk (examples and non-
examples). Signal detection analysis was also conducted to yield indices
of classification accuracy and bias, which are easy to interpret because
they are standardized and largely independent of each other. First, par-
ticipants' responses were categorized as hits, false alarms, correct rejec-
tions, or misses. A hit was a safe leg angle correctly classified as safe,
and a correct rejection was an at-risk leg angle correctly classified as
at risk. A false alarm was an at-risk leg angle incorrectly classified as
safe, and a miss was a safe leg angle incorrectly classified as at-risk.
The statistics d′ and c were then calculated for indices of classification
accuracy and bias, respectively (seeMacmillan & Creelman, 2005 for in-
struction on calculating d′ and c). These statistics were calculated for
each participant and then averaged within each group.

A value of near zero for d′ indicates a low level of classification ac-
curacy, whereas a value near 4.65 (the ceiling) indicates a high level
of accuracy (Macmillan & Creelman, 2005). In most applications, d′
ranges between 0.5 and 2.0 (Wickens & Hollands, 2000). A value of
zero for c indicates no classification bias, a positive value indicates
a bias towards an at-risk classification (i.e., overestimation of risk),
and a negative value indicates a bias towards a safe classification
(i.e., underestimation of risk). The limits of c are ±2.33, and a greater
deviation from zero indicates a greater magnitude of bias (Macmillan
& Creelman, 2005). To evaluate both magnitude and direction of
bias, real (positive and negative) c values were analyzed. Absolute
(non-negative) c values were analyzed to evaluate the magnitude
of bias, independent of direction.

2.4.2. Demonstration assessment
The primary measure in the demonstration assessment was partici-

pants' estimates of the limits of the range of safe leg angles—77° and
100°. The estimate of safe leg angles were captured in photos and mea-
sured in angular degrees using a digital protractor. Leg angles closer to
the trained lower and upper limits (i.e., 77° and 100°) indicate more ac-
curate estimates. Leg angles beyond either the lower or upper limit of
the safe range indicate an underestimation of risk because participants
overestimated the range of safe leg angles (i.e., some at-risk leg angles
were identified as safe). In contrast, leg angles within the lower and
upper limit of the safe range indicate an overestimation of risk because
the participants underestimated the range of safe leg angles (i.e., some
safe leg angles were identified as at-risk).

Reliability of the leg-angle measurements was assessed by compar-
ingmeasurements from the primary experimenter to those of a second,
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Fig. 1. Results of the classification assessment showing the mean number of video trials
with safe leg angles (top panel) and at-risk leg angles (bottom panel) classified
correctly. Above the bars, dissimilar lowercase letters (a, b, and c) across training groups
denote significant differences among the means. A comparison of means across top and
bottom panels shows that the mean number of safe and at-risk trials classified correctly
was significantly different within each training group. Each group was shown 15 trials
of safe leg angles and 15 trials of at-risk leg angles. All tests used a .05 alpha level; error
bars denote SEM.
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independent observer. Among all 320measurements, 308 (96.25%)met
the reliability criterion set at less than a two-degree difference.
Measurements that did not meet the criterion were reevaluated and re-
solved by consensus.

Duringdebriefing, a fewparticipants, forwhich Englishwas a second
language, reported misinterpreting the oral instructions in the demon-
stration assessment. As a result, some of these participants moved
their leg to extreme flexion and extension positions that were well out-
side the range of safe leg angles. Taking this into account, a modified
boxplot method (Wilcox, 2003) was used to identify outliers. Data
from 13 participants (8.13% or approximately 3–5 participants in each
training group) were removed from the analysis of the demonstration
assessment in an effort to reduce errors that may distort or mislead
the outcomes (Wilcox, 2001).

2.4.3. Data analysis
The resulting data sets (n= 160 from classification assessment and

n = 147 from demonstration assessment) were analyzed with SPSS
(v. 21; Armonk, NY). Significant main effects and interactions are re-
ported in the text, and the figures show the simple effects. The simple
effects were evaluated using one of three post-hoc tests: Tukey's HSD,
Tamhane's T2, or multiple t-tests where appropriate. Each test used a
.05 alpha level.

Transfer of learning between verbal and performance skills is re-
vealed by comparing outcomes in the classification and demonstration
assessments. The outcomes were assessed qualitatively across and
within each group, except No EX, by comparing the magnitude of
error (i.e., meandifference in degrees from safe limit) in the demonstra-
tion assessment with (a) the magnitude of classification accuracy
(mean d′), (b) the magnitude of classification bias (mean absolute c),
and (c) the direction of classification bias (mean real c). Evidence of
transfer of learning between skills for a group would include, but not
limited to, any of the following three examples of correspondence:
(a) high d′ and low demonstration error, (b) low d′ and high demon-
stration error, and (c) either overestimations or underestimations of
risk across both classification and demonstration performances. Each
of these examples would indicate a correspondence by revealing a sim-
ilar and related outcome in both the classification assessment and
demonstration assessment.

3. Results

3.1. Classification assessment

Effects of the different training conditions on the mean number video
trials classified correctly are plotted in Fig. 1. Datawere analyzed using a 4
(training: No Ex, S Ex, A Ex, and S&A Ex) × 2 (class of leg angles: safe and
at risk) mixed factorial ANOVA with training as a between-groups factor
and class of leg angles as a within-subjects factor. The analysis revealed
a significantmain effect of training [F(3,156)= 22.21, p b .001] and a sig-
nificant interaction [F(3,156) = 99.01, p b .001] between training and
class of leg angles. An analysis of the simple effects showed that among
all groups the S Ex group correctly classified significantly more safe trials,
whereas the A Ex group correctly classified significantly more at-risk tri-
als. Another analysis of simple effects revealed that in each training
group, the mean number of trials correctly classified was significantly
greater in one class. For example, theNoEx and S Ex groups correctly clas-
sifiedmore safe trials, whereas the A Ex and S&A Ex groups correctly clas-
sified more at-risk trials.

Fig. 2 (top panel) shows the results of the signal detection analysis
with mean d′ (i.e., classification accuracy) plotted by group. Single-
sample t-tests revealed that mean d′ was significantly greater than
zero in all training groups. A one-way independent samples ANOVA re-
vealed a significant difference inmean d′ among the groups [F(3,156)=
17.281, p b .001]. A test of the simple effects showed that mean d′ was
significantly greater in the S&A Ex group than in all other groups.
Fig. 2 (middle panel) shows the magnitude and direction of bias
with mean real c plotted by training group. A single-sample t-test re-
vealed that mean real cwas significantly different from zero in all train-
ing groups, and a one-way independent samples ANOVA revealed
significant differences in mean real c across the groups [F(3,156) =
96.46, p b .001]. Analyses of simple effects revealed that mean real c in
each group was significantly different from that in all other groups.
Real c was closest to zero in the S&A Ex group. Real c was negative in
the No Ex and S Ex groups indicating a bias towards safe classifications
or an underestimation of risk; it was positive in the A Ex and S&A Ex
groups indicating a bias towards at-risk classifications or an overestima-
tion of risk.

The magnitude of bias, independent of direction, is plotted with ab-
solute c in the bottom panel of Fig. 2. A single-sample t-test revealed
that mean absolute cwas significantly different from zero in all groups,
and a one-way independent samples ANOVA revealed that absolute c
was significantly different across the groups [F(3,156) = 16.76,
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p b .001]. Analysis of simple effects revealed that themean absolute c in
the No Ex group was significantly less than in the A Ex group; however,
mean absolute c in the S&A Ex group was less than in all groups.

3.2. Demonstration assessment

Participants' demonstrated estimates of the upper and lower limits
of the range of safe leg angles are shown in Fig. 3. First, single-sample
t-tests revealed that the mean estimates were significantly different
from the trained limits in all training groups except the S&A Ex group.
Thus, all groups except the S&A Ex group consistently demonstrated
leg angles beyond the safe limits. Data were also analyzed using a 4
(training: No Ex, S Ex, A Ex, and S&A Ex) × 2 (safe range limit: upper
and lower) mixed factorial ANOVA with training as a between-groups
factor and limits of the safe range as a within-subjects factor. The anal-
ysis revealed a significant main effect of training [F(3,143) = 37.02,
p b .001] and a significant interaction between training and range
limit [F(3,143) = 10.37, p b .001]. Analysis of simple effects revealed
that themean estimates for the upper limit in S&A Ex groupwere signif-
icantly less than the estimates of the other training groups. Estimates of
the lower limit in the S&A Ex group were significantly greater than the
estimates of the A Ex group. In the No Ex group, mean estimates of the
upper and lower limits, respectively, were significantly greater than
and less than the limits of the other training groups. Overall, this result
shows that theNo Ex groupunderestimated risk significantlymore than
all groups, yet all groups underestimated risk more than the S&A Ex
group.

3.3. Correspondences between classification and demonstration skills

Qualitative comparisons of the outcomes in the classification and
demonstration assessments revealed correspondences directly related
to themanipulation of examples and non-examples in the training con-
tent. Correspondences were revealed by comparing demonstration
error with themagnitude of classification accuracy (i.e., mean d′), mag-
nitude of classification bias (i.e., mean absolute c) and the direction of
bias as an under- or overestimation of risk (i.e., real c) across the groups.
For example, the S&A Ex group showed the greatest mean d′ and
estimated leg angles that were closest to the limits of the safe range
indicating high accuracy in both the classification assessment and dem-
onstration assessment. The S&A Ex group also showed the least
magnitude of bias in the classification assessment and the least error
in the demonstration assessment. Finally, for the S&A Ex group, the di-
rection of bias was somewhat inconsistent with a significant mean
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overestimation of risk in the classification assessment and a non-
significant mean under- and overestimation of risk in the demonstra-
tion assessment.

The S Ex and A Ex groups each showed a moderate magnitude of ac-
curacy and bias in the classification assessment and moderate error in
the demonstration assessment. Furthermore, direction of bias in the S
Ex group was consistent with underestimations of risk in both
classification and demonstration assessments; however, this effect
was not consistent in the A Ex group, which showed overestimations
of risk in the classification assessment and underestimations of risk in
the demonstration assessment.

4. Discussion

4.1. Implications

As hypothesized, the current study showed that participants who
were trained with both safe and at-risk examples showed the greatest
accuracy and least under- or overestimations of risk in both the classifi-
cation assessment and demonstration assessment. These findings also
support the hypothesis that the effects of training, at leastwhendescribed
qualitatively, result in a correspondence between skills, where the learn-
ing of safe postures transferred from the classification skill to the demon-
stration skill. Correspondence was further supported in the groups
trained with only safe examples or only at-risk examples. These groups
showed moderate accuracy and moderate under- or overestimation of
risk in both the classification and demonstration assessments.

The effects of training with safe and at-risk examples are consis-
tent with previous research on examples and/or non-examples
(e.g., Derenne, 2006; Durkin & Rittle-Johnson, 2012; Grobe & Renkl,
2007; Stark et al., 2011; Wisniewski et al., 2009) and extend the study
of exemplars in training content to a safety-related context. Also, the
findings from the present study are largely consistent with a meta-
analysis of research that assessed correspondences between perfor-
mance and procedural knowledge (Taylor et al., 2005). Although this
meta-analysis only targeted research evaluating the efficacy of Behavior
Modeling Training (Baldwin, 1992), which relies on hands-on-training
of performance skills, its general conclusions are consistent with the
present finding that verbal and performance skills may be similarly af-
fected by training content.

Training programs commonly depend on correspondence between
skills—where one skill is directly trained and is expected to result in a
transfer of knowledge and learning to a different skill (Doo, 2006).
Although a correspondence between skills is often a presumed outcome
with many training programs, especially with computer or textbook-
based training modules, our findings show that correspondence
among different behavioral repertoires is not inevitable. The present
study showed that training with only at-risk examples resulted in an
overestimation of risk in the classification assessment and an underesti-
mation of risk in the demonstration assessment. These findings reveal
that there are conditions where correspondence between skills could
be moderate to low and consequently would hinder acquisition of the
desired secondary skill (Jacobs & Thompson, 2000). In contrast, training
with only safe examples showed a consistent underestimation of risk
across both the classification and demonstration assessments. Although
a correspondence between skills is often desirable, trainers should avoid
using only safe examples, as it may result in an underestimation of risk
and subsequently could lead to a greater rate of incidents. In occupa-
tions with a potential for serious adverse events, it may be desirable to
train workers to overestimate risk, as workers performing a job with
extra cautionmaymanifest as a decrease in the rate of safety-related in-
cidents (Kontos, 2004). The present study showed that training content
with both safe and at-risk examples resulted in the most consistent
overestimation of risk across both the classification and demonstration
assessments. Furthermore, although some research has documented
the occurrence of workers' underestimation of risk, (e.g., Mullen,
2004; Choudhry & Fang, 2008; Zimolong, 1985), no study quantified
the degree to which workers underestimated risk. The present study
showed that participants most severely underestimated risk when
trained with only safe examples.

Assuming that our findings generalize to the broaderfield of occupa-
tional safety, then training content that includes both safe and at-risk
examples would help workers more accurately identify and avoid
tasks and events that could lead to illness, injury or death. The findings
also corroborate previous assertions that trainers should not assume
that training andmastery of one skill would result in or indicatemastery
of a different skill (Cohen & Colligan, 1998; Doo, 2005). Instead, trainers
should directly train and measure the desired skills to ensure that they
have been adequately acquired (Arthur et al., 2003; Jones, Ollendick, &
Shinske, 1989), especially when skills are associated with preventing
higher levels of risk.

4.2. Limitations and future research

The current study used a simplified and somewhat contrived
training scenario to experimentally study the effects of examples and
non-examples on the acquisition of skills. The extent to which our find-
ings extend to other more complex or real-world safety scenarios re-
quires further study. Nevertheless, our findings are consistent with
previous studies on the use of examples and non-examples in other do-
mains, and thus it is reasonable to assume that thefindings generalize to
other contexts.

The ergonomic task—classifying and demonstrating safe knee
angles—is of minimal complexity (each a single-step task and one di-
mensional) when compared with other tasks that consist of a chain of
steps, are multi-dimensional, and require greater learner memory and
processing (e.g., donning a respirator, driving a vehicle, operating a cir-
cular saw, tungsten inert gas welding). Research has shown that task
complexity can either inhibit or facilitate acquisition of skills depending
on the conditions of learning (Wulf & Shea, 2002). In the current study,
it is possible that performance was relatively high due to the minimal
complexity of the task.

Task difficulty is another factor of interest and applies to the sim-
ilarity between safe and at-risk examples. Research in stimulus dis-
crimination learning found that distinguishing members of
different stimulus classes, which are very similar on one or more de-
fining physical dimensions, can be improved by selecting training
examples and non-examples that also are very similar. In other
words, training fine discriminations of subtle stimulus differences
between examples and non-examples can increase the precision of
discrimination (e.g., Baron, 1973; Carnine, 1980; Derenne, 2006). In
the present study, training with greater similarity between safe
and at-risk examples (e.g., 2-degree difference vs. 10-degree differ-
ence between safe and at-risk knee angles) might have resulted in
greater classification accuracy and reduced underestimations of
risk. Also, it is likely that more misclassifications occurred with leg
angles that were near the limit between the safe and at-risk classes;
however, the classification assessment was not designed to identify
the frequency of misclassification errors across the range of leg an-
gles. Future research should use a classification assessment with
greater resolution, so that the pattern of misclassification across
the range of angles can be more thoroughly evaluated.

Research has shown that an elevated level of perceived risk associat-
edwith a task can facilitate skill acquisition (Burke et al., 2011). It seems
reasonable to speculate that risk perception affects learning through
attentional or motivational mechanisms. In the present study, level of
attention and motivation to learn the subtle discriminations between
safe and at-risk knee angleswere likely limited becausemusculoskeletal
disorders can be perceived as low risk and the task of identifying ergo-
nomic postures posed little or no risk to the participants. To confirm the
validity of these speculations, applied research examining the effects of
training content on attention andmotivation should be conducted with
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a range of jobs that vary in actual risk and with actual workers learning
safety-related skills that are applicable and relevant to their own work.

Finally, future research should evaluate how content-related factors,
such as the number and ratio of safe and at-risk examples, affects acqui-
sition of safety-related skills. For example, there is evidence from basic
research in psychology that the number of examples relative to non-
examples can systematically bias individuals' identification of stimuli
(e.g., Thomas & Vogt, 1983; Thomas, Windell, Williams, & White,
1985). Thus, manipulating the ratio of at-risk and safe training content
in favor of at-risk examples (e.g., 2:1 or 3:1) might still yield accurate,
but somewhat biased perceptions towards an overestimation or height-
ened sensitivity of hazards and risks. Indeed, errors are often unavoid-
able; however, safety training that limits errors to false positives
(i.e., identifying risks when there are none) would be acceptable and
perhaps desirable, especially in hazardous environments.

5. Practical applications

Safety professionals and others involved in developing content for
safety training programs are in need of further guidance on selecting
and arranging the training content. The present study provides insights
into how training with or without safe and at-risk examples can impact
the acquisition of safety-related skills. Although the findings show that
using both examples and non-examples of safety improves learning out-
comes and reduces bias towards over- or underestimations of risk, it
might be appropriate tomanipulate the number of at-risk examples rela-
tive to the number of safe examples to encourage heightened sensitivity
to hazards and risks. Further applied research is needed to test these prin-
ciples across a range of task and situation specific variables. Empirically
driven designs of safety training materials will help maximize learning
and, ultimately, reduce safety-related illness, injury, and fatalities.
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