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Abstract
Assessment of Safety Generalization and Demonstration as a FunctionoofsVar

Training Stimulus Parameters

by

Matthew Arthur Taylor

Adviser: Professor Alicia M. Alvero

Two experiments explored training of safe leg position behavior in an offioegs@&oth
experiments measured (a) generalization of safety-related stiondj a generalization
gradient and (b) demonstration of the limits of “safe” behavior. Experimentlau®e 2
between-subject factorial design plus a non-differential stimulus tragnoup to assess
the effects of (a) safe [S+] versus both safe and at-risk stimulusf&sand S-] and (b)
the similarity between the safe [S+] and at-risk [S-] stiraldhg a continuum. The
results show that training with stimuli from both classes, and greateasiynbetween
S+ and S- stimuli, will increase correct classification of at-riskuii(i.e., decrease
responding to S-) and decrease over-extension of the limits of safe behavionrexperi
2 used a 2 x 2 between-subject factorial design to determine the effectdhefr@ative
frequency (i.e., ratio) of safe to at-risk training trials and (b) thelatesfrequency of
safe and at-risk training trials. The results show that training shouklilaseer S+
relative frequency to increase correct classification of at-tisku§ and decrease over-
extension of the limits of safe behavior. The absolute frequency of triatshow an

effect on either of the generalization or demonstration dependent variables.
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Assessment of Combined Safety Generalization and Demonstration adiarFahc
Various Training Stimulus Parameters
General Introduction

Health Risks, Costs, and Future Direction

One-third of the annual U.S. work related injuries and ilinesses are
musculoskeletal disorders (MSDs) (U.S. Department of Labor, 1999). According to the
National Research Council and the Institute of Medicine (2001), work-related lsiSD
resulting costs are currently and will continue to be a substantial finaocieérn in the
U.S. The direct and indirect costs associated with MSDs are estimated tmbehaas
$45-$54 billion per year (U.S. Department of Labor, 1999). Research has establhed t
MSDs are preventable through reduced exposure to ergonomic risk factors (U.S.
Department of Labor, 1999).

The National Occupational Research Agenda for musculoskeletal disorders ha
expressed a need for controlled research (i.e., laboratory settingsrhmizei
confounding variables) that assesses intervention effectiveness (Naigiiate for
Occupational Safety and Health [NIOSH], 2001). More specifically, there iscafae
training and educational research that demonstrates a change in behaless#ret
exposure to health risks, rather than only relying on measures of health (NIOSH, 2001)
Unfortunately, research is not always able to demonstrate experimentaiange in
health due to ethical reasons or a lack of quality and controlled measures.
Types of Safety Training

Burke et al. (2006) categorized safety training into three levels of emgage

(i.e., activity) that the training procedures require from the traineesagt) (b)



moderate, and (c) most. Least engaging trainings are a passive fohag a person
learns from information typically given through lectures, videos, or handootsersitely
engaging trainings are programmed instruction or discrimination trainingf(@mats,
where a person is given feedback on their answers. Moderately engagints farena
often conveyed through a workbook or are computer-bdsedmost engaging training
is a behavior skills training (BST) format (i.e., behavior modeling), where a peors |
while engaging in the target behavior. The most engaging formats are mzhdy@a
human trainer in the target or a simulation setting.

It is important to note that both the DT and BST formats use the following
components: instructions, modeling, practice, and corrective feedback of practice
Despite these common components, there are two primary differences between the t
training formats. The first difference is how the practice component isictad The
DT practice component requires that the participant discriminate betweent@ord
incorrect stimuli (e.qg., classify pictures of safe [S+] and at-riskj&Rjvior). In contrast,
during the BST practice component a participant engages in the targeoébayi
demonstrates the safe and/or at-risk behavior). A second difference i tisadfien
conducted entirely with a computer and requires little or no human trainer involvement.
The BST format often requires a human trainer to provide feedback.

Burke et al. (2006) conducted a meta-analysis by coding 95 field trainingsstudie
(number of participants = 20991) across the three categories of engagemntent for t
following variables: (a) safety knowledge (i.e., test of knowledge); (jysb&havior
(e.q., self rating or data collected through behavioral observation); anela{t) and safe

outcome (i.e., injuries). Across the three variables, the researchergdeloat



moderately and highly engaging training methods are, on average, more timicgns
and probably more expensive in the short term but that they are potentially |gsamdbst
more effective in the long term while better ensuring worker and public ‘s&Beiske et
al., 2006, p. 321). Although both the moderate and most engaging training formats were
found to be effective (Burke et al., 2006), it is much more cost effective for some
companies to provide computer-based training (i.e., training with moderate ergage
rather than using a human trainer (i.e., training with most engagement) @rajer
2006). The next section will describe DT in detail, which is a procedure often used within
computer-based training.
Discrimination and Non-Differential Stimulus Training: Procedure and Effects

In non-differential stimulus (ND) training a behavior occurs only in the poese
of one stimulus and is reinforced in the presence of that one stimulus. In other words,
during ND training the behavior is never extinguished in the presence of anii.stim
Non-differential training produces a flattening effect on a gerzatadin gradient when
compared to DT. A gradient is a graphic representation of responding that is often
derived from generalization assessment. The assessment is comprisedlasstim
presentations that have a common dimension. The gradient shows the extent of
responding along each value of the stimulus dimension that was presented during the
assessment (Catania, 2007). The gradient allows one to easily inspetiildmiiss or
differences in responding from one value to the next along the stimulus dimension.
Responding during ND training is more similar across the stimuli when compardd to D
For an example of a flat generalization gradient, see Figure 1 and cdérpagel (DT)

to Group 2 (ND Training).



A standard DT procedure is operationally defined as requiring “one behavior and
two antecedent stimulus conditions. Responses are reinforced in the presence of one
stimulus condition [S+], but not in the presence of the other stimulus [S-]” (Cooper,
Heron, & Heward, 2007, p. 705). The differences between S+ and S- stimuli can be (a)
intra-dimensional, (b) inter-dimensional, and (c) extra-dimensional. dnmansional
stimulus differences are within a dimension (Catania, 2007). Inter-dimenstonalus
differences are between dimensions (Tomie, Davitt, & Thomas, 1975). Exteasional
stimulus differences are a compound that varies inter-dimensionally,wethadentical
value along another dimension (Tomie et al., 1975). A standard generalizatiemesges
that follows discrimination training would present stimuli that vary alongdimension.

After inter-dimensional stimulus training, the one dimension used in the geatoaliz
assessment would be the S+ dimension. After extra-dimensional stimuhirsgtréne

one dimension used in the generalization test would be the dimension that was held
constant during training.

Discrimination training can have four categories of effect on a gendiatiza
gradient: (a) narrowing of the gradient [e.g., Jenkins & Harrison, 1960], (b) peak shift
along the gradient [e.g., Doll & Thomas, 1967; Thomas et al., 1973], (c) area shift along
the gradient [e.g., Derenne, 2006; Hanson, 1959], and (d) an increased height of the
gradient’s peak [e.g., Hearst & Koresko, 1968; Jenkins & Harrison, 1960]. The narrowing
of a gradient is a lessening of the distance between the right and ledt tiéegradient
along the stimulus dimension, when compared to a ND training group. For an example of
a narrowed gradient, see Figure 2 and compare Groups 1 (ND training) and@¢da

gradient). A peak shift along a gradient occurs when the point of maximum responding



has moved, typically, in the opposite direction from the S- value. Figure 2 shows an
example of a peak shift by comparing Group 1 (ND training) to Group 3 (peak Ahift
area shift along a gradient occurs when maximum responding is near vh&i8+but a
greater proportion of responding now occurs more on one side, typically opposite the S-
value, than the other. Figure 2 shows an example of an area shift by comparing Group 1
(ND training) to Group 4 (area shift). An increased height of a peak ocbears
responding is greater above S+ value than when compared to a ND training group. The
height of the peak can be plotted according to (a) absolute responding or (¢ relati
responding. Absolute responding is plotted as the rate or total number of responses per
stimulus value. Relative responding is plotted as a percent of the total number of
responses across the assessment stimuli. For an example of a greatergbéak hei
compare Group 1 (ND training) and Group 5 (higher peak) in Figure 2.

Researchers can specifically assess the extent of the four effedtstud\lkever,
three of the effects are generally summarized as a sharpenicigoeff@ generalization
gradient: (a) increased peak height, (b) narrowing of the gradient, and (shdtreavay
from the S- stimulus direction. Discrimination training increases th@sass of the
generalization gradient around the S+ and decreases behavioral control by norulb+ stim
(Schwartz, Wasserman, & Robbins, 2002). Discrimination training is importanideeca
of the potential influence on the safety behaviors that underlie the behaviohal safe
approach.
I mplications of Training from a Behavioral Safety Approach Perspective

Types of behavior that are trained and used in a behavioral safety approach

Safety discrimination training can influence discrimination and demonstrapes bf



safety-related behavior. Safety-related discrimination behavior isedefis requiring a
person to observe stimuli or situations and classify them as being safe &r(a¢-ris
unsafe). Through training, a person learns to perform specific safetyiskiiks presence

of specific stimuli, which is establishing of the S+ and S- stimuli. Thei8wilsiare
correlated with the availability of response contingent reinforcement, amibyhset the
occasion for responding (Catania, 2007). The S- stimuli do not set the occasion for
responding because responses are never reinforced in the presence thoqE stiamisi,
2007). Overall, behavior is often described in terms of stimulus control, which refers to
the discriminative control of behavior (Catania, 2007, p. 412).

Safety-related demonstration behavior is defined as requiring a person toyactivel
engage in a task. Training can inform a worker of the behavior required to adfmonse
contingent consequences. A response class is a group of functionally equivalent
behaviors that has been formed by their subsequent consequences (Catania, 2007). The
response class can be defined by topography, magnitude, rate, latency, étehavigr
that does not result in the response contingent reinforcement of “safe belmwiotrai
part of the response class. Overall, behavior is often described in terms ottiteoéxt
differentiation, which refers to the proportion of responding within a response class
compared to the proportion of responding outside the response class limits (Catania
2007).

The discrimination and demonstration types of behavior are vital to the behavioral
safety approach. The behavioral safety approach is used to influence a pergmove i
and/or maintain their level of safety in the work environment. According to MeSwe

(2003), the components used within the behavioral safety approach are an “observation



and feedback process, formal review of observation data, improvement goals, and
reinforcement for improvement and goal attainment” (p. 17).

Types of persons involved in a behavioral safety approHuot behavioral safety
approach involves two primary types of persons: (a) the person who is targeted for an
improvement and/or maintenance of the level of safety in the work environment, and (b)
the person who is collecting data for the purpose of feedback, determining igoals
met, and determining when to implement contingent consequences. The following
paragraphs describe how discrimination and demonstration behavior are vital to the
persons involved in the behavioral safety approach.

The persons who are targeted by the behavioral safety approach use
demonstration behavior (a) in a way that increases safety while using equifimhéo
correct and/or avoid at-risk situations, and (c) to correctly behave withimtie dif safe
behavior. Additionally, the persons who are a target of the behavioral safetydpproa
would use discrimination behavior to identify stimuli/situations (e.g., clasarigerous
work conditions that could lead to safety and health issues) that set the occasion for a
demonstration type of safety-related behavior.

Overall, the persons who are targeted within the behavioral safety appraach lea
through training which stimulus and response classes are correlated withcesnéat.

The greater proportion to responding occasioned by the stimulus classes andgccurr
within the response classes that are correlated with reinforcemensegtha likelihood
of the safety-related behavior being reinforced. Therefore, safetyhtydagilitates the
behavioral safety approach from the perspective of the persons who are tangated f

improvement and/or maintenance of the level of safety in the work environment.



The persons who are collecting the data used within behavioral safety d&pproac
traditionally would not use demonstration behavior unless it was used to help give a
person feedback. The data collector might show the correct way to engage in a behavior
if the target person incorrectly engaged in the demonstration type of behavior. The
discrimination type of behavior is commonly used to observe stimuli or situations and
classify them as being safe or at-risk (i.e., unsafe). The extent oftadassification of
safety-related situations during the data collection process affectgdbaty of (a)
feedback, (b) determining if goals are met, and (c) implementation of centing
consequences. Overall, the persons who collect data used within the behavigral safet
approach are the persons who directly or indirectly shape the target persdgs’ safe
related behavior.

The safety training for the data collectors can increase their eftteotrect
identification of the stimuli and responses within the stimulus and response classes
respectively, which would increase the likelihood that the persons targeted by the
behavioral safety approach would be properly affected by the components within the
behavioral safety approach. Essentially, the concern is that the data celbectiok,
either directly or indirectly, reinforce at-risk behavior or withhold reirdarent of safe
behavior for the persons who are targeted within the behavioral safety approach, due t
incorrect classification during data collection and/or incorrect demowstitaghavior
during feedback. Therefore, the safety training for data collectors ganrhplications

for the extent of effectiveness of the behavioral safety approach for thegargens.



Training Stimulus Parameters to be Considered during Safety Discrimination Training

Behavioral safety researchers have not yet thoroughly established the most
effective training stimulus parameters. There is a need to establisheffiorent and
effective training stimulus parameters within a DT format becausecthdg potentially
have a dramatic effect on the outcome of a behavioral safety approach. Thenfpllowi
sections will describe some basic research demonstrating the effstitaulus
parameters and propose ideas to be explored within future safety research.dhe basi
research on stimulus control is relevant to the safety research becansedsssich is
often where principles were developed and later evaluated in an applied context. The
stimulus parameters that are described in the following sections hawebgetitoroughly
evaluated in a safety related experiment. Therefore, it is appropriate tasisedsearch
as the springboard for providing support for evaluating the same training stimulus
parameters in the context of safety. The effects of the stimulus parautheseribed in
the upcoming subsections will be, for the most part, described according to four
categories of effect on a generalization gradient (described in tlegregotioned
discrimination and non-differential stimulus training section).

Positive and negative stimuli within traininBoth basic and applied research
have empirically demonstrated the importance of using both S+ and S- stimuliTi.e., D
or training with differential stimuli), rather than one class of stimwéi,(ND or non-
differential stimuli training).

Jenkins and Harrison (1960) conducted two experiments that evaluate the effects
of DT and ND training. Experiment 1 compared stimulus generalization by pigeons

assigned to one of two groups: (a) uninterrupted presentation of S+, or (b) random order
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presentations of inter-dimensional S+ and S-. The S+ was a tone (i.e., 1000 cycles per
second) and the S- was no tone. The generalization assessment presentedta tone tha
varied in frequency (cycles per second). The researchers found that pigeodswitine

both S+ and S- (i.e., DT) exhibited a sharper generalization gradient throughemasaakcr
peak height and narrowing of the gradient, i.e., more stimulus control, than those trained
with only an S+ (ND).

The narrowing of the gradient has a nearly symmetrical form and showirienota
stimulus control when compared to ND, despite being trained inter-dimensionally. An
argument could be made that the frequencies above and below the S+ value in the
generalization assessment were untrained, since the S- value was “nd haneffect on
stimulus control in the untrained frequencies is especially integdsticause of the
possible implications that that this effect could have with humans on a soclally va
dimension. This could suggest that perhaps safety responding along an untrainéc area
stimulus dimension could be sharpened as a result of safety training in ane#her ar
therefore creating an emergent effect in the untrained area. In summadigdthgs in
Experiment 1 of Jenkins and Harrison show greater stimulus control through DT, rather
than ND, and in an untrained area of a dimension, which could have implications for
human safety training.

Experiment 2 used different S+ and S- stimulus values from Experiment 1,
thereby ruling out an argument that the tones near the end of the continuum were less
detectable than the tones presented near the center of the continuum. The second
experiment assessed stimulus generalization in two groups of pigeons tivatredber

(a) random order presentation of two different S+ stimuli, or (b) random order of two
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different S+ stimuli and one S-. The S+ were two fixed tones (i.e., 450 and 250 cycles per
second) and the S- was no tone. The effects on the generalization gradientniare si

for Experiments 1 and 2. Pigeons exposed to DT showed more stimulus control, a sharper
generalization gradient through an increased peak height, than those tramednwi
differential stimulus (ND) training. In summary, the aforementioned stiashgavith

other well designed animal research (e.g., Hanson, 1959; Lyons, & Thomas, 1967,
Switalski, Lyons & Thomas, 1966; Tomie et al., 1975) suggests that training withistim
correlated with reinforcement/nonreinforcement, DT, will increaseustis control.

Another effect reported by Jenkins and Harrison, in Experiment 2, was an effect
of repeated testing under extinction. The authors reported an increased amount of
stimulus control, of mild inconsistency, within the greater numbered blocksaitteist
and the greater numbered tests. Despite the reported findings by Jenkins essahHarri
the authors note a fair amount of inconsistent findings across other cited ressddcts. J
and Harrison cited several other studies that showed the following range to effec
stimulus control with an increased amount of testing under extinction: no effect,
decreased, and increased. Based on the basic literature, increaseditesirextinction
could have varying effects on the extent of safety related stimulus contrbitesty
humans. Overall, despite the established findings within the basic literatleeesearch
has replicated the DT vs. ND training phenomenon within a typical functioning human
population.

Taylor, Olvina, & Alvero (2008) used human patrticipants and expanded upon
previous DT research by assessing the effects on both stimulus getieraénd

response generalization assessments in the context of occupationall$eghetstudy
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evaluated (a) the extent of correct classification of a person’s videadeedoehavior

into a safe (S+) or at-risk (S-) class, and (b) the extent of correct deatimmstf the

trained behavior by showing the topographical limits of the safe response tlass. T
researchers used four groups of training: (a) none; (b) safe [S+] ordy:r(sk [S-] only;

and (d) safe [S+] and at-risk [S-]. The researchers found that Group 4, DT group, showed
significantly greater stimulus control and differentiation of the safpamse class limits

than the ND training (i.e., safe only and at risk only) and no training groupsifdreere

the differential effects between DT group and ND training groups arestamtswith

basic research findings.

Taylor et al. (2008) recommended that safety researchers investigatieicts of
other S+ and S- parameters (e.g., similarity, relative frequencypantlite frequency)
through the use of both stimulus generalization and response generalizatiomexstsess
The following section will describe DT research that considers the sityitdrs+ to S-
as a stimulus parameter and the implications of the stimulus parameterdafetye
discipline.

Similarity of S+ to S- within trainingBasic research with animals and humans
has empirically demonstrated that the S+ to S- similarity (i.e. diswation difficulty)
during DT affects stimulus control. Hanson (1959) assessed the effectswhilaety
of S+ and S- training stimuli on stimulus generalization. Hanson (1959) used pigeons
assigned to one of five groups. One group had S+ only training and four other groups
were trained with both S+ and S- wavelength. The S+ location was held constant along
the wavelength continuum, but the S- location varied in degree of similamitysate

four experimental groups. Hanson (1959) found that DT with an S- with greater symilari
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to an S+ influenced a larger area shift away from the S- stimulus. In otheds;, wos
greater extent of S+ and S- similarity increased the percentaggohcokng in the
direction opposite of the S-. The study by Hanson (1959) plus additional resegrch (e.
Perkins, Hershberger, & Weyant, 1959; Pierrel & Sherman, 1962; Thomas, 1962; Tomie
et al., 1975; Weinberg, 1973) clearly demonstrated an effect of training stimulus
similarity; however, each used animals as their subjects rather thansiuma

Derenne (2006) conducted a study with humans to assess the effect of intra-
dimensional DT stimulus similarity on a generalization assessmenpartieipants were
assigned to three groups of training: (a) no S-, (b) S- with lesseasfymiand (c) S-
with greater similarity. During the training and generalizatioess®sent the participants
classified line lengths (i.e., the lengths of the lines were determinéxa oyimber of
ASCII characters) presented on a computer screen. The training analigatien
assessment used a delayed matching-to-sample procedure, where a press asdho pre
a space bar indicated a “match” and “no match” classification, respgct8selalues
were held constant across participants. The study reported a sttistgraficant area
shift away from the S- value for only the greater similarity S- groapo8(1973) used
humans and also demonstrated a larger area shift with training tone sfigraater
similarity. Visual analysis suggests that S- with greater siityileo the S+ produced a
steeper gradient on the S- side of the S+ for both Derenne (2006) and Baron (1973).

Despite all of the research that suggests greater S+ and S- symitnibcrease
gradient steepness and/or area shift, there is also some human participach tosd
opposes this outcome (e.g., Doll & Thomas, 1967; Thomas, Svinicki, & Vogt, 1973;

Thomas, Mood, Morrison, & Wiertelak, 1991). Doll and Thomas (1967) ran a DT
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similarity experiment and assessed the effects on a generalizagss@ent. Adult
students were assigned to one of two DT similarity groups: (a) lesstargy S-, or (b)
greater similarity S-. The DT and generalization assessment esdpfayand S- stimuli
along a visual wavelength continuum. The results show a mode (peak) of responding by
the lesser similarity group, when compared to the greater simidgatip, to a
wavelength further in the opposite direction of the S- value. Therefore, tlaeoteses
found that the participants in the lesser similarity group had a greakesiuéiavhen
compared to the greater similarity group.

An explanation for the above findings by Doll and Thomas (1967) would be the
participants’ possible use of labels (e.g., blue, green, yellow, etc.) td\ctassi
wavelengths rather than an absolute stimulus location along the continuum (Bornstein,
1974; Derenne, 2006). Thomas et al. (1973) remedied the labeling concern within the
Doll & Thomas (1967) study by using S+ and S- stimuli along a light intensity continuum,
yet had unreliable effects according to Derenne (2006). The researcheesl shianger
gradient shift with increased S+ and S- separation when the S+ was more theanthe
S-. Unfortunately, the same stimulus manipulation showed that similarity didathtqer
different results between the two similarity groups when the S- wasintense than the
S+. Therefore, stimulus similarity does not have a clear effect winey ars intensity
continuum. Thomas et al. (1991) improved upon Doll and Thomas (1967) and Thomas et
al. (1973) by using stimuli varying in angular orientation.

Thomas et al. (1991) used a generalization assessment with human participants to
determine the effects of S+ and S- similarity during DT. The participaares split into

two groups during DT: (a) lesser similarity, or (b) greater siitylaDuring DT, the S+
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and two S- stimuli were fixed line angles on a black background. The lesser ated gre
similarity S- groups had a 15 and 10 degree angle difference from the Sttivetpe
The generalization assessment was a random order presentation of 9 differengidise a
each with a five degrees difference. The researchers reported tlessreS+ and S-
similarity influenced a significantly greater peak shift away from$- value, when
compared to greater similarity training.

In summary, the foregoing similarity research has shown support fortargrea
peak or area shift with both lesser and greater similarity manipulatiortheounajority
of the research supports a greater effect with a greater similatitg &+ and S-stimuli.
Therefore, according to most of the foregoing cited research, occupadety training
would likely benefit from the application of training stimuli that have gresteilarity in
order to increase stimulus control and differentiation. The similarity ddthgsafe) and
S- (at-risk) training stimuli could interact with antecedents and consegsieand
influence behavior, which underlie the behavioral safety approach. For exdrtipteat-
risk training stimuli have less similarity to the safe stimuli, then thigcpgaants might
demonstrate less stimulus control and differentiation of safe stimuli and safadoe
respectively (i.e., will incorrectly report safe stimuli as at risk ancerfikely to respond
outside response class limits). The next section highlights DT researctaabther
stimulus parameter, the relative frequency of S+ and S- stimulus preses)tand
suggests potential implications for occupational safety.

The relative frequency of S+ and S- stimulus presentations within traBasic
research has empirically demonstrated the effects of the relamqeeficy of S+ to S-

stimulus presentations (i.e., ratio of S+ to S- presentations) during DT. Reskeavws
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that training with a greater relative frequency of S- stimuli ceeatgharper gradient. In
other words, DT with more S- trials, relative to S+, would increase stimohisotand
may increase safety.

Thomas and Vogt (1983) used a stimulus generalization assessment to evaluate
the effects of the relative frequency of S+ to S- stimuli during operant Bilegé
students were assigned to a DT group with one of the following relative fregaef
S+ to S- stimuli: (a) 3:1n(= 18:6), or (b) 1:3r(= 6:18). During DT, each group was
exposed to the same S+ and S- stimulus values, which differed intra-dimdgsatoray
a light intensity continuum. During the DT and generalization assessmeigthe |
stimuli were projected onto a screen in a random order and the participamts wer
instructed to classify the stimuli as “same” or “different” to thell8éugh a verbal
response. The generalization assessment used seven different values oéhghyint
The results showed that the 1:3 group, fewer S+ trials relative to S-, haccaigyf
greater S- classifications of the novel stimuli between the S+ and Ssvatuen
compared to the 3:1 group. Furthermore, the researchers reported that the 1:3dyroup ha
a significantly greater area shift of the gradient, when compared to the 3:1 gneup. T
findings were consistent no matter whether the S+ value was of greater oint@usity
than that of S-. In summary, Thomas and Vogt (1983) showed that a presentation of
fewer S+ than S- stimuli during training increased stimulus control, whicld bawie
implications for occupational safety training.

Thomas, Windell, Williams, and White (1985) also used college students and
assessed the function of the relative frequency of S+ to S- during DT omudusti

generalization assessment. The students were assigned to one ofaipsdarthe
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following relative frequency of S+ to S- training stimuli: (a) $1%(18:6), (b) 1:1 =
12:12), or (c) 1:3r{= 6:18). During DT, each group was exposed to the same S+ and S-
stimulus values, which differed intra-dimensionally along a light intgresintinuum.

The light intensity stimuli were projected onto a screen in random order during the
training and assessment. The generalization assessment used nine ddfassnof light
intensity. The findings show that the 1: 3 group, with more S- trials, had sagilff

greater stimulus control through greater S- classifications of the novelidtetween

the S+ and S- values, when compared to the 3:1 and 1:1 groups. Interestingly, the 1:1
group also showed significantly greater stimulus control, through greater S
classifications of the novel stimuli between the S+ and S- values, than thedl gr

Thus, number of S- classifications increased systematically with propoftiS- trials

during training.

Both of the foregoing DT studies (Thomas & Vogt, 1983; Thomas et al., 1985)
support the use of a lesser frequency of S+ presentations, relative to S-gpisenn
order to increase stimulus control. The training procedures used in occupatiaiyal safe
should consider the findings from the relative frequency of S+ to S- trainirgychse
which suggest that occupational safety DT should use a lesser frequeatsy stfrauli
relative to at-risk stimuli to increase worker safety. Future relsesdn@uld also consider
evaluating the most effective and efficient relative frequency of &+ toals.

The absolute frequency of S+ and S- stimulus presentations within treéBaisig.
research has systematically evaluated the effects of the absefuericy of S+ and S-
stimuli during DT. The research suggests that DT should include a greaterabsolut

frequency of stimulus trials, rather than a lesser frequency.



18

Hearst and Koresko (1968) conducted two experiments. Experiment one assessed
the effects of the absolute frequency of S+ and S- stimuli on a stimuleisatzation
assessment. The pigeons were randomly assigned to one of four discriminetiog tra
groups: (a) 2, (b) 4, (c) 7, or (d) 14 days. The S+ was a vertical line projected on a key
and the S- was a dark key. The generalization assessment presentedrbes&+other
line angles on the key in random order. The researchers reported that the peakiheight f
the absolute and relative generalization gradients increased (i.e., asenafreimulus
control) as a function of an increased amount of training. A second experimentrby Hea
and Koresko (1968) used a different strain of pigeon, but otherwise was a replication of
the first experiment. The findings from the second experiment fully supportghe f
experiment.

Thomas (1993) measured the effects of the absolute frequency of BTotrial
stimulus generalization assessment. The researchers assigned humamnsoiosevee
groups: (a) 12, or (b) 36 trials. The S+ and S- were different intra-dimensiona value
along a light intensity continuum, and the stimulus values were fixed adt@seups
throughout DT. The stimulus generalization assessment presented 11 values of light
brightness. Thomas (1993) did not conduct quantitative analyses of the data. Visual
analysis suggests that the participants in Thomas (1993) showed an increasedypeak he
and less of an area shift away from the S- with an increased frequencysof trial
Regardless of the frequency of training trials, both groups exhibitedrtteeasaount of
peak shift. Overall, the researchers showed that an increase of the albequigady of

DT trials produced an increase of stimulus control.
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The results from the absolute frequency of S+ and S- training trialechgee.,
Hearst & Koresko, 1968; Thomas, 1993) could be generalized to the training procedures
used in occupational safety. Within the context of occupational safety, the useeafea g
absolute frequency of DT stimuli may increase worker safety.

Purpose

Discrimination training has been established as an effective procedure for
improving safety behavior, yet there has been a lack of research tpstihe
aforementioned mostly basic training stimulus parameters researcafatydrgsearch.
Therefore, there is a need for research on the aforementioned traimuolysti
parameters in the context of generalization and demonstration of occupatiotyal safe
related skills. The context of the current study is training of leg saéigvoor while a
person is sitting in an office chair. The goal of the present study was te asses
generalization of safety related stimuli along a leg angle continuumdkefs, and
trained and untrained at-risk classes] and demonstration of the leg safestjttained
and untrained at-risk directions], under extinction with repeated testing, adiarfuofc
following training manipulations: (a) the use of a safe class [S+] or b#haad at-risk
stimulus classes [S+ and S-], (b) the similarity of the at-riskst8nuli to the safe [S+]
stimuli along a continuum, (c) the relative frequency of safe [S+] tiskafS-] training
trials, and (d) the absolute frequency of safe [S+] and at-riskrfA]ng trials.

Based on the aforementioned literature, it is hypothesized that the following
training stimulus parameters will be optimal in the context of safetyhéa)se of both
safe and at-risk stimulus classes [S+ and S-], (b) greater similatitg af-risk [S-]

stimuli to the safe [S+] stimuli along a continuum, (c) a lesser relaBgaiéncy of safe
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[S+] to at-risk [S-] training trials, (d) a greater absolute frequefcafe [S+] and at-risk
[S-] training trials. It is also hypothesized that the assessmédh&haiv: (a) either an
increased effect, no effect, or decreased effect with increased tastiagextinction
[previous research supports all hypotheses, without a consistent outcome], and (b)
increased effect in both trained and untrained classes/directions followingHem

compared to ND training.
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EXPERIMENT 1

The goal of Experiment 1 was to assess generalization of safegdrsiahuli
along a leg angle continuum [safe class, and trained and untrained at-seks|ctaxi
demonstration of the leg safety limits [trained and untrained at-risk dinsgtiunder
extinction with repeated testing, as a function of following training manipuakat(a) the
use of a safe class [S+] or both safe and at-risk stimulus classes [S+, @amd §) the
similarity of the at-risk [S-] stimuli to the safe [S+] stimuli aleamgontinuum.

Based on the aforementioned literature, it is hypothesized that the following
training stimulus parameters will be optimal in the context of safetyhéa)se of both
safe and at-risk stimulus classes [S+ and S-], and (b) greater sinofathty at-risk [S-]
stimuli to the safe [S+] stimuli along a continuum. It is also hypothesizéththa
assessments will show: (a) either an increased effect, no effectreasied effect with
increased testing under extinction [previous research supports all hypothidsest a
consistent outcome], and (b) increased effect in both trained and untrained

classes/directions following DT, when compared to ND training.
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Method

Participants, Recruitment, and Duration

A total of one hundred twenty undergraduate participants were assiginez to
groups (n=24 per group). Participants were recruited through announcements in
classrooms or fliers on campus. The participants were compensated fantediy t(a)
fulfilling an academic requirement, (b) earning course extra credit) be{ng paid $10.
The assignment of participants by type of compensation was balanced across groups.
Each session ranged between 40 and 60 min, depending on the group. Each participant
was run for one session.
Settings, Apparatus, and Materials

The patrticipants were run in a Queens College laboratory. The expaliment
room was 6 ft by 10 ft and furnished with a computer on a desk, a chair, and a camera
(Sony DSC-V1) station to the right of the computer desk. The computer was a Dell
Optiplex GX270 equipped with Windows XP version 2002, a 17 in. monitor, and
Microsoft PowerPoint 2002. The Microsoft PowerPoint 2002 software was used to
present participants with training and a generalization assetsshaelitionally,
participants were provided with data collection sheets for the practice traonmgpnent
and generalization assessment. The experimenters used scripts to prdatienver
instructions throughout the experiment (e.g., Appendix A and Appendix B). Details about
the materials mentioned above are provided in the sections below.
Research Assistant Training

The primary experimenter trained the research assistants to helgsionseind

measure the demonstration variable using a digital protractor (see thedBep¥ariable
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section for further detail). Throughout the study the research assistptkept blind to
the various factors and hypotheses, thereby reducing the probability of biasdiiang
collection.
Design and Group Assignment

The study used a 2 x 2 between-groups factorial design (LegoposiBimilarity)
to assess four experimental groups: (a) at-risk stimuli in a leg fdpessition and
greater similarity to the safe stimuli; (b) at-risk stimuli in @ ferward position and
lesser similarity to the safe stimuli; (c) at-risk stimuli in @ beckward position and
greater similarity to the safe stimuli; and (d) at-risk stimuli iagadackward position and
lesser similarity to the safe stimuli. Additionally, the study used a noereliffial
stimulus (ND) training group of participants that were trained using onlystaiali. All
groups were exposed to the same safe stimuli. The participants were assigneoft
the five groups using randomized blocks of five based on their chronological order of
participation.
Dependent Variables: Definitions, Descriptions, and Measurements

Generalization The generalization assessment presented stimuli (i.e., pictures),
one per trial, showing a person sitting on a chair in front of a computer deskirile s
consisted of pictures of the person’s right lower leg varying in position oveigataan
range of 27-165 degrees (90 degrees was a vertical lower leg positiany her
assessment, the participants were instructed to classify each stisishmsaang “safe”
or “at-risk” leg behavior. The participants were not given feedback during the

generalization assessment.
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The dependent measure was the number of stimuli correctly classfsafe or
at risk. The safe stimulus class was leg angles from 80-100 degreée atdaisk
stimulus classes were leg angles from 27-79 and 101-165 degrees (safe nd at-ri
angular ranges were derived from information presented in OSHA, 2009). Shatuli
represented each safe angular value were presented in one degree isatlenrenthe
assessment. The at-risk stimuli were presented in odd numbered two degreenitscreme
during the assessment. Because fatigue was a concern, not all at-risk aalygs were
used during the assessment. Appendix C illustrates the safe and at-ris& ofestsmuli.
The effect ofLeg Anglewithin each stimulus class was analyzed in the results section.

The 81 assessment stimuli, 21 safe and 60 at risk, each presented three times
totaling 243 trials during the assessment. The 243 assessment triapgeserded in
non-repeated randomized blocks of 81. The first, second, and third blocks of 81 stimuli
were presented to all participants in the same order (i.e., AssessmemtaDAleB, and
C, respectively. The effect of thessessment Ordes analyzed in the results section.

The operational definition presented to participants for safe lower leg behavior
stated that “lower legs are positioned anywhere between somewhat fondard a
somewhat backward (ignore the feet).” The operational definition of alersi leg
behavior presented to participants stated that “lower legs are positioned salbgtanti
forward or substantially backward (ignore the feet).”

DemonstrationParticipants were instructed to demonstrate the limits of safe
lower leg behavior. More specifically, the participants were inscuttd show the
experimenter the farthest that he or she could move their right leg forward &madhihc

while ensuring that it remains “safe.” The participants were not giagrieedback
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throughout the demonstration assessment. The left leg was not used becausédhe loc
of the furniture within the setting obstructed the camera view. Pictutbege participant’s
forward and backward lower leg positions were recorded by a cameraeanudaisured
using a digital protractor. The dependent measure was the angle insdafgteeright
lower leg in the forward and backward position. More specifically, the uneass
calculated as the number of degrees performed above or below the limitslefjsafe
behavior, which is referred to as over or under-extension.

The order of demonstration of the lower leg response was either sequeage |
leg forward and then backward) or Il (i.e., leg backward and then forwardyiftarts
within each group were assigned in randomized blocks of two to sequence | or Il. The
experimenter read a script that instructed the participants to engage pptbpreate
sequence (e.g., see Appendix B). Prior to each forward or backward demomstingti
participant started from a 90 degree leg position (a vertical and neutitadro&ll
participants engaged in their assigned demonstration sequence (i.e., ABEEXSIag
three times (i.e., 3 forward and 3 backward positions) to assess consistdrey of t
behavior.

Reliability of Dependent Variables

Two independent observers measured 30% (i.e., measured/total n = 36/120) of the
generalization data collection sheets in Experiment 1. The 36 of 120 geateraldata
collection sheets (each participant had one generalization data collecetyvetre
randomly selected for reliability measures. Each data collection stte2#Barials,
therefore there were 8748 total trials assessed for reliability otddgation. An

agreement between observers was defined as both persons identifyingsaadoakct or
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incorrect. The percentage of interobserver agreement was calculateddoygdikie
agreements by the total agreements plus disagreements, and then multiplddy b
The scoring of trials on the data collection sheets was 99.98% in agreememias of t
agreement/total = 8746/8748). All generalization and demonstration data weratedlcul
using point by point reliability for safe and at risk data.

Two independent observers measured 100% of the pictures within the
demonstration variable for each participant. The pictures taken of all ltkfgaents
were measured for reliability and each participant had 6 pictures, treer@ortotal
pictures were assessed for reliability of data collection. An agreerlegt angle
measure between observers was defined as a difference of two dedesss Tine
observers disagreed upon 37 pictures and therefore agreed upon measures for 94.86% of
the pictures (n of pictures in agreement/total = 683/720). The observers reedehsur
37 disagreed upon pictures, which did not include retraining or any novel instructions,
due to an initial disagreement. Following the re-measure all observationd 9@ in
agreement (n of pictures in agreement/total = 720/720).
I ndependent Variables: Factorsand Levels

Through DT, the study manipulated two factaigjilarity andleg position
between groups. The two levels of similarfjyeaterandlesser,were the angular
separation between the person’s safe and at-risk leg position. Thik stitriuli were
trained in thdorward or backwardlevels of right leg position. The trained and untrained
at-risk stimulus classes were determined by whether the at-nisldistvere presented in
the forward or backward levels. The trained at-risk class was the lemppdsitel, either

forward or backward, where the at-risk stimuli were presented. The untraingkl @dass
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was the leg position level, either forward or backward, where the untraine#t at-ri
stimuli werenot presented. For example, if the trained at-risk stimuli were presented in
the forward position, then the 101-165 degrees were considered the trained asssk cl
and the stimuli in the backward position, 27-79 degrees, were considered the untrained
at-risk class.

The safe stimuli used during training were held constant, across all gab8ps,
and 100 degrees. The at-risk stimuli were also represented by two stirhudi kaige of
4 degrees. The greater and lesser similarity between the sadérsidtraining stimuli
were defined as a 4 and 34 degree separation along the angular dimesgentivedly.
The participants were assigned to the following groups (Appendix D showsiiee ilcit
conveys the levels within each factor):

1. At-risk stimuli showed the leg in the forward position and had a greateasimil
4 degree separation, to the safe leg stimuli. The at-risk angular valtee$0&e
and 109 (range = 4 degrees).

2. At-risk stimuli showed the leg in the forward position and had a lesser stilari
34 degree separation, to the safe leg stimuli. The at-risk angular valwe$3ser
and 139 (range = 4 degrees).

3. At-risk stimuli showed the leg in the backward position and had a greater
similarity, 4 degree separation, to the safe leg stimuli. Thelagnigular values
were 71 and 75 (range = 4 degrees).

4. At-risk stimuli showed the leg in the backward position and had & leisskarity,
34 degree separation, to the safe leg stimuli. The at-risk angular valwedwver

and 45 (range = 4 degrees).
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5. Non-differential stimulus (ND) training: only safe leg stimuli ev@resented

during training.

There were four components (i.e., instructions, modeling, practice, and feedback)
within the DT. During both the model and practice components the participants were
exposed to 32 safe stimuli and 8 at-risk stimuli (40 trials per component). The purpose of
the unequal relative frequency was to allow for a comparison to Experiment 2aféhe
and at-risk classes of stimuli were each represented by two trainueg\fal all groups.

I ntegrity of the I ndependent Variables

During Experiment 1, 25% (i.e., n of measured/total = 30/120) of the sessions had
two researchers present to collect integrity measures of correct igrgkgion of the
procedures. An agreement between observers was defined as both persons identifying a
procedure as being correctly implemented. The researchers monitoredrédot c
implementation of scripts for participant instructions (e.g., see Appendix A ppehalix
B), PowerPoint training for the respective condition, and participant datatmmilsbeet
for the respective condition. The researchers agreed on correct impleomeottéhe four
procedures for 100% of the sampled sessions.

Furthermore, two independent observers verified that the material within all
PowerPoint presentations was 100% correct to ensure the correct stindelys or
formatting, and duration. The PowerPoints were “read only” files to preveidieatal
changes throughout running of the experiment.

Finally, the leg angles in picture stimuli used throughout training and
generalization assessment were measured by two independent obseh/&B0%

agreement. The picture stimuli were all agreed to be within the 0.5 degteesrcof
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the target leg angle for any one picture stimulus. Any initial desagents between the
two observers were re-measured and if an agreement was not reached, dnsagteed
upon stimuli were modified and then measured for integrity.
Procedure

Prior to starting the automated PowerPoint, the experimenter read the iossuct
verbatim from Appendix A to each participant. All groups were exposed to the ifadjjow
training components and generalization procedure through a PowerPoint pi@senta
The dependent variables were measured during testing procedures follosviregriing
components. The order of testing was the generalization procedure followresl by
demonstration procedure. Within the training components, the ND trairong wras
exposed to only safe information and stimuli.

1. Instructions: participants were provided with the written operatidei@hitions of
safe and at-risk lower leg behavior prior to and throughout the following training
components and generalization procedure.

2. Modeling: participants were shown picture stimuli of the person’s leg b@havi
that were identified as both safe and at risk. The person’s body was shimn
view with a similar position throughout all pictures, except for the angle
manipulation of the lower leg behavior. The leg angle manipulation varied
according to the group assignment. Each stimulus trial was for a duration of 5 s
and was presented consecutively without an inter-stimulus interval (I1SI).

During the modeling component, training stimuli from each of the safe
and at-risk stimulus classes were presented separately from each other. The

presentation order of the stimulus classes within the modeling component were
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counterbalanced within each group, in randomized blocks of two. The two stimuli
within each class were assigned to an order in randomized blocks of two.
Practice: the participants viewed the same picture stimuli shown duodelimg,

yet in a different sequence, and were instructed to classify them ag safisk.

Prior to classifying the stimuli, the participants were provided with tri@ da
collection training. The participants were instructed to use a data millsbieet

to classify the stimuli as safe or at risk by circling an “S” or "ARRspectively.

Each stimulus trial duration was 5 s, and trials were presented consecutively
without an inter-stimulus interval (1SI).

A symbolic-matching to sample procedure was used during this practice
component (e.g., S or AR on the data collection sheet was matched with & specifi
topography of the leg response). The extra-stimulus prompt (word “safat or *
risk” next to the picture) used during the modeling component was no longer
presented during the practice component. During the practice component, the safe
and at-risk classes were presented together. The 32 safe and 8 atnsknstre
assigned in randomized blocks, four safe stimuli and one at-risk stimulus per
block.

Feedback: after classifying all stimuli in the practice component, ttieipants’
accuracy of practice responses was conveyed to them by re-shoslingieare
(same order) and along with the correct classification (i.e., safaiskatThe
participants were instructed to compare their responses on the data collection
sheets to the answers presented in the PowerPoint slideshow. They were

instructed to highlight all correct answers on the data collection sheet-etibas a



31

as a measure of their understanding of the feedback. Each feedback slida durat
was 8 s, and was presented consecutively without an ISI.
5. Generalization assessment: participants’ generalization wases$ali®wving
the aforementioned training components. The assessment procedure waal identic
to the practice component.
6. Demonstration assessment: the participants demonstrated thefisafe lower
leg behavior. Appendix B was used as verbatim instructions during this testing
procedure.
Human Subjects Review
The Queens College Human Subjects Institutional Review Board (IRB) approved
this study. Prior to each session, all participants gave consent to ptatinigias study

by signing a consent form approved by the IRB.



32

Results
Generalization: Similarity, Leg Position, and Assessment Order Factors

Statistical analyses were used to determine the extent of thetb&esimilarity,
leg position, and assessment order factors had on each of the three classadiof
trained at risk, untrained at risk, and safe. The dependent variable used in tiheabtatis
analyses was the number of trials correctly classified within eash of stimuli,
collapsed across the leg angle factor. The at-risk stimuli rangeddre¥e79 and 101-
165 degrees during the generalization assessment; however, only data stiglelsi2 &
79 and 101-153 degrees (i.e., 27 data points or 53 degrees per class) were used during all
statistical analyses. The data sets from the at-risk classesnaele to be of equal size
during the analyses so that the classes could be collapsed across leggyositio

Performance within each class of stimuli was assessed by usinga2 x2 x 3
(Similarity x Leg Position x Assessment Order) mixed factorldOVA of the number
of trials correctly classified. The similarity and leg positioneveetween groups
variables. Assessment order (p. 24 has a description) was a within-subgdalevdior
the Experiment 1 generalization assessment, see Table 1 for the group meanafum
trials correct and Table 2 for a summary of the ANOVAs.

Figure 3 shows the percentage of trials classified as safe across amglies in
degrees as a function of training with at-risks stimuli in thédegard position for each
of the similarity groups. Figure 4 shows the percentage of trialsfetalsas safe across
the leg angles in degrees as a function of training with at-risks stmtbk leg
backwardposition for each of the similarity groups. The following subsections ignore the

leg angle factor, therefore Figures 5-7 better represent theisshsalyses within this
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section (the analyses that use the leg angle factor are provided3artbealization:
Discrimination Versus Non-differential Stimulus Training, Type of Trainibgg<Angle
section, p. 35). The aforementioned figures and tables will be referred to in the
appropriate result sections below.

Trained at-risk classFigure 5 shows the percentage of trained at-risk stimuli
classified correctly according to the levels within the similarity aggtesition factors.
There was a main effect of similarity on the correct classificadf the trained at-risk
stimuli (Table 1 shows the group mean number of trials correct and Table 2 shows a
summary of the ANOVA). Participants correctly classified the tcasterisk stimuli
significantly more frequently when trained with a greater sintyldhian a lesser
similarity.

There was also a main effect of leg position for the correct classificaftthe
trained at-risk stimuli. Participants’ level of correct clasatimn of trained at-risk stimuli
was significantly greater when trained in the leg forward position thdeileg
backward position. There was a significant interaction effect of similaittythe leg
position for correct classification of the trained at-risk stimuli. Tifeceon correct
classification of the trained at-risk stimuli was greater in the forwarg@adsition level
over the backward leg position level, for the lesser similarity level rétharthe greater
similarity level.

There was a main effect of assessment order for the correct classifufathe
trained at-risk stimuli. The LSD post-hoc test showed that the partisipkastsified the
trained at-risk stimuli significantly more correctly during the fiestthan the second and

third sets.
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Untrained at-risk classFigure 6 illustrates the percentage of untrained at-risk
stimuli classified correctly according to the levels within thelanity and leg position
factors. There was no effect of similarity for the correct clasgibn of the untrained at-
risk stimuli (Table 1 shows the group mean number of trials correct and Table 2 shows a
summary of the ANOVA). There was a main effect of leg position for theatorre
classification of the untrained at-risk stimuli. Participants’ clasgibn of untrained at-
risk stimuli was significantly greater when the untrained at rislsclass the leg
extended in the forward position than the backward position.

There was a main effect of assessment order for the correct classifufathe
untrained at-risk stimuli. According to the LSD post-hoc test, the partisigtassified
the untrained at-risk stimuli correctly at a significantly higleeel during the first set
than the second and third sets. There was a significant interaction effecpotigon
with the assessment order for correct classification of the untraimestk atimuli. The
effect on correct classification of the untrained at-risk stimuli weaatgr in the first
assessment set over the second and third sets, for the forward position ratter than t
backward position.

Safe classThe percentages of safe stimuli classified correctly according to the
levels within the similarity and leg position factors are shown in Figuréérelwas no
significant effect of similarity or leg position on the level of cotrdassification of the
safe stimuli (Table 1 shows the group mean number of trials correct and Table Zashows
summary of the ANOVA). There was no significant effect of assasisonder for the

correct classification of the safe stimuli.
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Generalization: Discrimination Versus Non-differential Stimulus Training, Type of
Training and Leg Angle

The DT groups and ND training group were compared to each other by using a 3
x 27 or 3 x 21 (Type of Training x Leg Angle) mixed factorial ANOVA facle class of
stimuli (i.e., trained at risk, untrained at risk, and safe). The dependent variabla use
the statistical analyses was the percentage of trials corre@byfidd for each leg angle
within each class of stimuli. Thgpe of trainingvariable (i.e., greater similarity, lesser
similarity, and ND training) was manipulated between groups. Lelg avas a within-
subject variable that had 27 levels in the trained and untrained at-risk class2$, a
levels in the safe class. The first set of three ANOVAs was a casopast the similarity
groups who, were trained with at-risk stimuli in the leg forward position Greyp 1
and Group 2), and the ND training group. The second set of three ANOVAs was a
comparison of the similarity groups, who were trained with at-risk stimdfie leg
backward position (i.e., Group 3 and Group 4), and the ND training group.

When a type of training x leg angle ANOVA revealed an interaction, tieen t
levels of leg angle were split into two ranges in order to parse the irdara@ne way
ANOVAs were used to show the significant differences between the typarohty
levels within limited ranges of the leg angle factor. The forward legiposit-risk class
was split into degree ranges (a) 101-125, and (b) 127-153. The backward leg position at-
risk class was split into degree ranges (a) 27-53, and (b) 55-79. For those who were
trained with at-risk stimuli in the forward leg position, the safe class Wiaesp degree
ranges (a) 80-90, and (b) 91-100. The safe class was split into degree rangé&®(a) 80

and (b) 90-100, for those who were trained with at-risk stimuli in the backward leg
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position. The levels within the type of training factor were compared Usikgy’'s HSD

as the post-hoc test. A post-hoc test was not used to compare the levels wittgn the le
angle factor due to the lack of useful information for the occupational dizfety
Determining which leg angle levels (i.e., degrees) significantly diféen each other is
not the emphasis of the current study.

During the following analyses the leg position factor was not collapsed because
the ND training group would not represent independent samples while the DT groups
would represent independent samples. Therefore, owing to the independent Eamples
test assumption of independent measures, the two forward leg position DT groups were
compared to the ND training group separately from the two backward legppd3it
groups. Additionally, the assessment order factor was collapsed within theifhgjl
analyses.

Figure 3 shows the percentage of trials classified as safe acrossdhglegin
degrees as a function of training with at-risks stimuli in thédegard position for each
of the similarity groups. Table 3 shows the groups’ mean percentagdsttnieect and
Table 4 provides a summary of the ANOVAs in ag forward positiorievel for each
stimulus class. Figure 4 shows the percentage of trials classifiefit @cs#ss the leg
angles in degrees as a function of training with at-risks stimuli in tHealdgvard
position for each of the similarity groups. Table 5 presents the group meantpgecof
trials correct and Table 6 displays a summary of the ANOVAs itethbackward
positionlevel for each stimulus class. The aforementioned figures and tables will be

referred to in the appropriate result sections below.
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Group 1 and group 2 forward trained at-risk classes versus non-differential
stimulus training.There was a main effect of type of training for the correct classuircat
of the trained at-risk stimuli (Figure 5 conveys the type of training meffect, Table 3
shows the group mean percentage of trials correct, and Table 4 shows a summary of the
ANOVA). According to the post-hoc test, the participants who were in eithgréager
or lesser similarity groups, and trained with forward position at-riskusit correctly
classified the stimuli significantly more often than did the ND traigrayp.

Additionally, the post-hoc test showed that the group trained in the greatiarity
stimulus level correctly classified the trained at-risk stimuli inléigeforward position
significantly more often than did the group trained in the lesser simitdmulus level.
Finally, there was a main effect of leg angle and type of training arlglg interaction
(Figure 3 shows the type of training x leg angle interaction).

Group 1 and group 2 versus non-differential stimulus training for backward
untrained at-risk classe3he statistical analysis did not yield a significant main effect
for the type of training factor within the untrained at-risk class of stirkidufe 6
conveys the lack of type of training main effect, Table 3 shows the group mean
percentage of trials correct, and Table 4 shows a summary of the ANOVA); hpweve
there was a main effect of leg angle and an interaction of type of traiteggaxgle
(Figure 3 shows the type of training x leg angle interaction). The levimthe type of
training factor were compared across the 27-53 degree range and the pest-hoc t
showed that participants trained in the greater similarity levedcibyrclassified the
untrained at-risk stimuli significantly more often than the ND trainirogigr None of the

type of training levels classified the untrained at-risk stimuli sicamtly different from
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each other within the 55-79 degree range. This pattern of results indicategen ste
generalization gradient for the greater similarity group than for the Rpgr

Group 1 and group 2 safe classes versus non-differential stimulus traliiage
was no main effect of type of training or leg angle, or an interactigrpefdf training x
leg angle for the correct classification of the safe stimugjufeé 7 conveys the lack of
type of training main effect, Figure 3 shows the lack of type of trainieg ahgle
interaction, Table 3 shows the group mean percentage of trials correct, and TaiMes 4 s
a summary of the ANOVA).

Group 3 and group 4 backward trained at-risk classes versus non-differential
stimulus training.There was a main effect of type of training for the correct classuircat
of the trained at-risk stimuli (Figure 5 conveys the type of training méantefrable 5
shows the group mean percentage of trials correct, and Table 6 shows a summary of the
ANOVA). According to the post-hoc test, the participants trained with backpasition
at-risk stimuli at the greater similarity level correctly sliéied the trained at-risk stimuli
significantly more often than did the lesser similarity and ND traigiogips.

Additionally, there was a main effect of leg angle and a type of trainieg arigle
interaction (Figure 4 shows the type of training x leg angle intergciThe post-hoc test
revealed that the lesser similarity group correctly clasksthe trained at-risk stimuli
significantly more often than the ND training group in the 27-53 degree raogeyer,
there was no significant difference in the 55-79 degree range. This pattesultd

indicates a steeper generalization gradient for the lesséarsiyngroup than for the ND

group.
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Group 3 and group 4 versus non-differential stimulus training for forward
untrained at-risk classe3he statistical analysis did not yield a significant main effect
for the type of training factor within the untrained at-risk class of stirhalvever, there
was a main effect of leg angle and an interaction of type of trainieg arigle (Figure 6
conveys the lack of type of training main effect, Figure 4 shows the typeroh¢rai leg
angle interaction, Table 5 shows the group mean percentage of trials correcthlensl Ta
shows a summary of the ANOVA). The post-hoc test showed that the participaras tr
in the greater similarity group correctly classified the untrainedlistimuli
significantly more often than the ND training group, in the 101-125 degree rEnge
was no significant differences between the type of training levels iotwvard position
untrained at-risk stimuli in the 127-153 degree range. This pattern of result$eadica
steeper generalization gradient for the greater similarity grougahéme ND group.

Group 3 and group 4 safe classes versus non-differential stimulus trairhege
was no main effect of type of training or leg angle for the corredifitzstion of the safe
stimuli; however, there was a type of training x leg angle interactigur@i7 conveys
the measures for type of training main effect, Figure 4 shows the typenoidra leg
angle interaction, Table 5 shows the group mean percentage of trials correcthlensl Ta
shows a summary of the ANOVA). According to the post-hoc test, the |esskarisy
group correctly classified the safe stimuli significantly morerothan the greater
similarity group, in the 90-100 degree range. The participants in the typenaigrai
levels did not classify the safe stimuli significantly different in the88@legree range.
This pattern of results indicates a steeper generalization gradiem fgwreiater similarity

group than for the lesser similarity group.
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Demonstration: Similarity, Leg Position, and Assessment Order Factors

Statistical analyses were used to determine the nature of the leffiesinilarity,
leg position, and assessment order factors had on demonstration of each of the two
directions of leg extension (i.e., trained at-risk direction and untrained at-esitioin).
The number of degrees the leg was extended from the limits of safe letpbéha, 80
and 100 degrees) was the dependent variable used in the statistical analyses. Eac
direction of leg extension was assessed by using a 2 x 2 x 3 (Similaety Rosition x
Assessment Order) mixed factorial ANOVA. The similarity and legtiposvariables
were measured between groups. Assessment order (p. 25 has a descriptéowjthias
subject variable. For the Experiment 1 demonstration assessment, Table 7h&hows t
groups’ mean degree of leg extension and Table 8 presents a summary oOMA#AN
The aforementioned tables will be referred to in the appropriate result sectmns be

Prior to all statistical analyses for the demonstration variable, ouilenes
identified and removed from the data sets because they could have a suleftaatiah
the type | and type Il error rate during statistical analysesc@/il2001). Wilcox (2001)
recommended that outliers be identified by using the boxplot method. The method
determined the interquartile range (i.e., range betwdamd 3 quartile limits) and then
multiplied it by 1.5. The product was subtracted from thguartile limit and added to
the 3% quartile limit. Any data points within a data set that were beyond those two values
were considered as outliers and then removed from the data set prior teatatist
analyses.

The method used to identify outliers was applied within each of the four

experimental groups and across all levels of assessment order. Foregxampiethod
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was applied to group 1 (i.e., greater similarity/leg forward group) andsell three
assessment order levels for the trained at-risk direction (i.e., forwadd éetjon).
Therefore, the outlier method was applied to eight different data sets éxpedmental
groups x 2 directions of leg extension). Overall, the outlier method surveyed 72
observations per application (i.e., 24 participants x 3 leg extensions). Auecsiglit
applications of the outlier method, 3.47% (i.e., 20/576) of data points were identified as
outliers and subsequently removed.

Trained at-risk directionFigure 8 displays the mean number of degrees the leg
was extended in the trained at-risk direction, from to the safe limits otleaylor, as a
function of the levels in the similarity and leg position factors. The statisthalysis
showed a main effect of similarity for the leg extension behavior (Table Bghew
group mean degree of leg extension and Table 8 shows a summary of the ANOVA).
Participants trained in the lesser similarity level over-extendedléuesignificantly
further beyond the safe limits, in the trained at-risk direction, than thosedria the
greater similarity level. There was no main effect of leg positionswsasnent order;
however, there was a significant interaction of leg position x assessmenfoorleer
extension behavior in the trained at-risk direction. Over-extension of leg behagor w
greater in the first extension assessment order over the second aedttémsions, for
the backward position.

Untrainedat-risk direction Figure 9 presents mean number of degrees the leg
was extended in the untrained at-risk direction, from the safe limits of behavior
according to the levels in the similarity and leg position factors. Thasene main effect

of similarity or leg position for the leg extension behavior in the untrainadkat-r
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direction (Table 7 shows the group mean degree of leg extension and Table 8 shows a
summary of the ANOVA). Nevertheless, there was a significant maict effe

assessment order for leg extension behavior in the untrained at-risk dirébeooSD
post-hoc test showed that the participants extended their leg signifitatitigr beyond

the limits of safe behavior, in the untrained at-risk direction, for the fireheidn
assessment when compared to the second extension assessment.

Demonstration: Discrimination Versus Non-differential Stimulus Training, Type of
Training and Assessment Order

Statistical analyses were used to evaluate performance diffetsgteesen four
experimental groups and the ND training group along each of the two leg ertensi
directions (i.e., trained at-risk direction and untrained at-risk directiom)fdtr
experimental groups were individually compared to the ND training group, radrer t
collapsing the leg position factor.

The dependent variable used in the statistical analyses was the numbeee$ degr
the leg was extended from the limits of safe leg behavior (i.e., 80 and 100s)eGeaxh
direction of leg extension was assessed by using a 3 x 3 (Type of Trainingssigent
Order) mixed factorial ANOVA. The type of training variable (i.e.afee similarity,
lesser similarity, and ND training) was measured between grogpsssment order was
a within-subject variable.

The first set of two ANOVAs was a comparison of the similarity grauips
were trained with at-risk stimuli in the leg forward position (i.e., Grband Group 2) to
the ND training group. Table 9 shows the groups’ mean degree of leg extam$ion a

Table 10 presents a summary of the first set of two mixed factoriaNA¥$OThe second
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set of two ANOVAs was a comparison of the similarity groups who werettavith at-
risk stimuli in the leg backward position (i.e., Group 3 and Group 4) to the NDniyaini
group. Table 11 displays the groups’ mean degree of leg extension and Table 12 provides
a summary of the second set of two mixed factorial ANOVAs. The aforemedttables
will be referred to in the appropriate result sections below.

The statistical analyses described below are intended for a compariken of t
similarity groups to the ND training group, not a comparison of the simgilanels to
each other. The similarity groups were compared in the previous section (the
Demonstration: Similarity, Leg Position, and Assessment Order Fas¢ot®n on p. 40).
Tukey's HSD was used as the post-hoc test to compare the similarity grob@s\ib t
training group. Finally, the statistical analyses were not intended to tvaksessment
order because that factor, except for the ND training level, was aldesmssed within
the preceding section (tfemonstrationSimilarity, Leg Position, and Assessment
Order Factorssection on p. 40).

Prior to all statistical analyses for the demonstration variable, ouklenes
identified and removed from the data sets. For further information about the method used
to identify outliers, see thBemonstration: Similarity, Leg Position, and Assessment
Order Factorssection on p. 40. The outlier method was applied 10 different data sets (i.e.,
4 experimental groups + 1 ND training group x 2 directions of leg extension).llQvera
the outlier method surveyed 72 observations per application (i.e., 24 participants x 3 leg
extensions). Across the 10 applications of the outlier method, 3.33% (i.e., 24/720) of data

points were identified as outliers and subsequently removed.
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Group 1 and group 2 forward trained at-risk direction versus non-differential
stimulus training Figure 8 shows the mean number of degrees the leg was extended in
the trained at-risk direction, from the safe limits of leg behavior, anduesctaon of the
levels within the type of training factor. The statistical analystsved a main effect of
type of training for the leg extension behavior (Table 9 shows the groups’ mean degree of
leg extension and Table 10 shows a summary of the ANOVA). The post-hoc testdeveal
that the participants trained in the ND training group over-extendedelgesignificantly
further beyond the safe limit, in the trained at-risk direction, than did thesgreat
similarity group. The lesser similarity group when compared to the Nidrtgagroup did
not perform significantly different from each other for leg extension behavibein t
trained at-risk direction.

Group 1 and group 2 backward untrained at-risk direction versus non-differential
stimulus trainingFigure 9 presents the mean number of degrees the leg was extended in
the untrained at-risk direction, from the safe limits of leg behavior, as tadud the
levels within the type of training factor. The statistical analysis didietgct a
significant main effect for the type of training factor for the untrainedsk leg
extension direction (Table 9 shows the groups’ mean degree of leg extension and Table
10 shows a summary of the ANOVA). In other words, the participants trained in either
the greater similarity or lesser similarity groups did not extend lggesignificantly
different from the ND training group in the backward untrained at-risk dorecti

Group 3 and group 4 backward trained at-risk direction versus non-differential
stimulus training Figure 8 shows the mean number of degrees the leg was extended in

the trained at-risk direction, from the safe limits of leg behavior, anduesctaon of the
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levels within the type of training factor. The greater and lesselasityigroups, when
compared to the ND training group, did not perform significantly different frach e
other for leg extension behavior in the backward trained at-risk direction (Thisleows
the groups’ mean degree of leg extension and Table 12 shows a summary of the
ANOVA).

Group 3 and group 4 forward untrained at-risk direction versus non-differential
stimulus trainingFigure 9 presents the mean number of degrees the leg was extended in
the untrained at-risk direction from the safe limits of leg behavior, as adomd the
levels within the type of training factor. The statistical analysieatiet! a significant
main effect for the type of training factor for the untrained at-rislel¢gnsion (Table 11
shows the groups’ mean degree of leg extension and Table 12 shows a summary of the
ANOVA). According to the post-hoc test, the participants trained in ther&lbirig
group extended their leg significantly further beyond the limit of Bafavior in the
forward untrained at-risk direction when compared to the greater stsng@oup. The
lesser similarity group when compared to the ND training group did not perform
significantly different from each other for leg extension behavior in thveafar untrained

at-risk direction.
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Discussion

The discussion section for Experiment 1 (a) describes an interpretation of the
effects of the factors on the generalization and demonstration data, (b) lists
strengths/limitations, and (c) provides a summary of the findings.

Generalization

The greater stimulus similarity training had a significant effebgmcompared to
lesser stimulus similarity training, on the correct classificaticth@trained at-risk
stimuli. The greater and lesser similarity training groups, in the foramabackward
positions, correctly classified a greater percentage of traingskagtimuli than the ND
training group. The greater similarity of S+ and S- training showed act effecorrect
classification when compared to lesser similarity, which supportsquevesearch
(Baron, 1973; Derenne, 2006; Hanson, 1959). Additionally, the greater effect of DT (i.e.,
both S+ and S- training) when compared to ND training (i.e., S+ only), showed findings
aligned with previous basic and applied research (Hanson, 1959; Jenkins & Harrison,
1960; Lyons, & Thomas, 1967; Switalski, Lyons & Thomas, 1966; Taylor, Olvina, &
Alvero, 2008; Tomie et al., 1975).

The greater similarity stimulus training group, in the forward or backward
positions, correctly classified significantly more untrained at-riskudt than the ND
training group. The lesser similarity stimulus training group andnsidihg groups did
not perform significantly different from each other across the untraineskatlasses.

The finding in the current study that suggest that DT with greater stimuoluargy
training yielded a sharper generalization gradient than did ND tramitng untrained S-

stimulus class, in the opposite direction of the trained S-, has been shown in the animal
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literature (e.g., Jenkins & Harrison, 1960), but not the occupational safetyuligerat
could be argued that the effect of the trained S- class dieedrto the untrained S- class.

Only the greater similarity group trained with at-risk stimuli in thekbaecd
position classified the safe stimuli significantly different from the thidning group.

The ND training groups correctly classified the safe stimuli samtly more often than
the greater similarity stimulus training group, in the 90-100 degreg r&ounter
intuitively, the difference between the greater similarity and ND trgigroups was in
the 90-100 safe degree range, which is the side of the safe class opposite fi@méd
at-risk stimuli. The difference between the greater similamy ND training groups in
the 90-100 degree range could be explained by differing discriminability dlerdgegree
continuum.

The main effect of leg position within the 2 x 2 (Similarity x Leg Positt
Assessment Order) ANOVA showed that either (a) the stimuli were natyequa
discriminable across the forward and backward positions, or (b) the differantg of
values in the forward (i.e., 101-165 degrees) and backward (i.e., 27-79 degrees) positions
could have affected the distribution of safe and at risk classification resp@isemas et
al., 1991).

The main effect of assessment order in the trained and untrained atssdscla
shows that the stimuli were classified significantly more correct dtnmgarlier
assessment sets than the later assessment sets. The assessmerttingdesdld be

explained through repeated testing under extinction (Jenkins & Harrison, 1960).
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Demonstration

The participants trained with the lesser similarity level extetigieid leg
significantly further beyond the limits of safe behavior, when compared to thergrea
similarity level, in the trained at-risk direction. The greater siitylgroups also
performed significantly more accurately than the ND training groulparidrward
trained at-risk direction, and exhibited a difference that approached s in the
backward trained at-risk direction. The lesser similarity groups @alNEhtraining
group did not perform differently from each other in either the forward or backward
trained at-risk directions. Through a literature review, no research wasiétethat had
shown different effects between greater and lesser similarity ah8-6- training on
differentiation. The findings in the current study support previous researdorTay
Olvina, & Alvero, 2008) by showing different effects between DT and ND on
differentiation in a trained response class.

The greater similarity group performed significantly closer to the lfingafe
behavior than did the ND training group in the forward untrained at-risk dined¢tut not
in the backward direction. The lesser similarity groups and the NDrtgagmoup did not
differ from each other in either the forward or backward untrained at-risitidims. No
difference was observed between the greater and lesser synh@aeils within the
untrained at-risk direction. The findings show that the difference betweemotieeand
lesser similarity levels within the trained at-risk direction did revtegalize to the
untrained at-risk direction; however, the difference between the great@risynand ND

training in the trained at-risk direction did generalize to the forward untrairresk at
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direction. Through a literature review, no research was identified that slibfferdnt
effects between DT and ND training on differentiation in an untrained resplasse

On the one hand, the findings across the generalization and demonstration
variables were similarly aligned within the similarity factor &vs. ND training,
thereby suggesting that the independent variables had a similar effe¢chahebo
generalization and demonstration variables. On the other hand, there was noextin eff
of leg position within the demonstration variable and therefore is inconsistartheit
effect of leg position found within the generalization variable. A posskgkaeation for
the different effects of the leg factor is that the learning processtesrttierlie each of
the dependent variables were not equally affected by the training.

The main effect of assessment order in the trained and untrained at-risloisrec
shows that leg extensions were significantly more correct during drealsgessment sets
than the earlier assessment set. The assessment order finding could becxmplaugh
the lesser at-risk (i.e., more correct) leg extensions requiring a reaimoaoht of
response effort than the greater at-risk (i.e., less correct) leg iexigns
Strengths and Limitations of the Study

StrengthsThe current study showed the effect of similarity within the
generalization and demonstration assessments along a dimension thatlis soc
important in the occupational safety field. The effect also held up across legnsos
(i.e., various places along the continuum) and two different dependent variablee that a
both important within occupational safety. Finally, the greater simileohgition was

more effective than the lesser similarity condition and ND training in that
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generalization and demonstration assessments. Despite the aforendesttiengths,
there are also limitations to the current study.

Limitations.It should be noted that a likely reason for the data from the greater
similarity group only approaching significance when compared to the datatie ND
training group in the backward trained at-risk direction could have been because of the
smaller number of participants in the training group x leg angle asalgkive to the
similarity x leg position x assessment order analyses. The simidatyposition x
assessment order analyses had 48 participants per level, but the individual @ongfaris
each of the four similarity groups to the ND training group (i.e., trainingmx leg
angle analyses) reduced the analyses to using only 24 participants per groep. Low
power owing to the fewer participants likely contributed to the greatelasitypigroup
only approaching significance when compared to the ND training group in the lvdckwa
trained at-risk direction. The splitting up of the similarity groups for apasigon to the
ND training group was necessary because of an assumption of independencthevithin
independent samples ANOVA. The independence assumption would not have been an
issue if there would have been twice as many participants run in the ND trgiainy
and then using half of the participants’ data in the forward position and the other half of
participants’ data in the backward condition, which would have equated the number of
independent samples across the similarity levels. The advantage of consaahnf the
four similarity groups to the ND training group was the increased atjplicof the
phenomenon, which held up for the most part across both dependent variables and all

greater similarity groups.
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Experiment 1 Summary

There were two main purposes of Experiment 1: (a) comparison of DT and ND
training, and (b) within DT, an examination of the role of stimulus similarkpeEment
1 expanded upon basic research and similar bridge research by Taylor et alb{2008)
showing an increase of stimulus control and differentiation through the use of DT (i.e.,
S+ and S-), in comparison with ND training, in both trained and untrained
stimulus/response classes. Experiment 1 expanded upon basic DT resealacwtibet s
an effect of training stimulus similarity. Most of the previous research deratetsthat
increasing the similarity of S+ and S- increased stimulus control througlosteomes
as an increase of correct stimulus classification and/or a sharpéingggeneralization
gradient. The results from Experiment 1 further support such findings and brgige ba
research with applied research by demonstrating the effect of stisiniilsrity in the
context of occupational safety. The current study also expanded upon basic stimulus
similarity research by measuring the effect on differentiation. Thétseshowed that
greater similarity of S+ and S- stimuli increased the participanterdiitiation (i.e.,
correct approximation) of the limits of safe behavior, when compared to lagsdust
similarity training. Finally, the generalization and demonstration sssggs showed an

order effect that weakened stimulus control and improved differentiation.
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EXPERIMENT 2

There has been a lack of research that bridges the aforementioned iasistly b
training stimulus parameters research and safety research. The Bapedment 2 was
to assess generalization of safety related stimuli along a leg angleucom{safe class,
and trained and untrained at-risk classes] and demonstration of the leg satsty li
[trained and untrained at-risk directions], under extinction with repeated testiag, a
function of following training manipulations: (a) the relative frequency @& E&#] to at-
risk [S-] training trials, (b) the absolute frequency of safe [S+] amdlafS-] training
trials, and (c) the use of a safe class [S+] or both safe and at-risk stolagsss [S+ and
S-].

Based on the aforementioned literature, it is hypothesized that the following
training stimulus parameters will be optimal in the context of safety I@ggser relative
frequency of safe [S+] to at-risk [S-] training trials, (b) a greadisokte frequency of
safe [S+] and at-risk [S-] training trials, and (c) the use of both safet-aistt atimulus
classes [S+ and S-]. It is also hypothesized that the assessmentewil(&) either an
increased effect, no effect, or decreased effect with increasedjtestar extinction
[previous research supports all hypotheses, without a consistent outcome], and (b)
increased effect in both trained and untrained classes/directions followingHem

compared to ND training.
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Method

All procedures used in Experiment 2 were identical to those in Experiment 1,
unless noted below. The findings from Experiment 1 were mostly consistess &eg
positions, therefore Experiment 2 used only the leg forward position for the trained at-
risk stimuli.
Participants

Ninety-six undergraduate students participated (24 per group).
Design and Group Assignment

The study used a 2 x 2 between—groups factorial design (Relative Frequency x
Absolute Frequency) to assess the four experimental groups described in the below
independent variables section. The participants were assigned to one of thedpsr gr
using randomized blocks of four based on their chronological order of participation.
Reliability of Dependent Variables

Two independent observers measured 30% (i.e., measured/total n = 29/96) of the
generalization data collection sheets in Experiment 2. An agreementhetyservers
was defined as both persons identifying a trial as correct or incorrecscbhing of trials
on the data collection sheets was 99.97% in agreement (n of trials in agéaiale=
7045/7047). The 29 of 96 generalization data collection sheets (each patticdane
generalization data collection sheet) were randomly selectediédnilisy measures.
Each data collection sheet had 243 trials, therefore there were 7047 tatadsiedsed
for reliability of data collection. The percentage of interobserver agraenss
calculated by dividing the agreements by the total agreements plus disagteeand

then multiplying by 100. All generalization and demonstration data werelagd
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using point by point reliability for occurrence and non-occurrence (i.e., safe askl at
data).

Two independent observers measured 100% of the pictures within the
demonstration variable for each participant. The pictures taken of all 9&pEarts were
measured for reliability and each participant had 6 pictures, therefoeevtbex 576 total
pictures assessed for reliability of data collection. An agreeméed @éingle measure
between observers was defined as a difference of two degrees or less.efhersbs
disagreed upon 22 pictures and therefore agreed upon measures for 96.18% of the
pictures (n of pictures in agreement/total = 554/576). The observers re-mehsw22d
disagreed upon pictures, which did not include retraining or any novel instructions, due to
an initial disagreement. Following the re-measure all observationsl@é% in
agreement (n of pictures in agreement/total = 576/576).

I ndependent Variables: Factorsand Levels

The study manipulated two factoRelative FrequencgndAbsolute Frequengy
of training trials during DT. The two levels of relative frequency veetel and1:4, safe
(S+) to at-risk (S-) training stimulus trials. The two levels fooalis frequency of
training trials werel0 and40, which included both safe and at-risk stimuli.

The values of safe stimuli used during training were held constant across all
groups at 80 and 100 degrees. The at-risk stimuli showed the leg in a forward position
(i.e., 105 and 109 degrees) with a greater similarity (i.e., 4 degree sepaxatite safe
stimuli. The participants were run in the following groups:

1. Safe to at-risk relative frequency was 1:4 with 40 absolute frequencyrfdra

trials, 8 safe and 32 at risk
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2. Safe to at-risk relative frequency was 1:4 with 10 absolute frequencyrohgrai
trials, 2 safe and 8 at risk
3. Safe to at-risk relative frequency was 4:1 with 40 absolute frequency of training
trials, 32 safe and 8 at risk
4. Safe to at-risk relative frequency was 4:1 with 10 absolute frequencyrohtrai
trials, 8 safe and 2 at risk
I ntegrity of the I ndependent Variables

During Experiment 2, 48% (i.e., n of measured/total = 46/96) of the sessions had
two researchers present to collect integrity measures of correct inmpétioe of
procedures. An agreement between observers was defined as both persons identifying a
procedure as being correctly implemented. The researchers monitoredrédot c
implementation of scripts for participant instructions (e.g., see Appendix Apmendix
B), PowerPoint training for the respective condition, and participant data mmilsbieet
for the respective condition. The researchers agreed on correct impleomeoitéhe four
procedures for 100% of the sampled sessions.

Furthermore, two independent observers verified that the material within all
PowerPoints presentations was 100% correct to ensure the correct stimulus order
formatting, and duration. The PowerPoints were “read only” files to preveidieatal
changes throughout running of the experiment. Finally, the picture stimuli used
throughout training and generalization assessment were identical toripel and
therefore had 100% integrity (see Experiment 1 for further information abdurtepic

stimulus integrity).
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Results
Generalization: Relative Frequency, Absolute Frequency, and Assessment Order
Factors

Statistical analyses were used to determine the extent of theth&ette relative
frequency of trials, absolute frequency of trials, and assessment orndes faaxd on
performance with each of the three classes of stimuli: trained at ris&inaat at risk,
and safe. The dependent variable used in the statistical analyses was theafitinaie
correctly classified within each class of stimuli, collapsed acrodeghengle factor. The
at-risk stimuli ranged between 27-79 and 101-165 degrees during the gehenaliza
assessment, however only data from stimulus angles 27-79 and 101-153 degrees (i.e., 27
data points or 53 degrees per class) were used in all statistical an@lyselata sets
from the at-risk classes were made to be of equal size for the analylsastke tlasses
could be collapsed across leg positions.

Performance within each class of stimuli was assessed by usinga 2 x2 x 3
(Relative Frequency x Absolute Frequency x Assessment Order) mixedsiac
ANOVA of the number of trials correctly classified. The relativagifrency and absolute
frequency were between group independent variables. Assessment ordevithas a
subject variable. Table 13 shows the groups’ mean number of trials correctdad 4 a
presents a summary of the ANOVAs from the Experiment 2 generalizatessasmt.

Figure 10 shows the percent of trials classified as safe across tregleg in
degrees as a function of training with an absolute frequenttodining stimuli for
each of the relative frequency groups. Figure 11 shows the percent of &ssifell as

safe across the leg angles in degrees as a function of training withodute@bgquency
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of 40training stimuli for each of the relative frequency groups. The following
subsections ignore the leg angle factor, therefore the Figures 12-14 dyatbsent the
statistical analyses within this section (for analyses the that ustsythrgle factor, see
the GeneralizationDiscrimination Versus Non-differential Stimulus Training, Type of
Training x Leg Anglsection, p. 58). The aforementioned figures and tables will be
referred to in the appropriate result sections below.

Trained at-risk classFigure 12 displays the percentage of trained at-risk stimuli
classified correctly as a function of the relative frequency and absa@gteeficy factors.
There was a main effect of relative frequency on the correct clasisificof the trained
at-risk stimuli (Table 13 shows the groups’ mean number of trials correct and Table 14
presents a summary of the ANOVA). Participants correctly claddifie trained at-risk
stimuli significantly more frequently when trained with a 1:4 relatreguency (S:AR)
than a 4:1 relative frequency. There was no main effect of absolute frgdaetice
correct classification of the trained at-risk stimuli.

There was a main effect of assessment order for the correct ctagsificf the
trained at-risk stimuli. The LSD post-hoc test revealed that the ipariis classified the
trained at-risk stimuli significantly more correctly during the fassessment set than
during the second and third assessment sets.

Untrained at-risk classThe percentages of untrained at-risk stimuli classified
correctly as a function of the relative frequency and absolute fregtectors are shown
in Figure 13. The relative frequency and absolute frequency factors did na have

significant effect on the correct classification of the untrainedhtstimuli (Table 13
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shows the groups’ mean number of trials correct and Table 14 presents a summary of the
ANOVA).

The assessment order did have a main effect on the correct classifafatie
untrained at-risk stimuli. The LSD post-hoc tests showed that the partisicorrectly
classified the untrained at-risk stimuli significantly more oftenrduthe first assessment
set than during the second and third assessment sets.

Safe classFigure 14 illustrates the percentage of safe stimuli classifiedathyrr
as a function of the relative frequency and absolute frequency factonsldiine
frequency factor had a main effect on the level of correct classiicatithe safe stimuli
(Table 13 shows the groups’ mean number of trials correct and Table 14 presents a
summary of the ANOVA). Participants correctly classified the safeuli significantly
more often when trained with a 4:1 (S:AR) relative frequency than rlat#ve
frequency. The absolute frequency and assessment order factors did not havieansigni
effect on the correct classification of the safe stimuli.

Generalization: Discrimination Versus Non-differential Stimulus Training, Type of
Training and Leg Angle

Comparison of Experiment 1 and Experiment 2 Grolipg ND training group
used for comparison was from Experiment 1. The ND training group was appedpria
use as a part of Experiment 2 because the participant samples from eaclwof the t
experiments were similar enough to allow comparison. The following paragriph wi
describe the statistical similarity between the samples used in Evgoerl and

Experiment 2.
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Experiment 1, Group 1 and Experiment 2, Group 3 were exposed to identical
experimental conditions. The two groups were compared along each of the three
stimulus classes (i.e., trained at risk, untrained at risk, and safe) byausx@ (Group x
Assessment Order) mixed factorial ANOVA for each class of stimbhér@ was no
significant main effect for thgroup factor (i.e., Experiment 1, group 1 and Experiment 2,
group 3) for any of the three stimulus classes. Therefore, it can be #ngudte two
samples are similar enough to allow the ND training group to be comparedhevith t
experimental groups in Experiment 2. Table 15 and Table 16 show the groups’ mean
number of trials correct and a summary of the ANOVAs, respectively.

Description of variables and procedures used to compare the relative frequency
and non-differential stimulus training grougSince the absolute frequency factor did not
have a main effect in the prior generalization analyses (for more iatiomsee the
Generalization: Relative Frequency, Absolute Frequency, and Assessment &oties F
section on p. 56), only two of the DT groups from Experiment 2 and the ND training
group were compared. The two DT groups were the 1:4 (safe:at risk) ancativierel
frequency groups that were trained in the 40 absolute frequency level or growp8,1 a
respectively.

The dependent variable used in the statistical analyses was the peroéiriatge
correctly classified for each degree within each class of stimhdi.OT groups and the
ND training groups were compared in a 3 x 27 or 3 x 21 (Type of Training Ahgig)
mixed factorial ANOVA for each class of stimuli (i.e., trained at risk, umgchat risk,
and safe). The type of training variable (i.e., 1:4 relative frequentyelative frequency,

and ND training) was a between groups factor. Leg angle wafiawitbject variable
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that had 27 levels in the trained and untrained at-risk classes, and 21 levels in the safe
class. The assessment order factor was collapsed within the followiygemal

Statistical analyses described below included the leg angle fat¢har, tiaan only
using the type of training factor, due to the greater likelihood of showing a ditere
between the levels in the type of training factor. When a type of traininganigg
ANOVA revealed an interaction, then the levels of leg angle were si@itwo ranges in
order to parse the interaction.

One way ANOVAs were used to assess the differences in between the type of
training levels within limited ranges of the leg angle factor. Thedoieg position
trained at-risk class was split into degree ranges (a) 101-125, and (b) 127-153. The
backward leg position untrained at-risk class was split into degree r@)@%53, and
(b) 55-79. The safe class was split into degree ranges (a) 80-90, and (b) 91-100. The
levels within the type of training factor were compared using Tukey’s &Sihe post-
hoc test. A post-hoc test was not used to compare the levels within the lecpatagle f
due to the lack of useful information for the occupational safety field. Determariiaip
leg angle levels (i.e., degrees) significantly differ from each osheotithe emphasis of
the current study. The relative frequency groups were compared to thraihNibg group
(i.e., type of training factor) by using Tukey’'s HSD as the post-hoc test.

Figure 11 shows the percent of trials classified as safe across tregleg in
degrees as a function of training with an absolute frequengf) todining stimuli for
each of the relative frequency groups. Table 17 shows the group mean percentage of
trials correct and Table 18 provides a summary of the ANOVAs. The aforemasht

figures and tables will be referred to in the appropriate result sectilmve be
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Group 1 and group 3 trained at-risk classes versus non-differential stimulus
training. There was a main effect of type of training for the correct classfircat the
trained at-risk stimuli (Figure 12 conveys the type of training main effatle 17
shows the group mean percentage of trials correct, and Table 18 shows a summary of the
ANOVA). The post-hoc test showed that the participants who were in either the 1:4 or
4:1 relative frequency groups classified the trained at-risk stimulifisignily more
correctly than the ND training group. Additionally, there was a main edfdegy angle
and a type of training x leg angle interaction (Figure 11 shows the typenidraileg
angle interaction). The 1:4, 4:1, and ND training groups were compared across the 101-
125 degree rage and the post-hoc test showed that the 1:4 group correctly classified t
trained at-risk stimuli significantly more often than the 4:1 and ND traigiagps, and
the 4:1 group performed significantly better than the ND group. The 1:4 andatiterel
frequency groups did not classify the trained at-risk stimuli significalifferent within
the 127-153 degree range, however both groups classified the trained atmigk sti
significantly more correctly than the ND training group. This patternsafli®indicates a
steeper generalization gradient for the 1:4 group than for the 4:1 group.

Group 1 and group 3 versus non-differential stimulus training for untrained at-
risk classesThe statistical analysis showed a significant main effect forfreedf
training factor within the untrained at-risk class of stimuli (Figuredr8/eys the type of
training main effect, Table 17 shows the group mean percentage of triats,camce
Table 18 shows a summary of the ANOVA). According to the post-hoc test, the
participants in the 1:4 relative frequency group correctly clasisifie untrained at-risk

stimuli significantly more often than the ND training group, but not the 4:1 group
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Additionally, there a main effect of leg angle and a type of training anede interaction
(Figure 11 shows the type of training x leg angle interaction). The 1.4t N@

training groups were compared across the 27-53 degree range and the post-hoc test
revealed that the 1:4 and 4:1 groups did not perform significantly differeattydach
other; however both correctly classified the untrained at-risk stimulifisigmnily more
often than the ND training group. The 1:4, 4:1, and ND training groups did nafyclass
the untrained at-risk stimuli significantly different within the 55-79 degaeage. This
pattern of results indicates a steeper generalization gradient for thed144legroups

than for the ND group.

Group 1 and group 3 safe classes versus non-differential stimulus trairhege
was no main effect of type of training for the correct classification ofalkes stimuli
(Figure 14 conveys the lack of type of training main effect, Table 17 shows the group
mean percentage of trials correct, and Table 18 shows a summary of the ANOVA);
however, there was a main effect of leg angle and a type of trainingardés
interaction (Figure 11 shows the type of training x leg angle intergcirhe post-hoc
test showed that the ND training group correctly classified the safelissignificantly
more often than the 1:4 relative frequency group in the 91-100 degree range. The 1:4 and
ND training groups did not classify the safe stimuli significantly dsifé within the 80-

90 degree range. This pattern of results indicates a steeper generafjzatiient for the

1:4 group than for the ND group.
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Demonstration: Relative Frequency, Absolute Frequency, and Assessment Order
Factors

Statistical analyses were used to determine the nature of the leffieittd relative
frequency, absolute frequency, and assessment order factors had on eathaf the
directions of leg extension (i.e., trained at-risk direction and untrained at+reskiain).
The dependent variable was the number of degrees the leg was extended frmitsthe |
of safe leg behavior (i.e., 80 and 100 degrees). Each direction of leg extension (i.e.,
trained at-risk and untrained at-risk) was assessed with a 2 x 2 x 3U&Elaiguency x
Absolute Frequency x Assessment Order) mixed factorial ANOVA. Thevesknd
absolute frequency variables were measured between groups. Assessierents a
within-subject variable. For the Experiment 2 demonstration assessmeset,19abl
presents the groups mean degree of leg extension and Table 20 shows a sditin@ary o
ANOVAs. The aforementioned tables will be referred to in the appropriatk sestions
below.

Outliers were removed from the demonstration variable data sets inrggpeR.
The boxplot method used for identifying outliers was described in the resuits1s#c
Experiment 1 (see p. 40). Across the eight applications of the outlier method, 1.22% (i.e.,
7/576) of data points were identified as outliers and subsequently removed.

Trained at-risk directionFigure 15 illustrates the mean number of degrees the leg
was extended in the trained at-risk direction, from the safe limits of behavimr, a
function of the levels within the relative and absolute frequency factorsiafiact of
relative frequency was obtained for the leg extension behavior (Table 18tpribee

groups mean degree of leg extension and Table 20 shows a summary of the ANOVA).
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Participants trained with 4:1 relative frequency (S:AR) over-extendé@debe
significantly further beyond the safe limit, in the trained at-risk dwacthan those
trained with the 1:4 relative frequency level. There was no main effatisolute
frequency factor for the leg extension behavior in the trained at-riskidire€Chere was
a main effect of the assessment order factor for the leg extension beRagading ot
the post-hoc test, the participants extended their leg significantly furtyemdéhe limit
of safe behavior, in the trained at-risk direction, during the first extenssessasent
than the second and third extension assessments.

Untrained at-risk directionFigure 16 diagrams the mean number of degrees the
leg was extended in the untrained at-risk direction, from the safe limithavioe, as a
function of the levels within the relative and absolute frequency factors. atistical
analysis did not yield a significant effect of the relative frequeabgolute frequency, or
assessment order factors on leg extension behavior in the untrained at-cisé&rdire
(Table 19 presents the groups mean degree of leg extension and Table 20 shows a
summary of the ANOVA).
Demonstration: Discrimination Versus Non-differential Stimulus Training, Type of
Training and Assessment Order

Comparison of Experiment 1 and Experiment 2 Grolipg ND training group
from Experiment 1 was used in Experiment 2. The ND training group was appedpr
use as a part of Experiment 2 because the participant samples from each of the tw
experiments were similar. The following paragraph will describe thistgtat similarity

between the samples used in Experiment 1 and Experiment 2.
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Experiment 1, Group 1 and Experiment 2, Group 3 were exposed to identical
experimental conditions. The two groups were compared along each of the two
directions of leg extension (i.e., trained at-risk direction and untrained at+reskiain).
by using a 2 x 3 (Group x Assessment Order) mixed factorial ANOVA. A gignif
main effect for the group factor (i.e., Experiment 1, Group 1 and Experiment 2, Group 3)
was not obtained for either of the leg extension directions. Therefore, it caguled a
that the two samples are similar enough to allow the ND training group to Ipeuean
with the experimental groups in Experiment 2. Table 21 and Table 22 show the groups
mean degree of leg extension and shows a summary of the ANOVAS, respectively.

Description of variables and procedures used to compare the relative frequency
and non-differential stimulus training groudStatistical analyses were used to determine
the nature of the effect that the two experimental groups had by comparison @ the N
training group along each of the two leg extension directions (i.e., traimes# direction
and untrained at-risk direction). The two experimental groups compared to the ND
training group were the 1:4 relative frequency (safe:at risk) and 4tiveeli’equency
groups that were trained with 40 stimuli or Group 1 and Group 3, respectively.

The dependent variable used in the statistical analyses was the numbered degre
the leg was extended from the limit of safe leg behavior (i.e., 80 and 100 deGeeds)
direction of leg extension was assessed by using a 3 x 3 (Type of Trainingssigent
Order) mixed factorial ANOVA. The type of training variable( 1:4 relative frequency,
4:1 relative frequency, and ND training) was measured between groupssrAsaes

order was a within-subject variable.
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The statistical analyses described below are intended for a compariken of t
relative frequency groups to the ND training group, not a comparison of theeelati
frequency groups to each other. The relative frequency groups were cornapaaeti
other in the aforementioned section (seelibmonstration: Relative Frequency,

Absolute Frequency, and Assessment Order Fastaton on p. 63). Tukey’'s HSD was
used as the post-hoc test to compare the relative frequency groups to tiaenii tr

group. Finally, the statistical analyses were not intended to evaluaterageésrder
because that factor, except for the ND training level, was already avibusthe
preceding section (tHeemonstrationRelative Frequency, Absolute Frequency, and
Assessment Order Factasection). Table 23 presents the groups’ mean degree of leg
extension and Table 24 shows a summary of the ANOVAs. The aforementioned tables
will be referred to in the appropriate result sections below.

Outliers were removed from the demonstration variable data sets in Egpefim
The boxplot method used for identifying outliers was described in the resuitss#ct
Experiment 1 (see p. 40). Across the eight applications of the outlier method, 1.62% (i.e
7/432) of data points were identified as outliers and subsequently removed.

Group 1 and group 3 trained at-risk direction versus non-differential stimulus
training. Figure 15 illustrates the mean number of degrees the leg was extended in the
trained at-risk direction, from the safe limits of leg behavior, as a function tevbis
within the type of training factor. The statistical analysis showed a effact of type of
training for the leg extension behavior (Table 23presents the groups meanaéggee
extension and Table 24 shows a summary of the ANOVA). The post-hoc test showed that

the participants trained in the ND training group over-extended theiigieijcantly
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further beyond the safe limit, in the trained at-risk direction, when compareti¢o thi¢
1:4 relative frequency or 4:1 relative frequency groups.

Group 1 and group 3 untrained at-risk direction versus non-differential stimulus
training. Figure 16 presents the mean number of degrees the leg was extended in the
untrained at-risk direction, from the safe limits of leg behavior, as a funatithe levels
within the type of training factor. A significant main effect was obthiioe the type of
training factor within the untrained at-risk leg extension direction €lraBpresents the
groups mean degree of leg extension and Table 24 shows a summary of the ANOVA).
According to the post-hoc test, the participants trained in the ND trairoug gver-
extended their leg significantly further beyond the safe limit, in the unttaiask
direction, when compared to the 1:4 relative frequency group. The 4:1 relatjuericy
group did not extend their leg significantly different from the ND training groupe

untrained at-risk direction.
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Discussion

The discussion section for Experiment 2 (a) describes an interpretation of the
effects of the factors on the generalization and demonstration data, (b) lists
strengths/limitations, and (c) provides a summary of the findings.
Generalization

The levels with a 1:4 relative frequency of training stimuli exhibitedigogntly
greater percent of correct classification of trained at-risk stiwhén compared to the
4:1 relative frequency or ND training levels. The 4:1 relative frequgrmup showed
significantly greater correct classification of the trained &tstsnuli, when compared to
the ND training group. The effect of relative frequency, when comparinghd:1:4
groups, was consistent with the basic literature (Thomas & Vogt, 1983; Thomas,IWindel
Williams, & White, 1985) that showed a lesser S+ relative frequency indreagect
classification of the novel stimuli between the S+ and S- values. It could be drgtied t
the relative frequency created a response bias during the generalizegissnaant, based
on the differing proportion of S+ and S- during training (Thomas et al., 1985), rather tha
increasing stimulus control. Finally, the finding that the DT groups (i.e., 4:1 and 1:4
relative frequency) performed better than the ND training group wasstemisivith
previous basic and applied literature (Hanson, 1959; Jenkins & Harrison, 1960; Lyons, &
Thomas, 1967; Switalski, Lyons & Thomas, 1966; Taylor, Olvina, & Alvero, 2008;
Tomie et al., 1975).

The results comparing the 4:1 and 1:4 relative frequency group sugtespers
gradient and show greater correct classifications of the untraines stimulus class,

respectively, than the ND training group. The 4:1 and 1:4 relative frequency grdups di
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not perform significantly differently in the untrained at-risk class. Tingirig that the DT
groups had a greater correct classification of the untrained S- clagp@ted by the
animal literature (e.g., Jenkins & Harrison, 1960) and extends the occupational safet
literature. It could be argued that the effect of the trained S- classajjeed to the
untrained S- class.

The 4:1 relative frequency and ND training groups correctly cladsifi
significantly more safe stimuli than the 1:4 relative frequency groupcairect
classification difference in the safe class between the 4:1 relattuesfrey and ND
training groups vs. the 1:4 relative frequency group could be due to a response bias
caused by the differing proportions of safe to at-risk stimuli during traifingnias et
al., 1985).

Across all classes of stimuli, the analyses did not show an effect of absolute
frequency. The findings in the current study are not consistent with previoushesea
(Hearst & Koresko, 1968; Thomas, 1993) which found that an increase of absolute
frequency of training increased stimulus control. It is possible that the labkafite
frequency effect could be due to a ceiling effect or the number of trainitggusied in
each of the absolute frequency levels were not sufficiently different.

Finally, there was an effect of assessment order in the trained and uh#&riaine
risk classes. The groups showed significantly greater correctfidassn during the first
assessment set than the second and third sets. Repeated testing undenexduridt

explain the assessment order phenomenon (Jenkins & Harrison, 1960).
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Demonstration

The participants trained with the 4:1 relative frequency or ND trainitepded
their leg significantly further beyond the limit of safe behavior than the adve
frequency group, in the trained at-risk direction. Furthermore, the ND trairong glso
extended the leg significantly further beyond the same limit in the traifreska
direction, than the 4:1 relative frequency group. Through a literature reviees@arch
was identified that had shown different effects between greater or tekdere
frequency of S+ to S- on differentiation. The findings in the current study support
previous research (Taylor, Olvina, & Alvero, 2008) by showing a differerteecsba DT
and ND conditions on differentiation in a trained response class. The effetdtofer
frequency in the demonstration assessment is consistent with the findings in the
generalization assessment. Therefore, the argument of either e$jmser greater
stimulus control/differentiation could be made because the findings are conastess
the generalization and demonstration assessments. The bottom line is that the effec
similar across the two assessments which is arguably the most impoddritheHesults
shown that the there was an effect of relative frequency in the geatoaliassessment,
but not the demonstration assessment, then it is more plausible that the effect twas due
a response bias. Nevertheless, the effect of relative frequencetsaresiponse
modalities, from paper and pencil (generalization assessment) to thedegi@xs
(demonstration assessment).

The ND training group extended the leg significantly further beyond theirseife |
in the untrained at-risk direction, than the 1:4 relative frequency group. Therefore, i

appears that the effect of training with a 1:4 relative frequency gaxesrélom trained
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at-risk direction to the untrained at-risk direction. The 4:1 relative frequgmocy did

not show significantly different leg extension behavior when compared to thedtiderel
frequency or ND training groups, in the untrained at-risk direction. Through aurera
review, no research was identified that showed different effects betweemdINDa
training on differentiation in an untrained response class.

Across the trained and untrained leg extension direction, the analyses did not
show an effect of absolute frequency, which does not support previous research (Hearst
& Koresko, 1968; Thomas, 1993) that found an increase of absolute frequency of training
increased stimulus control. The findings in the demonstration assessment aterdonsis
with the findings reported in generalization assessment section. It iblpdhsit the lack
of absolute frequency effect could be due to a ceiling effect or the number afgraini
trials used in each of the absolute frequency levels were not sufficidifehedt.

Finally, there was an effect of assessment order only in the trainis# at-
direction. The leg extensions were significantly more correct durinigtéeassessment
sets than the earlier assessment set. The assessment order finding egpldibed
through the less at-risk (i.e., more correct) leg extensions requiring @deainount of
response effort than the more at-risk (i.e., less correct) leg extensions.

Strengths and Limitations of the Study

StrengthsExperiment 2 used a behavioral dimension that is important within the
occupational safety field, leg position, and demonstrated the effects efdtieer
frequency of training stimuli. The lesser S+ relative frequency shoaregistently

greater stimulus control and differentiation or response bias acragsrtéelization and
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demonstration variables, when compared to the greater S+ relative frg@ueindD
training groups.

Limitations.The current study did not show an effect of the absolute frequency of
training trials, which could be the result of a ceiling effect or the numbeainirtg trials
used in each of the absolute frequency levels were not sufficiently difféasit DT
research (e.g., Hearst & Koresko, 1968; Thomas, 1993) found that an increase of absolute
frequency of training increased stimulus control. Another limitation waghbat
participants in the ND training group were not randomly assigned from the same
population because they were from Experiment 1. Finally, the current emdigsnot
assess correct stimulus classification and bias independent of each other.dhattjses
should be considered (e.d:,and logarithm ofy).

Experiment 2 Summary

There were three main purposes of Experiment 2: (a) comparison of 4:1 and 1:4
relative training stimulus frequencies, (b) an evaluation of the effed® ahd 40
absolute training stimulus frequencies, and (c) comparison of DT and Mibdai
Experiment 2 expanded upon basic discrimination training research that explored the
effects of the relative frequency and absolute frequency of S+ and Susé during
DT. Basic research has shown that a lesser S+ relative frequdreaycampared to a
greater S+ relative frequency, increased correct stimulusifadason and/or
generalization gradient sharpness. The results from Experiment 2 supporebaarch
by showing a similar effect through increased gradient sharpness aect corr
classification of the trained at-risk stimuli. The current study was coadircthe

context of occupational safety, and therefore bridged basic research witld appéarch
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by demonstrating the effect of the relative training stimulus frequerthe basic
research was also expanded upon in the current study by measuring the efietivef
training stimulus frequencies on differentiation. The results showed thHattde

relative frequency of S+ during training, when compared to a greatevedtaiguency,
increased the participants’ differentiation (i.e., correct approximatioedfmits of safe
behavior. Interestingly, 4:1 and/or 1:4 DT groups were shown to perform moretigorre
in the untrained at-risk class/direction, when compared to ND training groupffétte e
of DT in the untrained S- class is supported by basic literature; however, noildevas
identified that showed an effect of differentiation in an untrained direofiogsponse
class. Additionally, Experiment 2 showed that the absolute frequencyrohgatimuli
did not have an effect on safety generalization and differentiation, whiohssstent

with the reported effect within the basic research that an increabsalfite frequency of
training increases stimulus control. Finally, the generalization and dewatorstr
assessments showed an order effect that weakened stimulus control and improved

differentiation.
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EXPERIMENT 1 AND EXPERIMENT 2
General Discussion
Overall Summary

The purpose of the present study was to assess generalization of satedy relat
stimuli along a leg angle continuum and demonstration of the leg safety limgts. T
dependent variables were assessed as a function of following training maoiyslt)
the use of a safe class [S+] or both safe and at-risk stimulus classesl [S-t,4b) the
similarity of the at-risk [S-] stimuli to the safe [S+] stimuli aleegontinuum; (c) the
relative frequency of safe [S+] to at-risk [S-] training trials; andt{d absolute
frequency of safe [S+] and at-risk [S-] training trials.

The results showed that the participants who were exposed to DT [S+ and S-],
rather than ND training [S+], in Experiment 1 and 2 correctly classtiedtimuli in
trained at-risk class significantly more often. The findings also shdveedite ND
training group extended their leg significantly further beyond the limitsfefishavior
in the trained at-risk direction than the DT groups with greater similardylal or 1:4
relative frequencies. Additionally, the DT with greater simieaihd either 4:1 or 1:4
relative frequencies showed a greater effect on correct classifiof the untrained at-
risk stimuli than the ND training group. The ND training group extended their leg
significantly further beyond the limits of safe behavior than DT groups wittréater
similarity and a 1:4 relative frequency and (b) greater similanityaa4:1 relative
frequency in the forward untrained at-risk direction, but not the backward untrained at

risk direction.
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The findings revealed that groups given DT with greater stimulus simi{aet,
4 degree separation) between safe [S+] and at-risk [S-] stimuli, rathde$isan
similarity (i.e., 34 degree separation), significantly increased carasgification of the
trained at-risk stimuli. The participants trained with the lesser sityilavel extended
their leg significantly further beyond the limits of safe behavior, when cadparthe
greater similarity level, in the trained at-risk direction. The lexahéd with greater
similarity correctly classified the untrained at-risk stimursficantly more often than
the lesser similarity level. Despite the effect of training stimsioslarity on the
untrained at-risk generalization data, there was no difference betveegretiter and
lesser similarity levels on the untrained at-risk leg extension directi

The current study found that the level of 1:4 [S+:S-] relative frequency of
training trials correctly classified the trained at-risk stinsignificantly more often than
the 4:1 relative frequency level. Also, the participants trained in the 4tiveel
frequency level extended their leg significantly further beyond the lohgafe behavior
in the trained at-risk direction, than the 1:4 relative frequency level. iPartts in the
4:1 and 1:4 relative frequency levels did not perform different from each other vaghin t
untrained at-risk stimulus class in the generalization assessment andeanataiiisk
response direction in the demonstration assessment. The effect of retienty
could be reconceptualized as a proportion safe. The 1:4, 4:1, and ND training groups
have a proportion safe of .20, .80, and 1.00, respectively. The findings show that a lower
proportion safe increases correct classification of the at-risk stimulnarehses

differentiation.
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The participants trained with 40 and 10 absolute frequency levels of trainisg trial
did not perform differently in either the generalization or demonstration asseiss The
findings from comparing the absolute frequency levels are not consistenhevitagic
literature (e.g., Hearst & Koresko, 1968; Thomas, 1993), which show increased stimulus
control with an increased absolute frequency of training trials. An argument &uld b
made that the lack of effect could be attributed to a ceiling effect or the number of
training trials used in each of the absolute frequency levels were not sulficigferent.
Potential Impact of the Current Studies on the Industry

Experiment 1 and Experiment 2 indicated that safety training should use (a) both
safe [S+] and at-risk [S-] stimuli, (b) greater similarity betw#ee safe [S+] and at-risk
[S-] stimuli, and (c) lesser relative frequency of safe [S+] to &tf8g] stimuli. Most
trainings that are developed could feasibly create pictures and videosodeashowing
examples of both safe and at-risk behavior, because the at-risk behavior tite a m
would demonstrate would not pose a high level of danger. Nevertheless, there will likely
be some behavior that is too dangerous to have a model demonstrate for the sake of
creating example pictures and videos of at-risk behavior, because the levajaafidan
too high. In the case where the at-risk behavior could not be demonstrated by éomodel
development of pictures and video, then perhaps the model could demonstrate “safe”
behavior that is approaching the limit of “at risk.” Overall, nearly aapitng could use
safe and at-risk/nearly at-risk examples to enhance the effectiversedstgfDT.

The similarity between the safe and at-risk examples is a paraimegteould be
used in most trainings. The trainings that cover anything that uses a stasdieor

continuum could apply the use of greater similarity between safe and akaisiples.
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The following is a short list of examples where the similarity parancetdd be applied
to training safe behavior and conditions: posture sitting at a desk or in a vehialee post
while lifting, or digging with a shovel; posture or appropriate weight while nignua
carrying items; walking distance from an edge without a railingauic® from persons
and other equipment while heavy equipment is being operated; identifying safe and at
risk conditions like size of crack in the ceiling of a mine, the extent of moistuae
surface, the extent of gas in an enclosed area, the extent of dust particlesrirthiee
pitch of a roof without a harness, the appropriate angle of a ladder, etc. Asidadrom t
many behaviors and work conditions that the similarity parameter could be applied, the
are categorical behaviors and conditions that it could not be applied: wearindt seatbe
while vehicle is moving; wearing personal protection equipment while on a job site;
putting a gun on “lock” while in a holster; lowering the lift on a forklift before mgyi
closing/locking fences and gates to mechanically moving, hot, or liveielgcareas; no
alcohol or guns on job site; etc.

The relative frequency parameter could be applied to nearly any trainilogngs
as time is not a major constraint. The DT portion within the current experimsnt wa
approximately 10 minutes or less. The major portion of the 40-60 minute sessions was
comprised of the generalization and demonstration assessments, which aress#rgec
within job training. Therefore, the lesser relative frequency of safe@garoould be
applied to nearly any training.

Finally, it should be noted that a benefit of targeting behavior or conditions within
safety training is that the effects will generalize to untraineaisafehe generalization

effect to untrained areas could mean that training of correct back posaudesk would
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also generalize to different settings (e.g., back posture while sittingehiele) and
other posture behaviors (e.g., leg, arm, or shoulder). The generalization effect fr
training could improve work safety beyond the areas that are specifexa@gted within
the training.

The aforementioned stimulus parameters could have a notable impact on the
effectiveness of safety training. Greater effectiveness of saéatynty is important due
to the potential that the training could influence behavior that is vital to theiedfeess
of the behavioral safety approach. The behavioral safety approach has beetnosbew
very effective in improving worker safety, yet the effectiveness can bblpnditaited by
inadequate training. Therefore, the parameters within training should be madipaolate
facilitate the behavioral safety approach.
Recommendations for Future Research

The current study could be expanded upon in several ways. First, it would be
important to replicate the findings with a more complex behavior and in an environment
that more closely resembles a natural work setting. For example, amspiecould
vary the number of components that are a part of chained responding or a smgéer r
of safe topography, 5 degrees vs. 20 degrees, at a construction or manufacturing site.
Second, a parametric manipulation of the similarity or relative frequealags/could
provide important information for improving safety training. A parametraysis could
use relative frequencies of safe to at-risk training examples of 19:1, 1119;9:4:1,
and 1:4 with absolute frequencies of 160, 80, 40, and 20. Third, a manipulation of the
amount of risk associated an at-risk behavior, varied through information, could be an

additional parameter to be addressed in training. The amount of risk could be
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manipulated through informing a participant of the limit of the number of safety
violations that are allowable before being permanently or temporarily rehfimma the
money earning component of the experiment. The number limit of violations would be
the independent variable while percentage safe/rate of widgets compulelédbe the
dependent variable. Fourth, the accuracy of observational data used for feedback is
affected by training, but it is unknown how the feedback accuracy affects woldgr sa
The accuracy of feedback could be manipulated through over-estimating and under-
estimating the participant’s actual safety performance. Fifth, fuésearch could assess
the possible effects of a safety related stimulus and/or response class size
generalization. A researcher could manipulate the range of stimulhwitsimulus class
and topography within a response class to determine the effects on getienadize
induction, respectively. Sixth, it could be important to explore the independent variables
that moderate the extent of generalization of skills from a trained alepndent

variable to an untrained at-risk dependent variable. The untrained measure would be a
common measure in many experiments and therefore not require any specialrpsocedu
Seventh, the amount of time and money that would be required to train individuals from a
DT format versus a behavior skills training (BST) format could be evaluated. For
example, a survey could be sent to various consulting firms asking for a quote of t
services, which could be DT and/or BST. Finally, future research could cogrpars
where one is exposed one time to DT and then repeatedly tested under extinction while
another group is repeatedly exposed to DT and tested under extinction in tandem. For
example, two groups of participants would be given a generalization assessnrent duri

each of the five consecutive sessions, although one group would be given training only
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prior to the first assessment, while the second group would be given training ramht

assessment.
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TABLE 1. Number of participants per group, and grotean and SD of number of correctly
classified trials for the Assessment Order x Legitida x Similarity Factorial ANOVAs for

Experiment 1, Generalization data.

Trained At-risk Class

Untrained At-risk Class

Safe Class

AO Leg Simiarty M SD n M SD n M SD n
1 back greater 21.96 3.62 24 20.75 7.49 24 20.00 1.77 24
lesser 14.25 2.58 24 18.75 8.84 24 20.92 0.28 24
Total 18.10 498 48 19.75 8.17 48 20.46 1.34 48
forw greater 24.38 2.52 24 16.13 4.32 24 20.38 1.58 24
lesser 20.87 3.79 24 14.96 5.14 24 20.71 0.86 24
Total 22.63 3.64 48 15.54 4.73 48 20.54 1.27 48
Total greater 23.17 3.32 48 18.44 6.48 48 20.19 1.67 48
lesser 17.56 4.64 48 16.85 7.40 48 20.81 0.64 48
Total 20.36 4.90 96 17.65 6.97 96 20.50 1.30 96
2 back greater 19.88 5.08 24 20.46 7.08 24 20.00 164 24
lesser 13.17 2.73 24 17.92 9.02 24 20.75 0.74 24
Total 16.52 5.27 48 19.19 8.12 48 20.38 1.32 48
forw greater 23.38 3.16 24 14.25 4.87 24 20.38 1.72 24
lesser 19.96 4.67 24 12.63 5.84 24 20.46 1.67 24
Total 21.67 4.30 48 13.44 5.38 48 20.42 1.67 48
Total greater 21.63 4.54 48 17.35 6.78 48 20.19 1.67 48
lesser 16.56 5.11 48 15.27 7.98 48 20.60 1.28 48
Total 19.09 5.44 96 16.31 7.44 96 20.40 1.50 96
3 back greater 19.54 5.28 24 19.92 7.31 24 1996 181 24
lesser 12.58 2.89 24 18.96 8.27 24 20.67 0.64 24
Total 16.06 5.49 48 19.44 7.74 48 20.31 1.39 48
forw greater 23.71 3.64 24 14.58 4.59 24 20.63 1.01 24
lesser 19.46 4.47 24 12.25 4.71 24 20.67 1.24 24
Total 21.58 457 48 13.42 4.75 48 20.65 1.12 48
Total greater 21.63 4.96 48 17.25 6.61 48 20.29 1.49 48
lesser 16.02 5.09 48 15.60 7.47 48 20.67 0.98 48
Total 18.82 5.74 96 16.43 7.07 96 20.48 1.27 96
Total back greater 20.46 4.77 24 20.38 7.20 24 1999 1.72 24
lesser 13.33 2.78 24 18.54 8.60 24 20.78 059 24
Total 16.90 5.29 48 19.46 7.96 48 20.38 1.34 48
forw greater 23.82 3.12 24 14.99 4.60 24 20.46 1.45 24
lesser 20.10 4.31 24 13.28 5.32 24 20.61 1.28 24
Total 21.96 419 48 14.13 5.03 48 20.54 1.37 48
Total Total greater 22.14 4.36 48 17.68 6.60 48 20.22 1.60 48
lesser 16.72 4.96 48 15.91 7.60 48 20.69 1.00 48

Note:AO andLegrepresent the Assessment Order and Leg Postimrdacespectively.

Total signals the collapsing of levels for the respedictor. The leg level identifies the leg
position that was used during training. The at-cislksses and safe class had a total of 27 and 21
trials, respectively.
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TABLE 2. Summary of the Similarity x Leg PositiorAssessment Order Factorial
ANOVAs for Experiment 1, Generalization data.

Sources SS df MS F p partial;f

Trained At-risk Class

A (Similarity) 2117.92 1 2117.92 54.848 0.001* 0.373

B (Leg Posttion) 1845.281 1 1845.28 47.7830.001* 0.342
AB 208.42 1 208.42 5.397 0.022* 0.055
Error 3552.847 92 38.618

C (Assessment Order) 130.083 2 65.042 25.4570.001* 0.217
AC 4.694 2 2347 0919 0.401 0.01
BC 12.25 2 6.125 2.397 0.094 0.025
ABC 6.861 2 3431 1.343 0.264 0.014
Error 470.111 184 2.555

Untrained At-risk Class

A (Similarity) 225.781 1 225.781 1.837 0.179 0.02

B (Leg Posttion) 2042.67 1 2042.67 16.6%10.001* 0.153
AB 0.281 1 0.281 0.002 0.962 0
Error 11306.181 92 122.893

C (Assessment Order) 104.84 2 52.42 10.640.001* 0.098
AC 3.563 2 1.781 0.34 0.712 0.004
BC 45.882 2 22941 4381 0.014* 0.045
ABC 20.271 2 10.135 1.936  0.147 0.021
Error 963.444 184 5.236

Safe Class

A (Similarity) 16.056 1 16.056 3.519 0.064 0.037

B (Leg Posttion) 1.681 1 1.681 0.368 0.545 0.004
AB 7.347 1 7.347 1.61 0.208 0.017
Error 419.75 92 4.563

C (Assessment Order) 0.583 2 0.292 0.688 0.504 0.007
AC 0.861 2 0.431 1016 0.364 0.011
BC 1.194 2 0.597 1409 0.247 0.015
ABC 0.028 2 0.014 0.033 0.968 0
Error 78 184 0.424

Assessment Order Post Hoc Test: LSD

Source M Difference p
Trained At-risk Class

1wvs 2 1.27 < 0.001**

1vs. 3 1.54 < 0.001**

2 vs. 3 0.27 0.167
Untrained At-risk Class

1vs. 2 1.33 < 0.001**

1vs. 3 1.22 0.002**

2 vs. 3 -0.12 0.735

Note: The categorizations of effect sizelf)rare the following: small = .01,
medium = .06, and large = .14 (Kittler, Menard, Bilps, 2007). In the post
hoc test, the numbers 1, 2, and 3 refer levelinwittsessment Order.

*p< 0.05; **p< 0.01



83

TABLE 3. Number of participants per group, and gratean and SD of percentage of correctly classifield for the
Type of Training (Groups 1, 2, and ND training)eglAngle Factorial ANOVAs for Experiment 1, Geneadibn date

Trained At-risk Class

Untrained At-risk Class

Type of Training LegAngle M SD

LegAnge M SD

Safe Class
LegAnge M DS n

101-125 78.21 19.41
127-153 97.52 5.59
Total 88.22 11.56

Greater Simiarity

Lesser Similarity =~ 101-125 50.75 26.75
127-153 96.43 6.66

Total 74.44 15.96

ND Training 101-125 34.51 29.24

127-153 78.13 32.53
Total 57.04 29.19

27-53 88.69 23.1
55-79 19.77 23.49
Total 55.52 17.04

27-53 79.17 22.26
55-79 16.88 19.05
Total 49.19 19.70
27-53 66.87 37.63
55-79 21.15 28.97
Total 44.81 30.30

80-90 99.87 0.62 24
91-100 94.72 1393 4 2
Total 97.43 690 4 2

80-90 99.12 3.74 24
91-100 97.08 8.42 24
Total 98.14 6.10 4 2
80-80.35 9.84 24
91-100 97.92 438 4 2
Total 97.62 757 4 2

Note:Total signals the collapsing of levels for the respedtictor. Group 1 and 2 were trained with at-risk

stimuli in the forward posttion.
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TABLE 4. Summary of the Type of Training (Group=21and ND training) x Leg Angle
Factorial ANOVASs for Experiment 1, Generalizaticatal Summary of the Type of Training
(Groups 1, 2, and ND training) One-way ANOVA forgeximent 1, Generalization data.

Sources SS df MS F p partiah!}2

Forward Trained At-risk Class

A (Type of Training) 314629.92 2 157314958 15.329 Q0¥ 0.308
Error 708123.71 69 10262.663

B (Leg Angle) 1166384.03 26  44860.924 109.571 <0.001**.61@
AB 131025.95 52 2519.73 6.154 <0.001** 0.151
Error 734503.60 1794  409.422

Backward Untrained At-risk Class

A (Type of Training) 37170.78 2 18585.391 1.38 0.258 8.03
Error 929038.07 69 13464.32

B (Leg Angle) 2057932.10 26  79151.235 147.801 < 0.001**.68Q
AB 63971.19 52 1230.215 2.297 <0.001** 0.062
Error 960730.45 1794 535.524

Safe Class

A (Type of Training) 14256 2 71.282 0.081 0.922 0.002
Error 60368.17 69 874.901

B (Leg Angle) 2620.52 20 131.026 1.496 0.073 0.021
AB 4857.44 40 121.436 1.386 0.056 0.039
Error 120881.83 1380 87.596

Main Effect Type of Training Post Hoc Test: TukefSD

Source M Difference p
Forward Trained At-risk Class
Greater vs. Lesser Similarity 13.79 0.044*
ND Training vs. Greater Similarity 31.10 < 0.001**
ND Training vs. Lesser Simiarity 17.31 0.008**

Note: The categorizations of effect size r’ﬁtare the following: small = .01,
medium = .06, and large = .14 (Kittler, Menard, Kiligs, 2007).
*p< 0.05; *p<0.01



TABLE 4 CONTINUED. Summary of the Type of Trainif@roups 1, 2, and ND training) x
Leg Angle Factorial ANOVAs for Experiment 1, Gerleadion data. Summary of the Type of
Training (Groups 1, 2, and ND training) One-way AW®for Experiment 1, Generalization data.

AB Interaction Post Hoc Test: One-way ANOVA/TukaySD

Sources SS df MS F p
Backward Untrained At-risk Class:Type of Trainingeg Angles 27-53
A (Type of Training) 5747.04 2 2873.52 4.137 0.02*
Error 47929.89 69 694.64
Source M Difference p
Greater vs. Lesser Similarity 9.52 0.427
ND Training vs. Greater Similarity 21.83 0.015*
ND Training vs. Lesser Simiarity 12.30 0.245
Sources SS df MS F p
Backward Untrained At-risk Class:Type of TrainixgLeg Angles 55-79
A (Type of Training) 228.10 2 114.05 0.195 0.823
Error 40350.37 69 584.79

Note: *p< 0.05; *p< 0.01
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TABLE 5. Number of participants per group, and gratean and SD of percentage of correctly classifield for the
Type of Training (Groups 3, 4, and ND training)eglAngle Factorial ANOVAs for Experiment 1, Geneadibn data.

Trained At-risk Class Untrained At-risk Class Safe Class

Type of Training LegAnge M SD LegAnge M SD LegAnge M DS n

Greater Simiarity 27-53 94.74 10.15 101-125 60.58 29.3 80-89 96.94 7.08 24
55-79 55.34 29.44 127-153 89.29 28.48 90-100 93.56 10.9224
Total 75.77 17.68 Total 75.46 26.66 Total 95.17 8.17 4 2

Lesser Simiarity 27-53 86.71 11.47 101-125 54.17 29.58 80-89 99.44 1.27 24
55-79 9.19 8.42 127-153 82.14 34.71 90-100 98.48 3.90 24
Total 49.38 10.31 Total 68.67 31.86 Total 98.94 279 4 2

ND Training 27-53 66.87 37.63 101-125 34.51 29.24 80-83.08 10.83 24

55-79 21.15 28.97 127-153 78.13 32.53 90-100 98.11 398 4 2
Total 44.80 30.29 Total 57.05 29.17 Total 97.62 758 4 2

Note:Total signals the collapsing of levels for the respedtctor. Group 3 and 4 were trained with at-risk
stimuli in the backward posttion.
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TABLE 6. Summary of the Type of Training (GroupsA3and ND training) x Leg Angle
Factorial ANOVAs for Experiment 1, Generalizaticatal Summary of the Type of Training
(Groups 3, 4, and ND training) One-way ANOVA forpeximent 1, Generalization data.

Sources SS df MS F p partiah}2

Backward Trained At-risk Class

A (Type of Training) 361290.58 2 180645.29 15.887 < @®0 0.315
Error 784566.19 69 11370.524

B (Leg Angle) 1766366.03 26 67937.155 132.515 < 0.001**.658
AB 22821559 52 4388.761 8.561 <0.001* 0.199
Error 919739.37 1794 512.675

Forward Untrained At-risk Class

A (Type of Training) 111406.32 2 55703.161 2.527 0.087 068.
Error 1520853.48 69 22041.355

B (Leg Angle) 1058225.59 26  40700.984 91.909 < 0.001* 57Q.
AB 56101.40 52 1078.873 2436 <0.001** 0.066
Error 794459.02 1794  442.842

Safe Class

A (Type of Training) 3687.54 2 1843.768 2.468 0.092 0.067
Error 51549.82 69 747.099

B (Leg Angle) 322457 20 161.229 1.469 0.083 0.021
AB 6374.19 40 159.355 1.452 0.035* 0.04
Error 151459.44 1380 109.753

Type of Training Post Hoc Test: Tukey's HSD

Source M Difference p
Backward Trained At-risk Class
Greater vs. Lesser Similarity 26.39 < 0.001**
ND Training vs. Greater Simiarity 30.92 < 0.001**
ND Training vs. Lesser Simiarity 4.53 0.726

Note: The categorizations of effect size 1’ﬁ|are the following: small = .01,
medium = .06, and large = .14 (Kittler, Menard, Kilps, 2007).
*p<0.05; *p< 0.01
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TABLE 6 CONTINUED. Summary of the Type of Trainif@roups 3, 4, and ND training) x
Leg Angle Factorial ANOVAs for Experiment 1, Gerieation data. Summary of the Type of
Training (Groups 3, 4, and ND training) One-way AWN®for Experiment 1, Generalization data.

AB Interaction Post Hoc Test: One-way ANOVA/TukeySD

Sources SS df MS F p
Forward Untrained At-risk Class:Type of Training-eg Angles 101-125
A (Type of Training) 8856.746 2 4428.373 5.123 0.008**
Error 59646.34 69 864.44
Source M Difference p
Greater vs. Lesser Similarity 6.41 0.731
ND Training vs. Greater Simiarity 26.07 0.008**
ND Training vs. Lesser Simiarity 19.66 0.06
Sources SS df MS F p
Forward Untrained At-risk Class:Type of TrainingLeg Angles 127-153
A (Type of Training) 1533.801 2 766.901 0.748 0.477
Error 70705.251 69 1024.714
Sources SS df MS F p
Safe Class:Type of Training x Leg Angles 80-89
A (Type of Training) 94.753 2 47.377 0.841 0.436
Error 3886.574 69 56.327
Sources SS df MS F p
Safe Class:Type of Training x Leg Angles 90-100
A (Type of Training) 360.422 2 180.211 3.599 0.033*
Error 3455.005 69 50.073
Source M Difference p
Greater vs. Lesser Similarity -4.92 0.048*
ND Training vs. Greater Simiarity -4.55 0.074
ND Training vs. Lesser Simiarity 0.38 0.981

Note: *p< 0.05; *p< 0.01



TABLE 7. Number of participants per group, and grarean and SD of number of degrees
the leg was extended beyond safe limits for theeggsent Order x Leg Position x Simiarity

Factorial ANOVAs for Experiment 1, Demonstratioriada
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Trained At-risk Direction

Untrained At-risk Direction

AO Leg Simiarty M SD n M SD n
1 back greater 9.68 11.18 22 15.02 13.16 22
lesser 15.34 8.65 24 16.54 8.50 21

Total 12.63 10.23 46 15.76 11.03 43

forw  greater 11.65 6.12 22 15.41 8.36 24
lesser  16.75 9.10 24 15.56 7.01 23

Total 14.31 8.15 46 15.48 7.65 47

Total greater 10.66 8.96 44 15.22 10.79 46
lesser  16.05 8.81 48 16.03 7.68 44

Total 13.47 9.24 92 15.62 9.36 90

2 back greater 7.23 9.97 22 12.00 10.42 22
lesser  14.08 8.08 24 14.93 7.66 21

Total 10.80 9.58 46 13.43 9.19 43

forw greater 12.22 8.14 22 14.11 7.50 24
lesser 17.58 10.86 24 15.70 8.56 23

Total 15.01 9.92 46 14.89 7.99 47

Total greater 9.72 9.34 44 13.10 8.98 46
lesser  15.83 9.63 48 15.33 8.06 44

Total 1291 9.93 92 14.19 8.57 90
3 back greater 8.13 11.15 22 13.36 11.69 22
lesser 13.91 8.79 24 14.20 7.28 21

Total 11.15 10.30 46 13.77 9.68 43

forw greater 11.94 8.47 22 13.87 8.28 24
lesser  17.53 10.70 24 15.20 9.80 23

Total 14.86 10.00 46 14.52 8.98 a7

Total greater 10.04 9.97 44 13.63 9.95 46
lesser  15.72 9.86 48 14.72 8.61 44

Total 13.00 10.26 92 14.16 9.28 90
Total back greater 8.35 11.13 22 13.46 12.66 22
lesser 14.44 8.42 24 15.22 8.27 21

Total 11.40 10.14 46 14.34 10.73 43

forw greater 11.94 8.57 22 14.46 7.97 24
lesser 17.29 10.11 24 15.49 8.41 23

Total 14.61 9.60 46 14.97 8.18 47
Total Total greater 10.14 10.07 44 13.96 10.46 46
lesser  15.87 9.38 48 15.35 8.31 44

Note:AO andLegrepresent the Assessment Order and Leg Postitmmdacespectively.
Total signals the collapsing of levels for the respedtctor. The leg level identifies the leg

position that was used during training.
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TABLE 8. Summary of the Similarity x Leg PositiorAssessment Order Factorial
ANOVAs for Experiment 1, Demonstration data.

Sources SS df MS F p partial;f

Trained At-risk Direction

A (Similarity) 2256.516 1 2256.52 9.442 0.003** 0.097

B (Leg Position) 712.634 1 712.634 2982  0.088 0.033
AB 9.547 1 9.547 0.04 0.842 0
Error 21030.867 88 238.987

C (Assessment Order) 17.626 2 8.813 0.697 0.499 0.008
AC 5.955 2 2.978 0.235 0.79 0.003
BC 83.459 2 41.73 3.3 0.039* 0.036
ABC 5.155 2 2.578 0.204 0.816 0.002
Error 2225598 176 12.645

Untrained At-risk Direction

A (Simiarity) 130.648 1 130.648 0.608 0.438 0.007

B (Leg Position) 27.001 1 27.001 0.126 0.724 0.001
AB 9.034 1 9.034 0.042 0.838 0
Error 18473.688 86 214.81

C (Assessment Order) 127.797 2 63.898 3.351 0.037* 0.038
AC 26.096 2 13.048 0.684 0.506 0.008
BC 34.137 2 17.068 0.895 0.41 0.01
ABC 12.742 2 6.371 0.334 0.716 0.004
Error 3279.604 172 19.067

Assessment Order Post Hoc Test: LSD

Source M Difference p
Untrained At-risk Direction

1vs. 2 1.45 0.028*
1vs. 3 1.47 0.072
2 vs. 3 0.03 0.953

Note: The categorizations of effect size prare the following: small = .01,
medium = .06, and large = .14 (Kittler, Menard, Killips, 2007). In the post
hoc test, the numbers 1, 2, and 3 refer leveldnvfittsessment Order.

*p< 0.05; **p< 0.01



TABLE 9. Number of participants per group, and grawean and SD of number degrees the
leg was extended beyond safe limits for the Assess@rder x Type of Training
(Groups 1, 2, and ND training) Factorial ANOVAs fexperiment 1, Demonstration data.

Trained At-risk Direction Untrained At-risk Direction

AO  Type of Training M SD n M SD n

1 greater 11.65 6.12 22 15.41 8.36 24
lesser 16.75 9.10 24 15.56 7.01 23

ND Training 23.82 15.83 22 16.01 12.55 24

Total 17.39 11.97 68 15.66 9.50 71

2 greater 12.22 8.14 22 14.11 7.50 24
lesser 17.58 10.86 24 15.70 8.56 23

ND Training 22.32 16.85 22 15.90 15.35 24

Total 17.38 12.92 68 15.23 10.94 71

3 greater 11.94 8.47 22 13.87 8.28 24
lesser 17.53 10.70 24 15.20 9.80 23

ND Training 21.63 17.35 22 15.29 13.84 24

Total 17.05 13.10 68 14.78 10.77 71
Total greater 11.94 8.57 22 14.46 7.97 24
lesser 17.29 10.11 24 15.49 8.41 23

ND Training 22.59 17.62 22 15.74 13.77 24

Note: AOrepresents the Assessment Order fadiotal signals the collapsing of levels for the
respective factor. Group 1 and 2 were trained afithisk stimuli in the forward position.
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TABLE 10. Summary of the Type of Training (Groups J1a@d ND training) x
Assessment Order Factorial ANOVASs for Experiment épDnstration data.

Sources SS df MS F p partiahf

Forward Trained At-risk Direction

A (Type of Training) 3747.124 2 1873.562 4522 0.015* 0.122
Error 26933.59 65 414.363

B (Assessment Order) 5.7 2 2.85 0.24 0.787 0.004
AB 63.963 4 15.991 1.346 0.256 0.04
Error 1544.626 130 11.882

Backward Untrained At-risk Direction

A (Type of Training) 65.731 2 32.865 0.107 0.898 0.003
Error 20845.87 68 306.557

B (Assessment Order) 27.127 2 13.564 0.977 0.379 0.014
AB 15.716 4 3.929 0.283 0.889 0.008
Error 1888.216 136 13.884

Type of Training Post Hoc Test: Tukey's HSD

Source M Difference p
Forward Trained At-risk Direction
ND Training vs. Greater Simiarity 10.66 0.01*
ND Training vs. Lesser Simiarity 5.30 0.284

Note: The categorizations of effect size r’%rare the following: small = .01,
medium = .06, and large = .14 (Kitler, Menard, &lipkil 2007).
*p<0.05; *p<0.01



TABLE 11. Number of participants per group, andwugranean and SD of number degrees the
leg was extended beyond safe limits for the Assess@rder x Type of Training
(Groups 3, 4, and ND training) Factorial ANOVAs fexperiment 1, Demonstration data.

Trained At-risk Direction Untrained At-risk Direction

AO  Type of Training M SD n M SD n

1 greater 9.68 11.18 22 15.02 13.16 22
lesser 15.34 8.65 24 16.54 8.50 21

ND Training 16.01 12.55 24 23.82 15.83 22

Total 13.79 11.11 70 18.49 13.30 65

2 greater 7.23 9.97 22 12.00 10.42 22
lesser 14.08 8.08 24 14.93 7.66 21

ND Training 15.90 15.35 24 22.32 16.85 22

Total 12.55 12.01 70 16.44 12.91 65

3 greater 8.13 11.15 22 13.36 11.69 22
lesser 13.91 8.79 24 14.20 7.28 21

ND Training 15.29 13.84 24 21.63 17.35 22

Total 12.57 11.70 70 16.43 13.20 65
Total greater 8.35 11.13 22 13.46 12.66 22
lesser 14.44 8.42 24 15.22 8.27 21

ND Training 15.74 13.77 24 22.59 17.62 22

Note: AOrepresents the Assessment Order fadiotal signals the collapsing of levels for the
respective factor. Group 3 and 4 were trained afithisk stimuli in the backward position.



94

TABLE 12. Summary of the Type of Training (Groups 3add ND training) x
Assessment Order Factorial ANOVASs for Experiment épDnstration data.

Sources SS df MS F p partiahf

Backward Trained At-risk Direction

A (Type of Training) 2118.345 2 1059.173 2.95 0.059 0.081
Error 24055.35 67 359.035

B (Assessment Order) 73.336 2 36.668 2.863 0.061 0.041
AB 33.293 4 8.323 0.65 0.628 0.019
Error 1716.386 134 12.809

Forward Untrained At-risk Direction

A (Type of Training) 3087.158 2 1543.579 3.469 0.037* 0.101
Error 27585.89 62 444,934

B (Assessment Order) 182.324 2 91.162 4.658 0.011* 0.07
AB 33.273 4 8.318 0.425 0.79 0.014
Error 2426.801 124 19.571

Type of Training Post Hoc Test: Tukey's HSD

Source M Difference p
Forward Untrained At-risk Direction

ND Training vs. Greater Simiarity 9.13 0.041*

ND Training vs. Lesser Simiarity 7.37 0.125

Note: The categorizations of effect size r’%rare the following: small = .01,
medium = .06, and large = .14 (Kitler, Menard, &lipkil 2007).
*p<0.05; *p<0.01



95

TABLE 13. Number of participants per group, andugrenean and SD of number of correctly
classified trials for the Assessment Order x Abisokrequency x Relative Frequency Factorial
ANOVAs for Experiment 2, Generalization data.

Trained At-risk Class  Untrained At-risk Class Safe Class

AO Absit Ritv M SD n M SD n M SD n
1 10 1:4 25.33 1.31 24 17.04 3.92 24 18.71 3.16 24
4:1 23.58 3.15 24 15.88 4.79 24 20.46 1.87 24
Total 24.46 2.54 48 16.46 4.37 48 19.58 2.71 48
40 1:4 25.67 1.24 24 17.75 3.80 24 19.88 247 24
4:1  23.62 2.20 24 16.92 3.30 24 20.38 1.25 24
Total 24.65 2.05 48 17.33 3.55 48 20.13 195 48
Total 1:4 25.50 1.27 48 17.40 3.84 48 19.29 2.87 48
4:1 23.60 2.69 48 16.40 4.10 48 20.42 157 48
Total 24.55 2.30 96 16.90 3.98 96 19.85 2.37 96
2 10 1:4 24.67 1.88 24 15.42 451 24 18.79 3.26 24
4:1 22.83 3.63 24 14.46 4.22 24 20.46 1.10 24
Total 23.75 3.01 48 14.94 4.35 48 19.63 255 48
40 1:4 25.17 1.76 24 16.67 4.07 24 19.17 258 24
4:1  23.29 2.55 24 14.42 3.80 24 2042 1.72 24
Total 24.23 2.36 48 15.54 4.06 48 19.79 2.26 48
Total 1:4 24.92 1.82 48 16.04 4.30 48 1898 291 48
4:1  23.06 3.11 48 14.44 3.97 48 20.44 1.43 48
Total 23.99 2.70 96 15.24 4.20 96 19.71 2.40 96
3 10 1:4 24.67 2.39 24 15.96 4.49 24 19.21 3.08 24
4:1 22.92 4.18 24 13.92 4.72 24 2050 1.32 24
Total 23.79 3.48 48 14.94 4.67 48 19.85 2.43 48
40 1:4 25.33 2.26 24 16.67 4.50 24 19.63 246 24
4:1  22.92 2.59 24 14.54 4.14 24 20.38 1.61 24
Total 24.13 2.70 48 15.60 4.41 48 20.00 2.09 48
Total 1:4 25.00 2.33 48 16.31 4.46 48 19.42 2.77 48
4:1 22.92 3.44 48 14.23 4.40 48 20.44 1.46 48
Total 23.96 3.10 96 15.27 4.53 96 19.93 2.26 96
Total 10 1:4 24.89 191 24 16.14 4.31 24 1890 3.13 24
4:1 2311 3.64 24 14.75 4.59 24 2047 144 24
Total 24.00 3.03 48 15.44 4.49 48 19.69 255 48
40 1:4 25.39 1.79 24 17.03 4.11 24 1956 249 24
4:1 23.28 2.43 24 15.29 3.88 24 20.39 152 24
Total 24.33 2.38 48 16.16 4.08 48 19.97 2.10 48
Total Total 1:4 25.14 1.86 48 16.58 4.22 48 19.23 2.84 48
4:1  23.19 3.09 48 15.02 4.25 48 20.43 1.48 48

Note: AO, Abslt,andRlItvrepresent the Assessment Order, Absolute FrequandyRelative
Frequency factors, respectivelotal signals the collapsing of levels for the respecfactor.
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TABLE 14. Summary of the Similarity x Absolute Frecy x Relative Frequency Factorial
ANOVAs for Experiment 2, Generalization data.

Sources SS df MS F p partial ;f

Trained At-risk Class

A (Relative Frequency) 272.222 1 272.222 15.893 <0.0016.147

B (Absolute Frequency) 8 1 8 0.467 0.496 0.005
AB 2 1 2 0.117 0.733 0.001
Error 1575.778 92 17.128

C (Assessment Order) 21.437 2 10.719 7.964 <0.001* 0.08
AC 0.715 2 0.358 0.266 0.767 0.003
BC 1.021 2 0.51 0.379 0.685 0.004
ABC 1.187 2 0.594 0441 0.644 0.005
Error 247.639 184 1.346

Untrained At-risk Class

A (Relative Frequency) 175.781 1 175.781 3.765 0.055 9.03

B (Absolute Frequency) 36.837 1 36.837 0.789 0.377 0.009
AB 2.17 1 2.17 0.046 0.83 0.001
Error 4294931 92 46.684

C (Assessment Order) 172.312 2 86.156 26.777 <0.001**229.
AC 14.146 2 7.073  2.198 0.114 0.023
BC 0.965 2 0.483 0.15 0.861 0.002
ABC 8.549 2 4274  1.328 0.267 0.014
Error 592.028 184 3.218

Safe Class

A (Relative Frequency) 103.92 1 103.92 8.044 0.006** 0.08

B (Absolute Frequency) 5.837 1 5.837 0.452 0.503 0.005
AB 9.753 1 9.753 0.755 0.387 0.008
Error 1188.486 92 12.918

C (Assessment Order) 2.382 2 1.191  0.887 0.414 0.01
AC 2.507 2 1.253 0.934 0.395 0.01
BC 2.382 2 1.191 0.887 0.414 0.01
ABC 2.424 2 1.212  0.903 0.407 0.01
Error 246.972 184 1.342

Assessment Order Post Hoc Test: LSD

Source M Difference p
Trained At-risk Class

1vs 2 0.56 < 0.001**

1vs. 3 0.59 0.005**

2 vs. 3 0.03 0.816
Untrained At-risk Class

1vs. 2 1.66 < 0.001**

1vs. 3 1.63 < 0.001**

2 vs. 3 -0.03 0.858

Note: The categorizations of effect size r’ﬁrare the following: small = .01,
medium = .06, and large = .14 (Kittler, Menard, Bilps, 2007). In the post
hoc test, the numbers 1, 2, and 3 refer levelinwittsessment Order.

*p< 0.05; **p< 0.01
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TABLE 15. Number of participants per group, and grotean and SD of number of
correctly classified trials for the Assessment Ovd&roup Factorial ANOVAs for
Experiment 1, Groups 1 vs. Experiment 2, Group 3: Gdination data.

Trained At-risk Class  Untrained At-risk Class Safe Class

AO Group M SD n M SD n M SD n
1 1 24.38 2.52 24 16.13 4.32 24 20.38 1.58
3 23.62 2.20 24 16.92 3.30 24 20.38 1.25

Total 24.00 2.37 48 16.52 3.82 48 20.38 1.41

2 1 2338 3.16 24 14.25 4.87 24 20.38 1.72
3 23.29 2.55 24 14.42 3.80 24 2042 1.72

Total 23.33 2.84 48 14.33 4.32 48 20.40 1.70

3 1 2371 3.64 24 14.58 4.59 24 20.63 1.01
3 2292 2.59 24 14.54 4.14 24 20.38 1.61

Total 23.31 3.15 48 14.56 4.32 48 20.50 1.34
Total 1 2382 3.12 24 14.99 4.60 24 20.46 1.45
3 23.28 2.43 24 15.29 3.88 24 20.39 1.52

Note: AO represents the Assessment Order fadtotal signals the collapsing

of levels for the respective factor.

24
24
48
24
24
48
24
24
48

24
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TABLE 16. Summary of the Group x Assessment Or@@tdtial ANOVAs for
Experiment 1, Groups 1 vs. Experiment 2, Group éndgalization data.

Sources SS df MS F p partialy’

Trained At-risk Class

A (Group) 10.563 1 10.563 0.504 0.481 0.011
Error 963.097 46 20.937

B (Assessment Order) 14.681 2 7.34 5.134  0.008** 0.1
AB 3.792 2 1.896 1.326 0.271 0.028
Error 131.528 92 1.43

Untrained At-risk Class

A (Group) 3.361 1 3.361 0.07 0.793 0.002
Error 2217.861 46 48.214

B (Assessment Order) 138.764 69.382 29.727 < 0.001**39D.
AB 4514 2 2.257 0.967 0.384 0.021
Error 214.722 92 2.334

Safe Class

A (Group) 0.174 1 0.174 0.031 0.86 0.001
Error 254.986 46 5.543

B (Assessment Order) 0.431 2 0.215 0.348 0.707 0.008
AB 0.597 2 0.299 0.482 0.619 0.01
Error 56.972 92 0.619

Note: The categorizations of effect sizexférare the following: small = .01,
medium = .06, and large = .14 (Kittler, Menard, Kilips, 2007).

*p< 0.05; *p< 0.01
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TABLE 17. Number of participants per group, andugranean and SD of percentage of correctly cladsifels for the
Leg Angle x Type of Training (Groups 1, 3, and N&iring) Factorial ANOVAs for Experiment 2, Geneatlon data.

Trained At-risk Class Untrained At-risk Class Safe Class

Type of Training Leg Angle M SD LegAnge M SD LegAnge M DS n

14 101-125 87.93 12.37 27-53 95.04 10.00 80-90 97.337 6. 24
127-153 99.70 0.80 55-79 28.63 22.21 91-100 88.47 1868 4 2
Total 94.03 6.62 Total 63.07 15.21 Total 93.12 11.85 4 2

41 101-125 72.97 17.75 27-53 90.77 10.84 80-90 99.124 2. 24
127-153 98.51 3.20 55-79 19.87 19.88 91-100 94.86 1163 4 2
Total 86.21 9.01 Total 56.64 14.38 Total 97.09 7.22 24

ND Training 101-125 34.51 29.24 27-53 66.87 37.63 80-90.35 9.84 24
127-153 78.13 32.53 55-79 21.15 28.97 91-100 97.92 438 4 2
Total 57.05 29.17 Total 44.80 30.29 Total 97.62 758 4 2

Note:Total signals the collapsing of levels for the respedtictor. Group 1 and 3 were trained with at-risk
stimuli in the forward posttion.



100

TABLE 18. Summary of the Type of Training (Groups3land ND training) x Leg Angle
Factorial ANOVAs for Experiment 2, Generalizaticstal Summary of the Type of Training
(Groups 1, 3, and ND training) One-way ANOVA forgeximent 2, Generalization data.

Sources SS df MS F p partialy

Forward Trained At-risk Class

A (Type of Training) 490226.62 2 245113.312 30.084 Q0¥ 0.466
Error 562187.50 69 8147.645

B (Leg Angle) 823271.89 26 31664.303 87.986 <0.001** 60.5
AB 151740.97 52 2918.096 8.109 < 0.001** 0.19
Error 645625.00 1794 359.88

Backward Untrained At-risk Class

A (Type of Training) 110529.26 2 55264.632 4.833 0.011* .123
Error 788962.62 69 11434.241

B (Leg Angle) 2224795.38 26 85569.053 173.283 < 0.001** .716
AB 95149.75 52 1829.803 3.705 <0.001*  0.097
Error 885898.49 1794  493.812

Safe Class

A (Type of Training) 6090.54 2 3045.267 2.248 0.113 0.061
Error 93474.43 69 1354.702

B (Leg Angle) 11478.54 20 573.927 4.149 <0.001*  0.057
AB 15421.81 40 385.545 2.787 <0.001*  0.075
Error 190877.43 1380 138.317

Main Effect Type of Training Post Hoc Test: TukeyySD

Source M Difference p

Forward Trained At-risk Class
1:4vs. 4.1 7.82 0.27
ND Training vs. 1:4 36.91 < 0.001**
ND Training vs. 4:1 29.09 < 0.001**

Backward Untrained At-risk Class
1:4vs. 4.1 6.43 0.528
ND Training vs. 1:4 18.21 0.009**
ND Training vs. 4:1 11.78 0.124

Note: The categorizations of effect sizerfomre the following: small = .01,

medium = .06, and large = .14 (Kittler, Menard, Bilfps, 2007).

*p< 0.05; *p< 0.01
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TABLE 18 CONTINUED. Summary of the Type of Trainif@roups 1, 3, and ND training) x
Leg Angle Factorial ANOVAs for Experiment 2, Gereration data. Summary of the Type of
Training (Groups 1, 3, and ND training) One-way AYW®for Experiment 2, Generalization data.

AB Interaction Post Hoc Test: One-way ANOVA/Tukef'SD

Sources SS df MS F p
Forward Trained At-risk Class:Type of Training xg_&ngles 101-125
A (Type of Training) 36452.63 2 18226.31 41.342 <0.001*
Error 30419.95 69 440.87
Source M Difference p
1:4vs. 41 14.96 0.042*
ND Training vs. 1:4 53.42 < 0.001**
ND Training vs. 4:1 38.46 < 0.001**
Sources SS df MS F p
Forward Trained At-risk Class:Type of Training &g Angles 127-153
A (Type of Training) 7061.01 2 3530.51 9.904 < 0.001**
Error 24595.56 69 356.46
Source M Difference p
1:4vs. 41 1.19 0.974
ND Training vs. 1:4 21.58 0.001**
ND Training vs. 4:1 20.39 0.001**
Sources SS df MS F p
Backward Untrained At-risk Class:Type of Trainingeg Angles 27-53
A (Type of Training) 11069.07 2 5534.53 10.163 < 0.001**
Error 37575.35 69 544.57
Source M Difference p
1:4vs. 41 4.27 0.802
ND Training vs. 1:4 28.18 < 0.001**
ND Training vs. 4:1 23.91 0.002**
Sources SS df MS F p
Backward Untrained At-risk Class:Type of Training-eg Angles 55-79
A (Type of Training) 1074.59 2 537.29 0.933 0.398
Error 39739.21 69 575.93
Sources SS df MS F p
Safe Class:Type of Training x Leg Angles 80-90
A (Type of Training) 50.00 2 25.00 0.505 0.606
Error 3417.89 69 49.54
Sources SS df MS F p
Safe Class:Type of Training x Leg Angles 91-100
A (Type of Training) 1114.82 2 557.41 3.323 0.042*
Error 11572.69 69 167.72
Source M Difference p
1:4vs. 41 -6.39 0.209
ND Training vs. 1:4 -9.44 0.036*
ND Training vs. 4:1 -3.06 0.694

Note: *p< 0.05; **p< 0.01
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TABLE 19. Number of participants per group, andugranean and SD of number of degrees
the leg was extended beyond safe limits for theegsment Order x Absolute Frequency x
Relative Frequency Factorial ANOVAs for Experim@nDemonstration data.

Trained At-risk Direction Untrained At-risk Direction
AO Abslt RItv M SD n M SD n
1 10 1:4 9.75 6.83 23 11.51 8.52 24
4:1 13.44 8.01 23 12.67 9.31 24
Total 11.60 7.60 46 12.09 8.85 48
40 1:4 8.23 6.59 24 8.41 5.17 24
4:1 12.48 6.00 23 12.00 7.46 23
Total 10.31 6.60 47 10.16 6.57 47
Total 1:4 8.98 6.68 47 9.96 7.15 48
4:1 12.96 7.02 46 12.34 8.37 47
Total 10.95 7.10 93 11.14 7.83 95
2 10 1:4 7.88 7.84 23 10.96 10.14 24
4:1 12.65 9.14 23 13.59 10.35 24
Total 10.27 8.76 46 12.27 10.22 48
40 1:4 6.80 7.31 24 7.63 6.70 24
4:1 13.13 6.20 23 11.38 6.93 23
Total 9.90 7.44 47 9.46 7.00 47
Total 1:4 7.33 7.51 47 9.30 8.66 48
4:1 12.89 7.73 46 12.50 8.82 47
Total 10.08 8.08 93 10.88 8.84 95
3 10 1:4 8.17 7.59 23 10.33 9.58 24
4:1 12.63 9.60 23 12.68 10.60 24
Total 10.40 8.85 46 11.50 10.07 48
40 1:4 5.82 6.41 24 8.49 8.20 24
4:1 12.22 5.68 23 10.44 7.04 23
Total 8.95 6.81 47 9.44 7.64 47
Total 1:4 6.97 7.04 47 9.41 8.87 48
4:1 12.42 7.80 46 11.58 9.01 47
Total 9.67 7.88 93 10.48 8.96 95
Total 10 1:4 8.60 7.37 23 10.93 9.32 24
4:1 12.91 9.13 23 12.98 9.97 24
Total 10.75 8.59 46 11.96 9.67 48
40 1:4 6.95 6.76 24 8.18 6.72 24
4:1 12.61 5.82 23 11.27 7.41 23
Total 9.78 6.90 47 9.72 7.26 47
Total Total 1:4 7.78 7.09 47 9.56 8.21 48
4:1 12.76 7.62 46 12.12 8.79 47

Note: AO, Abslt,andRlItvrepresent the Assessment Order, Absolute FrequandyRelative
Frequency factors, respectivelotal signals the collapsing of levels for the respectactor.
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TABLE 20. Summary of the Relative Frequency x AbselFrequency x Assessment
Order Factorial ANOVAs for Experiment 2, Demondtatdata.

Sources SS df MS F p partial,”

Trained At-risk Direction

A (Relative Frequency) 1730.014 1 1730.01 11.695 0.001*0.116

B (Absolute Frequency) 66.031 1 66.031 0.446 0.506 0.005
AB 31.758 1 31.758 0.215 0.644 0.002
Error 13165.341 89 147.925

C (Assessment Order) 77.839 2 38.92 5.393 0.005**  0.057
AC 36.148 2 18.074  2.505 0.085 0.027
BC 15.883 2 7.942 1.101 0.335 0.012
ABC 5.772 2 2.886 0.4 0.671 0.004
Error 1284.519 178 7.216

Untrained At-risk Direction

A (Relative Frequency) 470.082 1 470.082 2.398 0.125 .02

B (Absolute Frequency) 354.774 1 354.774 181 0.182 0.02
AB 19.548 1 19.548 0.1 0.753 0.001
Error 17836.833 91 196.009

C (Assessment Order) 21.248 2 10.624 1.01 0.366 0.011
AC 14.146 2 7.073 0.673 0.512 0.007
BC 10.493 2 5.247 0.499 0.608 0.005
ABC 23.862 2 11.931 1.135 0.324 0.012
Error 1913.548 182 10.514

Assessment Order Post Hoc Test: LSD

Source M Difference p
Trained At-risk Direction

1vs. 2 0.86 0.026*

1vs. 3 1.27 0.005**

2 vs. 3 0.41 0.265

Note: The categorizations of effect sizerfoare the following: small = .01,
medium = .06, and large = .14 (Kittler, Menard, BilRps, 2007). In the post
hoc test, the numbers 1, 2, and 3 refer levelsinvilssessment Order.

*p< 0.05; **p< 0.01



TABLE 21. Number of participants per group, and grotean and SD of number of
degrees the leg was extended beyond safe limithdéoAssessment Order x Group

Factorial ANOVAs for Experiment 1, Groups 1 vs. Expemt 2, Group 3:

Demonstration data.
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Trained At-risk Direction

Untrained At-risk Direction

AO Group M SD n M SD n
1 1 11.65 6.12 22 15.41 8.36 24
3 1248 6.00 23 12.00 7.46 23
Total 12.07 6.01 45 13.74 8.03 a7
2 1 1222 8.14 22 14.11 7.50 24
3 13.13 6.20 23 11.38 6.93 23
Total 12.68 7.15 45 12.77 7.28 a7
3 1 1194 8.47 22 13.87 8.28 24
3  12.22 5.68 23 10.44 7.04 23
Total 12.08 7.10 45 12.19 7.81 a7
Total 1 1194 8.57 22 14.46 7.97 24
3 1261 5.82 23 11.27 7.41 23

Note: AO represents the Assessment Order fadtotal signals the collapsing
of levels for the respective factor.
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TABLE 22. Summary of the Group x Assessment Or@@tdrial ANOVAs for
Experiment 1, Groups 1 vs. Experiment 2, Group @nbnstration data.

Sources SS df MS F p partialy’

Trained At-risk Direction

A (Group) 15.217 1 15.217 0.126 0.724 0.003
Error 5195.924 43 120.835

B (Assessment Order) 10.789 2 5.395 0.555 0.576 0.013
AB 2.728 2 1.364 0.14 0.869 0.003
Error 836.172 86 9.723

Untrained At-risk Direction

A (Group) 358.609 1 358.609 2.311 0.135 0.049
Error 6981.491 45 155.144

B (Assessment Order) 57.43 2 28.715  2.977 0.056 0.062
AB 3.752 2 1.876 0.194 0.824 0.004
Error 868.1 90 9.646

Note: The categorizations of effect sizexférare the following: small = .01,
medium = .06, and large = .14 (Kittler, Menard, Kilips, 2007).
*p< 0.05; *p<0.01
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TABLE 23. Number of participants per group, andwugrenean and SD of number of degrees the
leg was extended beyond safe limits for the Assess@rder x Type of Training
(Groups 1, 3, and ND training) Factorial ANOVAs fexperiment 2, Demonstration data.

Trained At-risk Direction Untrained At-risk Direction

AO  Type of Training M SD n M SD n
1 1.4 8.23 6.59 24 8.41 5.17 24
4:1 12.48 6.00 23 12.00 7.46 23
ND Training 23.82 15.83 22 16.01 12.55 24
Total 14.62 12.13 69 12.14 9.38 71
2 1:4 6.80 7.31 24 7.63 6.70 24
4:1 13.13 6.20 23 11.38 6.93 23
ND Training 22.32 16.85 22 15.90 15.35 24
Total 13.86 12.62 69 11.64 10.91 71
3 1:4 5.82 6.41 24 8.49 8.20 24
4:1 12.22 5.68 23 10.44 7.04 23
ND Training 21.63 17.35 22 15.29 13.84 24
Total 12.99 12.64 69 11.42 10.44 71
Total 1:4 6.95 6.76 24 8.18 6.72 24
4:1 12.61 5.82 23 11.27 7.41 23
ND Training 22.59 17.62 22 15.74 13.77 24

Note: AOrepresents the Assessment Order fadiotal signals the collapsing of levels for the
respective factor. Group 1 and 3 were trained afithisk stimuli in the forward position.



107

TABLE 24. Summary of the Type of Training (Groups3land ND training) x Assessment

Order Factorial ANOVAs for Experiment 2, Demonstratdata.

Sources Ss df MS F p partialy’

Forward Trained At-risk Direction

A (Type of Training) 8576.427 2 4288.213 12.846 < 0.001* 0.28
Error 22031.87 66 333.816

B (Assessment Order) 90.592 2 45.296 5.744 0.004** 0.08
AB 44554 4 11.139 1.413 0.233 0.041
Error 1040.886 132 7.885

Backward Untrained At-risk Direction

A (Type of Training) 2079.632 2 1039.816 3.809 0.027* 0.1
Error 18562.41 68 272.977

B (Assessment Order) 19.874 2 9.937 0.934 0.395 0.014
AB 26.928 4 6.732 0.633 0.64 0.018
Error 1446.425 136 10.635

Type of Training Post Hoc Test: Tukey's HSD

Source M Difference p
Forward Trained At-risk Direction
ND Training vs. 1.4 15.64 < 0.001**
ND Training vs. 4:1 9.98 0.006**
Backward Untrained At-risk Direction
ND Training vs. 1:4 7.56 0.021*
ND Training vs. 4:1 4.47 0.251

Note: The categorizations of effect sizerfOrre the following: small = .01,
medium = .06, and large = .14 (Kittler, Menard, Bilfps, 2007).
*p< 0.05; *p<0.01
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Figure 1.Each data point shows the groups’ percent of trials classified as safe for each
leg angle. The data are shown as a generalization gradient. The S+s\@uwkegrees.
The S- value is 120 degrees.
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Figure 2.Each data point shows the groups’ percent of trials classified as safe for each
leg angle. The data are shown as a generalization gradient. The S+s\@uwkegrees.
The S- value is 120 degrees.
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Figure 3.The data are the groups’ percent of trials classified as safe for gaafgle.

The data are shown as a generalization gradient across the three stiaades: dafe,

trained at risk, and untrained at risk. The arrows signify the value of the S- stsedl|

during discrimination training for groups 1 and 2. The two vertical dashed lines represent
the S+ stimuli used during training.
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Figure 4.The data are the groups’ percent of trials classified as safe for gaafgle.

The data are shown as a generalization gradient across the three stiaades: dafe,

trained at risk, and untrained at risk. The arrows signify the value of the S- stsedl|

during discrimination training for groups 3 and 4. The two vertical dashed lines represent
the S+ stimuli used during training.
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Figure 5 The bars represent the percentage of trained at-risk picture stiassifield
correctly according to the Similarity and Leg Position factors. Thedsgion label

signifies the location of the leg within each at-risk stimulus during traifiing error
bars show the SEM.

Generalization: Trained At-risk Class, Similarity x Leg Position

100 +
90 +
80 A
70 A
60 -
50 A
40 ~
30 A
20 ~
10 -

B Greater Similarity
Lesser Similarity
& ND Training

Percentage of Stimuli Classified Correctly

Backward Forward
Leg Position




113

Figure 6.The bars represent the percentage of untrained at-risk picture stirasifieth
correctly according to the Similarity and Leg Position factors. Thedsgion label
signifies the location of the leg within each at-risk stimulus during traifiing error
bars show the SEM.
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Figure 7.The bars represent the percentage of safe picture stimuli classifiedtly
according to the Similarity and Leg Position factors. The leg position |ajeliss the
location of the leg within each at-risk stimulus during training. The errerdbaw the
SEM.
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Figure 8.The data for the demonstration variable are the groups’ mean number of
degrees the leg was over-extended in the trained at-risk direction. Thbagare the

SEM.
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Figure 9.The data for the demonstration variable are the groups’ mean number of
degrees the leg was over-extended in the untrained at-risk direction. Thizgagsrare
the SEM.
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Figure 10.The data are the groups’ percent of trials classified as safe for eauigleg

The data are shown as a generalization gradient across the three stiaades: dafe,

trained at risk, and untrained at risk. The arrows signify the value of the S- stsedl|

during discrimination training for groups 2 and 4. The two vertical dashed lines represent
the S+ stimuli used during training.
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Figure 11 The data are the groups’ percent of trials classified as safe for eauigleg

The data are shown as a generalization gradient across the three stiaades: dafe,
trained at risk, and untrained at risk. The arrows signify the value of the S- stsedl|
during discrimination training for groups 1 and 3. The two vertical dashed lines r@prese
the S+ stimuli used during training.
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Figure 12.The data points represent the percentage of trained at-risk picture stimuli
classified correctly according to the Relative Frequency and Absolujadfrey factors.
The error bars show the SEM. The ND training group was trained with 32 aéde tri
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Figure 13 The data points represent the percentage of untrained at-risk picture stimuli
classified correctly according to the Relative Frequency and Absolujadfrey factors.
The error bars show the SEM. The ND training group was trained with 32 aéde tri
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Figure 14.The data points represent the percentage of safe picture stimuli afassifie
correctly according to the Relative Frequency and Absolute Frequestoystalhe error
bars show the SEM. The ND training group was trained with 32 safe trials.
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Figure 15 The data for the demonstration variable are the groups’ mean number of
degrees the leg was over-extended in the trained at-risk direction. Thbagare the

SEM. The ND training group was trained with 32 safe trials.
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Figure 16 The data for the demonstration variable are the groups’ mean number of
degrees the leg was over-extended in the trained at-risk direction. Thbagare the

SEM. The ND training group was trained with 32 safe trials.
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Appendix A
"Are you ready to begin the sessioffXiot, wait until the subject is ready.

"Your participation may be terminated by the research investigatouifperformance
provides a clear indication of inattention to the tasks presented (e.qg., talking on phone,
using internet, engaging in activities other than those instructed duringpixeneent,

and not following discrete instructions.) If your participation is terminatea will not
receive any money."

"Please turn off and do not use your cell phone during the session. If you usellyour ce
phone during the session, then you will not receive money for your participatiait.”
until the subject turns off their cell phone and is sitting still before continuing with this
script.

"l am going to show you a slideshow. | want you to observe all of the slides in detail
Everything in the slideshow will run automatically. In other words, you don't need to
touch the computer.”

"Some slides will take longer than others. Again you must pay close attentieryo e
slide and please do not touch the computer.”

Point at clipboard to show them where it [S.here are data collection sheets on the
clipboard next to the computer which you will be instructed to use during the slideshow.
In order to receive the full amount of money, you must answer all questions on data
collection sheets. Even if you are unsure about a question, you must give antanswer
receive the full amount of money.”

Point at clipboard.“Do not touch the data collection sheets until the slideshow prompts
you to use them. Again, do not touch the data collection sheets until the slideshow
prompts you to use them."

"Once | begin the session | am unable to answer any questions. “Would you lige me
repeat anything that I've read so farl?’yes, then reread the appropriate part.

If they ask a question that is not covered in the script, theli’'sagorry but | can’t
answer that question. Please do the best you can with the information that I've
provided.”

"Alright, I'm going to begin the slideshow."
Start PowerPoint slideshow.
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Appendix B

Order 1: FORWARD>BACKWARD

Picture 1.
“Move your foot_(forward or backward)ntil it meets the yard stick (yard stick marks a
vertical position).”

-Take PICTURE 1 of vertical leg.

“During this picture taking process I'm going to ask you to move your legulfiye
moving your leg and you feel that the chair is in the way, then pleaseymovteg around
the piece of the chair. Again, if you are moving your leg and you feel that tmescimatihe
way, then please move your leg around the piece of the chair.”

Picture 2:
“Please listen to my instructions. My instructions will tell you to move yowet-leg.
Please do not move until | POINT at you signaling that it is okay for you to movéoyoer
leg.” [Exclude these two sentences for sets B and C].

READ SLOWLY
“You will now use the leg safety information that you learned during the trasfichgshow.
I’'m going to ask you tehow me the range of safe forward andsafe backward positions.”
[Exclude these two sentences for sets B and C].

“Based on the training, show me tRARTHEST that you can place your right leg
FORWARD, while keeping it SAFE. Please look down at your leg when you move it.”
“Move your right leg now.’POINT at the subject‘Hold this position while | take a
picture.”

-Take PICTURE 2.

Picture 3:
“Move your foot_(forward or backward)ntil it meets the yard stick (yard stick marks a
vertical position).”

-Make sure marker board has arrow pointing at floor.

-Move the subject’s leg so it is vertical again. Take PICTURE 3.

Picture 4:

“Again, please listen to my instructions. My instructions will tell you to maue lower-
leg. Please do not move until | POINT at you signaling that it is okay for you toyoave
lower leg.”[Exclude these two sentences for sets B and C].

“Again, you will now use the leg safety information that you learned duringaimentg
slideshow.”[Exclude these two sentences for sets B and C].

“Based on the training, show me tRARTHEST that you can place your right leg
BACKWARD, while keeping it SAFE. Please look down at your leg when you move it.”

“Move your right leg now.’POINT at the subjectHold this position while | take a picture.”
-Take PICTURE 4.
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Appendix C. The picture shows the safe and at-risk classes of stimuli.
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Appendix D. The picture shows the levels within the similarity and leg position factors.
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