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ABSTRACT

THE EFFECTS OF PRACTICE VARIABILITY AND VELOCITY FEEDBACK
ON THE DEVELOPMENT OF BASIC AND STRATEGIC TRAINING SKILLS

By

Morell E. Mullins, Jr.

A study is presented in which two training manipulations (practice variability and the
provision of velocity feedback) were hypothesized to bring about increased self-
regulation on the part of trainees. This increased self-regulation was then hypothesized to
lead to the enhancement of both basic and strategic performance during training, which
along with declarative and adaptive knowledge about the task should influence
performance on a more difficult generalization version of the training task. It was
suggested that situational judgment testing provided an ideal assessment methodology for
adaptive performance, and a situational judgment test was developed for this study.

Contributions of the study are discussed.
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INTRODUCTION

It has become increasingly clear in the last two decades that training design
should concentrate on moving beyond "fads" and instead look for those options, available
to trainers, which are most likely to result in the greatest learning, skill generation, and
ultimately, skill transfer and retention. The advancement of training as a field of study
within scientific psychology requires that questions be asked not only about how we can
best generate the kinds of results organizations value, but also why the manipulations we
employ can and should be effective. The literature on training design offers many
potential avenues to be explored. Design elements that have received attention in the
literature include: sequencing of materials (Dansereau, Brooks, Holley, & Collins, 1983);
provision of feedback (Earley, Northcraft, Lee, & Lituchy, 1990; Waldersee & Luthans,
1994); amount of control given to learners over their leaming experiences (Tennyson,
1980, 1981; Gay, 1986; Nelson, Dunlosky, Graf, & Narens, 1994); variability of training
experiences (Schmidt & Bjork, 1992; Schmidt, 1975); and provision of goals (Locke &
Latham, 1990; Latham & Locke, 1991). While these do not constitute a closed set of
training manipulations, they should serve to illustrate the kinds of things that can be done
within training programs to assist trainees.

In this study, I have examined the effects of two specific training manipulations,
based around the nature of the practice in which trainees engage and the feedback they
receive about their practice. These general areas are two that should receive increased
attention as training design efforts become more complex and begin to fully utilize the
technologies available. Kozlowski, Toney, Mullins, Weissbein, Brown, and Bell (in

press) argue that the capabilities to (1) generate various types of skill-developing practice



scenarios and (2) provide detailed feedback information regarding those scenarios, are
likely to be central components of many future training systems, particularly those used
to train individuals to perform complex tasks. As such, the manipulations utilized for this
study represent the cutting edge of training theory and practice, making the further
understanding of their effects offered by this study all the more crucial to progress in
training design.

"Practice" and "feedback," however, are exceedingly broad in their scope.
Questions of appropriate practice during training may range from how much practice, to
the extent to which the practice experiences of trainees vary substantially over the course
of training. Feedback is perhaps an even broader term, and can range from the purely
descriptive (how accurate was the trainee, how frequently were certain actions
performed, how consistent was the trainee's performance with regard to the goals of
training) to the highly evaluative (being referenced to others who are going through the
training or have done so in the past, to the trainee him- or herself, or to a general
positive/negative label) (Kozlowski et al., in press). Moreover, feedback can be provided
that combines both descriptive and evaluative components.

This study begins the task of understanding how feedback and practice work
together by isolating elements of each and looking at their effects as well as their
interactions with one another. It makes sense, as we will see, to argue that the
manipulations employed should have an effect on valued training outcomes. However,
little empirical support exists for such contentions in the training literature itself, and this

study seeks to fill that void.



In the opening section of this paper, I will accomplish several goals. First, to
frame the study, I will review the literature on training, focusing on the kinds of
outcomes that are valued in training settings. With an understanding of our desired end-
states established, I will then turn my attention to the question of what kind of cognitive
processes we should be attempting to stimulate in trainees to reach our goals. I will argue
that a critical element of any successful training program may be the successful
stimulation of trainee self-regulatory activity. Trainees should be active in the learning
process, should be considering how to use the information and skills they are gaining, and
should be attempting to make the infdnnation presented in training make sense in light of
the overarching goals not only of the training program, but of the job to which they must
transfer the knowledge and skills from training.

Once my review of the literature on self-regulation is completed, I will discuss the
literature surrounding my two focal manipulations. Both the practice and feedback
literatures are extensive, so I will discuss them first at a broad macro level, and then
move to a more specific consideration of the potential ways to operationalize them. I will
discuss the options available to trainers with respect to the types of feedback and how
practice may be' utilized before discussing my specific manipulations, along with a
rationale based on training and other literatures for why they should produce the desired
outcomes, with arguments here centering on the stimulation of self-regulatory activity.
Here, as with the section on self-regulation, I will focus not only on the training literature,
but also on what can be gained from examinations of literatures outside the traditional
purview of Industrial/Organizational Psychology -- specifically, the cognitive and

educational fields.



Each section of the literature review, then, will build on the previous. In
considering the manipulations, I will argue that the two manipulations I have selected
will enhance self-regulation on the part of trainees, which I will have already argued as
the appropriate method for reaching the kinds of outcomes valued by organizations in
today's marketplace. The next section, then, will discuss those training outcomes, and the
research and theory available to guide our understanding of them.

Training Outcomes

The literature on training is expanding with every new journal issue, and a
comprehensive review of the literature on training is becoming prohibitive for anything
less than a series of books. Such a review is not necessary for the purposes of this study,
however, because a great deal of the most critical information is contained in the
literature on training outcomes.

Depending on the goals of the specific training program, the knowledge and skills
to be gained will vary. It may be that the training was commissioned solely to teach
trainees appropriate behaviors in the workplace (e.g., sensitivity training), in which case
the goals would involve the capability of trainees, following the program, to be able to
identify those behaviors which are appropriate or inappropriate in the workplace. Or the
training may have been commissioned to teach a new skill, like the use of a new piece of
software, in which case the goal would involve trainee capacity to use the program
following completion of the training. In either case, however, it will be hoped that
trainees will retain what they have learned beyond the final training session and will
actually apply what they have learned on the job. This is most commonly referred to as

"transfer," and issues of transfer have become increasingly salient to training researchers



in recent years (e.g., Baldwin & Ford, 1988; Ford, 1997). Transfer can occur in terms of
either simple retention (do trainees do the same things they were taught in training on the
job?) or more complex adaptation (do trainees take what they have learned and attempt to
apply it to their job context, which will be non-identical to the context of training and
may complicate the usage of their knowledge/skills?). The more interesting theoretical
and practical question is the one involving the adaptation of knowledge or skills, since in
most cases, the job context and the training context are markedly different. This presents
problems of a practical nature, as trainees must be able to adapt their skills to the
different environment if the training is to have any value. The theoretical problems are
interesting as well, as we find ourselves faced repeatedly with the question of how
training can be designed in order to ensure that the skills gained should be adaptable,
from a theoretical standpoint.

Retention-based transfer is the simpler of the two general types. Here, our goal is
simply that trainees retain as much of the information or skills from training as possible,
in a form identical (or nearly so) to what they were taught during the training program. It
is easiest to think about retention-based transfer from both knowledge and skill
perspectives.

The knowledge gained in training is the element most likely to be retained with
minor modifications. Consider training on a new computer program. An example of the
kind of knowledge that would simply need to be retained from such a training program
might be the meaning assigned to the function keys (F1-F12) on the keyboard. If the

program's "Help" function is activated by pressing F3, this is something trainees will



need to learn in training, and will need to remember when they begin using the program
on the job.

The specific skills gained in training on such a program should also be retained.
For example, assume the program in question is an upgrade of a spreadsheet program.
The process for entering data and doing computations is one which should not change
from the training environment to the job, because the program itself is going to remain
constant. Hence, once the skill is gained, it should not be lost. Note that the distinction
between this example and the previous example is intended to be one of declarative
versus procedural knowledge; in the former example, we simply want the trainee to know
that if the F3 key is the "Help" key, while in this example we want to trainee to know
how to do more complicated things with the program, such as data entry. There are
certainly declarative components to data entry tasks, but there are also procedures to be
followed with respect to frequency of saves, backup procedures, and the like which are a
concern while data are being entered as well.

The real difficulties come not in getting trainees to retain what they have learned
in training (though statistics do show that only a small percentage of what is learned may
be retained), but in getting trainees to adapt what they have learned in training. Learning
by rote is one thing; developing adaptive skills is another altogether. This problem has
been discussed for over a decade now in I/O journals, with one of the articles that shaped
the field being a paper by Baldwin and Ford (1988) in which the authors pointed out that
both the maintenance of skills and the generalization of those skills to the job were

critical elements of transfer.



Recently, the broader psychological literature has begun to pay atten;ion to issues
of adaptation and adaptability. The act of learning, and more broadly, the use of
knowledge and skills gained through the learning process, is not static. Rather, the bulk
of what we learn may be specific to the context in which it was originally learned,
meaning that in order to use it in other contexts, we must adapt or change it in some way.
The adaptation required may be subtle (the keyboard layout on the computers used in
training may be different from the keyboard layout of the computers used on the job,
requiring an adaptation to the new layout) or much more complex (different tasks may
need to be performed with the new program once it is implemented on the job, for which
trainees were not specifically trained). Training researchers (e.g., Hesketh, 1997) have
begun discussing such topics as “adaptive expertise,” but the notion of adaptability has
long been inherent in training research. This is evidenced by Kelly’s (1982) discussion
of generalization across time, settings, and situations.

We are therefore concerned about the retention/maintenance of knowledge and
skills gained in training, as well as their potential adaptation to different contexts. A
reasonable next question is what factors we might expect to have an impact on the
likelihood that transfer, in its various forms, may occur. In general, the literature
discusses three sets of factors that will affect whether or not transfer occurs. These are
individual factors, situational factors, and design factors. Individual factors are those
things trainees bring with them into the training situation. Warr and Bunce (1995) listed
several potentially important individual factors, including demographics such as age,
educational qualifications, job tenure, and specific experiences on the job, as well as

more internal factors like attitude, motivation, anxiety, self-efficacy, and the use of



strategies. While not all of the individual factors were ultimately shown to be critical to
obtaining desired outcomes from training, the study nonetheless showed that individual
factors are something we must be cognizant of, and at the very least be able to control for
or predict in our training programs. Tesluk, Farr, Mathieu, and Vance (1995) also
considered individual factors, including organizational commitment and cynicism, but
went beyond the individual and considered situational factors. Tesluk et al. considered
two levels of situational factors, the suborganization, and the organization, and at both
levels considered such situational variables as managers’ attitudes towards the material to
be trained and the presence of an appropriate climate. Multiple climates exist within an
organization, reflecting the organization’s norms and values in many different areas (e.g.,
the climate for cooperation defining the norms for employees cooperating with one
another, or the more general interpersonal climate defining the norms for how employees
interact with one another around the office; Mullins, Kozlowski, Schmitt, & Howell, in
preparation). The norms for how work gets done and how knowledge and skills from
training may be implemented into day-to-day activities will clearly influence the extent to
which retention and adaptation of skills occurs. Hence, climate may be a primary
situational constraint.

Studies involving training transfer are therefore made complicated by both the
characteristics trainees bring with them into the training program, and by the environment
to which they must ultimately return in order to utilize their new knowledge and skills.
Both of these factors make it difficult for us to determine the unique effects our training
interventions — that is, how we design our training — may have had on the likelihood of

transfer. A solution to this problem, at least in the early stages of attempting to



understand transfer, is the use of lab studies in which individual differences and transfer
environments can be controlled. This study attempts to do precisely that. Information on
individual characteristics is collected before, during, and at the conclusion of the
experiment. Moreover, the transfer task is identical for all participants, lending us the
opportunity to observe the capability of individuals to generalize their skills based
primarily.on the training manipulations to which they have been exposed. Ideally, this
means that we will be able to make statements about the efficacy of the specific training
design elements utilized.

As was noted at the beginniné of this paper, the literature on training design offers
many potential avenues by which transfer (in terms of maintenance and
adaptation/generalization) might be encouraged. Rather than begin a detailed discussion
of the manipulation at this point, though, it is reasonable to ask what cognitive processes
might allow our manipulations to actually have an effect on the outcomes of interest, as
discussed in the previous pages. One domain which has begun to be more heavily
researched in this regard is self-regulation.

Self-Regulation

Self-regulation came to prominence with Flavell's (1979) discussion of
metacognition as an individual's awareness of and control over his or her own thought
processes. A more specific form of metacognitive activity, self-regulation, has received
increased attention in both educational (e.g., Ames & Archer, 1988; Bouffard, Boisvert,
Vezeau, & Larouche, 1995) and I/O (e.g., Kanfer & Ackerman, 1989) psychology. Self-
regulation is the act of monitoring the differences between goals and current states

(Kozlowski, Toney, Weissbein, Mullins, Brown, & Bell, 1998), and involves cognitive,



behavioral, and affective components (Kozlowski, Toney, Weissbein, Brown, & Mullins,
1997). The centrality of self-regulation to cognitive processes has been forcefully argued
by Bandura (1991; Bandura & Wood, 1989), who posited a system in which individuals
engage in self-monitoring, judgment, and self-reaction while attempting to regulate their
own behavior. While the labels applied to the subcomponents of self-regulation may
differ across theoretical approaches, several aspects of self-regulation are relatively
constant. First, individuals engaging in self-regulatory activities should, based on their
monitoring of their behavior, note discrepancies between their desired performance and
actual performance and act to minimize those discrepancies. Moreover, by actively
thinking about how they are approaching the task and how they can best reach their goals,
individuals should be forced to not only develop a full representation of the problem
space, but also to develop a flexible representation, which can be adapted as new
information is discovered. Constant self-regulation allows them to better adapt what they
have learned without sacrificing anything they have gained from prior experiences. From
an affective or self-reactive standpoint, it is also clear that how people feel about their
own behavior (often operationalized in terms of self-efficacy, or beliefs regarding their
capabilities to perform the task) will influence future behavior as well. Hence, while
slightly different perspectives may be taken to understanding what self-regulation is, the
correspondence across these perspectives is high with respect to both the basic
functioning and the theoretical importance of self-regulatory mechanisms.

In this section, I will review recent research on self-regulation that is relevant to
topics within training. First, I will discuss the linkage between self-regulation and goals,

with particular attention paid to a type of goals (mastery/learning; Ames & Archer, 1988)
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that is likely to enhance the quality of self-regulation during training. I will then consider
the role of feedback relative to goals, with respect to self-regulatory activities. While
conventional wisdom seems to indicate that feedback in general should be optimized by
simple concurrence with goals (Latham & Locke, 1991), the fact that different
mechanisms may be operating in determining the amount, quality, or type of self-
regulatory activity arising from goals as opposed to feedback may cast doubt on this
assumption. The distinction between goals and feedback is made at this time simply to
demonstrate the explanatory capacity of self-regulation as a guiding frame, but will be
returned to in later discussions of substantive issues as well. Once the discussion of
feedback is concluded, I will briefly discuss other manifestations of self-regulation, to
provide the reader with an overview of other domains in which the concept has been
applied, and then I will conclude this section by presenting a model of the self-regulatory
system developed by Kozlowski, Weissbein, Brown, Toney, and Mullins (1997).
Self-Regulation and Goals

One understanding of self-regulation, advanced by Ridley, Schutz, Glanz, and
Weinstein (1992) puts central importance on the role of goals. The authors treat goals as
potentially vmotivating via their actions on the self-regulatory process, specifically
through their impact on self-evaluation and self-efficacy judgments. Such judgments are
based on the perceived fit between the goals adopted by the individual and the feedback
- individuals receive about how well they are meeting their goals. Mitchell, Hopper,
Daniels, George-Falvy, and James (1994) echoed Ridley et al.'s (1992) findings, arguing
that when resources were available, goals should bring about increased, beneficial self-

" regulatory activity. These papers, however, discussed goals and goal setting in very
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general ways and do not provide a great deal of guidance with respect to what type(s) of
goals might best enhance self-regulatory processes in trainees. That some goals should
do so is not in doubt, but it is not unreasonable to ask what specific type of goals might
be applied if we wish to maximize the extent to which our trainees engage in self-
regulatory activities.

One recommendation arises from a distinction originally drawn in the educational
literature based on goal orientation. Goal orientation (Elliot & Dweck, 1988; Dweck &
Leggett, 1988) refers to the extent that individuals tend to adopt or prefer either mastery
or performance goals. Mastery-oriented persons tend to adopt goals that focus on
improving skills and increasing competence (Duda & Nicholls, 1992), whereas
performance-oriented persons adopt goals designed to help them perform well and to
look good in comparison to others (Meece, 1994). The cognitive processes surrounding
the adoption of these two types of goals are likely very distinct. Because of the focus
mastery orientation applies on skills and competencies, individuals with such an
orientation might reasonably be expected to engage in high levels of self-regulatory
activity in pursuit of their goals. Performance orientations, on the other hand, might be
expected to require somewhat less self-regulatory activity, as the capacity to perform on a
task may be something which is optimized when automatization of the skill set has been
achieved. This distinction is borne out in the literature, where research has consistently
shown that mastery-oriented individuals do engage in more active self-monitoring and
other self-regulatory activities than do performance-oriented individuals (Bouffard et al.,
1995; Ames & Archer, 1988; Meece, Blumenfeld, & Hoyle, 1988; Miller, Behrens,

Greene, & Newman, 1993).
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Goals obviously provide critical information to trainees, which can then be used
to help the trainees make judgments about their progress throughout the training program.
Such judgments are central elements of the self-regulation that trainees engage in during
training. While they may be stimulated by any type of goal, research seems to indicate
that providing mastery goals, which focus trainees on gaining skills and competencies
rather thaﬁ on simply performing a new set of skills (Kozlowski et al., 1998), may offer
one of the best goal-based manipulations of self-regulation. Hence, if one of our training
goals is high levels of self-regulation among our trainees, we might be well-advised to
utilize mastery goals as a training manipulation.

While substantial evidence exists to demonstrate that mastery (vs. performance)
goals are superior in enhancing self-regulatory activity, I am interested in moving beyond
simple considerations of such goals to determine how we can further amplify their effects
on self-regulation in training. It is possible that other manipulations may possess additive
effects in combination with the presentation of mastery goals. Some of these were
mentioned in the introduction to this paper. For instance, the extent to which trainees
who are learning a task are given variable versions of the task on which they may
practice, as opposed to practicing an identical task every time, might impact self-
regulatory activity by providing trainees with a broader experiential base from which to
draw (Schmidt & Bjork, 1992; Schmidt, 1975). Similarly, it has recently been suggested
that errors be used as training tools; sometimes they are built in to training scenarios to
encourage alterations in the way trainees practice and think about the task, while in other
situations trainees are encouraged to make errors while practicing and observe the

consequences (Lord & Levy, 1994; Frese & Altmann, 1989; Ivancic & Hesketh, 1995).
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Using errors as practice manipulations can be particularly beneficial, Ivancic and Hesketh
(1995) point out, when problem solving and hypothesis testing skills are desired. In
either case, however, errors provide information which is likely to stimulate self-
regulatory activity on the part of trainees. As a final example, consider the sequencing of
materials presented in training (Dansereau et al., 1983). The order in which trainees are
exposed to elements of the material to be learned can be used to guide their relevant
cognitions. This capacity, in turn, can also be used to shape the self-regulatory activities
in which trainees engage by forcing them to develop their understanding of the training
domain in a specific manner. Any or all of these manipulations have the potential to
augment the self-regulatory effects of mastery goals.

In the beginning of this section, I mentioned that the self-regulatory effects of
goals may arise from a comparator process between the goals provided and the feedback
received. While this may be the case, more theoretical work has been done
understanding the effects of feedback on self-regulation than has been done
understanding the general linkage between goals and self-regulation. The comparator
argument, however, may be insufficient. Assuming that nothing more occurs in
determining self-regulation than a comparison of training goals with feedback is overly
simplistic; both empirical and theoretical work on the role of feedback, particularly
relevant to self-regulation, push us to a broader consideration of feedback within training.

Self-Regulation and Feedback

In considering feedback, we must first think about relevant theoretical
frameworks from which the effects of feedback on self-regulation can be considered.

One obvious theoretical framework we can use for this purpose is control theory (Carver
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& Scheier, 1982, 1990). Control theory posits a negative feedback loop in which
individuals notice a discrepancy between how they believe they should be performing
and how they actually are performing, leading them to engage self-regulatory
mechanisms to assist in reducing that discrepancy. The negative feedback loop reduces
deviations from a compared value beginning with an input function involving a
perceptic;n of the present state. This perception is then compared to a reference value by
a comparator mechanism. If the individual perceives a discrepancy between the present
state and the reference value, an output function is engaged (a behavior is performed) to
reduce the discrepancy. This causes ﬁ change in the perception of the present state.
Other external forces (disturbances) may also impact the environment and cause a present
state change. While most often disturbances increase the discrepancy between the
present state and reference value, they may also act to reduce the discrepancy. Under
control theory, then, the process briefly described in the previous section occurs.
Individuals (trainees) receive information about their performance during training,
compare that information with their initial goal state, and alter their behavior in such a
way as to maximize the likelihood that they will meet their goals. The view of control as
a central elemeﬁt of self-regulation is echoed in the work of other authors (e.g., Nelson,
1996).

Control theory also aligns itself well with what Karoly (1993) referred to as the
"directive function" of self-regulation. That is, self-regulation helps to direct future
behavior, in this instance by comparing current behavioral states with desired goal states.
However, recent work has called into question the assumption that a simple matching of

goals to feedback may allow control theory to operate. Mullins, Kozlowski, Toney, Bell,
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Brown, and Weissbein (1999) tested the effects of matching or mismatching feedback to
goals which were designed around either mastery or performance goal orientations. In
this study, the authors provided trainees with either mastery ("Learn and master these
critical skills") or performance ("Obtain a score of [x] on the task") goals, then provided
either feedback that matched the goal (mastery feedback for mastery goals, etc.),
feedback that did not match the goal (performance feedback for mastery goals), or a
combination of mastery and performance feedback, along with extra information used in
calculating the overall performance feedback information. Because the task was heavily
cognitively-loaded and required substantial self-regulation and strategy use in order to
generalize the skills gained in training to a more difficult environment, the authors
hypothesized that providing mastery goals (consistent with the literature, e.g., Ames &
Archer, 1988) and mastery feedback (was mastery demonstrated?) would optimize
generalization of the material from training. However, the authors found that simply
matching feedback to goals did not maximize generalization/transfer performance.
Instead, they found that the best generalization occurred when individuals were given
mastery goals and both performance and mastery feedback. A further examination of the
feedback literature provides one potential explanation for this finding.

Karoly's call for self-regulation to serve a directive function is critical to our
explanation of Mullins et al.’s (1999) findings. Some forms of feedback may be better
suited to direct or guide trainee attentions than are others. Mastery feedback, while it
offers descriptive information about the behaviors in which trainees engaged, may not
ultimately be directive in the sense that it can motivate trainees and encourage them to

continue moving forward. The kind of feedback which is more apt to do so has been
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referred to in the literature as "velocity" feedback, which is information that allows
trainees to make judgments about their progress on a task (Carver & Scheier, 1990; Hsee
& Abelson, 1991; Kluger & DeNisi, 1996). The capacity to observe improvement over
the course of a training program is likely central to individuals’ beliefs regarding their
potential to deal with the material from training and any changes which might arise in its
generalization, and is also likely to provide more of a directive influence. Thus, it may
be that because it provided a way for trainees to observe their improvement during
training, the performance feedback served as velocity information and actually increased
the amount of self-regulation in which trainees engaged during the Mullins et al. (1999)
experiment.

In total, then, theoretical explanations exist for why feedback should impact self-
regulation. Adopting a control theory perspective (Carver & Scheier, 1990) allows us to
consider discrepancies between goals and feedback as one potential avenue through
which self-regulation may be accomplished. However, recent research has pointed out a
potential flaw in this logic, as in some cases additional feedback will need to be offered
to provide velocity information, which can provide a directive force to trainee cognitions.
Manifestations of Self-Regulation

An impressive array of issues have been considered by researchers concerned
with self-regulation. In this section I will highlight several such issues which are relevant
to the discussions in the previous portions of this review, and which serve to better define
what is meant by self-regulation before moving on to a theoretical model of the self-
regulatory system that can serve as a guiding framework. Two particular manifestations

of self-regulation are of interest at this point. First, I will consider self-regulation as the
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basis for at least some forms of higher-order skill development. This is important
because such skill development is one of the goals of most training programs. Second, 1
will consider self-regulation as manifested in the use of strategies. Both of these
manifestations, I will argue, are central to any consideration of the role of self-regulation
in training.

Etelapelto (1993) argued that on many tasks, those individuals who perform best
are those who are more aware of their own cognitive processes and engage in higher
levels of self-monitoring. That is, people who think about their own thinking (are
possessed of high metacognitive awareness) are likely to develop more complex
cognitive representations of a domain, and be better able to access the elements of such a
domain. The suggestions made by Etelapelto (1993) are important because they allow us
to expand our consideration of the role of self-regulation during training beyond the
bounds of the formal training program itself, and consider its long-term outcomes. If
self-regulatory activity is, as Etelapelto suggests, related to higher-order skill
development within a given domain, it does not require a large inferential leap to suggest
that we should encourage self-regulatory activity during training.

The centrality of strategies to learning has been noted by many authors (e.g.,
Ames & Archer, 1988). One mechanism by which strategies may operate in learning
environments is via self-regulation, as developing and implementing strategies is
inherently a self-regulatory activity. Individuals must monitor their environment, come
to an understanding of the task, and make decisions about how best to approach the
challenges presented by the task with which they are faced. A multitude of studies have

discussed strategy use during training or other learning activities, including Garcia and
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Pintrich (1994), Meece (1994), Pintrich and DeGroot (1990), Schunk (1994), Bandura
and Wood (1989), Curtis (1992), Earley, Lee, and Hanson (1990), and others. The
contexts in which strategies have been applied makes it clear that they are critical to a
variety of complex learning activities, and the nature of strategies makes the conclusion
that they are manifestations of heightened self-regulatory activity a reasonable one to
reach. Cénceptualizing strategies as one manifestation 6f self-regulatory activity again
allows us to better see the role self-regulation plays in learning, this time in terms of the
processes in which learners or trainees are likely to engage.

The relevance of considering both higher-order skill development and strategy use
as indicators or manifestations of self-regulatory activity should be clear. While the
manner in which the two 'phenomena manifest themselves are different, the argument that
self-regulation underlies both of them is interesting, and should further encourage us to
consider self-regulation as a central element of training design efforts. In the next
section, I will review a model of the self-regulatory system proposed by Kozlowski et al.
(1997). This model serves to break down self-regulation into cognitive, behavioral, and
affective components, and may be used to guide us in identifying indicators for each of
the aspects of self-regulation.

The Sélf-Regtﬁtorv System

Kozlowski et al. (1997) developed a model of training with its origins in the work
of Bandura (1991), suggesting that self-regulation is actually a system composed of three
interlocking elements. The most common element of self-regulation is self-monitoring,
the extent to which individuals engage in cognitive analysis of what they have done and

‘Wwhat they need to do to meet their goals. Kozlowski et al. argue that the actual practice
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in which individuals engage is also reflective of self-regulation, as trainees may change
what they are doing to ensure that they meet their goals, and that the self-evaluations
made about performance (in terms of both attributions and self-efficacy) are critical as
well. All three of the elements of what Kozlowski et al. (1997) term the "self-regulation
system" are hypothesized to work together in determining the extent to which critical
outcomes may be reached. See Figure 1 for a graphical display of the three elements of
the system.

The distinction Kozlowski et al. (1997) draw among cognitive, behavioral, and
affective domains is not pure, however; the separation of the elements is in some senses
heuristic. What we do affects what we feel, what we feel affects what we think, what we
think affects what we do, and so forth. The system, the authors propose, is more than the
sum of its parts; but it is by studying the parts — thinking, feeling, and doing — that we can
come to the most meaningful understanding of self-regulation as a whole. Hence, there
are reciprocal links among the three domains such that influences on any one will likely
affect the others; the distinctions are useful, primarily, for conceptual and measurement
reasons.

The simplest place to begin is with the cognitive component of self-regulation,
self-monitoring. Self-monitoring is the allocation and application of attentional resources
to the task (Kanfer & Ackerman, 1989), monitoring goal discrepancies and the ongoing
process of questioning whether the current strategic approach to the task is optimal
(Kozlowski et al., 1997). The cognitions that are triggered during the learning process

are among the most salient and forceful manifestations of the individual’s experiences,

and may be what stays with the trainee the most strongly because of the effort involved in
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their production. The requirement that trainees actively consider what they are doing as
they perform the task forces them to learn at a deeper level than would otherwise occur,
and enhances the quality of the conclusions they reach by having preliminary conclusions
questioned as a regular part of the process. Clearly, when trainees are encouraged or
required to reflect on what they are doing on the task, and how they can improve their
perform#nce, it is unlikely that they will lose motivation, stagnate, and eventually quit the
task. Instead, they will develop more complex cognitive representations of the task,
which should enable them to better adapt what they have learned to other environments.

The affective, self-evaluative.elements of self-regulation may be almost as salient
as cognitions to trainees, and are certainly afforded the same importance in Kozlowski et
al.’s (1997) model. Self-evaluation, to the authors, includes both self-efficacy resulting
from training and attributions made about training performance.

Self-efficacy (Gist & Mitchell, 1992) is the belief on the part of an individual that
he or she is capable of accomplishing a specific task. The task can be as simple as
walking a mile, or as complex as landing an F-14 on an aircraft carrier. Self-efficacy
arises primarily from past experiences, though it can also arise from vicarious experience
and trainees' kﬁowledge of their skill in a given area, and forms the basis for later trainee
performance. Recent research has begun to suggest that the effects of self-efficacy may
occur in part because of its importance to self-regulation. Kanfer and Ackerman (1989)
found that task-relevant self-efficacy was absolutely essential if self-regulatory activities
were to occur, a finding supported by Miller et al. (1993) as well as Bandura (1991).
“That is, if people do not believe they are able to accomplish the task (they have low self-

efficacy), then they are unlikely to engage any self-regulatory mechanisms and therefore

21



create a self-fulfilling prophecy in which low efficacy ieads to low performance (see
Lindsley, Brass, & Thomas, 1995, for a discussion of efficacy-performance spirals).
Attributions about past experiences and about the training experience itself serve
a similar function to self-efficacy. Trainee expectations, whether of success or failure,
are based in part on the attributions made about past performance. Trainees who attribute
past failures to external causes may be more likely to work hard at a task and actively
self-regulate because they believe themselves capable of succeeding, while those who
attribute past performance to internal causes are less likely to see themselves as capable
and therefore less likely to engage the other elements of the self-regulatory system, self-
monitoring and practice (Martocchio & Dulebohn, 1994). Similarly, within training the
attributions that are made by trainees about their experiences are likely to impact their
processing and retention of information, which will ultimately affect the entire self-
regulation process (Hastie, 1984). Trainees with low self-efficacy, or those who make
poor attributions, are likely to become demotivated and not try as hard at the task.
The third domain of the self-regulation system as discussed by Kozlowski et al.
(1997) is the behavioral component, practice. The literature presents multiple benefits of
practice, including increased retention of information from training to transfer (Hastie,
1984), increased persistence (Forsterling, 1985), and increased positive affect (Carver &
Scheier, 1990).
Multiple methods are available to utilize practice to encourage the activation of
other components of the self-regulation system. First, Frese and Altmann (1989) suggest
that trainees be instructed to engage in active hypothesis testing. This activity will

anvoke cognitive monitoring elements, as well as efficacy judgments based on the quality
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of the hypotheses tested, and will force the trainee to practice different elements of the
task as hypotheses are chosen, tried, and discarded. While some studies have not
supported the importance of hypothesis testing activities to adaptive transfer (e.g., Smith,
1996), the issue remains open and the rationale to expect activities such as hypothesis
testing to be important to transfer remains solid. In addition, errors have seen increasing
use as training tools. Sometimes they are built into training scenarios to encourage
alterations in the way trainees practice and think about the task, while in other situations
trainees are encouraged to make errors while practicing and observe the consequences
(Lord & Levy, 1994; Frese & Altmann, 1989; Ivancic & Hesketh, 1995). Using errors as
practice manipulations can be particularly useful, Ivancic and Hesketh (1995) point out,
when problem solving and hypothesis testing skills are desired. It should therefore be
clear that what gets practiced, and how, has an impact on the likelihood that trainees will
be able to solve novel problems when the task is altered.

The three elements of the self-regulation system do not work in isolation from one
another. Appropriate practice can stimulate trainees to think about different elements of
the task and can shape how they feel about their performance. Appropriate self-
monitoring can direct trainees toward appropriate elements of the task to practice, and
can give them accurate information on which to base their self-evaluations. And
appropriate self-evaluations increase the likelihood that trainees will continue to practice
and monitor the task to the fullest extent of their ability and to develop the resilience to
deal with setbacks. In order to adapt, trainees must monitor the appropriate elements of
the task, practice them in a manner that allows them the greatest comprehension, and

make self-evaluations about their progress and performance that enhance later
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adaptability of what they have learned. What kinds of indicators might we then look at,
to determine the extent to which individuals are activating the various elements of the
self-regulatory system?

In considering behavioral elements of self-regulation, the most direct approach to
assessment involves either observing the behaviors of trainees who are asked to self-
regulate, or to ask them to report the activities in which they engaged that reflect self-
regulatory activity. Because many training instances do not allow for substantial one-on-
one contact between trainer and trainee (i.e., they are done in large group, classroom-type
settings), the second option may be better. That is, in determining the type of self-
regulatory behaviors in which trainees engaged, we might be advised to ask them
questions about what they were thinking about while they were learning the material, and
what strategies they employed to help them learn and master the material.

The affective elements of self-regulation are also relatively straightforward. Asa
result of their experiences during training, individuals will begin to evaluate their own
capacities with respect to the training material. This is clearly parallel, as was discussed
above, to self-efficacy (Gist & Mitchell, 1992). Hence, when we are concerned about
whether the affective elements of the self-regulatory system have been activated for
trainees, the easiest way to assess this should be-a measurement of their task-relevant
self-efficacy.

The extent to which individuals engage in self-monitoring may be inferred from
the extent to which they have learned the material from training. Controlling for the
effect of cognitive ability on learning declarative information, it is reasonable to expect

that individuals who engage in greater self-monitoring of their own progress learning the
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material should, in fact, learn the material better than those who do not monitor their
learning. Hence, we may expect that the learning trainees engage in over the course of
training should allow us to draw inferences about the extent to which they were
monitoring their own progress on the cognitive components of the training task.

In this section, I have attempted to accomplish several goals. First, I reviewed
self-regulation in a general sense, defining the construct and talking about its applications
in the literature. Then I turned to a consideration of those elements of the training
environment which might be manipulated to enhance self-regulatory activity among
trainees. Goals, specifically mastery/learning goals (Ames & Archer, 1988) were
presented as a foundation on which training could be built to encourage self-regulation.
Other manipulations, such as variability of practice, were discussed as possessing the
potential to enhance self-regulation as well. The potential non-redundancy of feedback
and goals was then considered, and the argument was put forth that velocity feedback
might provide an additional "push" to trainees that might enhance self-regulatory activity
beyond simply matching the feedback directly to the mastery goals provided. Moving to
the other end of the model (so to speak), I then considered potential manifestations of
self-regulatory activity, including strategy use and skill development. I concluded this
section with a discussion of the self-regulatory system model proposed by Kozlowski et
al. (1997), including a consideration of how the various elements of that system might
manifest themselves in ways that could be assessed within the bounds of a training
program. In the next section of this paper, I will take up a more detailed discussion of the

specific manipulations selected for this study, including their theoretical underpinnings,
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prior research and theory involving the constructs, and how this research allows us to
make predictions of what may happen in training programs.
Training Manipulations

Thus far, I have briefly reviewed the literature on training transfer, to allow the
reader an idea of what kinds of goals are desired, and I have reviewed the literature on
self-regulation, to provide one explanation as to how we may best be able to reach those
end-states. If the logical progression is followed in this manner, the next question should
be, “How can we stimulate trainee self-regulation?” The best way to accomplish this is
through appropriate design of our training programs.

It was mentioned at the outset that any number of manipulations/design
components are available to trainers. HoWever, Kozlowski et al. (in press) note two
specific training design elements that should receive increased attention, practice and
feedback. In this section, I will examine each of these literatures in order to develop an
understanding of what we know, as well as what we still need to know about how such
manipulations operate.

Practice

Psychologists have long recognized that what (and how) people practice should
have an influence on both learning and skill development (e.g., Kerr, 1982a, 1982b).
Recently, Kozlowski et al. (in press) have postulated that practice is one of the two
elements of the training environment which can most easily be leveraged in order to
obtain desired outcomes. That is, what (and how) trainees practice during training is

almost completely under the control of those individuals who design the training
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program. As such, specific alterations of the practice opportunities can have pronounced
effects on what trainees take away from training.

The influence of practice has been examined in a variety of contexts. Kerr
(1982a, 1982b) examined the effects practice had in relatively basic motor-skill learning
tasks. Catalano and Kleiner (1984) utilized a task in which trainees were asked to light-
based stin.luli presented at either set intervals or random intervals, with the ultimate
criterion being the speed with which they were able to respond to a similar stimulus
presented at novel intervals during a generalization trial. Practice has also been examined
for its effects on geometrical problerﬁ-solving (Paas & van Merrienboer, 1994), the
ability of trainees to make judgments about digital logic gates (Carlson, Sullivan, &
Schneider, 1989), children (rather than adult) motor skill learning (Clifton, 1985) and
various sport-related skills (Green, Whitehead, & Sugden, 1995; Kozar, Vaughn, Lord, &
Whitfield, 1996). The bulk of the manipulations utilized in the literature cited above
involve the distinction between variable and constant practice, a reasonable place to start.
There are potential benefits to providing either variable or constant practice opportunities
for trainees, depending on the specific goals.

If the tr#ining program is designed to teach people a single task, which is unlikely
to vary substantially (for example, a motor skill task such as putting chips into a circuit
board on an assembly line), it makes sense to train people on a single version of the task,
which they repeat ad nauseum until they can perform it to near automaticity. This type of
task is one which involves relatively little self-regulation.

However, modern jobs are increasingly prone to variation. People must adjust to

changes in their environments and be prepared for the unexpected. The individual
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mechanically putting chips into a circuit board will end up creating no end of problems if
the wrong bin of chips is put down beside him, or if his supervisor accidentally
requisitions the wrong circuit board, or if someone up the line rotates a board the wrong
way while installing a separate chip, or if the production scheme changes markedly for
the line on which he works. To prevent breakdowns in post-training performance, it may
be useful to provide trainees with variable practice opportunities. That is, instead of
having trainees put a single chip in a single circuit board, provide them with a variety of
chips, which require either a separate placement in the same board, or a different board
altogether. This should allow for a more complex cognitive representation of the task to
be established, the specific mechanisms for which will be discussed shortly.

The utility of variable practice becomes more clear when we move beyond
(relatively) simple motor tasks. In tasks where cognitive effort must be expended (e.g.,
tasks requiring vigilance), we do not want our trainees to fall into a “routine” in which
they are tempted to do the same thing every time they perform their task. Rather, we
want them constantly thinking about the best way to approach their task, about what
elements of the environment need to be monitored, and so forth. In other words,
providing variable practice opportunities should encourage trainee self-regulatory
activity.

This contention finds support in recent writings by Schmidt and Bjork (1992).
The authors argue that, "variable practice alters the practice context to force a change in
behavior from trial to trial, encouraging additional information processing activities about

the lawful relationships among the task variants" (p. 214). The increased information
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processing requirements of a task which is practiced in a variable, rather than constant,
fashion, should be expected to stimulate additional self-regulation on the part of trainees.

The relevance of the constant vs. variable practice argument to applied domains
should be clear based on the examples provided above. One of the main concerns of
trainers, as noted repeatedly, is the transfer of knowledge and skills from training back to
the job. The type of transfer desired should help to define what type of practice trainees
should be engaging in.

If trainees simply need to retain what they have learned, in an identical form to
what they were presented with in training, then constant practice should suffice.
However, if trainees must be able to adapt their skills, to generalize what they have
learned in training to the job, and beyond, then variable practice should be more
beneficial. Because there is an apparent push in many organizations for increasingly
adaptive workers, variable practice opportunities may be increasingly required, and their
utility will be explored in this study.

An important question must be considered if we are to recommend variable
practice is this: From a theoretical standpoint, why should variable practice advantage
trainees, relative to constant practice? Increased self-regulation is one important element
of the answer, but the argument can be made that such self-regulation is actually an effect
of yet another psychological process, and not the ultimate cause of the observed effects.
Examining the literature on practice points us to another, much more foundational theory,
that involving schemas.

Johnson and McCabe (1982), drawing on-the work of Schmidt (1975, 1976)

suggested that schema theory might serve to explain observed findings regarding the
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efficacy of variable (as opposed to constant) practice in the development of generalizable
skills. Though their discussion centers primarily around motor learning, it is reasonable

to translate their logic into cognitive terms. For example, the authors argue that what gets
stored in memory as a result of practice is not specific movements, but rather the
abstracted relationships among different types of information, including the initial
conditions, the response specifications, the sensory consequences, and the actual
outcomes of the movement. It does not require a great deal of effort to translate their
discussion from motor to cognitive terms.

In any work environment, certain conditions are going to exist which require a
response. These initial conditions, in motor terms, are simply the conditions under which
movement occurred, but generalize to the conditions under which any response is made
to a given stimulus, or set of stimuli. The response specifications in motor terms involve
the organization of the movement generated in response to the initial conditions. From a
cognitive perspective, this is simply the organization of potential mental and physical
(depending on the nature of the task) responses to the stimulus. In both the motor and
cognitive cases, the sensory consequences are the sensory feedback received by the
trainee as a result of the response produced, and the actual consequences consist of
information regarding the result/outcome of whatever action was taken.

The schema an individual has about how to complete a task is a set of
relationships (which can range from relatively basic, to extremely complex) which allows
them to generate response specifications and expected sensory consequences when
presented with a set of initial conditions. In cases where trainees are provided with

constant practice opportunities, their schemas will be relatively basic. They will know
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the one appropriate response to one set of initial conditions. However, if they are
provided with variable practice opportunities (which translate roughly to variations on the
same initial condition), then they are going to develop more complex schemas. These
more complex cognitive representations of their environments should allow them to
better deal with changes in their tasks, as well as ambiguities that are introduced into their
work environments. In order to make maximally effective use of these schemas,
however, trainees have to be aware of the different potential response options to various
initial conditions, and be able to select the appropriate way to approach a given task,
based on what they know (i.e., they must self-regulate).

The logic of variable practice, then, is as follows. Providing trainees with
variable practice opportunities should result in the development of more complex
cognitive representations (schemas) of the task domain. Because their representations of
the task domain are more complex, trainees will necessarily engage in greater self-
regulation when performing theif tasks. This will enable them to identify contingencies
which might alter how they should perform their jobs, and allow them to better adapt
their skills beyond the training environment, to the job environment. Hence, because of
the complexities of the schemas that should be encouraged by providing variable practice
opportunities, trainees should be more likely to develop into the adaptive learners that
organizations increasingly require.

In the next section, I will conduct a similar review of feedback. I will begin with
a basic discussion of what feedback is, and the role it plays in training design. I will
discuss different types of feedback, and then discuss one whose effects should be similar

in some respects to those of variable practice. I will discuss how and why such feedback
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is likely to provide us with more adaptive learners, again with emphasis on potential
increases in self-regulatory activities among trainees, and demonstrate why the
manipulation has been selected for this study.

Feedback

For practice to have value for trainees, it is necessary that its effects be translated
into meaningful terms. Without some indication that their practice is allowing for the
enhancement of knowledge and skills, trainees may become frustrated and reduce the
effort they are willing to expend learning the task. As such, feedback - information given
to trainees about their progress toward whatever goal the training ultimately pursues - is
invaluable as a tool for trainers. It is easily configured, and can present information that
varies in terms of amount, quality, and level of detail. It can be purely descriptive ("You
did [x]. You did not do [y]."). It can be evaluative ("You did well while attempting to
[z]."). It can also provide guidance for the trainee ("You might want to focus on [q] in
the future, to help you better succeed at the task."). It is one of the most flexible tools
available to trainers in how they design their training programs. It is also the second of
the two training design elements Kozlowski et al. (in press) argue are likely to be central
to future training design initiatives.

It is not unreasonable to argue that feedback is essential for learning and skill
development to occur. Practice, in a vacuum, will simply turn into repetition. Without
some idea how they are doing, learners/trainees will not be able to focus their attentional
resources appropriately, nor will they be able to learn from their mistakes (because they
will not know, for the most part, that mistakes have been made). Feedback can be made

available to trainees in a variety of formats, and stimulate a variety of cognitive,
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affective, or behavioral responses depending on how it is structured. A recent review of
the literature on feedback (Kluger & DeNisi, 1996) makes clear how much work has been
done in this area, and the variety of approaches that have been taken to providing
feedback to trainees.

Kluger and DeNisi (1996) point out that the element of feedback that most people
have com.e to expect is knowledge of results. That is, how did I do on the task? But such
knowledge, they argue, is only one element of the broader process by which feedback has
its effects. They discuss a more general theory of feedback interventions which, they
would claim, possesses a great deal rﬁore explanatory capacity than the studies focusing
on knowledge of fesults that have dominated the feedback literature since the first
published studies nearly a century ago.

According to their feedback intervention theory, feedback is useful in the
regulation of behavior because it allows trainees to compare their current state to
whatever goals or standards they have been given. For our purposes, this involves a
comparison between how trainees are told they are doing in training, and what goals they
have been given to pursue. The notion of a comparator process operating between goals
and feedback, aﬁd directing behavior, is one which is not new to the literature. Carver
and Scheier (1982, 1990, 1998) developed their control theory of behavior around a
similar notion. This theory will be discussed in more detail shortly.

Beyond the notion of the comparator process, Kluger and DeNisi’s (1996)
feedback intervention theory has several other interesting components. It assumes that
attention is limited, and that therefore only those discrepancies between feedback and

goals which receive attention will influence the regulation of behavior. This is a safe
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assumption to make, and is interesting on several levels. We already understand that
human learners possess limited cognitive resources (Kanfer & Ackerman, 1989).
Therefore, not every element of the environment will be attended to, nor will all of the
information that is available to trainees be utilized. What we need to be able to do is
structure our feedback, relative to the goals of the training program, in such a way that
trainees will attend to the areas where the most important discrepancies are likely to arise,
and thereby guide their self-regulatory activities. As Kluger and DeNisi (1996) note, the
direction of attention is unpredictable if left to trainees, and any feedback intervention
allows trainers to more tightly focus the elements of the environment on which the
trainees are focusing.

Hence, while questions about feedback can center around how much feedback, or
what kind of feedback, it is probably of greater utility to ask questions about how we can
best utilize feedback to encourage trainees to think about the appropriate elements of the
training environment, to perform the critical behaviors that will lead to successful skill
development, and to feel as though they are making progress on the task. This is
particularly important when we want trainees to develop skills that are adaptable to other
environments. Trainees need to be engaging in appropriate cognitive, behavioral, and
affective practices during training in order to develop generalizable skills for the
workplace. Feedback can do this by pointing out to trainees the appropriate elements of
the task on which to focus. One type of feedback which has recently begun to gain
prominence in the literature, and which seems especially suited to the task described

above, is velocity feedback.
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Velocity feedback is that which allows trainees to track their progress over the
course of training (Kluger & DeNisi, 1996; Hsee & Abelson, 1991). The capacity to
observe improvement over the course of a training program is likely central to
individuals’ beliefs regarding their potential to deal with the material from training and
any changes which might arise in its generalization, and is also likely to provide more of
a directive influence. Hsee and Abelson (1991) discuss the effects of such feedback in
terms of displacement — that is, the directional difference between the current level of
performance and some reference level. In our terms, that would be the difference
between the feedback received and the goals of the training program. When trainees are
able to observe the change in this discrepancy over time, then we have provided them
with access to information about the velocity (iﬁ terms of change over time) of their
improvement on the task.

The mechanism by which velocity feedback operates is thus a familiar one to
those familiar with the feedback literature. Hsee and Abelson (1991) discuss the effects
of velocity information in terms of displacement between the current and reference
levels, which they expect to have an affect on satisfaction. We may derive from this that
~ those individuals who perceive favorable velocities — who see favorable distinctions
between their current and reference levels — will likely be more motivated during
training, and will work harder at achieving their goals.

More generally, however, the framework established by Carver and Scheier
(1982, 1992, 1998) with their Control Theory provides substantial explanatory power.
According to Control Theory, behavior is controlled through a process of comparison, in

which current states are compared to desired states. An example often used to describe
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control theory is the thermostat, which is provided with a setting that defines its
comparator, the desired end state. The thermostat then activates the heater (if the sensed
temperature is too low) or the air conditioner (if the sensed temperature is too high) to
bring the ambient temperature to the appropriate level. The temperature is re-checked
periodically, and the “behavior” of the thermostat, in terms of whether it leaves the air
conditioner or heater on, is adjusted accordingly based on the current temperature, until
the current temperature reaches the desired end state. A similar mechanism, the authors
argue, is in place in human learners; given a desired end state (a goal), we modulate our
behavior (learning activities) to attempt to reach that end state, observe our results (in the
form of feedback), and continue observing and modulating until the goal is reached.

Based on this understanding of how goals and feedback may operate, it is clear
that velocity feedback provides one fairly straight-forward application of their ideas.
Given a goal, trainees who are provided with sufficient information to determine whether
they are progressing toward that goal should, over time, approach it more easily.
Moreover, based on Hsee and Abelson’s (1991) work, as well as further speculation by
Carver and Scheier (1998), they should have more positive affective reactions to the
experience, provided they are able to actually observe the change over time in their own
behavior.

It may be noted that based on the literature, we might expect the primary effects
of velocity-type feedback to be affective. However, it is impossible to fully disentangle
trainees’ cognitive, behavioral, and affective reactions to the training environment, since
one will necessarily influence the other two (Kozlowski et al., 1997). We should also

expect trainees who receive velocity feedback to be more satisfied . However, because

36



they will be more actively considering their learning and performance on a task, those
individuals should also show increased cognitive activity (manifesting in such things as
increased learning and self-regulation) as well as an increased likelihood of appropriate
behaviors to enable better learning. Velocity feedback should thus be beneficial to
trainees not only because of the increased satisfaction that other authors have discussed at
length, but also because of the concomitant increases in self-regulatory (cognitive and
behavioral) activities that should accompany increased satisfaction with their progress
during training.

The implications for training design are fairly straightforward. If one of our
goals, within the confines of a training program, is to increase trainee self-regulation
around the training topic, then velocity feedback (or feedback with velocity components)
is almost certainly an appropriate direction to go. Not only can it lead to increases in
satisfaction, but it can help guide and shape the cognitions and behaviors trainees engage
in during the training process. Feedback in general has the capacity to direct a great deal
of the trainee’s focus, and velocity feedback provides a finer form of the manipulation,
allowing more precise direction of trainee attention than might otherwise be the case.

The two focal manipulations for this study, then, center around the variability of
practice experiences provided to trainees, and the feedback trainees are given following
each practice session. Each of these manipulations has the potential to increase trainee
self-regulatory activity, which should allow for the development of trainees who are
better able to adapt what they have learned in training to other environments.

A question that may be asked, however, is whether we can actually measure the

potential adaptability that has been discussed throughout the opening sections of this
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paper. It is relatively easy to infer, from standard end-of-training assessments, whether
trainees have learned what they were supposed to in training, and whether they can use
the skills they have gained. It is more difficult to infer whether they will be able to adapt
their skills when they return to the job. One measurement technology that has recently
gained attention in the selection literature, situational judgment testing, holds the
potential to remedy this deficiency. Because situational judgment tests provide
respondents with hypothetical situations of the type they might encounter on the job, their
framework provides an ideal mechanism by which the capacity of trainees to adapt what
they have learned to other contexts may be tested. The specifics of situational judgment
testing will be discussed in detail in the following section.

Situational Judgment Tests: Measuring Adaptive Knowledge

At the end of training, trainees should have learned something about the training
material. Such learning, at its most basic level, may simply take the form of declarative
knowledge. Do trainees remember facts about what they learned, or how to do things?
However, as we have repeatedly noted, we want our trainees to be adaptive. We are thus
interested in whether trainees possess adaptive knowledge — that knowledge base which
allows trainees to generalize their skills from one domain to another.

If adaptability is based on knowledge of and experience with the content domain,
situational judgment tests are a promising assessment device. Within a relatively limited
paper-and-pencil framework, SJTs allow for the presentation of detailed information
regarding potential situations, as well as requiring respondents to discriminate among a
number of potentially valid responses. Scenarios can easily be constructed which require

the use of the knowledge and skill components from training, but which alter key
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elements of the situation in ways that require respondents to adapt what they have learned
about the task. For example, in this task two defensive perimeters are present. However,
there is no reason why a third perimeter might not be defined, and trainees forced to
make decisions about how to deal with threats approach three, rather than two,
perimeters. This is a step up in complexity from the original task, but is a logical
extension of what has been learned. Similarly, trainees might be presented with scenarios
in which certain key pieces of strategic information (e.g., speed) are absent, and be forced
to make decisions about what information available within the task constitutes the best
substitute for the lost information. Tﬁe flexibility of the SJT, and its capacity to alter the
presentation of the task in subtle but meaningful ways that require trainees to adapt what
they know to slightly different situations, makes it an ideal mechanism for assessing
adaptive knowledge. The relevance of SJTs should become more clear as we consider in
greater detail how they are typically constructed.

The procedure utilized by Motowidlo, Dunnette, and Carter (1990) in the
development of their low-fidelity simulation is in many ways one with the potential to
generalize beyond their content domain. The first step of their development process
involves a review of previous job analyses to determine the core skills necessary for the
performance of the task(s) to be trained. Such prior documentation is useful, but it is not
necessary if time and money are available to conduct a job analysis for the express
purpose of developing an SJT. In a training context, the core skills will have been
identified in the training goals and built into the training program itself, hence, while a
job analysis may have been conducted at some point prior to the training program to

assist in program development, it is not strictly necessary as the trainer will certainly
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possess a great deal of knowledge about the goals and intent of training. For our
purposes, consider the "job analysis" to have focused on the kinds of self-regulatory
activities central to Kozlowski et al.’s (1998) framework. Hence, we are interested in
trainees being able to (1) engage in active thought about the task, (2) use strategies and
comprehend the complexities of the task, and (3) adapt to changes within the rules or
difficulty of the task.

Once the core skill dimensions have been identified, the next step in the
development process involves developing critical incidents of performance based on the
training task(s). Depending on the expertise level of the trainer, this step may or may not
require outside assistance. Again, if the goals of the training program are clear, then it
should not be unrealistic to expect the trainer to be able to generate critical incidents of
good and poor performance of the skills that are focal to training. The kinds of critical
incidents designed for the SJT utilized here focused on combining the three general
competencies abstracted above, when considered in the context of specific mastery goals
relevant to the task of interest.

With critical incidents collected, the next step in the development of a situational
judgment test involves writing descriptions of task situations. These situations should
reflect the behavioral categories determined by the job analysis. In general terms,
trainers should consider the contexts in which the elements of training may need to be
applied, and write descriptions of situations corresponding to those types of contexts.
Plausible alternative responses should then be considered, and framed as response options

to the situations.
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After the response options have been selected, the next step in such an effort
involves asking subject matter experts (SMEs) to evaluate the relative effectiveness of the
alternate strategies for each task situation. Any individual with expertise in the subject
matter may serve this role for the trainer. If a specific task is being used during training,
for example a word processing task, then individuals who have a great deal of experience
with the task should be recruited to assess the quality of the potential responses. The best
and worst alternative strategies must be identified, and all options are rated as to their
effectiveness. From these data the most and least effective response options are
determined.

The scoring system is dualistic, in the sense that respondents are asked to rate the
response option they would most likely choose as well as that which they would least
likely choose. The option determined to be the "best" via the responses of the SMEs is
assigned a score of +1 if it is the "most likely" response for an individual, and a score of -
1 if it is the "least likely" response. Similarly, the "worst" item is assigned a score of +1
if it is the "least likely" response, and -1 if it is the "most likely." All other responses are
coded as zero, so the score on any given item ranges from -2 to +2.

The procedure and scoring system outlined above, while described in Motowidlo
et al. (1990) can obviously generalize to a variety of situations. It is not content-driven,
and as such has the potential for broad applicability.

That self-regulation is critical to the development of adaptability should be clear
based on the literature review presented above. Potential behaviors in which trainees
may engage are considered and rated by SMEs, such that appropriate responding to the

SJT indicates that trainees engage in the same basic processes surrounding the self-

41



regulation of their own behaviors that more experienced performers do. Trainees must
also be able to monitor their cognitions appropriately, and determine the important
information that must be abstracted from a scenario and how to use it, and they must
believe themselves to be capable of performi.ng well on the task if they are to perform
well on a simulation of it. The inferences we wish to make about the importance of self-
regulation to appropriate responding on the SJT are reinforced to a large extent by the
role self-regulation must play in the development and assessment of the questions that
make up the test itself.

To this point, I have mentioned a large number of constructs. In the next section I
am going to review the critical constructs for this research, and then move on to a
discussion of my specific research hypotheses, which should follow naturally from the
preceding review.

Construct Definitions

Self-Regulatory Skill

Individual differences should exist in the capacity to self-regulate appropriately
(Pintrich, Smith, Garcia, & McKeachie, 1993). How these manifest depends on the
operationalization of self-regulatory activity. In this study, self-regulatory activity is
defined in terms of the extent to which trainees self-monitor their goals, feedback,
learning, performance, and progress on the task. Self-regulatory skill, for the purposes of
this study, is therefore the extent to which trainees generally tend to monitor goals,

feedback, learning, performance, and progress, independent of context.

42



Cognitive Abili

The general mental capacity of individuals has consistently been shown to be
predictive in a variety of domains. While cognitive ability is not a focal IV or DV in this
study, it is reasonable to expect it to have an impact on task performance due to the
complex, cognitively-loaded nature of task performance. As such, cognitive ability will
be assessed for use as a covariate in this study.

Mastery Goal Orientation

The literature on educational psychology draws a distinction between two primary
types of goal orientation. Individuals with a mastery goal orientation tend to adopt goals
which focus on improving skills and increasing competence (Duda & Nicholls, 1992).
They also tend to prefer challenging tasks, which require them to learn new information
or skills (Button, Mathieu, & Zajac, 1996).

Performance Goal Orientation

Individuals who adopt a performance goal orientation, by contrast, then to focus
on goals designed to help them perform well and to look good in comparison to others
(Meece, 1994). They are more concerned with demonstrating competence, rather than
developing competence. They tend to prefer tasks where they know they will be able to
perform well, and where they will receive praise for their efforts (Button et al., 1996).

Practice Variability

The literature supports the contention that providing trainees with variable
practice results in the development of more generalizable skills than having them practice
the same version of a task every time (e.g., Hatano & Inagaki, 1986; Holyoak &

Spellman, 1993). Practice variability will be accomplished in this experiment by altering
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the position and meaning of targets across 9 training scenarios. While the difficulty will
not be altered as a result, the nature of the practice experience will vary as trainees
attempt to map task features onto the different scenarios.
Velocity Feedback

Velocity feedback is that which allows trainees to track their progress over the
course of training (Kluger & DeNisi, 1996; Hsee & Abelson, 1991). In this study,
velocity feedback will be based on feedback provided to trainees following each training
session which should allow them to gauge their progress in a variety of areas. Trainees
will be provided with score information, where score is computed by adding 100 points
for every target prosecuted correctly and subtracting 100 points for every target
prosecuted incorrectly. 10 additional points will be subtracted for every target crossing a
defensive perimeter during a training trial. Information on the three components of score,
as discussed above, will also be provided. Trainees will also be able to track the number
of targets engaged (total, correct, and incorrect), the number of times they zoomed, and
the number of pop-up targets engaged. This information will allow trainees several
metrics they can use to track progress over the course of training. Moreover, trainees
provided with such information will be provided with a “progress record sheet” on which
they are asked to make estimates of their progress on the task (perceived percent
improvement), further strengthening the velocity manipulation.
Self-Efficacy

Self-efficacy (as popularized by Bandura (1991) and others) is a trainee’s task-
specific belief in his or her capacity to perform. For the purposes of this study, it

includes task-focused self-perceptions centering on trainees' capability to cope and
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develop methods for dealing effectively with the challenges, information, and decisions
involved in the task (Kozlowski, Gully, Smith, Brown, Mullins, & Williams, 1996).
Self-Regulatory Activity

A review of the recent literature on self-regulation reveals similarities across
approaches to its measurement which allow us to derive a general assessment of self-
regulatory. activity based on what trainees self-monitor. Kanfer and Ackerman (1989)
assessed self-regulation in part via trainee monitoring of goals, feedback, performance,
and progress. Smith (1996) developed a similar measure, in which the monitoring of
goals, progress, performance, Ieaminé and feedback were all assessed. Brown, Mullins,
Weissbein, Toney, and Kozlowski (1997) utilized a measure of self-regulation in which
items assessed the extent to which trainees monitored their goals, their progress, and their
strategies. Finally, Ford, Smith, Weissbein, Gully, and Salas (1998) measured self-
regulation in part by assessing trainee monitoring of progress, goals, learning, and
performance.

In all four cases, trainee self-monitoring around goals and progress (in terms of
where mistakes were made, where practice was needed, or both) were considered
important aspecfs of self-regulatory activity. Actual monitoring of performance was
assessed in three of the scales, while the monitoring of learning and feedback were
assessed in two of the four scales. Based on the literature, then, self-regulatory activity
as a construct will be treated as the amount of self-monitoring trainees do with respect to

their goals, feedback, learning, performance, and progress on the task.
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Declarative Knowled

For this study, foundational knowledge about target cue values and the structure
of decisions on the task must precede any other form of knowledge or skilled
performance. Without a thorough understanding of how decisions can be made, and what
the pieces of information that can be gathered to make these decisions mean, it is
impossible for trainees to proceed. The declarative knowledge construct in this study
therefore centers around knowledge of target cue values and knowledge of how decisions
may be made in TEAMS/TANDEM.

Adaptive Knowledge

Trainees may be able to adapt what they have learned during training to other
contexts. The literature suggests that such alterations may be in the objectives trainees
must pursue, or the constraints placed on their existing knowledge base (Ren & Sheridan,
1995). Changing objectives may focus trainees on facets of the task that were previously
not central. Constraints may involve the removal or alteration in meaning of information
available within the task. Trainees will be forced to demonstrate knowledge of how to
adapt to both changing objectives and knowledge constraints.

Basic Performance

Basic performance is the trainee’s capacity to prosecute targets accurately. This
is based on a thorough knowledge of the cue values and an understanding of how
decisions are made in TEAMS/TANDEM. Basic performance is reflected by score on
the task, excluding defensive perimeter intrusion penalties. Such penalties are not

considered part of basic performance because they reflect attention to strategic
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components of the task. Basic performance is therefore equal to the number of targets
prosecuted correctly, minus the number prosecuted incorrectly, times 100.
Strategic Performance

Strategic performance is reflected in the trainee’s attention to elements of the task
which allow him/her to make decisions about which targets are most important to
prosecute. The number of times participants zoomed out, the number of marker targets
hooked, the number of target speed queries at both inner and outer defensive perimeters,
the number of inner and outer defensive perimeter intrusions, and the number of “high
priority” targets engaged all reflect the use of strategies related to target prioritization and
situational assessment.

Hypotheses

The hypotheses will be discussed in an order corresponding to their appearance in
the theoretical model (see Figure 2). The model is intended to serve as a guide to the
hypotheses. All of the elements of the model are represented in the hypotheses that
follow. The training manipulations (practice variability and velocity feedback) are first
hypothesized to influence the process variables (self-regulatory activity and self-
efficacy). These process variables are then hypothesized to affect proximal training
outcomes, which in turn affect distal training outcomes. The process variables are also
hypothesized to mediate the relationship between the training manipulations and the
proximal training outcomes, as the proximal training outcomes should mediate the
relationship between the process variables and the distal training outcomes. Each of

these hypotheses will be discussed in turn.
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Practice Variability - Self-Efficacy. Self-efficacy is the trainee's assessment of
his or her task-specific competencies (Bandura & Wood, 1989; Gist & Mitchell, 1992).
Because trainees in variable practice conditions are going to be exposed to a broader
array of tasks, it is reasonable to suggest tha} they will develop a greater degree of
confidence that they are capable of meeting the challenges of the simulation. The
presentation of challenges in variable training episodes is more likely to give the
appearance of skill-building than will the presentation of an identical training experience
with different goal sets applied over the course of the training program.

The argument might also reasonably be made that the consistency inherent in
practicing the task in exactly the sﬁme way every time might increase trainee efficacy
because consistency increases their familiarity and comfort with the task. In training
situations we want our trainees to be adaptable, and capable of generalizing their skills,
so we are more concerned that they develop dynamic self-efficacy (i.e., "I feel confident
that I can meet any challenges that might arise from changes in this task"). It is therefore
reasonable to hypothesize a positive relationship between practice variability and self-
efficacy.

Hypothesis 1: Exposure to variable practice will be predictive of high self-

efficacy among trainees.

Practice Variability - Self-Regulatory Activity. Recent training literature has
begun to consider self-regulatory activity as an important element of training (e.g.,
Kanfer & Ackerman, 1989; Ford, Smith, Weissbein, Gully, & Salas, 1998; Smith, 1996,
Brown, Mullins, Weissbein, Toney, & Kozlowski, 1997). This literature suggests that

such activity is reflected in trainees' monitoring of several elements of training. They
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must monitor (a) the goals they are given, (b) the feedback they receive, (c) the learning
in which they engage, (d) their performance, and (e) their progress on the task. These
elements are all present in at least two of the studies cited above.

Schmidt and Bjork (1992) suggest that, "variable practice alters the practice
context to force a change in behavior from trial to trial, encouraging additional
information processing activities about the lawful relationships among the task variants"
(p. 214). It is expected that processing about the relationships among scenarios centers
around the self-monitoring activities listed above. Trainees should be monitoring their
goals, feedback, learning, performance, and progress across scenarios. Individuals who
do are exposed to constant practice scenarios will engage in less of the appropriate self-
monitoring than will variable-practice trainees, as Schmidt and Bjork's (1992) argument
would suggest.

Hypothesis 2: Exposure to variable practice will be predictive of increased

self-regulatory activity among trainees relative to constant practice

scenarios.

Velocity Feedback - Self-Efficacy. Velocity feedback, as discussed above, is

information which allows individuals to make judgments about their progress on a task
(Carver & Scheier, 1990; Hsee & Abelson, 1991; Kluger & DeNisi, 1996). The capacity
to observe improvement over the course of a training program is likely central to
individuals’ beliefs regarding their potential to deal with the material from training and
any changes which might arise in its generalization. Hence, we might expect that

velocity feedback would predict self-efficacy.
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Hypothesis 3: Exposure to velocity feedback will be predictive of high self-

efficacy among trainees.

Velocity Feedback - Self-Regulatory Activity. The feedback individuals receive is
linked to the self-regulatory activities in which they engage (Carver & Scheier, 1982,
1990). Feedback is also one of the elements of the training environment included as a
focal point of self-monitoring in measurements of self-regulation (e.g., Kanfer &
Ackerman, 1989; Smith, 1996). In some situations, feedback may reflect trainee
performance relevant to the goals of training. Self-regulatory activity may be enhanced,
however, by providing feedback which augments the goals of the training program. By
providing velocity feedback in addition to mastery goals and sequenced mastery feedback
we might expect that trainee self-regulatory activity should be focused on the changes
that occur in their behavior and cognitions over time. Specifically, they should be
focusing on what they are doing differently with respect to meeting their goals, utilizing
their feedback, learning the task, performing on the task, and improving in all of those
domains. This should occur in part because of the presence of information directly
related to performance that velocity feedback provides. Their self-regulatory activity
should thus be increased beyond those who do not receive velocity feedback, based on
the increased focus provided on understanding how their performance and mastery of the
material has developed over time.

- Hypothesis 4: Exposure to velocity feedback will be predictive of increased
self-regulatory activity among trainees.-

Self-Efficacy - Proximal Training Qutcomes. The literature contains substantial

evidence of a link between self-efficacy and performance (e.g., Gist, Schwoerer, &
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Rosen, 1989). Hypotheses 5 through 8 break down performance into two aspects of
cognitive performance and two aspects of behavioral performance.

In terms of cognitive performance, two types of knowledge should be gained by
trainees who are high in self-efficacy. First, trainees who believe themselves to be
capable of performing the task should learn more basic declarative information (the basic
information components and decision structure underlying training performance) than
should individuals whd are low in self-efficacy. Individuals who do not believe
themselves to be capable of performing on the task will pay less attention to basic
declarative information, and will thefefore not learn it as well.

Hypothesis 5: Self-efficacy for the training task will be predictive of trainee

declarative knowledge.

The second aspect of cognitive performance is represented by trainees' capacity to
demonstrate adaptive knowledge. This is the capacity to take what was learned in
training and apply it to situations in which the task has been altered. The literature
suggests that such alterations may be in the objectives trainees must pursue, or the
constraints placed on their existing knowledge base (Ren & Sheridan, 1995). In either
case, a diﬁ"ereﬁt context is created which should cause trainees to reconsider how to best
proceed in order to reach their goals. Only trainees who believe themselves to be capable
of performing the task will be able to adapt their knowledge to questions posed in a
manner which requires adaptation.

Hypothesis 6: Higher self-efficacy for the training task will be predictive of

high trainee adaptive knowledge.
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Parallel predictions can be made about the behavioral components of task
performance as well. First, basic task performance should be more likely to develop in
individuals who believe themselves to be capable of performing the task. Basic
performance is rooted in trainee information processing. It reflects the trainee’s capacity
to gather information and to make appropriate decisions based on that information.
Trainees who possess low self-efficacy are unlikely to engage in the substantial
information processing required for basic task performance.

Hypothesis 7: Higher self-efficacy for the training task will be predictive of

high basic training performance.

Strategic training performance is the collection of behaviors in which trainees
engage which allow us to infer their comprehension and utilization of advanced task
strategies. Such advanced strategies are necessarily complex. A sense of personal
competence arising from high self-efficacy is likely to promote greater exploration of
such strategies relative to individuals with lower efficacy.

Hypothesis 8: Higher self-efficacy for the training task will be predictive of

high strategic training performance.

Self-Regulatory Activity - Adaptive Knowledge. The self-regulatory activity
hypothesized to result from the manipulations emphasized monitoring several aspects of
the training scenarios. Trainees should, as a result of the manipulations, monitor their
learning, performance, goals, feedback, and progress. If they monitor these things, we
may expect that they will be better equipped to adapt what they have learned, based on
the development of a deeper understanding of the training task and their skills in relation

to it. Trainee self-regulatory activity should thus predict adaptive knowledge.
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Hypothesis 9: Greater self-regulatory activity during training will be

predictive of higher trainee adaptive knowledge. ‘

Self-Regulatory Activity - Strategic Training Performance. A similar argument
can be made for strategic performance as predicted by self-regulatory activity.
Individuals who engage in the types of self-monitoring described above are more likely
to have seen the necessity for adopting a strategic approach to the task, in order to have a
general method for approaching the task as presented across scenarios. Individuals who
actively monitor their goals, feedback, leaming, performance, and improvement on the
training task should come to a deeper understanding of the strategic elements of the task
(these are reflected particularly in the goals and feedback), and should therefore have
their strategic training performance enhanced.

Hypothesis 10: Greater self-regulatory activity during training will be

predictive of higher strategic training performance.

Declarative Knowledge - Adaptive Knowledge. In order to develop adaptive

knowledge about the training task, trainees must first possess basic declarative
information about the task. That is, before trainees can adapt what they know, they must

first know something. It is reasonable to expect that the more they know, the more

advantaged they will be in this regard.
Hypothesis 11: Greater declarative knowledge about the training task
should be predictive of higher adaptive knowledge about the training task.

Declarative Knowledge - Basic Generalization Performance. Declarative

knowledge about the task should also be predictive of basic task performance during the

generalization scenario. Recall that basic task performance is rooted in trainee
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information processing. Declarative knowledge about the task forms the basis for such
information processing activities, and should thus be predictive of basic performance
during the generalization scenario.

Hypothesis 12: High declarative l_mowledge about the training task should

be predictive of high basic performance during the generalization scenario.
This hypothesis will be examined both in terms of the simple effect of declarative
knowledge on basic generalization performance, and in terms of its effect when
controlling for basic performance at the end of training.

Hypothesis 12a: High declarative knowledge about the training task should

be predictive of high basic performance during the generalization scenario,

| controlling for basic performance at the end of training.
tive Knowl - Strategic Generalization Performance. Individuals who
possess adaptive knowledge (the capacity to utilize what they have learned about the
training domain when objectives change or constraints are introduced) will be more likely
to demonstrate high strategic task performance during the generalization scenario. They
have already shown that they are able to adapt what they know in a cognitive sense. This
is one of the primary requirements for performing well during generalization. It should
also be predictive of those behaviors which indicate a strategic approach to the task has
been adopted.
- Hypothesis 13: High adaptive knowledge about the training task should be
predictive of high strategic performance during the generalization scenario.
An interesting question arises when we consider the prediction of strategic

performance during generalization with adaptive knowledge. Is the adaptive knowledge
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test capable of predicting such performance better than it could be predicted with
strategic training performance alone? If the measure of adaptive knowledge is to have
any value, we must assume such to be the case. Utilizing the adaptive knowledge
measure, we should be capable of predicting strategic generalization performance even
when we control for strategic training performance. Hence this hypothesis will be tested
as hypothesis 12 was, considering both the simple effects of adaptive knowledge on
strategic generalization performance, as well as its ability to increment the variance
explained by prior strategic performance.

Hypothesis 13a: High adaptive knowledge about the training task should be

predictive of high strategic performance during the generalization scenario,

controlling for strategic performance at the end of training.

Training Performance - Generalization Performance. The model suggests that if

we want to predict generalization performance, we should first consider with trainee
performance during training. This is consistent with long-standing theory in /O
psychology (e.g., Wernimont & Campbell, 1968).
Hypothesis 14: Basic ﬁerformance at the end of training will be predictive of
basic generalization performance.
Hypothesis 15: Strategic performance at the end of training will be
predictive of strategic generalization performance.
The more interesting aspects of these linkages deal with the potential of the two
knowledge measures for predicting generalization performance beyond training

performance (hypotheses 12a and 13a).
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Mediational Hypotheses. As a result of the manipulations, two primary processes
are triggered in trainees which allow them to perform well on the various aspects of the
task. First, trainee self-efficacy is increased, due to the trainees' exposure to different
elements of the task and the presence of feedback that allows them to track their progress
over time. Second, trainee self-regulatory activity is enhanced, with respect to the critical
elements of the training task identified from the literature. These intervening
mechanisms allow us to better understand how training manipulations lead to proximal
training outcomes. Training manipulations such as these succeed because trainees believe
themselves to be capable of performing on the task, and self-regulate an appropriate
amount. Consistent with this logic, I propose that self-efficacy and self-regulatory
activity mediate the relations between the training manipulations and the proximal
outcomes of training.

Hypothesis 16: Self-efficacy and self-regulatory activity will mediate the

relationship between the training manipulations (practice variability and

velocity feedback) and the proximal training outcomes (declarative
knowledge, adaptive knowledge, basic training performance, and strategic
training performance).

Similarly, self-regulatory activity and self-efficacy should be expected to have
effects on generalization performance. Individuals who self-regulate more, and are more
efficacious, should be expected to perform better when the task changes on them. As
above, though, these effects should occur primarily through the mediating mechanisms of

the proximal training outcomes.
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Hypothesis 17: The proximal training outcomes (declarative knowledge,
adaptive knowledge, basic training performance, and strategic training
performance) will mediate the relationship between the process variables
(self-efficacy and self-regulatory activity) and the distal training outcomes

(basic generalization performance and strategic generalization performance).

| Method
Design

Overview. The experiment utilized a 2 (practice; variable vs. constant scenarios)
x 2 (feedback; mastery vs. mastery aﬁd velocity) fully-crossed between subjects design.
All participants received sequenced mastery training goals onto which manipulated
parameters (practice and velocity feedback) were applied. The experiment took place in
a single session lasting approximately three and one-half hours. Participants engaged in
nine practice scenarios spread across three blocks, with each practice scenario lasting
four minutes. Within-subjects factors therefore included blocks (3) and scenarios (9).
Following the training blocks, participants took part in a single four-minute post-training
trial which was identical for all conditions, followed by a generalization scenario in
which the workload was increased and the rules underlying the task were modified. The
generalization scenario was also identical for all conditions.

Simulation. The PC-based naval radar simulation TEAMS/TANDEM
(Kozlowski, 1996; Weaver, Bowers, Salas, & Cannon-Bowers, 1995; Weaver, Morgan,
Hall, & Compton, 1993) was used as an experimental platform for this research. This
simulation is an ideal platform for training research because of its capacity to examine

learning and skill acquisition in complex, dynamic environments. Participants must
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gather information from their radar screens by selecting ("hooking") a target, gathering
information about that target, and making a decision about the disposition of that target.
They must also make strategic decisions about which targets to engage. Some targets
will prove more threatening than others and must therefore be dealt with first. These
aspects of the task make it possible to examine two dimensions of performance, one
based on information processing, and the other based on strategic understanding of the
task.

Four decisions must be made about each target, in the appropriate order. First,
trainees must make a decision about whether the target is an Aircraft, Submarine, or
Surface vessel. This is the "Type" decision, and is made using target speed, target
communication time, and target altitude as the critical cues. Second, trainees must decide
whether a target is civilian or military (the "Class" decision). Here, the critical cues are
direction of origin, maneuvering pattern, and intelligence. Third, trainees must decide
whether the target is peaceful or hostile (the "Intent" decision) using countermeasures,
threat level, and response cues. Once the Type, Class, and Intent decisions have been
made, trainees must make the final engagement decision by shooting hostile targets or
clearing peaceful targets.

Skill components. The comprehensive manual available to all participants

throughout training documents three skill sets: basic functionality, declarative
knowledge, and strategic knowledge.

Basic functionality on the task involves developing an understanding of the
features of the program (hardware and software) that make it possible to perform on the

task. These features include hooking targets, accessing cue menus, and "zooming" to
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alter sensor ranges. PC features such as the appropriate use of a mouse and keyboard also
fall under "basic functionality." All elements of basic functionality must be developed
early in training, to ensure trainees have the opportunity to learn and practice the more
complex task components.

The declarative knowledge component is required if trainees are to process
information and render appropriate decisions. It includes (a) cue information for target
decisions and (b) the structure of the underlying decision model. The cue information is
accessed from pull-down menus, and three cues are available for each of three component
decisions. Knowledge of the meaning of these cues is essential for later skill
development because the cues form the basis for the appropriate prosecution of targets.
The TEAMS/TANDEM decision model involves understanding those component
decisions and the order in which they must be made. Trainees are instructed to make the
decisions in a certain order: first target Type (air, surface, submarine); then target Class
(civilian or military); and last, target Intent (peaceful or hostile). The final decision
depends solely on the target's Intent. The final decision (shoot or clear the target) can
only be made after all three of the subdecisions are made in the appropriate order. The
structure of the decision sequence is therefore relevant to the order in which the
subdecisions are made.

Five skills are relevant to strategic performance on the task. Participants need to
use the zoom function in order to "zoom out" to assess the situation beyond the radius of
their initial radar screen. This is critical because of the presence of two defensive
perimeters with which trainees must concern themselves. The inner defensive perimeter

is located at 10 nautical miles, and is visible as a cross-hatched region at the center of the
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initial radar display. The starting radius of the radar display is only 32 nautical miles, so
trainees have no way of knowing how many targets are approaching their outer defensive
perimeter at 256 nautical miles. Because targets crossing either of the two defensive
perimeters (at 10 or 256 NM) result in pena!ties (a deduction of 10 points/crossing during
the training trials), it is essential trainees learn where these perimeters are. While the
inner perimeter is clearly visible, there is no marking for the outer defensive perimeter.
Stationary "marker" targets are just inside the invisible outer perimeter. Trainees can
hook these targets and then zoom out to 512 NM to determine where on their screen the
outer perimeter is located. In this way, they are better able to identify those targets likely
to cross the outer perimeter. Trainees must also decide which targets constitute the
greatest threats to their defensive perimeters, and which perimeter is more critical to
monitor. Faster targets are of higher priority, since they are more likely to penetrate a
perimeter than slow-moving targets. Trainees generally need to be able to "trade-off”
targets approaching their inner and outer defensive perimeters. Here, strategic decisions
revolve around the number of targets near each perimeter, their priority, and their "cost"
in points if they penetrate.

Performance Dimensions. Two types of performance can be assessed using data
collected with TEAMS/T ANDEM. These performance dimensions parallel the two types
of knowledge (declarative and strategic) discussed above. The first is basic performance.
This is reflected in trainee score based on targets prosecuted correctly and incorrectly.
This variable is non-identical to the score trainees in velocity feedback conditions receive
as part of their feedback, because it is computed without attention to penalty circle

intrusions. Hence, basic performance is simply the number of targets prosecuted
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correctly, minus the number of targets prosecuted incorrectly, times 100. In order to
obtain high basic performance, trainees must learn the cue values associated with the
decisions to be made, along with the decision structure for the task.

Strategic performance deals with the behaviors in which trainees engage during
training that indicate strategy use. For the purposes of this research, five types of
strategic performance are relevant. Each was discussed in the previous section in terms
of strategic knowledge. My discussion here will expand them to demonstrate how
strategic performance can be assessed using information available within
TEAMS/TANDEM.

The number of times participants zoom out is an indicator of their attention to
elements of the task beyond the scope of their initial radar display. Potentially
threatening targets may appear at any point on the radar screen. Trainees must learn to
monitor their entire radar screen if they are to prosecute such targets before they penetrate
a defensive perimeter. The importance of preventing perimeter intrusions is stressed in
the operating manual given to all trainees. A high number of times a trainee zooms out
indicates a strategy focusing on understanding the scenario as a whole, and preventing
targets from crossing either defensive perimeter.

Second, the number of marker targets hooked is indicative of trainee attention to
the outer defensive perimeter. As with zooming out, hooking marker targets (stationary
targets located just inside the outer defensive perimeter) indicates a trainee strategic focus
on assessing the situation. A high number of hooked marker targets allows us to infer
that trainees have adopted a strategy in which they are focusing on stopping targets from

crossing defensive perimeters. The hooking of marker targets allows trainees to make
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strategic decisions about which targets are approaching the outer defensive perimeter, and
must therefore be dealt with.

The number of target speed queries at both inner and outer defensive perimeters is
also of strategic importance. Speed queries are a critical strategic element of the task.
They reflect trainee attention to target prioritization. Targets which move fast are more
likely to penetrate a defensive perimeter, and should thérefore be assigned a higher
priority than targets that move slowly. A high number of speed queries is indicative of a
strategy focusing on identifying and prosecuting those targets most likely to penetrate a
defensive perimeter.

The number of inner and outer defensive perimeter intrusions allowed is an
indicator of strategy effectiveness. Allowing few defensive perimeter intrusions indicates
that trainees have adopted a strategy in which they are focusing on preventing targets
from crossing their defensive perimeters, and are selecting targets based on the likelihood
that they will do so.

Finally, the number of “high priority” targets the trainee engages is an indicator of
strategy use. Targets are of higher priority if they are (a) moving fast, and (b) close to a
defensive perimeter. A total of 7 “high priority” targets were present in each scenario,
with 4 such targets near the inner defensive perimeter and 3 such targets near the outer
defensive perimeter. Identifying and prosecuting high priority targets rather than low
priority targets is an indicator of high-level strategy use and game comprehension on the
part of trainees.

Thus, four indicators are relevant to our assessments of strategic performance.

The number of times participants zoomed out, the number of marker targets hooked, the
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number of target speed queries at both inner and outer defensive perimeters, and the
number of inner and outer defensive perimeter intrusions all reflect the application of
strategies.
Procedure

Participants. Undergraduate students at Michigan State University were recruited
from the psychology subject pool and through visits to classes. 332 individuals took part
in the study; as pre-study power analyses based on Cohen's (1988) power tables provided
an estimate of statistical power between .96 and .99 for 200 participants, it is reasonable
to expect that statistical power was eﬁsured by collecting data from additional
experimental participants. 14 participants were discarded from all analyses for one of
several reasons. Participants were removed from the dataset if they (1) indicated they
had attended an experiment in that lab prior to the current experiment, (2) did not
complete the experiment, or (3) demonstrated motivational or other problems during the
course of the experiment, which were noted in the experimenter’s log and were deemed
severe enough to warrant excluding the participant from the dataset. Of the 317
remaining participants, 79 were in the variable practice/velocity feedback condition, 79
were in the varfable practice/no velocity condition, 78 were in the constant
practice/velocity feedback condition, and 82 were in the constant practice/no velocity
condition.

Informed consent. Consistent with UCRIHS guidelines, prior to the beginning of
the experiment all subjects were required to read, sign, and date a consent form providing
a general description of the study, as well as its risks and benefits. Following the study,

participants were debriefed. The consent form is presented in Appendix A, and the
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debriefing sheet is in Appendix B. Permission was granted by UCRIHS for the conduct
of this experiment.

Experimental training/demonstration. Following completion of the initial
questionnaires, trainees were provided with a brief (five minutes) training session in
which the experimenter demonstrated basic task features. The experimenter
demonstrated use of the mouse for hooking targets and using the pull-down menus, and
explained the basic decision structure of the game. The feedback screens were explained,
as was the manner in which trainees progress through the experiment. They were told
that they would go through three blocks of study, practice, and feedback cycles, followed
by an opportunity to demonstrate how much they learned on a more difficult and
challenging version of the task.

Experimental protocol. When all participants had arrived (or at five minutes past
the scheduled start time), introductory materials were read and they were asked to read
and sign a consent form. Once the consent form was completed, the initial scales were
distributed. These scales included demographic, self-regulatory skill, and goal
orientation items. After trainees completed these scales, the Wonderlic Personnel Test
was administered. When all measures were completed, a demonstration of the task was
conducted. Manuals were distributed, and participants were given five minutes to
familiarize themselves with the manual.

After the five minutes were up, participants were given the mastery goal sheets
for session 1 and given two minutes to study the manual to determine how to best meet
the goals for the first session. After two minutes elapsed, participants were instructed to

begin the first scenario. The training scenarios each lasted four minutes. Three training
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scenarios (i.e., trials) was conducted in each of three training sessions, for a total of nine
scenarios. Each scenario was preceded by a two-minute study period, and followed by a
two-minute period in which participants had the opportunity to review feedback from that
scenario. An experimental diary, in which trainees were asked to report the goals they
sought to achieve during the previous session, was completed prior to the presentation of
feedback. This diary served as a supplemental assessment of self-regulatory activity, and
was collected prior to feedback to ensure that the feedback did not serve to prime diary
entries.

After the end of the first block and the end of the third block, trainees were given
questionnaires to answer, including a declarative knowledge test and the situational
judgment test assessing adaptive knowledge. They were also given measures designed to
assess their self-regulatory activities, with respect to the self-monitoring of their goals,
feedback, learning, performance, and progress. Their self-efficacy was also assessed.
Once these tests were completed following the first and third blocks, trainees were given
a short (five minutes or less) break.

After the break following the third block, participants were told that they had one
final opportunity to practice their skills before moving to the generalization trial. All
participants then took part in an identical post-training trial. This trial was included to
allow the end-of-training performance measures to be endogenous relative to the paper-
and-pencil measures collected following the ninth scenario. All study materials were
removed for the purposes ofthis post-training trial. Once the post-training trial was
completed, trainees were given instructions regarding the generalization scenario; they

were told that the final scenario is more difficult, that the rules of engagement have
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changed and that there are many more targets to deal with. They were then given two
minutes to look over a sheet detailing the changes in the task and develop a strategy.

Training scenarios. Each training scenario contained 22 targets. Of these targets,
15 first appeared in the region between the inner and outer defensive perimeters, and 7
initially appeared outside the outer defensive perimeter. The scenarios were scripted so
that 4 targets would penetrate the inner defensive perimeter and 3 targets would penetrate
the outer defensive perimeter, if no action were taken against any target. The number of
targets, their placement relative to the perimeters, and the proportion that cross each
defensive perimeter were constant across all scenarios and conditions.

Generalization scenario. Following the nine training scenarios, trainees were
given detailed information regarding the generalization scenario. In the generalization
scenario, the number of targets increased from 22 to 60 (a 172% increase), and the rules
of engagement were modified. The inner defensive perimeter became worth 175 points,
and the outer defensive perimeter became worth 125 points (per target that crossed the
perimeter). In training, each target that crossed either defensive perimeter resulted in a
deduction of 10 points from the trainee's score. In addition, more "pop-up" targets, which
appear suddenly on the screen, were included, more targets attempted to cross the
defensive perimeters, many of the "pop-ups" appeared very close to the defensive
perimeters, and perimeter intrusions were differentially distributed, with many more
targets approaching the outer than the inner perimeter. Increasing the difficulty and
modifying the rules enables us to determine the extent to which trainees are able to adapt
the skills they gained during training to more complex situations.

Goals. All trainees were provided sequenced mastery goals. A set of goals were
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given to trainees at the beginning of each of the three blocks of scenarios. The first goal
set (scenarios 1-3) instructed trainees to learn target cue values, learn how to make
correct engagement decisions, and explore the game and get familiar with their
equipment. The second goal set (scenarios 4-6) instructed trainees to learn how to
regularly "zoom-out" to see the "big picture,” learn to find "markers" to check targets just
outside tﬁeir outer perimeter, and learn to defend their inner and outer perimeters. The
final goal set (scenarios 7-9) instructed trainees to learn prioritization strategies and learn
how to "trade-off" targets approaching their inner and outer perimeters. Learning advice
on how to best accomplish these goals was also provided to all trainees.

Incentives. Participants were informed of awards offered for two categories of
task proficiency at the beginning of the experiment. They were told that the first award
would be made for the players who did the best on the final, more difficult version of the
task at the end of the practice sessions. They were told that the second award would be
made for the players who were most adept at answering the questions presented
throughout the task. This award was based on a composite score computed for each
participant on the declarative and adaptive knowledge measures by adding together
scores on the final administrations of each test.” For each award, monetary incentives
were offered for the top four participants, meaning that eight total monetary awards were
given out. Written instructions detailing the incentives were provided at the beginning of
the experiment, and participants were reminded of the incentives prior to the

generalization scenario. The instructions are presented in Appendix C.
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Manipulations

Practice. The literature suggests that the extent to which individuals are exposed
to variable, as opposed to constant, practice opportunities, will affect the development of
knowledge and skills (Hatano & Inagaki, 1986). Individuals receiving variable practice
scenarios should develop skills that are mofe capable of generalizing than should
individuals who practice the same scenario every time. One condition (constant practice)
practiced the same scenario every time; this scenario presented targets at the inner and
outer defensive perimeters and provided the opportunity for trainees to practice all of the
critical skills as they learned them.

Participants in the variable practice condition practiced a scenario that looked
different every time. The scenarios were presented in the variable practice condition to
allow trainees to attend to less complicated elements of the task first. The apparent
complexity of the task increased in a manner consistent with trainees' experience of the
task domain. The number of targets initially visible changed, as did the location and
meaning of targets on the radar screen. The absolute number of targets did not change,
however, nor did the proportion of targets that began inside and outside of the defensive
perimeters.  The number of targets that crossed the defensive perimeters did not change,
though these crossings may be more salient in some scenarios than in others, again
reflecting changes in trainee focus that will naturally take place across training. The
difficulty of the scenarios was therefore constant, though the necessity to engage in
variable practice should enhance trainee self-regulatory activity by allowing a broader

array of experiences. The final training scenario was identical for all participants, as was
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the generalization scenario. This allows statements to be made about refative
performance across conditions at the conclusion of training and during generalization.

Feedback. Feedback was provided using the FASTBACK program developed for
use with this research paradigm. All participants received feedback relevant to the
mastery goals. Half of the participants received additional velocity feedback reflecting
their scon;e on the task. Score was computed by the program by adding 100 points for
every target prosecuted correctly, subtracting 100 points for every target prosecuted
incorrectly, and subtracting an additional 10 points (during training) for each target that
crossed the defensive perimeter. Bofh score and the constituent elements of score were
provided to participants in the velocity feedback conditions, as was other information
which should allow them a sufficient basis to track their progress over the course of
training. Individuals receiving velocity feedback were also asked to complete a
“Progress Record Sheet,” on which they were instructed to make an estimate of how
much progress they’d seen in their game-play on TAG from one trial to the next. This
was included to strengthen the velocity manipulation, and to ensure that trainees were
thinking of the feedback they received in “velocity” terms (i.e., change over time).
Mastery feedbaék was sequenced to parallel the goals for both the velocity and no-
velocity conditions, to ensure that the only velocity information trainees receive comes
from the score information and its components. A listing of all potential feedback

information is contained in Appendix D.
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Control Measures

Demographic information. Age, sex, computer experience, and other relevant
demographic information were collected at the beginning of training to ensure the
comparability of conditions and for potential use as covariates.

Cognitive ability. The Wonderlic Personnel Test was used as an index of
cognitive ability. The test reflects multiple domains of cognitive functioning, and the
user's manual for the test (Wonderlic, 1992) offers acceptable levels of validity (.63) and
reliability (ranging from .73 to .95 based on the type of reliability estimated). This test
was administered at the beginning of training.

Goal orientation. In order to control for dispositional influences on the
manipulations, I gathered information on trainee goal orientation using two 8-item scales
developed by Button, Mathieu, and Zajac (1996). Responses to these scales were made
on five-point Likert scales ranging from "Strongly Agree" (5) to "Strongly Disagree" (1).
Coefficient alpha reliability estimates for this and all other scales are included in the
correlation matrix in Table 2. These scales, and all others, are included in Appendix E.

Goal commitment. Seven-item measures of goal commitment (Hollenbeck,
Williams, & Klein, 1989) were collected at the conclusion of each pre-training goal
manipulation. Responses to this scale were made using a 5-point response format
identical to the format utilized for the Button et al. (1996) goal orientation measure
described above. This scale is included in Appendix E.

Self-regulatory skill. A set of items were written to parallel the self-regulatory

activity items at a more general level. Eleven items were written based on their relevance

to self-regulatory skills important to learning. A sample item is, "When I'm practicing a
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new skill, I monitor how well I'm learning its requirements." Responses to this scale
were made using a 5-point response format ranging from "Not At All True of Me" to
"Very True of Me." This scale is included in Appendix E.

Process and Outcome Measures

Self-efficacy. Self-efficacy was assessed following scenarios three, six, and nine,
utilizing an 8-item self-report measure developed specifically for this research paradigm
(see Kozlowski et al., 1996). This measure uses a Likert-type scale rather than
confidence ratings, with self-efficacy operationalized in terms of task-focused self-
perceptions with item content centering on trainees' capability to cope and develop
methods for dealing effectively with the challenges, information, and decisions involved
in the task. Previous research has estimated the internal consistency reliability of the
scale to be between .84 and .95 (Mullins, Brown, Toney, Weissbein, & Kozlowski, 1998;
Kozlowski et al., 1996). This scale is included in Appendix E, and was collected at the
end of each scenario block (following scenarios 3, 6, and 9).

Basic task knowledge. Basic declarative knowledge regarding the task was also
assessed following scenario 3 and scenario 9. Nineteen multiple-choice items focusing
on the extent to which participants had learned basic declarative information necessary to
performance on the task were utilized, focusing on target cue values and the structure of
the decision sequence required by the task. This measure is presented in Appendix E.

Adaptive task knowledge. A measure of adaptive knowledge was developed for
use in this study, utilizing situational judgment questions. These questions presented
respondents with game-play scenarios and asked for the identification of the most and

least effective potential responses. Questions were developed around the training goals
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that focused on the types of strategic skills necessary for adaptive performance to
develop. This measure was structured in such a way as to require trainees to move
beyond their direct experience with the task. It forced them to adapt their knowledge and
skills with TEAMS/TANDEM to new situat.ions or task features. A pilot test of this
measure prior to data collection for the full experiment ensured the a priori keying of the
items corresponded to independent expert judgments of the correct adaptive responses to
the scenarios. Four experts were provided copies of the measure, and asked for their
responses to the items. Any item on which at least three of the four experts did not agree
with the author’s a priori coding of the item was rewritten to clarify the item intent. Nine
items were used. These items are presented in Appendix E.

Self-regulatory activity. A review of the recent literature on self-regulation
reveals similarities across approaches to its measurement which allow us to derive a
general assessment of self-regulatory activity based on what trainees self-monitor. Kanfer
and Ackerman (1989) assessed self-regulation in part via trainee monitoring of goals,
feedback, performance, and progress. Smith (1996) developed a similar measure, in
which the monitoring of goals, progress, performance, learning, and feedback were all
assessed. Brown et al. (1997) utilized a measure of self-regulation in which items
assessed the extent to which trainees monitored their goals, their progress, and their
strategies. Finally, Ford et al. (1998) measured self-regulation in part by assessing trainee
monitoring of progress, goals, learning, and performance.

In all four cases, trainee self-monitoring around goals and progress (in terms of
where mistakes were made, where practice was needed, or both) were considered

important aspects of self-regulatory activity. Actual monitoring of performance was
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assessed in three of the scales, while the monitoring of learning and feedback were
assessed in two of the four scales. Consonant with the literature, then, a scale was written
which tapped these five domains within self-regulatory activity. Because the scale is
constructed in such a manner as to reflect what the literature treats as indicative of self-
regulatory activity, higher scores on the scale may be taken to mean that trainees are self-
regulating more. This scale is included in Appendix E.

A supplemental assessment of the relevance of trainee self-regulation was
collected following each training scenario. Trainees were asked to record, in an
“experimental diary,” the goal or goals they focused on during the previous session. It is
reasonable to expect that trainees who reported focusing on the goals they had been
assigned for a specific scenario block, rather than other goals, are engaging in self-
regulatory activities that are more relevant to the task. Any reported goal corresponding
to one of the mastery goals trainees were assigned for that session was scored +2.
Reported goals corresponding to a mastery goal from any other scenario will be scored
+1. All other responses will be scored 0. A second coder was trained to ensure reliable
coding of responses. This supplemental assessment was purely exploratory, and was
included to determine if this represented a valid approach to identifying the relevance of
trainee self-regulatory activity. As such, it was not included as an explicit part of the

experimental model or hypotheses.

Post-Experimental Screening Measures

Two scales were included to allow the identification of trainees whose data might
be of questionable utility. Trainee motivation is critical in this regard. Trainees who

report being demotivated at the end of the experiment may have provided questionable
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data. The same may be said of trainee satisfaction with the feedback provided. The data
of participants whose motivation or feedback scores fell more than three standard
deviations below the mean were discarded from all analyses.

Motivation. Trainee motivation for the experiment was assessed using four items
administered following the generalization scenario. A sample item is, "I tried to make
good choices in determining the best and worst options on the sample scenarios I was
presented.” This scale is included in Appendix E.

Feedback satisfaction. Trainee satisfaction with the feedback provided was
assessed using ten items administered following the generalization scenario. This scale is
included in Appendix E.

Analyses

The analysis plan for this study is detailed in Table 1. For each hypothesis, the

specific analysis relevant to understanding the relevant effect is detailed. All analyses

centered around the use of regression or MANCOV A-based analyses.
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Results

The model (Figure 2) specified that two manipulations (the presentation of
variable vs. constant practice scenarios, and the provision of velocity feedback in addition
to mastery feedback) would influence trainee self-regulatory activity and self-efficacy,
both of which were treated as indicators of psychological processes for the purposes of
this studj These process indicators were then hypothesized to influence proximal
training outcomes (knowledge and skills at the end of training) which, in turn, were
hypothesized to influence more distal training outcomes (skill demonstration during a
generalization scenario).

Means, standard deviations, intercorrelations, and internal consistency reliabilities
for all variables are presented in Table 2. Examination of the intercorrelations and prior
work suggested that several variables be treated as covariates in all analyses. Both
mastery and performance goal orientations have been shown in previous studies to be
related to learning and performance using the TEAMS/TANDEM task, and will be used
as covariates in this study as \f/ell. Cognitive ability has also been used as a covariate in
previous studies, because of the complex nature of the task and the high cognitive
requirements for learning the elements of the task. Examining the intercorrelation matrix
suggested that participant gender might need to be controlled for as well. One-way
ANOVAs indicated that significant gender effects were present during the first six
training trials for basic performance, as well as during the generalization trial (F 315 =
8.266, p <.01). Moreover, every training trial demonstrated significant gender effects on
strategic performance, with a significant effect during generalization as well (Fy 315 =

25.86, p <.01). These eﬁ’ect§ uniformly favored males over females. As such, gender
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Table 2 Notes:

Values in bold type are significant at the .05 level, values in bold italics are significant at
the .01 level. Values in parentheses are internal consistency reliabilities, except the
experimental diary, which is an interrater reliability coefficient; Perf. = Performance;

Om. = Orientation; T1 = Trial 1; T2 = Trial 2; T3 = Trial 3; EOT = End of Training; Trns

= Transfer; Spd = Speed; Pts = Points; Tgts = Targets
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was covaried in all analyses. Additionally, it appeared that video game experience was
potentially related to performance on the task; this was also verified through one-way
ANOV As which demonstrated significant effects for video game experience on both
basic and strategic performance throughout training and generalization. In this section,
the hypothesis tests will be discussed first. Then we will consider the effects of the
manipulations on the outcomes of interest, to determine whether this will further inform
future research, and consider possible revisions to the model if such prove necessary.
Finally, we will consider a supplemental analyses to determine the utility of the
situational judgment methodology as a tool for training evaluation, and to examine the
self-regulation diary utilized in the study.
Hypothesis Tests

Hypothesis 1 postulated that variable practice would lead to increased self-
efficacy, relative to constant practice. Hypothesis 3 predicted that the presentation of
velocity feedback would also lead to increased self-efficacy, relative to individuals who
did not receive velocity feedback. Hypothesis 2 predicted that variable practice would
lead to greater self-regulatory activity, relative to individuals who received constant
practice opportunities, and hypothesis 4 suggested that the presentation of velocity
feedback would lead to increased seif-regulatory activity, relative to no velocity
feedback. A repeated-measures MANCOVA was run, with the covariates listed above, to
examine the effects of the two manipulations on self-regulatory activity and self-efficacy

at the end of training. The results of this analysis are reported in Table 3.
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Table 3: Multivariate Effects of Control Variables and Manipulations on Self-Efficacy
and Self-Regulation at End of Trial Blocks 3, 6, and 9

df F Pillai’s Trace
Cognitive Ability 4, 305 19.023** .200
Trait Mastery Orientation 4, 305 22.625** .229
Trait Performance Orientation 4, 305 .903 .012
Gender 4,305 4.775%* .059
Video Game Experience 4, 305 2.720* .034
Practice Manipulation 4, 305 3.938** .049
Feedback Manipulation 4, 305 5.300** .065
Block x Practice 8, 301 2.725%* .068
Block x Feedback 8, 301 4.773** 113
Practice x Feedback 4, 305 777 .010
Block x Practice x Feedback 8, 301 .989 .026

Notes: Mastery Om. = Trait Mastery Orientation; Performance Om. = Trait Performance
Orientation; Self-Efficacy (EOT) = Self-Efficacy at End of Training
'=p<.10 *=p<.05 **=p< .0l

In examining the results of the overall RM-MANCOVA, it is clear that the
manipulations, as well as many of the covariates, did in fact affect the self-efficacy and
self-regulation variables over the course of training. However, the main effects are
difficult to interpret in the presence of the two significant interactions noted above, the
block by practice and block by feedback interactions. Examining the univariate tests, we
find that the block x practice effect primarily acts on the self-regulation DV (F230s = 3.27,
p <.05), with the univariate effect on self-efficacy being non-significant (F230s =.532,
ns), while the block x feedback effect acts on self-efficacy (F2.308 = 5.03, p < .01), with
the univariate eﬁ'eét on self-regulation being non-significant (F230s = 1.17, ns).

Considering the profile plots (Figures 3 and 4) for these interactions revealed
interesting trends. On self-regulation (Figure 4), trainees in the constant practice
condition began higher on self-regulation than trainees in the variable practice condition,

with the difference disappearing over time (this is supported by an examination of the

88



between-subjects effects in a MANCOVA designed to explore the difference across
conditions). Note that the results here are reversed from what was hypothesized (variable
practice was expected to advantage trainees, relative to constant practice).

Looking at the eﬂ'gcts on self-efficacy (the block x feedback interaction; Figure
3), virtually no difference was present between the feedback manipulations at time 1,
while larger differences emerged at times 2 and 3. The mean differences of the results
favored trainees who received velocity feedback over those who did not receive velocity
feedback.

For both self-regulation and self-efficacy, trainee means unexpectedly dropped
from time 1 to time 3. An examination of the decline in scores on self-regulation and
self-efficacy demonstrated something interesting. The mean difference from time 1 to
time 3 on self-regulation was -.3625 for trainees in the variable practice condition (with
an SD of 3.58 units) while the mean difference for trainees in the constant practice
condition was -1.2975 units (SD of 4.03). The difference between these means is
significant (t (316) = 2.188, p <.05), indicating that trainees in the constant practice
condition showed larger decrements in reported self-regulation than did trainees in the
variable practice condition. Hence, individuals in the variable practice evidenced less
overall decline in self-regulation.

Similarly, the mean difference from time 1 to time 3 on self-efficacy was -4.0124
units for trainees in the no velocity condition (SD of 6.97) while the mean difference for
trainees in the velocity feedback condition was -2.3376 (SD of 6.06). Again, these means
are significantly different (t (316) = -2.284, p <.05), with larger decrements in self-

efficacy being found for individuals who did not receive velocity feedback. Thus, for
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both manipulations, trainees decreased their engagement in self-regulatory processes and
on self-efficacy over time, but these effects were minimized for trainees who received the
manipulations which were hypothesized to be beneficial.

The relationship among the manipulations and the process variables was thus
more complex than originally hypothesized. The manipulations significantly affected the
processes, as shown by the multivariate analysis. Examination of the significant trial
block by manipulation interactions indicated that over time, the feedback manipulation
resulted in two distinct groups, with individuals who received velocity feedback
demonstrating higher efficacy, on ave-rage, than those who did not. Moreover, while
both groups declined overall from trial block one to trial block three, individuals
receiving velocity feedback declined less in self-efficacy than did individuals who did not
receive velocity feedback. The practice manipulation interacted with trial block in such a
way that while both groups declined over time, the decline was more pronounced for
individuals who received constant practice than for those who received variable practice
opportunities. The somewhat counter-intuitive nature of these findings (the general
decline of both efficacy and self-regulation) will be addressed in more detail in the
discussion sectién.

Hypotheses 5 through 11 dealt with the prediction of the proximal training
outcomes (learning and end-of-training performance). For these, I will follow the
hypotheses through, as they were presented in the text, and briefly discuss each of the

findings.



Hypothesis 5 predicted that self-efficacy would be predictive of declarative
knowledge at the end of training. A regression was run testing this hypothesis, the results

of which are presented in Table 4.

Table 4: Predicting Declarative Knowledge at the End of Training (HS)

AR* df F Beta
Covariates .206 5,312 16.22**
Mastery Orn. -.072
Performance Orn. -.109*
Cognitive Ability 409**
Gender .022
Video Game Exp. .049
Predictor(s) .051 1,311 2]1.32**
Self-Efficacy (EOT) 244+

Notes: Mastery Om. = Trait Mastery Orientation; Performance Om. = Trait Performance
Orientation; Self-Efficacy (EOT) = Self-Efficacy at End of Training
t=p<.10 *=p< .05 **=p< .0l

The analysis demonstrated significant effects for two of the covariates (trait
performance orientation and cognitive ability), as well as for self-efficacy, on declarative
knowledge at the end of training. This supports hypothesis 5. Consistent with the
literature, trainees who were more efficacious did, in fact, learn more about the task than
those who lacked efficacy.

Hypotheses 6, 9, and 11 dealt with the prediction of adaptive knowledge at the
end of training. For the purposes of this study, adaptive knowledge was measured with a
nine-item situational judgment measure constructed for this research paradigm. For each
question, respondents were required to read a scenario which presented them with a
problem of the type they could encounter in the task (or a modified version of the task)

and select the most and least appropriate potential responses to the scenario.
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Hypothesis 6 specified that self-efficacy would predict adaptive knowledge. That
is, trainees who were more efficacious should be better able to demonstrate the capability
to adapt what they knew. Hypothesis 9 specified that self-regulatory activity should
predict adaptive knowledge, since individuals who tend to be more active, from a self-
regulatory standpoint, should have engaged in the deeper reflection necessary to adapt
what they have learned. Hypothesis 11 specified that declarative knowledge should
predict adaptive knowledge, verifying that some degree of positive manifold exists
among the different types of knowledge. These three hypotheses were tested with a

single regression, per the model, the results of which are presented in Table 5.

Table S: Predicting Adaptive Knowledge at the End of Training

AR*  df F Beta
Covariates .093 5,312 6.42*%*
Mastery Orn. -.001
Performance Orn. .028
Cognitive Ability .130*
Gender -.033
Video Game Exp. -.263
Predictor(s) 124 3,309 16.37**
Self-Efficacy (EOT) -.108'
Self-Regulation (EOT) 132*
Dec. Knowledge (EOT) 374**

Notes: Mastery Om. = Trait Mastery Orientation; Performance Om. = Trait Performance
Orientation; Self-Efficacy (EOT) = Self-Efficacy at End of Training; Self-Regulation (EOT) =
Self-Regulation at End of Training; Knowledge (EOT) = Declarative Knowledge at End of
Training
t=p<.10 *=p<.05 **=p< .0l

Of the covariates, only cognitive ability was predictive of adaptive knowledge at
the end of training. That it was predictive should not be surprising. Individuals who

possess higher cognitive ability should be better at most written tests, such as the
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adaptive knowledge test, than individuals of lower cognitive ability. Hypothesis 6, that
self-efficacy would predict adaptive knowledge at the end of training, received only
marginal support. This finding is also reflected in the correlation matrix; self-efficacy at
the end of training exhibited a low zero-order correlation (r = .07, ns) with situational
judgment performance at the end of training. Hypotheses 9 and 11, however (that self-
regulation and declarative knowledge, respectively, would predict adaptive knowledge)
were supported. It appears that efficacy is not useful in predicting the development or
presence of adaptive knowledge, whereas trainee self-regulation and declarative
knowledge may be quite useful in that regard.

Hypothesis 7 specified that self-efficacy would be predictive of basic task
performance at the end of training. The results of the regression run to test this

hypothesis are presented in Table 6.

Table 6: Predicting Basic Performance at the End of Training (H7)

AR’ df F Beta
Covariates .017 5,312 1.07
Mastery Orn. -.119*
Performance Omn. .046
Cognitive Ability .038
Gender -.005
Video Game Exp. .053
Predictor(s) .042 1,311 13.75%*
Self-Efficacy (EOT) 221**

Notes: Mastery Om. = Trait Mastery Orientation; Performance Om. = Trait Performance
Orientation; Self-Efficacy (EOT) = Self-Efficacy at End of Training
'=p<.10 *=p<.05 **=p< 0l

Trait mastery orientation was predictive (albeit negatively) of basic performance

at the end of training, as was self-efficacy. Individuals who were higher on self-efficacy
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at the end of training were more likely to have developed the skills they needed to
prosecute targets correctly. Because end-of-training efficacy was predictive of basic
performance at the end of training, Hypothesis 7 was supported.

Hypotheses 8 and 10 dealt with the prediction of strategic performance at the end
of training. Strategic performance is a cluster of behaviors performed by trainees which
indicate tﬁe adoption or use of key strategies for succeeding at the game. These are:
zooming out; hooking marker targets; querying target speed; allowing perimeter
intrusions; and engaging high priority targets. These five behaviors were entered into an
exploratory factor analysis with the two elements of basic performance (points correct
and points incorrect) to ensure that the basic and strategic performance elements clustered
appropriately. At the end of training, a principal components factor analysis employing
varimax rotation indicated that the seven variables (five strategic and two basic
performance components) split cleanly into two appropriate factors. This provides
support that the performance dimensions selected represent distinct elements of the

overall performance domain.

Table 7: Rotated Factor Matrix, Trial 9 Performance Dimensions

Factor 1  Factor 2

Points Correct .008 .924

Points Incorrect -.133 .618
Zooming Out .613 -.101
Hooked Marker Targets 532 =117
Speed Queries .765 -.269
Penalty Points Allowed .782 436
High Priority Targets Engaged .841 .336
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The five strategic performance indicators clustered together cleanly, as
demonstrated by their rotated factor loadings above, as did the two basic performance
indicators. To simplify the analysis and presentation of the data, a summary variable was
created for overall strategic performance by creating a standardized version of each
element of strategic performance and then forming a unit-weighted composite (with
penalty points assigned a negative weight, as more penalty points indicates less strategy
use). This single indicator of strategic performance was then used in this, and all other
analyses in which strategic performance is a dependent variable. A basic performance
composite was created as well. For the sake of clarity, the elements of strategic
performance are still presented in the correlation matrix found in Table 2.

Hypotheses 8 and 10 were tested with a regression in which the effects of self-
regulation and self-efficacy were examined on strategic performance at the end of

training.

Table 8: Predicting Strategic Performance at the End of Training (H8, H10)

AR’ df F Beta
Covariates 177 5,311 13.34**
Mastery Orn. .005
Performance Orn. .051
Cognitive Ability 312%*
Gender -.100'
Video Game Exp. .074
Predictor(s) .060 2,309 12.05**
Self-Efficacy (EOT) 229%*
Self-Regulation (EOT) .062

Notes: Mastery Om. = Trait Mastery Orientation; Performance Om. = Trait Performance
Orientation; Self-Efficacy (EOT) = Self-Efficacy at End of Training; Self-Regulation (EOT) =
Self-Regulation at End of Training

'=p<.10 *=p<.05 **=p< .0l
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In addition to a significant effect for cognitive ability, a marginal gender effect
was demonstrated in the prediction of strategic performance. More importantly, self-
efficacy was significantly predictive of strategic performance, indicating that trainees
who believed themselves to be more capable of performing the task were, as
hypothesized, better able to do so, thereby supporting hypothesis 8 . Hypothesis 10 (that
self-regulation would predict strategic performance) was not supported.

It is worth noting again at this point that discussions of performance at “end of
training” denote performance on the tenth training trial. This tenth trial was included in
order to ensure that all participants p-racticed an identical trial at the end of training, to
ensure comparability of scores from the variable and constant practice groups. The end-
of-training efficacy, self-regulation, and knowledge measures were collected immediately
following trial nine, to ensure that they were temporally prior to the performance
measures, which were therefore endogenous for purposes of testing the model in Figure
2.

Hypotheses 12 through 15 dealt with the influence of proximal training outcomes
(declarative knowledge, adaptive knowledge, basic performance, and strategic
performance, ail at the end of training) on distal training outcomes (basic and strategic
performance during generalization). Hypotheses 12 and 14 dealt with the prediction of
basic generalization performance with declarative knowledge and basic training
performance in trial 10, respectively. The results of the regression run to test these

hypotheses are presented in Table 9.
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Table 9: Predicting Basic Performance During Generalization (H12, H14)

AR* df F Beta
Covariates .059 5,311 3.89%*
Mastery Orn. .049
Performance Om. .053
Cognitive Ability .046
Gender -.073'
Video Game Exp. : -.017
Predictor(s) 542 2,309 209.62**
Basic Perf. (EOT) .656**
Dec. Knowledge (EOT) 253*%*

Notes: Mastery Om. = Trait Mastery Orientation; Performance Om. = Trait Performance
Orientation; Basic Perf. (EOT) = Basic Performance at End of Training; Dec. Knowledge (EOT)
= Declarative Knowledge at End of Training

'=p<.10 *=p<.05 **=p< .0l

Of the covariates, only gender affected basic generalization performance, and then
only marginally. However, both basic performance and declarative knowledge were
predictive of basic generalization performance, indicating that prior performance on the
task is predictive of basic generalization performance and supporting both hypotheses 12
and 14. Hypothesis 12a specified that even controlling for basic performance at the end
of training, declarative knowledge would be predictive of basic performance during
generalization. Separating basic performance at the end of training and declarative
knowledge into separate steps in the regression, we find that )R? is .048 (p < .01) when
declarative knowledge is entered after basic performance, indicating support for
hypothesis 12a as well.

Considering the strategic elements of performance, hypotheses 13 and 15
predicted that strategic performance and adaptive knowledge at the end of training would
inﬁuence strategic performance during generalization. The most stringent test of

hypothesis 13 (and the one which best reflects the model) involves testing it in
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combination with strategic performance at the end of training. This analysis is presented
in Table 10.

In this analysis, adaptive knowledge was unable to predict significant variance in
strategic generalization performance when strategic performance at the end of training
was included in the analysis. Thus, hypothesis 13a is not supported, although if a
regression is run predicting strategic performance during generalization with the
covariates and adaptive knowledge by itself, the beta weight for adaptive knowledge
becomes a significant .283 (p < .01), thus supporting hypothesis 13. This is relatively
less important than hypothesis 13a, however, which better reflects the model. Adaptive
knowledge has some predictive power with respect to adaptation, but its effects are
minimized in the presence of prior strategic performance. While hypothesis 13a was not
supported, hypothesis 15, which predicted that strategic performance at the end of
training would predict strategic generalization performance, was.

Table 10: Predicting Strategic Performance During Generalization with Adaptive
Knowledge and Strategic Performance at End of Training (H13, H15)

AR* df F Beta
Covariates 167 5, 311 12.44%*
Mastery Orn. -.005
Performance Orn. -.031
Cognitive Ability .045
Gender . -.099*
Video Game Exp. -.059
Predictor(s) 496 2309  227.63**
Adpt. Knowledge (EOT) .038
Strat. Perf. (EOT) .762**

Notes: Mastery Om. = Trait Mastery Orientation; Performance Om. = Trait Performance
Orientation; Adpt. Knowledge (EOT) = Adaptive Knowledge at End of Training; Strat. Perf.
(EOT) = Strategic Performance at End of Training

'=p<.10 *=p<.05 **=p< .0l
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Hypothesis 16 suggested that the process variables (self-efficacy and self-
regulation) would mediate the relationship between the manipulations and the proximal
training outcomes. Hypotheses 1-4 were tested using a multivariate approach, which was
deemed more appropriate because of the need to understand how the manipulations
affected the psychological processes of trainees over time. Adopting a static approach to
the analysis of those hypotheses involves testing a pair of regressions, predicting terminal
self-efficacy and terminal self-regulation with the two manipulations. The results of

these regressions are presented in Tables 11 and 12.

Table 11: Manipulation Effects on Self-Efficacy at End of Training

AR’ df F Beta
Covariates 141 5,312 10.26**
Mastery Om. .250%*
Performance Orn. -.061
Cognitive Ability 017
Gender -215%**
Video Game Exp. .031
Manipulations .011 2,310 2.03
Feedback 101t
Practice -.032

Notes: Mastery Om. = Trait Mastery Orientation; Performance Om. = Trait Performance
Orientation;
'=p<.10 *=p<.05 **=p< .01

No significant effects emerged from the regression in which our manipulations
were used to predict self-efficacy. Thus, it is inappropriate to test an hypothesis which
treats efficacy as a mediator of the relationship between the manipulations and the

proximal outcomes of training.
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Table 12: Manipulation Effects on Self-Regulation at End of Training

AR* df F Beta
Covariates 192 5, 312 14.86**
Mastery Om. 406**
Performance Orn. .033
Cognitive Ability .104*
Gender -018
Video Game Exp. 112!
Manipulations .001 2,310 .206
Feedback -.029
Practice -.016

Notes: Mastery Om. = Trait Mastery Orientation; Performance Om. = Trait Performance
Orientation,;
'=p<.10 *=p<.05 **=p< 0l

Again, because the manipulations were not predictive of self-regulation in this
regression, it is inappropriate to test the mediation proposed in hypothesis 16. Thus,
hypothesis 16 was not supported. The process variables, while potentially quite
important (based on the analyses reported earlier), do not mediate the effects of the
manipulations on the proximal training outcomes.

Hypothesis 17 suggested that the proximal training outcomes would mediate the
relationship between the process variables (self-regulation and self-efficacy) and the
distal training outcomes (basic and strategic generalization performance). Standard tests
of mediation were conducted to test this hypothesis; regressions were first run predicting
basic performance or strategic performance with a process variable. Then a separate
regression was run to determine if the addition of a proximal training outcome altered the
relationship between the process variable and the distal training outcome. In only one
case (self-regulation no longer significantly predicted basic transfer performance when

declarative knowledge was included in the regression) was any evidence of mediation
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obtained. In all other regressions, the predictive status of the process variable was not
altered by the inclusion of the “mediating” proximal training outcome. Hypothesis 17
was therefore also rejected.

The hypothesis tests only represent the first stage of analysis, however. Because
some elements of the model were not supported, or remain unclear, in the next section we
will examine a decomposition of the observed effects, lobking first at what the
manipulations were actually able to predict, and then at the overall results of the study
(what elements of the study’s nomological network were predictive of other elements?).
Manipulation Effects

In terms of looking at the “big picture” of the results, it is useful to ask several
other questions. First, did the manipulations affect the outcomes of the training program?
Regressions were run predicting basic and strategic skill both at the end of training and
during the generalization trial to examine this question. Tables 13 through 16 are
presented in the following pages. The regressions indicated, as will be seen, that the
manipulations did possess some effects on the outcomes of interest, though they did not
affect the process variables as the model predicted. Because of the lack of prediction of
the process variables by the manipulations, they were not controlled for in the hypothesis
tests presented in the preceding pages. However, the hypothesis-testing regressions were
run a second time, including an additional step in which the manipulations were entered
as control variables, and the effects were such that the inclusion of the manipulations did
not alter the significance tests in almost any case. The only exception to this is the

marginal effect for self-efficacy on adaptive knowledge, which dropped even further

101



when the manipulations were covaried. Because no difference aside from this emerged
when the manipulations were covaried, the results are not going to be re-reported.

While the manipulations accounted for significant variance in basic performance
at the end of training, beyond what was accounted for by the covariates, this effect was
carried by the feedback manipulation. The effect favored velocity feedback trainees over
no-velocity trainees. It does not appear that the practice manipulation significantly

affected basic performance at the end of training.

Table 13: Effects of Manipulations on Basic Performance At End of Training

AR’ df F Beta
Covariates .017 5,311 1.07
Cognitive Ability .058
Mastery Orm. -.061
Performance Orn. .034
Gender -.052
Video Game Exp. .059
Manipulations .026 2,309 4.22*
Practice .075

Feedback .142*

Notes: Mastery Om. = Trait Mastery Orientation; Performance Om. = Trait Performance
Orientation,;
't=p<.10 *=p<.05 **=p< .0l

Beyond significant cognitive ability and gender covariate effects, the feedback
manipulation was the only manipulation to significantly affect performance at the end of
training. This time, however, the effect is reversed. The mean differences on the
components of strategic performance, as well as on the composite variable, favor trainees

who did not receive velocity feedback over those who did. Individuals who did not
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receive velocity feedback tended to perform more strategic behaviors than individuals
who did receive such feedback.

Regressions were also run predicting basic and strategic generalization
performance with the manipulations. Tables 15 and 16 contain the results of these

analyses.

Table 14: Effects of Manipulations on Strategic Performance At End of Training

AR* df F Beta
Covariates 177 5,311 13.34**
Cognitive Ability .309**
Mastery Orn. 088"
Performance Orn. .038
Gender -.150*
Video Game Exp. .088
Manipulations 015 2, 309 2.78'
Practice -.043
Feedback -112*

Notes: Mastery Om. = Trait Mastery Orientation; Performance Om. = Trait Performance
Orientation;
'=p<.10 *=p<.05 **=p< .0l

Table 15: Effects of Manipulations on Basic Performance During Generalization

AR* df F Beta
Covariates .059 5,311 3.89*%*
Cognitive Ability .196**
Mastery Orn. .010
Performance Orn. .045
Gender - 113t
Video Game Exp. .036
Manipulations .033 2, 309 5.62*%*
Practice ‘ 122%
Feedback 133*

Notes: Mastery Om. = Trait Mastery Orientation; Performance Om. = Trait Performance
Orientation,;
'=p<.10 *=p< .05 **=p< .0l
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Here, both manipulations affected the DV of interest (basic performance during
generalization), and both were in the predicted direction (favoring variable practice and
velocity feedback trainees, respectively). As with the previous analysis, a significant

covariate effect for cognitive ability emerged, as well as a marginal gender effect.

Table 16: Effects of Manipulations on Strategic Performance During Generalization

AR* df F Beta
Covariates .167 5,311 12.44**
Cognitive Ability 282%*
Mastery Orn. .065
Performance Om. -.002
Gender -213%*
Video Game Exp. .009
Manipulations .048 2,309 0.46**
Practice -.027
Feedback -218%*

Notes: Mastery Om. = Trait Mastery Orientation; Performance Om. = Trait Performance
Orientation;
t=p<.10 *=p<.05 **=p< .0l

Cognitive ability and gender again accounted for most of the variance in the
covariates. As with strategic performance at the end of training, strategic generalization
performance was also predicted by the feedback manipulation, with the mean difference
favoring no-velocity trainees over velocity trainees. Individuals who received velocity
feedback engaged in fewer strategic activities than did individuals who did not receive
such feedback. Again, while the manipulations did have some effects on the outcomes of
interest, their inclusion in the regressions did not alter the effects of the other,

hypothesized variables on the terminal effects.
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Decomposition of Model Linkages (Explorat

To further explore the results, regressions were run in which basic generalization
performance, then strategic generalization performance, were predicted with all the
cognitive, affective, and behavioral predictors available within the confines of the task
(that is: self-efficacy, self-regulation, declarative knowledge, adaptive knowledge, and
end of training basic and strategic performance). The results of these regressions are
presented in tables 17 and 18. It should be noted that elements of tables 17 and 18 are
redundant with the tests of hypotheses 12 through 15, as those dealt with the effects of
various elements of the model on the two types of generalization performance. However,
the tables also present unique information in terms of what effects other, non-
hypothesized variables had on generalization performance.

In Table 17, betas are reported at each step in the regression, as well as in the final
step. This is done to allow a better understanding of the potentially unique portion of
variance each element of the model can explain, as well as the extent to which
performance at the end of training may mediate the effects of the remainder of the model
on generalization performance. In addition to the feedback effect (noted above), strategic
generalization performance was predicted by both types of knowledge, self-efficacy, and
both types of performance at the end of training. Hence, each of these has the potential to
predict strategic performance, although all of them but the feedback effect become non-
significant in the final step, when the performance variables are entered. Interestingly,
the gender effect remains significant even in the presence of all the other variables in the

final step of the model.
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Note that the nature of the effects described in Table 17 does make it appear that
the end-of-training performance variables may be mediating the relationship between the
knowledge and process measures and strategic generalization performance.

In predicting basic generalization performance (Table 18), the practice and
feedback manipulations (as noted above) demonstrated utility. Additionally, declarative
knowledge, self-efficacy, and both types of performance at the end of training were
predictive of basic generalization performance.

Betas are presented at step and in the final version of the model for the variables
in tables 17 and 18. The results are somewhat more robust than those for strategic
generalization performance, as even in the presence of the two end-of-training
performance variables, significant effects are present for the practice manipulation,
declarative knowledge, and self-efficacy. No evidence was found for the linkage
between the process and knowledge measures and basic generalization performance
being mediated by end-of-training performance.

The unexpected nature of some of the results led to a series of regressions,
designed to examine other potential structures for the model. The goal was to develop a
more parsimonious model, with the potential to explain some of the unexpected findings
in the study, and to offer a way to approach future research in this vein.

Each potential DV was regressed on all of the potential I'Vs (that is, all of the
variables that came before it in the model, or were entered originally in the same step as
the DV). Anything from the same step was then dropped, and the potential effects were

again examined. This was done for each element of the original model.

106



Table 17: Effects of Process, Knowledge, and Performance Variables on Strategic
Generalization Performance

AR* df F Beta (at step)  Beta (Final)
Covariates .167 5,311 12.44**
Cognitive Ability .302** .041
Mastery Orn. .063 -.023
Performance Orn. -.002 -.020
Gender -.214%* -.100**
Video Game Exp. .144 -.049
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