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ABSTRACT
THE EFFECTS OF GOAL TYPE AND METACOGNITIVE TRAINING ON
COMPLEX SKILL ACQUISITION: IMPLICATIONS OF THE LIMITED
RESOURCES MODEL

By
Daniel A. Weissbein

Research on the limited resource model of complex skill acquisition has
suggested that goals early in skill acquisition may be detrimental to leaming and
performance because the resultant self-regulation competes for cognitive resources.
However, past research has examined primarily performance goals. This study
examines whether learning goals sequenced in accordance with hierarchical sequencing
theory and/or metacognitive training allow leamers be more efficient with their
cognitive resources leading to increased leamning, and better performance. A
conceptual model is offered to examine the impact of goal type and metacognitive
training on learning and performance, mediated by metacognitive and leamning activity.
The model is tested with a 2 (sequenced subgoals) x 2 (presence or absence of
metacognitive training) design, analyzed using hierarchical regression. The
manipulations were generally unsuccessful at increasing metacognition or leaming
activity, nor did they increase leaming or performance substantially. Metacognitive
ratings were the most promising way to measure metacognition. Ability and goal
committment, led to knowledge aquisition which predicted performance. Metacognition
related to knowledge acquisition. Implications and future directions are discussed.
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INTRODUCTION

Skilled behavior is essential to virtually all jobs, from typist to truck driver, x-
ray reading to radar operation. Training for most jobs therefore necessarily involves
some degree of skill acquisition. Although skill acquisition has been systematically
studied since the late 1800s, until the 1970s this research was generally conducted on
simple, well defined tasks concentrating on issues such as practice, feedback, and
interference effects (Baldwin & Ford, 1988). With the increased prominence of
cognitive psychology, which places more focus on human learning processes, came
new interest and new theories regarding the learning of skilled behavior — particularly
the acquisition of more complex skills than had previously been studied.

This interest in complex skill acquisition parallels changes in the workplace.
Great demands for effective skill training are imposed by increasingly complex jobs,
increasingly sophisticated technology, and the acknowledgment in business that
training is an important way for organizations to gain a competitive edge (Goldstein &
Gilliam, 1990; Proctor & Dutta, 1995; Rosow & Zager, 1988). Organizations and
researchers are searching for ways to increase the efficiency of training, allowing
employees to learn skills better and faster, in order to reduce training time, lost work
time, and training costs.

To this end, the cognitive psychology literature has produced theories and
programs which advance our understanding of the processes involved in skill

1



2
acquisition (c.f. Anderson, 1987; Gagne & Glaser, 1987; Kanfer & Ackerman, 1989).

Much of the recent attention in the I/O literature has been on the limited resource
model of skill acquisition. This model has advantages over other skill acquisition
theories because it integrates many important factors from the I/O literature such as
abilities, and motivation with newer concepts from the cognitive literature such as
cognitive resources and resource allocation.

The purpose of the present study is to examine and build upon the implications
of the limited resource model. It is suggested that although research on the limited
resource model provides useful insight regarding factors that can inhibit the acquisition
of a complex skill, it is limited regarding how much help it provides to those wishing
to enhance skill acquisition. The educational and instructional design literatures,
however, have identified factors that enhance leaming. The proposed study focuses on
two potential interventions for the design and implementation of training: 1) the
sequencing of training through subgoals; and 2) enhancing metacognitive skills. It is
expected that these interventions help the leamer focus their resources on activities
that maximize learning, and to make the best use of their available resources. A
conceptual model is proposed and hypotheses generated to clarify the relationships
between metacognition, learning goals, and performance attained by the end of

ining,
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3
Traditional A l Skill Acquisiti

Starting with Ebbinghaus's (1885) early work on leaming nonsense syllables,
the traditional approaches to skill acquisition have been to examine training design
factors which affect the leamning, retention, and transfer of acquired skills. Training
design research has involved altering training conditions to examine the effects of
applying such leaming principles as identical elements, general principles, stimulus
variability, and various conditions of practice.

As Baldwin and Ford (1988) note in their review, the application of these
principles has been found to increase trainee performance at the end of training for
some skills. Maintaining identical stimulus-response elements has been found to
increase performance on both verbal and motor skills (Gagne, Baker, & Foster, 1950;
Thormndike & Woodworth, 1901; Underwood, 1953). Teaching general rules and
theoretical principles underlying the skills being acquired has been shown to increase
performance on skills such as underwater shooting and card sorting (Crannell, 1956;
Hendrickson & Schroeder, 1941; McGehee & Thayer, 1961). The inclusion of several
training stimuli to increase the trainee's understanding of concepts and their
applicability in multiple situations has been found to increase performance on such
skills as lever movement and distinguishing spatial arrangements (Adams, 1957,
Duncan, 1958). Finally, many different conditions of practice have been studied as
training design factors. For example the distribution of practice, whole or part
practice, overleaming, and the provision of feedback have each received attention in
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4
the literature. Naylor and Briggs (1962) and Briggs and Naylor (1963) provided

evidence that skills learned with distributed practice rather than practice massed at one
time are generally learned better and retained longer. Research also suggests that
training a skill whole rather than in parts yields better performance if the skill is high
in organization but low in complexity (Briggs & Waters, 1958; Briggs & Naylor,
1962). Teaching a skill past the point of successful performance, or overlearning, also
has been found to increase performance on skills such as pairing words, operating a
control panel, operating hand switches to stimuli, and assembly of a machine gun
(Atwater, 1953; Gagne & Foster, 1949; Mandler, 1954; Schendel & Hagman, 1982).
Feedback, or providing information to trainees regarding their results, has also been
demonstrated as important to learning skills (Macpherson, Dees, & Grindley, 1948;
Thomdike, 1927; Trowbridge & Carson, 1932), and that specificity and timing are
critical in determining its effects (e.g. Wexley & Thomton, 1972).

In addition to the research on training design factors there has also been, more
recently, research to examine trainee characteristics affecting skill acquisition. This
research generally involves pretesting the trainees to determine if the speed or success
of skill acquisition correlates with the characteristic of interest. The trainee
characteristics traditionally studied were abilities. Training samples as ability
measures have demonstrated moderate predictive value, for example Downs (1970)
found a training sample significantly related to instructor scores for training on sewing
machine skills. Aptitude test batteries and ability tests have also predicted skill
acquisition to a moderate degree for record keeping skills (Taylor & Tajen, 1948) and
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5
supervisory skills (Neel & Dunn, 1960). Overall, however, the use of ability variables

to predict trainability has had only moderate success (Baldwin & Ford, 1988; Ghiselli,
1966).

The traditional research focusing on training design characteristics and abilities,
while useful, is also limited in scope. In the traditional approaches the trainee is
treated as bringing his or her abilities to training to be acted upon by training designs.
The success of these designs was primarily measured by success on a test of task
performance, or by reducing the training time to successful performance. This
approach resulted in a stimulus-response orientation to training design possibilities
rather than a series of interventions based upon an understanding of the leamer and the
learning processes, and the resultant learning outcomes. Perhaps due to the influence
of behaviorism, the learning and knowledge acquisition processes remained largely
unexplained. For example, while it had long been observed that for many skills
performance progresses from slow and error-prone to rapid and accurate (i.e. since
Bryan and Harter, 1897), the traditional approaches offered no theories as to how or
why performance changes in this manner, and thus what interventions were appropriate
for different phases of leaming. The leamers' thoughts and mental processes went, for
the most part, ignored or unexplained. The general leaming principles were
disconnected since no theory of the human leaming processes involved in skill
acquisition guided their development. Better models or frameworks were needed that
would look at the skill acquisition process itself, the mental processes involved in this
learning, and the resulting outcomes of knowledge acquisition processes beyond the
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typical better performance or faster acquisition. Comprehension of the critical
psychological factors in the skill acquisition process was needed both to make better
use of the existing principles, and to improve our understanding of how to structure
the leamning environment and prepare leamners for skill acquisition.

Cognitive psychology has emerged to a large extent due to dissatisfaction with
behaviorists' stimulus-response approach because the S-R approach did not reveal
exactly what a person does with information that is presented in a stimulus. Cognitive
psychology takes an information processing approach in order to better understand the
processes and outcomes associated with acquiring knowledge (Reed, 1988). In effect,
filling in the black box between the stimulus and response — or, the training design
and resulting performance. Cognitive psychologists have tended to use stage theories
to examine the processes involved in moving from the laborious error-prone
performance of the novice to the smooth, accurate performance characterizing experts
at a skill.

One influential framework for understanding skill acquisition and the different
nature of performance as it progresses was proposed by Fitts (1964; Fitts & Posner,
1967) who suggested that different cognitive processes are operating during different
stages of learning. He thus identified three phases of skill acquisition: the cognitive
phase, the associative phase, and the autonomous phase. The cognitive phase as the
name suggests, draws heavily upon the cognitive processes of the leamer as he or she
is attempting to understand the nature of the task and how it should be performed.
The cognitive processes taking place during this phase include attending to outside
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7
cues, instructions, and feedback. Because of the heavy cognitive activity, performance

is slow and contains errors. Once the task instructions are leamed and expectations
understood, the associative phase begins. During this phase, the learner links or
associates inputs more closely with actions. Verbal mediation decreases, there is less
interference from outside demands, and attentional requirements decrease. During this
phase, error rates and performance times are reduced. Finally, when the autonomous
phase is reached, performance is said to be automatic, no longer requiring conscious
control.

Anderson (1982; 1987) built upon Fitts's work in developing a theory of skill
acquisition that considers the specific processes and mechanisms underlying
performance at each phase of skill acquisition, as well as between phases (Proctor &
Dutta, 1995). At the beginning of skill acquisition, a leamer has little or no domain
specific knowledge. Therefore, all knowledge acquired in Anderson's Adaptive
Control of Thought (ACT) model starts out in a declarative form, that is, knowledge
of facts and information. Declarative knowledge is often referred to as "knowledge of
what". Declarative knowledge can be encodings of examples of instructions,
encodings of general properties of objects, or other basic information gained through
experience, reading text, studying examples, or instruction. To this declarative
knowledge, weak problem-solving methods are applied. Weak methods are general
problem solving heuristics which can apply to a variety of domains. Examples of
weak methods given by Anderson (1987) include means-ends analysis, working
backwards, hill climbing, and pure forward search. The weak methods help the
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learner to take initial steps in solving the problem, but performance is awkward and
error-prone.  To advance, knowledge must move from declarative to procedural.
Procedural knowledge is based on productions, which are essentially if-then condition
action rules. Knowledge compilation is the crucial process through which knowledge
moves from the declarative to procedural form, producing a domain specific skill.
Compilation is comprised of two essential processes: 1) proceduralization, in which
necessary declarative knowledge is built into new domain specific productions; and, 2)
composition, in which several sequenced rules are collapsed into a single rule which
does the work of the sequence. As compilation takes place, and production rules are
created and collapsed, there is less need to keep declarative information in working
memory since the information is built into productions. Performance becomes
smoother, faster, and errors are reduced. Two factors, strength and working memory
limitations, determine the success of production execution. Strength determines how
rapidly a production applies, and accumulates when the production is applied
successfully. It is production strengthening that predicts the typical power-function
rate of progress in skill acquisition. Working memory limitations refer to the idea that
even perfect production sequences can fail if critical information is lost due to the
limited capacity of working memory causing the wrong production be used. However,
Anderson (1987) notes that working memory capacity increases with expertise in a
domain. Finally, with continued compilation, strengthening, and increased working
memory capacity a skill reaches automaticity, in which the skill no longer requires

conscious attention, and other tasks can be carried out simultaneously without



decreased performance.

Based on Anderson's work, the process of skill acquisition can be defined as
the process of moving from declarative knowledge to procedural knowledge and
finally to automaticity. That is, acquiring a skill is acquiring facts and information
and then compiling this information to an if-then rule based form, and finally
strengthening rules until automaticity in which no conscious effort is needed to
perform. The use of this definition, and the work of Fitts and Anderson, clearly
demonstrates skill acquisition as a process that researchers are now seriously trying to
understand from a cognitive perspective. Researchers have identified a number of
factors which, from the cognitive perspective, may influence the skill acquisition
process. The following section will examine the research on some of these factors.

Coenitive Factors Influencine Skill Acauisiti

Q}ﬂ]iﬁ \'(+4 Rmnﬂ

One of the main factors influencing skill acquisition identified by cognitive
psychologists is cognitive resources. Cognitive resources are mental capacities such as
attention, (Kahneman, 1973; Kanfer and Ackerman, 1989), processing effort (Norman
& Bobrow, 1975) or various forms of memory (e.g. working memory, Stankov, 1983)
which can be allocated to tasks in order to bring about performance. As indicated
earlier, Fitts and his associates noticed that as one acquired skills, the instructions and

expectations become encoded and no longer require as much attention. The
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differential allocation of cognitive resources in terms of direction and amount of

attention, therefore, became an important area of research on skill acquisition. This is
especially true as theories of attention themselves evolved.

Kahneman (1973) was an important contributor to cognitive resource theory.
Prior to Kahneman's (1973) limited capacity theories, most of the research that had
been conducted on attention had been focused on the bottleneck models which
postulated that information processing capacity is limited at a certain point in the
processing, a bottleneck of sorts. Unfortunately, various authors (among them
Broadbent, Treisman, Deutch and Deutch, and Norman) and their research results
disagreed as to the location of such a bottleneck. With his limited capacity model,
Kahneman was able to shift interest from the bottleneck theories to the capacity
demands of tasks. Capacity theories assume that there is a limit on human capacity to
perform mental work, and this capacity is allocated with considerable freedom
(Kahneman, 1973). According to Kahneman's model, a number of possible activities
receive information input and we select which activities to pursue by adding mental
resources in the form of mental effort, or attention to this input. Different tasks
require different amounts of attention, simple tasks need little, difficult tasks require
more. When the supply of attention does not meet demands, performance falters, or
fails. In effect, Kahneman states "we merely decide what aims we wish to achieve.
The activities in which we then engage determine the effort we exert" (p. 14).
According to the model, an allocation policy is responsible for dividing up the pool of
attentional effort resources among the various demands. An "evaluation of demands
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on capacity" acts as a feedback mechanism to the allocation policy and
arousal/capacity level. "Interference between tasks is due to the insufficient response
of the system to demands, and to the narrowing of attention when effort is high" (p.
16). This model demonstrates both the intensive and selective nature of attention in
that it shows both amount and allocation of effort. It is capacity that dictates whether
or not tasks can be performed in parallel without detriment to either. This view, that
human attention exists as a common "pool" that is divided among tasks which
themselves have differential requirements for successful performance is directly
reflected in current skill acquisition models.

Norman and Bobrow (1975) modeled the normative effort-performance
relationship in skill acquisition implied by Kahneman developing their Performance-
Resource Function (PRF). Norman and Bobrow introduce two important categories of
tasks: resource-limited and data-limited. When increasing the resources devoted to a
task will yield improved performance the task is said to be resource limited.
Decreases in resources (say, from dividing resources between tasks) need not cause
failure, simply decreased performance.

Whenever performance is independent of processing resources, the task is data-
limited. Some tasks are so simple that the processing performance is limited by the
simplicity of the data structure. By way of example, Norman and Bobrow consider a
pa'smatxen;ptingtohearthepianoinaroomﬁ.lllofothernoise;mceallﬂmtwnbe
done to filter out background sounds has been attempted, performance is based strictly
on the quality of the data. Increased allocation of resources can have no further effect
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on performance, thus the task is data-limited. Norman and Bobrow indicate that most

tasks will be resource limited up until the point where all the processing that can be
done has been done, and data limited from that point on. From these concepts,
Norman and Bobrow constructed a function relating performance to resource allocation
placing resources along the x-axis, and performance along the y-axis. The function is a
monotonically non-decreasing function; generally difficult task functions are thought of
as s-shaped. Moving along the x-axis, initially there is little improvement due to
insufficient resources, but as the resources surpass the threshold needed to promote
minimal leaming and performance, the function becomes steeper, leveling off at the
upper limit of processing. At the point where the function reaches an asymptote in
performance, the task is data-limited. Leaming is demonstrated by faster steeper
climbs to the asymptote, leading to successively more concave curves. That is, less
and less resources are required for maximum performance as one learns. The PRF is
quite consistent with Fitts's model, corresponding with the decrease in required
resources as leamers encode the instructions and expectations as they move through
the cognitive and associative phases to the autonomous phase. Less attention is

required for better performance .

Cognitive Abilities.
Researchers of skill acquisition have also continued to investigate the
relationships between abilities and performance. Research has demonstrated that

cognitive abilities play an important role early in the skill acquisition process, with
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other abilities (perceptual and motor) becoming more important later in skill
acquisition. Woodrow (1938) was among the first to examine the whether or not
abilities changed over the course of skill acquisition. Using factor analysis Woodrow
noticed that correlations of performance with intelligence tests decreased as skill
acquisition progressed. Fleishman and his associates continued this research years later
(Fleishman & Hempel, 1954; 1955). Fleishman and Hempel (1954) gave subjects a
reference battery of ability tests and then trained them on a factorially complex motor
criterion task. Criterion scores and task scores were intercorrelated and factor
analyzed. The results showed that several cognitive variables were important early in
skill acquisition, but later in acquisition motor factors and task specific factors
dominated. The authors found that their results generalized to a discrimination and
reaction time test (Fleishman & Hempel, 1955) with cognitive abilities like spatial
relations and verbal factors accounting for variance early in acquisition, and motor
abilities like reaction time and rate of movement accounting for variance late in
acquisition.

This work has been carried further and applied to cognitive tasks in recent
research by Ackerman. The beginnings of his current model date back to earlier
versions Ackerman (1986; 1987). In this work, Ackerman brings several of the
theories regarding cognitive factors affecting skill acquisition together. Particularly,
Ackerman integrates work from Norman and Bobrow’s (1975) theory regarding the
PRF, and Shiffrin and Schneider’s (1977) controlled vs. automatic processing
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At first novel or difficult tasks are what Norman and Bobrow call resource-

limited, more resource yield better performance. However, as Shiffrin and Schneider
demonstrated, tasks are inconsistent no automatic processing will evolve even with
considerable practice and performance will remain resource-dependent. On the other
hand, if a task has the consistent characteristics necessary to support the development
of automatic processing, the task will become less resource-dependent and more data-
limited. As a task becomes totally automatic then fast effortless performance is a
possibility.

Ackerman maps his fusing of the PRF to controlled-automatic processing onto
the abilities debate, noting that Kahneman's (1973) theory of undifferentiated structure
of attention is roughly equatable with Spearman's general intelligence factor.
Ackerman (1986; 1987) develops three important principles: 1) individual differences
in broad general ability are equatable with individual differences in amount or
efficiency of attentional resources; 2) the transition from controlled to automatic
processing is equatable with resource-dependent to resource-insensitive performance
characteristics; and 3) the ability determinants of performance are associated with the
extent and type of resources required by the task. These principles lead to a model of
skill acquisition which reflects Fleishman and Hempel's (1954; 1955) findings that
cognitive abilities dominate early in skill acquisition and psychomotor abilities
dominate later. Tn Ackerman's model, initial performance on any task is highly
resource-dependent and thus performance is determined by g, and general content
abilities (spatial, verbal, etc.). For tasks with inconsistent characteristics, general and
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content abilities continue to be the key to performance throughout as the task remains

resource-limited. However, as consistent tasks become data-limited, automatic
processing develops and only the specific skills/processes that overlap automatic
processing become predominant factors for performance; the task becomes ability
insensitive from the standpoint of g and content abilities. Ackerman (1986; 1987)
tested this model, measuring various types of mental abilities including g, content
abilities like spatial and verbal, as well as abilities believed to determine performance
later in the task when it is resource insensitive such as psychomotor and perceptual
speed. Ackerman assessed skill development on both verbal and spatial tasks with
consistent and inconsistent mapping similar to those used by Schnieder and Shiffrin
(1977). Ackerman correlated performance with the various abilities and the resulting
performance-ability functions were equatable with the PRF, and consistent with his
theory. Overall, the fit of the PRF to the progression of abilities seemed promising
though in need of refinement.

This refinement occurred in Ackerman (1988) in which the model is altered in
two ways. First, its structure is adapted to make it radex-based and hierarchical in
nature. Second, Ackermans's (1988) model is integrated with the three phases of skill
acquisition suggested by Fitts and Posner (1967) and Anderson (1982; 1987). On top
of the model is g (general cognitive ability). Just below g are the broad content
abilities (figural, numerical, and verbal — which is most important depends on the
content of the task). General cognitive ability and the content abilities are said to be

important for the first stages of skill acquisition — procedural knowledge. As one
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begins the second stage of skill acquisition, knowledge compilation, perceptual speed
becomes more important to performance. Finally as the third phase of procedural
knowledge begins and automatization occurs, psychomotor ability emerges as the
predominant determinant of performance.

Ackerman (1988) presents eight experimental manipulations beginning with
reaction time (RT) choice discrimination tasks like those used in previous skill
acquisition study, but ending with a more complex air traffic controller task. The
experiments manipulated the relevant task variables such as consistency and
complexity and examined correlations with perceptual speed and general ability
through skill development. Further work on a task with more inconsistent components
was also performed in Ackerman (1992). The results of these experiments clearly
indicated overall support for the model. For consistent tasks g and content abilities
are the major determinant of performance early, but as acquisition progresses
perceptual speed and then psychomotor ability become more important. For
inconsistent tasks, g and general content abilities are strong and consistent

determinants of performance.

Motivati
In addition to resources and abilities, psychologists have also studied how
personal cognitions influence the acquisition of skills. Much of the work in this area
involves cognitions pertaining to motivation before ‘and during skill acquisition. Two
of the most thoroughly studied of these variables are self-efficacy and self-regulation.
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Self efficacy. Self-efficacy has been defined as an individual's belief in his or her

capability to perform a specific task, or task specific confidence (Bandura, 1982).
Individuals obtain information with which to make an efficacy judgment is a number a
ways, such as performance accomplishments, vicariously through observation,
persuasion, and physiological indexes (Schunk, 1989). Information gathered from
these sources is weighed and combined in a cognitive appraisal taking into account the
person and situational factors to make an efficacy judgment (e.g. perceived ability,
task difficulty, amount of effort expenditure, assistance received, patterns of success or
failure, or perceived similarity to models). Bandura (1982) hypothesized that
perceived self-efficacy affects motivation by affecting one's choice of activities, effort

Although early self-efficacy research by Bandura and his associates was in a
therapeutic context (training people to cope with feared situations), self-efficacy has
been examined as important to leamning skilled behavior. At the start of a learning
activity, leamers may differ in their perceptions of their capabilities to acquire
knowledge, perform skills, master the material, and so forth. This affects the effort
they extend and ultimately skilled performance. Schunk (1981; 1982) taught a
cognitive skill to low achieving children either via a model or through step by step
instructional pages. Half of the subjects were given effort feedback to enhance self-
efficacy (they were told they solved problems because they worked hard, or got them
wrong because they did not put forth enough effort). However, this effort feedback
did not always seem to have the intended effects. While telling subjects that the
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reason for their success is effort did support self-efficacy, telling them they did not

work hard enough when they got a problem wrong created the impression that they
were failing, and thus that they were not capable. These effects were disentangled in
Schunk (1982) where the hypothesized relation between self-efficacy and performance
was examined by deriving the probability of performance as a function of efficacy.
Schunk found that regardless of the treatment, higher efficacy was found to be
associated with progressively greater skill. Path analysis indicated direct paths from
self-efficacy to skill and persistence.

In fact, self-efficacy has been found to predict performance in a number of
different cognitive tasks, such as learning from print (Salomon, 1984), writing (Meier,
McCarthy, & Schmeck, 1984), and leaming mathematics skills (Relich, Debus, &
Walker, 1986). However, it is not just for cognitive tasks that self-efficacy is found to
influence performance, motor skills are also influenced by self-efficacy. Feltz (1982)
found that self-efficacy and prior performance predicted subjects' ability to leam a
back dive, and that past performance affected self-efficacy which impacted future
performance. Barling and Abel (1983) found a positive relationship between self-
efficacy and aspects of tennis performance. Similarly, McAuley (1985) found evidence
for a positive relationship between efficacy and performance in gymnastics. Eyring,
Johnson, and Francis (1993) found that cognitive ability, task familiarity, and self-
efficacy predicted individuals learing rates on the Air Traffic Control (ATC) task, and
only self-efficacy predicted asymptotic (final) performance. Finally, Bandura and
Cervone (1983) found that self-efficacy is important for goal attainment. These
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researchers tested subjects given improvement goals, feedback, or both in an ergometer

task. Only the goals + feedback condition was effective in increasing effort. In the
goals + feedback condition, perceived self-efficacy for goal attainment significantly
predicted subsequent effort among the subjects.

Clearly, self-efficacy has substantial motivational impact on learning and
performance on a variety of different skill types through its effects on the effort that is
put forth by the leamer.

Self Regulation. Self-regulatory processes are related to self-efficacy processes. Self-
regulation ought to affect skill acquisition by aiding people to reach their goals.
According to Karoly (1993) self-regulation refers to those processes that enable an
individual to guide his or her goal directed behavior over time and across contexts.
Regulation implies thought, affect, behavior, or attention via the use of specific
mechanisms and supportive metaskills. Locke et al. (1981) proposed that goals
influence behavior by directing attention, mobilizing on-task effort, encouraging task
persistence, and facilitating strategy development. However, most of the research on
goal setting has focused around issues of how various aspects of the goal impact
performance. Difficult, specific goals have been demonstrated to be effective on all
but very complex tasks. Self-regulation theories of motivation focus more precisely
on how goals help the individual to mobilize effort, maintain persistence, and direct
attention. According to Kanfer (1992), self-regulation theories generally come from
three perspectives: social learning, cybemetic control, and resource allocation.

Social leaming theories view goals as giving the individual a cognitive
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representation of desired outcomes (Bandura, 1986). Self-regulation toward these
goals involves self-observation, self-evaluation, and self-reaction (Bandura, 1982; F.
Kanfer, 1970). Self-observation refers to directing attention toward one's own
behavior. Self-evaluation involves comparing this behavior to the goal. Whereas, self-
reactions are affective reactions and efficacy outcomes for future goals. If the self-
evaluation reveals that the individual is far from reaching their goal, this may result in
a self-reaction of dissatisfaction and, assuming the person feels they are capable of
reaching the goal, increased effort. If the person feels they are not capable of reaching
the goal (low self-efficacy), then the discrepancy between current state and goal state
may have no impact.

Cybemetic control theories of self-regulation date back to Carver and Scheir
(1981) building upon the work of Powers (1973). Their theory is based on the
negative feedback loop and a hierarchical goal structure. In control theories, the goal
is compared to the current state and when there is a discrepancy, cognitive and
behavioral output are enacted toward reducing the discrepancy. When there is
difficulty reducing the discrepancy, then attention drops to a lower order goal in the
hierarchy. When this lower goal is reached, then attention can shift back to the higher
order goal.

Finally , resource allocation theory of self-regulation posited by Naylor and
Ilgen (1984) is a cognitive framework attempting to explain choices among acts as
competing options for resource allocation. The individual attempts to maximize their

anticipated influence under a set of constraints. Motivation is viewed as involving
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expected utility considerations in that the individual weighs their affect against self
perceptions of the behavior-outcome contingencies. This theory holds that there are
three basic contingency relationships in motivation: commitment to the act is related
to the product produced by the act (A-P), the product of the act is related to the
evaluation of the product by and observer (P-E), and the evaluation of the product is
related to outcomes resulting from the evaluation (E-O). Setting a goal for someone
in terms of output thus affects their P-E relationship. The goal in effect changes the
zero point (minimally acceptable output for a neutral evaluation) of the P-E
relationship thus changing the balance of the other relationships. This theory offers an
explanation for why overly difficult or non-specific goals may lower performance by
altering the perceived utility of various allocations of effort.

In sum, the research on the cognitive variables that influence skill acquisition
yielded some progress, but this progress been made in different directions. Some
research has progressed our understanding and theorizing about resource allocation,
other research focused on the changing nature of abilities during skill acquisition, and
still other research addressed motivational directions involving how and why we
expend effort. Thus, each of the models could explain some aspects of skill
acquisition, but the influences of abilities and the inﬂuenoe of motivational processes
remained separate. Both the abilities research and the motivation research dealt to
some extent with the nature of cognitive resources and how they are applied, but a
theory was needed to bring the two together. In effect, to combine the research on
abilities with the research on motivation as they reflected the newer cognitive concepts
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of skill acquisition. Such a model was set forth in a monograph by Kanfer and

Ackerman (1989).

In their monograph, the authors pose the limited resources model of skill
acquisition, an integrative aptitude by treatment interaction model for the ways in
which ability and motivation affect performance. The authors posit attention as a core
construct, citing Norman and Bobrow's resource-limited/data-limited distinction and
PRF. In addition, they draw on Anderson's (1982) skill acquisition model. Kanfer and
Ackerman note that as leamners move from declarative knowledge to procedural
knowledge and automaticity, performance requires less attention and thus the task
moves from resource-limited to data-limited. The processing of declarative data is
resource-dependent early in skill acquisition since great demands are placed on
cognitive resources. As the leamer progresses through compilation and
proceduralization, however, the skill becomes automatized and less resources are
required freeing resources for other activities. As with earlier Ackerman research, the
abilities crucial to performance are posited to be general cognitive ability and broad
content abilities early in skill acquisition, but progress to perceptual and psychomotor
ability as the skill is proceduralized. In Kanfer and Ackerman (1989), there is an
equating of general ability with cognitive resources such that those with more general
cognitive ability are viewed as having more resources to devote to the task at the start.

The major contribution of this limited resources model of skill acquisition to
the literature involves the inclusion of motivational components in the model which

are quintessentially the allocation policies proposed by Kahneman's "evaluations of
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demands on capacity”. Motivational processes in the Kanfer and Ackerman model
are separated into distal motivational processes and proximal motivational processes.
Distal processes involve the choice to engage some or all of one's resources for
attainment of a goal and involve three utility relations espoused in Kanfer (1987).
Like the Naylor and Ilgen model, resource allocation decisions are made based upon
perceptions of utility contingencies. In the limited resources model, there are three
fundamental relationships: effort to performance (E-P), performance to utility (P-U),
and effort to utility (E-U). Resource allocation is a main determinant of the effort to
performance relation. Norman and Bobrow's PRF is essentially an E-P relationship
based upon task characteristics. However, the E-P relations are viewed as having only
indirect influence on performance through their function of linking utilities to goals
and actions. Distal motivation processes are antecedent to task engagement, and do
not draw resources from the leaming task. When goals involve complex or novel
skills, goal attainment necessitates sustained attentional effort in order to overcome
difficulties and requires "iterative, proximal motivational activities" to sustain the
attentional effort (Kanfer & Ackerman, 1989, p.661).

Proximal motivational activities are responsible for the distribution of
attentional effort to on and off task activities while performing the task. According to
the limited resources model, the proximal motivational activities together comprise
self-regulation. These activities differ from distal processes because: 1) they are
enacted while engaged in the task; and 2) require the devotion of critical attentional
resources, potentially taking resources away from task performance. When there are



24
little slack resources (i.e. periods of high engagement) the result may be attenuated

performance. It should be noted that the function of self-regulation in the limited
resources model is to detect changes in the performance-resource function as skills are
automatized and allow for the reallocation of the resources as necessary. If the results
of this reallocation are beneficial to goal attainment, then the additional resources can
ultimately outweigh the costs causing an increase in performance.

Self-regulation in the Kanfer and Ackerman model reflects Social Learning
models described earlier in that self-regulation is comprised of three activities: self-
monitoring, self-evaluation, and self-reaction. Self-monitoring refers to the focusing of
attention on specific aspects of performance or behavior, and the consequences of the
behavior. Self-monitoring is not necessarily accurate, and errors in judgement about
one's capabilities can lead to insufficient allocations of attention, and thus, insufficient
performance. Self-evaluation, the authors note briefly, is the comparison between
desired goal state, and current performance. The size and direction of any discrepancy
is postulated to interact with self-reactions to influence later decisions about allocation
of resources.

Finally, self-reactions can be of two types in the model. The first type is
affective called self-satisfaction and the second involves perceptions of task-specific
capability or self-efficacy. One's self-satisfaction and self-efficacy can be positively or
negatively influenced depending on the size and direction of the discrepancy between
current and desired state examined in self-evaluation.

Self-reaction, and its interaction with self-evaluation, have important
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implications for the application of resources, and for the importance of goals. Because
tasks require less resources as they are proceduralized, goals keep people motivated by
setting difficult performance standards against which to self-evaluate yielding more
dis-satisfaction (due to a presumably larger gap between desired state and current
state). As long as there is sufficient efficacy, the results are continued self-regulation
and resources application. When goals are reached, self-satisfaction occurs, and self-
regulatory processes stop.

Kanfer and Ackerman posit an interaction between goal (motivation) and
ability such that those of high ability can make use of goals earlier, but those of low
ability benefit more from using goals. Initially on a novel complex task, learners
must use all of their resources to leam the task. Self-regulation early is postulated to
take away from the resources devoted to learning which attenuates performance.
Because high ability people have more resources to apply, they will leam faster and
more quickly reach a point at which they have sufficient resources free for self-
regulation. Low ability people, however, will benefit more from a properly applied
goal, since they start lower and have more room for improvement.

Three experiments were conducted to test the model using the complex Air
Traffic Control (ATC) task. Results indicated that goal setting did not improve
performance when goals were set early in skill acquisition. The pattern of correlations
for abilities was as they predicted. The expected interaction between ability and goal
intervention was found such that those with higher ability benefitted earlier from
having a goal. Declarative training lowered initial cognitive load allowing goal setting
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to be effective earlier, but procedural training did not allow the goal setting

intervention to be effective earlier. Low ability people in the declarative training

group benefitted the most over time.

Limitations Of the Skill Acauisition Li .

The skill acquisition theory and research to date, exemplified by Kanfer and
Ackerman's (1989) limited resources model, has led to a deeper understanding of the
cognitive processes involved in skill acquisition. A number of important findings have
emerged. One finding is that limitations on human cognitive resources play an
important part in skill acquisition. The research has demonstrated that early in skill
acquisition of a complex novel task with consistent elements, the learner is taxed in
that he or she must attempt to apply limited resources to leaming the declarative
knowledge. These processes of encoding the instructions, expectations, and task
information are resource intensive, and preclude the leamer from successfully
performing other activities, like self-regulation, without attenuating the performance of
both. The fact that humans are limited in resource capacity, and that people differ in
the amount of resources they have to apply can account for why it takes longer to
acquire difficult tasks, why people cannot perform multiple novel tasks with success,
and to some extent why people differ in the speed with which they acquire tasks.

A second important finding is that tasks are not equally resource consumptive
throughout acquisition. Virtually all current theory recognizes this fact, most clearly
modeled by the PRF (Norman & Bobrow, 1975). As a novel task is compiled, the
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declarative information becomes linked to task behavior decreasing the need to keep

this knowledge active in memory. With practice the production rules develop, and the
task becomes less resource dependent until automaticity in which the task become
data-limited. Kanfer and Ackerman (1989) demonstrated that subjects performing their
ATC task were not able to regulate to performance goals early in skill acquisition and
that attempts to do so actually were detrimental to performance. However, when
comparable goals were provided after declarative knowledge was leamed, enough
resources had been freed to make self-regulation possible without taking resources
from learning. The end result was that performance increased. Thus, in planning a
useful intervention there is a need to consider where and how resources are being
used.

A third important finding from the more recent skill acquisition work makes it
clear that self-regulatory processes play an important role in the acquisition of a
complex skill. Since the task itself essentially determines how much resources are
required for leaming, the onus is on the learner to make sure that sufficient resources
are devoted to the task to fulfill these requirements. Insufficient resources may lead to
detriments to learning and performance. How well a person is able to determine the
task resource demands and allocate the appropriate resources will impact their
performance when acquiring difficult tasks which require iterative allocations of
attention. ‘This is true particularly if leaming different task elements requires different
quantities of resources.

While the skill acquisition research has identified cognitive resources and
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regulation as important variables in the processes of skill acquisition, there are several
limitations from a training perspective. The first problem is that this research is
descriptive, not prescriptive. Simply put, the research tells us what occurs during
learning, but has not yet indicated interventions trainers may use to help leamers to
acquire skills. In fact, the Kanfer and Ackerman (1989) work demonstrates what not
to do — give leamers performance goals early in training. What interventions trainers
can use to aid learners in making use of their resources remains to be clarified and
demonstrated by systematic research.

A second shortcoming in this research is a limited view of performance. When
a person is acquiring a skill, they are essentially balancing between leaming the skill
and performing the skill. The two are not necessarily mutually beneficial. Sometimes
learning involves exploration, making mistakes on purpose, or other behaviors that will
not lead to good performance. From a training point of view, learning itself is a type
of "performance"” in the acquisition of a skill. Therefore, it is wholly appropriate to
set goals not simply in terms of performance in the outcome sense (i.e. number of
planes landed, points scored etc.), but also in terms of learning. This is particularly
true early in skill acquisition while the person is devoting the majority of cognitive
resources to the encoding of declarative knowledge, and compiling this information to
productions. Kanfer and Ackerman, however, only gave their subjects outcome
performance goals, causing them to split resources between learning the task,
performing, and self-regulating. This is well demonstrated in the third study in Kanfer
and Ackerman (1989). Expecting high performance early in the skill acquisition
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process is fairly unrealistic to most training situations. In training, leamning is the
short term goal, and is expected to result in high performance in the long run. Thus,
a failure to recognize leaming as a form of performance during skill acquisition and
consequently the use of only outcome-based performance goals is a second problem
with the skill acquisition literature to date.

A third problem with is the failure to examine how the devotion of resources
to a problem produces better performance. The limited resources model, like other
models, stops at the distinction between "on-task resources" and "off task-resources".
To simply say that more on-task resources will be added and performance will
therefore improve is incomplete. These resources need to be devoted to some
activities which result in learning, performance, or self-regulation. Similarly, the
limited resources model do not cover strategy evaluation as part of self-regulatory
behavior. This neglects what is actually done with the resources devoted to the task.
As it is with politicians, the models seem to suggest that simply throwing resources at
a problem is enough to solve it. Of course, the way in which these resources are used,
the activities and strategies in which the leamer engages, produce more or less
learning and performance. So, we must make an effort to understand what "on-task"
activities are during skill acquisition, and to determine how resources are allocated on

the task, and impact skill acquisition.
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\ Training P .
From a training perspective, a central issue is how the limited resource model

can be used to help improve skill acquisition. Research in this area is decidedly
lacking. The limited resource model is an integrative attempt to understand the
processes of skill acquisition. The model is meant to bring together various theories
of skill acquisition, and to clarify the cognitive processes involved. However, while
there has been substantial support for this model or its components (Ackerman, 1988;
Ackerman, 1992; Kanfer & Ackerman, 1989; Kanfer et al., 1994) the implications of
this model for training have not been identified and tested. While the current research
is informative regarding what not to do (i.e. set performance goals early in
acquisition), extensions to what should be done to improve skill acquisition are
needed. Identifying and testing the types of interventions that have implications for
the use of the learner's cognitive resources is therefore an important next step toward
increasing the efficacy of the limited resource perspective of skill acquisition.

Two such interventions have been chosen for examination in the current study.
The first intervention is the sequencing of instruction by setting systematically
sequenced subgoals. The second intervention is metacognitive training prior to skill
acquisition. These interventions were chosen because they met three essential criteria:
1) there are solid theoretical reasons grounded in the limited resources model of skill
acquisition to expect these interventions to enable leamers to improve skill acquisition
by making better use of their resources; 2) these interventions have been found to be
effective in other literatures (i.e. the instructional design and educational literature);
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and 3) these interventions are ones that trainers can tailor to virtually any skill
training. While there are undoubtedly other interventions meeting these criteria, the
aforementioned interventions appear to be at least a logical initial effort to build upon
the limited resource model.
Using Subgoals to Sequence Leaming.

The skill acquisition literature has ignored the sequence of training as having
impact on leaming. The skill acquisition literature suggests that for tasks with
consistent elements, skill acquisition progresses through stages (Anderson, 1982;
Anderson, 1987; Fitts & Posner, 1963). Therefore the sequence in which one leams,
and the goals relevant to this learning, ought to be arranged accordingly. One way
which has been found effective to direct leaming is the use of goals, or more
specifically subgoals, to direct the learner. Locke, et al. (1981) in their review state
that goals operate, in part, by mobilizing and directing effort. People behave in a way
consistent with a goal to which they are committed. For this reason, learning subgoals
are an effective way for trainers to direct the leamer and sequence their training.
Rothkopf and Billington (1979) demonstrated that learning goals served effectively to
direct effort. Likewise, Hofmann (1993) suggests that learning goals help the leamer
to avoid detrimental cognitive interference, such as that which occurs when the learner
is faced with numerous competing demands. Thus, learming goals are a useful way to
help leamers to sequence their leaming.

From a limited resources perspective, there are clear indications that subgoals
must be chosen carefully. As mentioned, Kanfer and Ackerman (1989) set
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performance subgoals early and found them to be detrimental to leaming and

performance. This demonstrates that just having subgoals will not necessarily be
beneficial, it is important to choose these goals so that they are consistent with what
we know about the process of learning and skill acquisition. The subgoals must be in
an order that allows the attainment of earlier subgoals to free up resources for later
subgoals. The subgoals should thus be based upon leaming theory, not chosen at
random.

The Instructional Design literature explicitly addresses issues of instructional
sequencing. There are, in fact, several instructional sequencing theories (e.g. Skinner,
1953; Issuable, 1960; Gagne, et al., 1992; Reigeluth & Stein, 1983). The one chosen
for guidance here is Gagne's hierarchical sequencing theory. This theory was chosen
because: a) it is one of the most well known sequencing theories; b) this theory can
assist in the choice of logical subgoals, and c) Gagne's theory can explain why
knowledge gained in earlier subgoals aids in the learming from later subgoals.

Gagne, et al. (1992) posit five types of leaming outcomes: verbal information,
intellectual skills, cognitive strategies, motor skills, and attitudes. Verbal information is
simply what we commonly refer to as declarative knowledge of facts and information.
Intellectual skills are the "how to" types of knowledge associated with what has been
called procedural knowledge. Cognitive strategies govern one's own learning,
remembering, and thinking; they have been referred to as self-regulation and self-
monitoring, and include comprehension monitoring and other metacognitive activities.

Motor skills are learned capabilities that underlie performances whose outcomes are
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reflected in the speed, accuracy, smoothness, or force of bodily movement. The

performance of motor skills embodies intellectual skills in the guiding procedures and
executive subroutines . Finally, attitudes are affective, persisting states that modify the
individual's choices of action. A positive attitude toward something means a person
will tend to do that thing more often. As this paper is focusing on cognitive variables,
attitudes as affective components will not be a main concemn. Likewise, since motor
behavior embodies intellectual skills, consistent with previous discussion, the focus is
on the intellectual skills responsible for complex motor behavior.

Gagne and his colleagues believe that goals in leaming exist in a hierarchy
with lower goals containing the prerequisites to the accomplishment of later goals.
Gagne and Merrill (1990) suggest that leamer needs to acquire a goal schema early on
in the learning process. Gagne, et al. (1992) write that "the schema relates the goal to
its prerequisites, that is, to the kinds of skills and knowledge that the leamer must
retrieve and use when engaged in the enterprise” (p. 180). The lower order goals in
this hierarchy are referred to as "enabling objectives" and are either essential or
supportive prerequisites for specific performance objectives. Gagne et al. (1992) write
"the learning of intellectual skills is most clearly influenced by the retrieval of other
intellectual skills that are prerequisite. Usually these are simpler skills and concepts
that, when analyzed, are revealed to be components of the skill to be newly learned
(RM.Gagne, 1985). Results of analysis of this sort may be expressed as a learning
hierarchy" (p. 111). Gagne and his colleagues state that for intellectual skills, the most
direct effect of prior leamning is through the retrieval of other intellectual skills and
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information which are prerequisite components of the current learning. This notion of
hierarchical goals has more recently been adopted by authors more familiar to the /O
literature, most notably by control theorists such as Carver and Scheir (1981) as well
as Lord and Levy (1994). White (1974) also argues that the retrieval of prerequisite
skills has direct supporting effect on learning the targeted intellectual skill. Therefore,
it is important to make sure that the lower portions of the leaming hierarchy are
attained first to support and enable the leamning of the higher order skills.

Gagne proposes that learners start with verbal information and simple
intellectual skills, and precede to more comple# intellectual skills. Verbal or
declarative information is considered to be such things as labels, facts, ground rules,
and bodies of knowledge. The prerequisites to verbal information leaming include
meaningfully organized sets of information, language skills, cognitive strategies, and
attitudes. Simultaneous to the leaming of verbal information, some lower order
intellectual skills are also learned. These include discrimination, concrete concepts,
and defined concepts. Discrimination involves being able to tell different objects
apart. Concrete concepts involves being able to identify the properties of objects. And,
defined concepts is being able to produce the meaning of a class of objects, events, or
relationships. Once these lower order intellectual skills are attained, the learner can
begin to do more complex higher order learning such as rule development. Rules are
the knowledge of how to respond with a class of relationships among classes of
objects and events. Rules are important because they give regularity to performance
over a variety of situations. Finally, as the leamer develops these rules, he or she can
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move on to the most complex skills: higher order rules and problem solving. Higher

order rules are complex combinations of simpler rules which can be invented for the
purpose of solving practical problems. Problem solving is the development of these
higher order rules without guidance. Higher order rules should exhibit transfer of
learning across situations. The prerequisites to the development of rules, higher order
rules and problem solving are the simpler skills and verbal information found in the
lower part of the hierarchy.

Gagne and his colleagues bring this learning hierarchy, attention, and goals
together at the point of instruction. Gagne et al. (1992) write that before presentation
of the stimulus material, three things must take place: a) gaining the leamners attention,
b) informing the leamer of an objective or goal, and c) stimulating the recall of
prerequisite learmning. This is in line with the earlier stated propose of subgoals: the
focusing and maintenance of attention. Gagne's point of view reinforces the need to
take the leamers attention and focus it, by stating the objective. This helps to
leamers direct cognitive resources and to define what "on task" (to use the Kanfer
and Ackerman term) activity ought to be for this part of the learning task. Then,
there is the need to stimulate the recall of prerequisites to aid in learning, this will be
most important when there has been time elapsed between learning lower order skills
and the learning of higher order skills. When they are learned without time lag then
the prerequisites ought to be readily available. Gagne's notion of hierarchical
sequencing of leaming goals can thus be understood as important to making the best

use of cognitive resources. Using subgoals to gain and focus attention to
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systematically master the verbal information and lower order skill so that the later

learning of rules and higher order rules is possible will bring about better performance
and leamning by the end of the training,

There is some empirical support to back this intuitive notion that prerequisite
information and skills are required for an end performance goal to be effective.
Earley and Lituchy (1991) tested goal setting models and found one practical
implication of their work was that for goal setting to be successful, there is the need to
ensure that the employees have the requisites to perform. This speaks directly to the
performance goals set by Kanfer and Ackerman (1989). Setting end performance or
ultimate goals early on ignores the sequencing need to develop prerequisites first.
Earley, Lee, and Hanson (1990) found that for complex tasks and jobs, there is a lag
between the time new employees receive a goal and the time when the employee has
enough skill to perform and translate the goal into action. People who lacked full
understanding tended to switch strategies too often, never allowing any strategy they
tried to take hold. They obviously lacked the knowledge needed to evaluate their
strategies accurately. This finding is consistent with a similar finding by Dachler and
Mobley (1973).

Not only should later leaming be enhanced by earlier work, but if resources
@besuﬂiciendyfocusedonasmallbtﬂmemingﬁﬂportionofﬂletaslg enough
resources should be available such that self-regulation is possible without being
detrimental to performance. Bandura and Schunk (1981) found that subgoals allowed
for better and faster learning, higher self-efficacy due to subgoal success, and more
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accurate self-assessment than a more "distal" goal. Schunk (1984) found better

performance and self-efficacy using subgoals, especially with a reward for goal
attainment. Stock and Cervone (1990) found that subgoals lead to self-efficacy in line
with subgoal attainment (positive or negative self-efficacy depended upon whether or
not the subjects achieved the subgoals), and the learner had more information about
their progress on the task. Therefore, it is quite reasonable to expect leaming subgoals
to increase the leaming of the individual, the ultimate performance of the individual,
the use of leaming behaviors by the individual, and the self-regulation of the
individual relative to the learning goals.

M .

A second intervention that should have a beneficial effect on the use of
resources during skill acquisition, and thus on leaming and performance, is
metacognitive training. Metacognition is defined as knowledge of, and control over,
cognition (Flavell, 1979). Metacognitive knowledge is considered the knowledge of
one’s own thoughts, memories and capabilities. Flavell (1987) separated metacognitive
knowledge into knowledge of person variables, task variables, and strategy variables.
Person variables involve knowledge about intraindividual and interindividual
differences in cognitive propensities, capabilities, and aptitudes. For example, the
knowledge that one's own math skills are better than one's verbal skills, or that one's
verbal skills are better than someone else's would be intra- and interindividual
metacognitive knowledge respectively. In addition, Flavell discusses universal
metacognitive knowledge. This is knowledge of what is true for all people. For
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example, the knowledge that human short term memory capacity is seven plus or
minus two units. Metacognitive task knowledge is the knowledge about the demands
and constraints of different tasks and information encountered. Examples of common
metacognitive task knowledge we acquire are such things as the knowledge that
densely packed or technical information is more difficult to process than other types of
material (like fiction); or that it is easier to get the gist of a story then memorize it
verbatim .  Through experience people learn about the demands of different types of
tasks, and must take these demands into account in order to achieve their goals.
Finally, knowledge of metacognitive strategy is the knowledge of techniques for
monitoring and controlling cognition. Metacognitive strategy can be distinguished
from cognitive strategy in that a cognitive strategy is enacted to get one to a cognitive
goal or subgoal, whereas a metacognitive strategy is to monitor and direct the
cognitive progress to make sure the goal is well met. For instance, to get the sum of a
column of numbers the obvious cognitive strategy is to add them. A metacognitive
strategy might be to add the numbers a second time or even a third to make sure the
goal has in fact been met correctly. Adding is a cognitive strategy, but re-adding to
double check is a metacognitive strategy.

The counterpart to metacognitive knowledge is metacognitive control or
executive control (Kluwe, 1987). Metacognitive control includes such behaviors as
classification, checking, evaluation, and anticipation. Classification, elsewhere called
monitoring, provides information about the status, type, or mode of cognitive activity
and answers the question "What am I doing here?". Checking provides information
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about the state of the cognitive system and activity in order to answer the question
"How am I doing?" relative to a desired state which will result in metacognitive
knowledge. This is equivalent to Kanfer and Ackerman's self-evaluation, except that it
is specific to the evaluation of cognitive activity as opposed to motor activity or
performance. An example is the assessment a person might make that they are not
thinking clearly because they are tired. Evaluation, is similar to checking, but Kluwe
asserts that it goes beyond checking in providing information about the quality of
cognitive activity because criteria are actually applied in evaluation. For example, a
person might say "my plan is no good because it fails to rule out any risks." In
addition to these activities, Kluwe posits that people undertake the regulation of
processing capacity. People must decide to what to devote resources, and how much
of their capacity to devote. In order to make good use of one's cognitive capabilities,
resources must be focused on task relevant information with enough resources to
successfully complete the task.

Research on metacognition indicates that people differ as to their metacognitive
skills and capabilities, and that these differences are not simply a refection of
differences in cognitive ability (August, Flavell, & Clift, 1984; Swanson, 1990).
Expert-novice research suggests that experts have better domain specific metacognitive
skills than novices. Not only do experts have more or better strategic knowledge, they
are better able to evaluate their strategies. Etelapelto (1993) found experienced
computer programmers to have better metacognitive knowledge of strategies, better

metacognitive control, and better metacognitive on-line awareness than novices.
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Etalapelto found that expert programers were more able to identify a good or ideal
strategy for comprehending a program than novices, and experts identifying an ideal
strategy are more likely to use this strategy than are novices suggesting an ideal. In
addition, experts were more aware of which strategies they were using, in that their
reported strategies were more likely to match their the actual strategies used.
Research shows that relative to novices, experts are more likely to discontinue
unsuccessful problem-solving strategies (Larkin, 1983) and are more accurate in
judging problem difficulty (Chi, Glaser, & Rees, 1982). Good readers have been
found to be better at comprehension monitoring while reading than poor readers
(Baker, 1989; Pressley, Snyder, Levin, Murray, & Ghatala, 1987, for a review on
metacognition and adult reading see Rinchart & Platt, 1984).

Metacognition is not just a result of leaming, metacognitive skills have been
found to be crucial to the processes of learning itself. Good leamers treat learning as
a purposeful, attention-directing, self-questioning act (Ganz & Ganz, 1990).
Alderman, Klein, Seeley, and Sanders (1993) reported that journals of unsuccessful
students indicated that they lacked metacognitive knowledge — the students did now
know why they were failing, and felt that they new the material better than they
demonstrated. Improving students, on the other hand, demonstrated the clearest
metacognition in their journals, focusing on evaluating their knowledge and strategies,
providing evidence that metacognition is an important part of the learning process.
Swanson (1990) found that subjects scoring higher on a metacognition questionnaire
were able to derive solutions to basic chemistry and physics problems using fewer
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steps and with more efficient solution rates regardless of their cognitive ability.

Pintrich and DeGroot (1990) found that self-reports of metacognitive activity during
learning were positively related to academic performance in terms of seatwork,
exams/quizzes, essays/reports, and average grade. Likewise, Pokay and Blumenfeld
(1990) found self-reported metacognition to be related to end of semester achievement.
As a variable important to learning, metacognition may be useful for trainers.
Recently, training researchers have begun to examine the use of metacognition
as a way to evaluate and enhance training. Kraiger, Ford, and Salas (1993) suggest
that since (domain specific) metacognitive skills are correlates of skill development,
these metacognitive skills can be used as indices of leamning for training evaluation
purposes. Ford and Kraiger (1995) propose that metacognition should be considered
and applied at several stages of training: needs assessment, design, and transfer. For
example, needs assessment should identify which cues incumbents use in order to
know when to apply their knowledge and skills. This can help to avoid production
deficiencies in which the person knows how to do the task, but lacks the
metacognitive skills that facilitate access to and use of this knowledge. Training
design can encourage metacognitive development by including metacognitive
objectives, encouraging self-directed learning, and allocating time during training for
trainees to reflect on their learning. Finally, metacognition must be fostered which
will allow generalization of knowledge and skills to the job. This includes
encouraging active self-monitoring and hypothesis/strategy testing, as well as avoiding
continual feedback which can interfere with the development of metacognitive skills



42
such as self-assessment.

Thus far, the training literature has tended to focus on metacognition as an
index of leaming — as something developed during training. The educational research
cited earlier, however, demonstrates that the metacognitive awareness and skill is
important to the learning process. Thus, the metacognitive knowledge and control
possessed by the trainee at the beginning of training may impact how well he or she
learmns. The training literature, however, has not a yet addressed metacognition as an
antecedent of training success, nor attempted to manipulate metacognition prior to skill
acquisition. In fact, while the training literature has acknowledged metacognition as
an important cognitive variable, the literature's treatment of metacognition has been
primarily theoretical. Empirical research is needed to demonstrate whether or not
enhancing the development of metacognition will enhance the efficiency or
effectiveness of training.

Having knowledge of, and control over, one's cognitions allows one to allocate
and use one's cognitive resources optimally. Kanfer and Ackerman, as well as Kuhl
and Koch (1984) and F. Kanfer and Stevenson (1985), indicate that self-regulatory
activity competes with on task activity, such as performing task functions or learning
activities. However, recall that Kanfer and Ackerman (1989) indicate that when self-
regulatory activity yields a net increase in resources devoted to the task the results
should be beneficidl to the leamer. This is one reason metacognition is important to
the learner. Metacognition may be used to ensure that the benefits of self-regulation

outweigh the costs. The person can only devote enough resources if the person
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accurately gages task difficulty relative to their capabilities. Merely throwing
resources at a task does not necessarily determine success — the way in which the
resources are used is also important. Metacognitive regulation in conjunction with
metacognitive task knowledge allow one to evaluate what part or aspect of the task
demands more attention so that resources are not wasted on irrelevant knowledge,
information, or aspects of the task. Metacognition also allows one to monitor the
strategies selected so that resources are not wasted on behavior that is ineffective or
insufficient to complete the task.

Therefore, teaching metacognitive skills holds promise as an intervention from
a limited resources viewpoint. Making these metacognitive skills more frequent, and
perhaps more efficient and effective , can help the leamer to more accurately gauge
what deserves the investment of resources. It enables the learner to have a clear
picture of what aspects of the task will require resources, what strategies will be
effective based on these resource requirements, and what areas of the will need more
attention. The leamer can thus use what resources they have devoted to the task more
efficiently, and gain more from their self-regulatory behavior.

The following section presents the conceptual model developed for the current
study. This model specifies the linkages among the constructs examined. Specific
hypotheses derived from this model are discussed.

A Conceptual Mode]

Figure 1 presents a conceptual model developed for the current study. This

model adds to the training literature in a number of ways. First, the model
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demonstrates the way in which the two interventions discussed earlier, sequencing
training through subgoals and metacognitive training, impact the acquisition of a
complex skill in terms of both knowledge and performance by improving the way in
which on task resources are used. Second, this model suggests increased specificity in
what Kanfer and Ackerman (1989) have called "on-task resources." The model
suggests two types of activities to which the resources allocated to skill acquisition can
be devoted: self-regulatory activity (including metacognition), and learning activities.
This model suggests that by helping leamers to allocate their resources among these
activities efficiently, and in proper sequence, the interventions can aid in the
development of knowledge and performance. This section is an attempt to clarify the
activities and purposes to which attention is devoted during the task.
On-Task Resources.

These activities are the processes which explain how resources affect leaming.
On-task resources are those resources devoted to acquiring the skill in question. These
amount of resources devoted is determined by performance-utility allocation policies
prior to engaging in the task as discussed by Kanfer and Ackerman (1989). That is,
the individual determines the amount of resources to be devoted to the acquisition of a
skill, and these resources are then subdivided between the various "on-task" activities
as required by the tasks. While it may not be possible or even necessary to determine
the exact amount of resources devoted each and every activity in which the learner
engages, it is instructive to consider the types of activities that make use of "on-task"

resources. To do so will clarify how interventions that free resources will enable the






leamer to learn and perform.

The activities to which individuals can devote "on-task" resources which aid in
learning are comprised of two primary categories. The first of these categories is
termed leaming activities and include behaviors for the purpose of encoding, storing,
and organizing knowledge and productions. This category includes task specific
behaviors for the purpose of progressing through the task itself toward what has been
called ultimate or end performance. The second category important to leamning is self-
regulatory activities, be they cognitive or metacognitive. These serve as support
mechanisms monitoring and evaluating progress toward the goal, allocating resources,
and evaluating and selecting strategies for goal attainment.

Leaming Activities. Learning activities are those activities to which resources are
devoted that aid directly in the encoding, storage, organization, and retrieval of
knowledge. Some authors have referred to these activities as primary leaming
strategies or learning tactics (Dansereau et al., 1979; Dansereau, 1975; Wade, Trathen,
& Schraw, 1990) though distinctions have been made between tactics and strategies.
Tactics are individual techniques whereas strategies are collections of tactics employed
in a leamning situation, perhaps necessitating intention and purpose (Wade et al., 1990;
Derry & Murphy, 1986; Paris, Lipson, & Wixon, 1983). The term "primary"
distinguishes leaming strategies that aid directly in the comprehension, encoding,
storage, and retrieval of knowledge from other activities which may indirectly assist in
learning (such as self-regulatory activity) which are termed supportive strategies
(Dansereau et al., 1979). Both primary leaming strategies and tactics are subsumed
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under what is being referred to as leaming activities. The important feature is that
learning activities are undertaken by the leamer for the primary purpose of acquiring
knowledge.

Literature investigating the strategies and tactics used to gain declarative or
verbal knowledge has focused on leaming from lecture or text sources. This research
suggests many learning tactics and strategies used to leamn information. Recently,
research supports the notion that leaming activities cluster in ways consistent with the
theory that these strategies developed to help compensate for the limitations of humans
as information processors. For example, leamers compensate for limited processing
capacity with integration tactics that chunk or link information. Likewise, learners
compensate for the limited durability of information being processed by repetition,
rehearsal or reorganization (DiVesta & Morena, 1993). While the specific names
given to learming activities vary, there is considerable convergence as to the types of
learning activities observed in leamers of verbal information. Learning activities
commonly observed or reported are: reading, reading slowly, mental repetition,
imaging (creating a mental image), using analogies, summarizing, paraphrasing, listing,
notetaking, organizing, charting, outlining, associating with previously acquired
information, mnemonic devices, developing questions, restating in one's own words,
linking ideas that relate in the material, marking important material by underlining or
highlighting, and thinking about how to apply information (DiVesta & Moreno, 1993;
Nist, Simpson, & Hogrebe, 1985; Simpson, Hayes, Stahl, Conner, & Weaver, 1988;
Spring, 1985; Thomas, 1988; Wade et al., 1990).
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In addition to the activities used to learn declarative information, individuals
will also devote resources to behaviors directed towards acquiring procedural
knowledge, rules, or productions in skill acquisition. Consistent with Gagne's theory,
Anzai and Simon (1979) found that subjects do in fact generate rules based upon
experience with the task using information from prior learing and perception of
current problem conditions. While the specifics of the strategies for learning rules will
vary considerably with the task, there are strategies that leamers can use to gain
understanding of the procedural aspects of the task. Some strategies that may be used
to generate rules are means-ends reasoning, experimentation by purposefully making
mistakes, experimentation by purposefully performing different behaviors or choosing
different options to add variability to a task. The learning activity directed at
procedural leaming may be differentiated from simple task-function activity by
differences in task behavior such as increased variability in the selection of task
practice options, more practice of behaviors that will lead to success in the long term
(Ford, Smith, Weissbein, & Gully, 1995), less taking the task to its completion, and
more time to complete the task. The activity is less directed at attaining high
performance, and more directed at acquiring knowledge and a deeper understanding of
the relationships among task elements.
Sclf-Regulatory Activity. Kanfer and Ackerman (1989) treat resources devoted to self-
regulation as neither on-task nor off-task. In the current model, self-regulatory activity
is being considered as a consumer of "on-task" resources since self-regulation

competes with the resources devoted to acquiring and performing the skill. If
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resources are either on-task or off-task (and, really, these are mutually exclusive

categories) than the self-regulatory activity involving activities demonstrated to be
important to learning must be considered to be part of the on-task resources. While
they are on-task resources, they are not primary leaming activities. Self-regulation
activities are considered separate unto themselves, but playing a vital supporting role
in the leaming and performing of skills. For evidence that self-regulatory activity
plays a supportive role as opposed to a primary role, one need only consider Kanfer
and Ackerman (1989) in which they demonstrate that when there is competition
among activities, self-regulation diminishes in favor of other activities.

Just as goals can be set either around leaming or performance, self-regulatory
behavior can focus on learning or performance. Metacognitive self-regulatory
activities can involve the evaluation of one's own state of learning, evaluating the task
demands, and evaluating one's learning strategy (Bieman-Copland, 1994; Danereau,
1979; Flavell, 1987). Since a learing goal is to reach a cognitive state where the
information and rules are developed, encoded, organized, stored, and can be retrieved,
awareness and on-line evaluation of whether this goal is being met is metacognitive.
An example is a learner’s self-assessment that he/she is ready to take a test, or the so-
called "judgments of knowing" or "feelings of knowing" (Nelson, Dunlosky, Graf, &
Narens, 1994). There are many tactics that have been identified which may be
performed to aid leamers in determining the resource demands of the task and to
assess where they have breakdowns in their leaming. For example, surveying the

material to determine what may be difficult to learn, self-testing, or reciting material to
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look for holes in one's learning are just a few examples of activities undertaken to aid

in self-assessment and regulation (DiVesta & Morena, 1993; Nist, Simpson, &
Hogrebe, 1985; Simpson, Hayes, Stahl, & Weaver, 1988). These metacognitive
assessment activities are so accepted by the educational literature as important support
strategies to learning that many of them are built into learning/study programs like
SQ3R (Peterson, 1941) or PORPE (Simpson, Hayes, Stahl, & Weaver, 1988).
Likewise, Thomas (1988)includes self-assessment, cognitive monitoring, and strategy
selection as important components in his model of an ideal student.

Self-regulation also plays an important role in performance across a variety of
tasks. The self-regulatory activities of monitoring performance, assessing current
status relative to one's goals, and reacting to this status appropriately are an important
part of reaching performance goals given sufficient resources. Activities such as
obtaining or checking feedback and reviewing the goal are important activities for
determining how performance is progressing, and evaluating the required effort.
Metacognition plays a lesser, but important part in this self-regulation through strategy
evaluation and selection. Effective leamers and performers must check their progress
and assess their strategy to ensure that it is effective. Failures to change strategies or
changing strategies too soon can result in poor performance (Earley, Connonlly, &
Ekegren, 1989). Self-regulatory behavior, be it cognitive or metacognitive, plays an
important role in support of both learning and performance activities involved in skill

acquisition.
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Linkages

Based upon the supportive literature discussed thus far, the current model is
presented to clarify how sequencing training through subgoals and metacognitive
training can affect learning during skill acquisition. The model suggests that skill is
determined primarily by the acquisition of knowledge (in terms of declarative
knowledge and procedural knowledge). Knowledge acquisition is affected directly by
the amount of learing activity and metacognitive activity performed by the individual.
This learning activity is determined by the type of goal the learner is pursuing, be it
an outcome oriented goal, or a set of sequenced subgoals. The amount of learning
focused self-regulatory activity the learner engages in is determined by both the type
of goal, and whether or not the learner has received some metacognitive training prior
to skill acquisition. Therefore, the effects of metacognitive training and goal type on
knowledge and skill are expected to be mediated by the amount of learning activity
and metacognitive activity. These linkages are explained below, and specific
hypotheses are offered.

In their review of the goal setting literature, Locke, et al. (1981) indicate that
one of the major purposes of a goal is to direct effort. In short, people put effort
toward behaviors for which they have a difficult, specific goal more than behaviors for
which they have no goal, or a "do your best" type of goal. People with performance
goals will devote their resources to activities that are consistent with this type of goal.
This means that they will have to divide their resources between a number of different
activities. People with performance goals will direct their effort toward achieving the
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final performance goals, but must concurrently attempt to learn the declarative

knowledge and procedures needed to perform, self-regulate to the goal, engage in
metacognition regarding their leaming, and perform the task as best they can. Thus
there is considerable division of the resources. This division of resources means that
the individual has fewer resources available to devote to learning activities which are
intended specifically for the encoding and storage of declarative information, or the
generation of procedural if-then rules. Individuals with performance goals are likely
to rely on repeated exposure to the material to bring about learning rather than
devoting resources to learning activities.

On the other hand, it is possible to set subgoals which sequence training for
ﬂxelémnerinliglﬁofinchtima] sequencing theory. One advantage to be gained
using subgoals is that the leamer’s resources are focused onto a smaller portion of the
task. This should to lead to better performance, and more self-regulation since more
resources are focused on what amounts to a smaller task. This is similar to the idea
behind part task training (Naylor, 1962) in that the task is, in effect, broken down into
subtasks with each smaller subtask able to receive the leamers full attentional
resources. Part task training generally involves practice on some subset of task
components prior to practice on the whole task (Proctor & Dutta, 1995). Wigtman
and Lintern (1985) identify three basic methods of task decomposition for part task
training: segmentation in which the whole task is broken down along spatial or
temporal lines, fractionation which involves breaking a task into components
performed concurrently, and simplification in which training is performed on a
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simplified version of the task.

Subgoals and part-task training operate to some degree on the same principles
in that the task is in effect divided up so that resources can be devoted to a smaller
portion. However, sequencing subgoals do not involve a previous practice period.
Subgoals are set prior to practice on the whole task to direct the effort of the practice.
In addition, sequencing subgoals do not divide the task along the dimensions such as
time, concurrence, or space. Instead, the subgoals divide the task according to the
sequential learning tasks between initiating leaming and automaticity that must be
accomplished, i.e. gaining declarative knowledge, gaining procedural knowledge, and
finally performing at a superior level. Therefore, sequencing subgoals are not
equivalent to traditional part-task training. In addition, subgoals should offer
advantages over simple part-task training on a number of counts. First, sequencing
subgoals require no pre-training which can be costly in terms of time and equipment.
Secondly, subgoals do not break the task apart into small behavioral components that
must be re-integrated, but sequentially guide the acquisition of knowledge which
builds upon itself to create fast, accurate performance. In this way, sequencing
subgoals should avoid the difficulty persons trained using some part-task methods
encounter when attempting to recombining the various task components on the whole
task, particularly for complex task with high component integration (Naylor and
Briggs, 1962).

By focusing resources on a smaller portion of the task, sequenced subgoals
allow for more learning activity. Rather than asking the leamners to perform multiple
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tasks simultaneously — encode declarative information, determine task procedures,

perform at a maximal level, and self-regulate — sequenced subgoals divide the task
into more manageable parts for the leamner. The main hurdles in skill acquisition that
must be accomplished prior to smooth accurate performance are leaming declarative
and procedural knowledge (Anderson, 1982; Kanfer & Ackerman, 1989; Gagne, et al.,
1992). Subgoals should be set to direct the leamner to focus all of their resources on
sequenced steps to attaining smooth accurate performance. The subgoals allow the
learner focus on the sequential learning tasks and to build upon previous learning as
they progress. Rothkopf and Billington (1979) demonstrated that leaming goals were
useful in the directing of effort. Likewise, Hofmann (1993) suggests that learning
goals help to avoid detrimental cognitive interference, such as that which occurs when
the leamer is faced with numerous competing demands. Subgoals encourage leamers
to first learn the necessary declarative knowledge, then the procedures, and only then -
- after a solid foundation has been laid and resources freed from this learning — are
performance goals given. This sequencing of goals encourages leaming activity by
placing the primary focus early in skill acquisition on leaming not performance, and in
directing the allocation of resources to activities which enhance leaming. In addition,
properly sequenced subgoals divide the task into more manageable subtasks, making
the leaming needed to meet each goal manageable. This should to free enough
resources for the necessary leamning activity. These subgoals are arranged such that
later goals take advantage of the resources freed due to prior leaming. Therefore, it is
hypothesized that the amount of learming activity undertaken by the individual will be
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affected by the type of goal they have been assigned. Stated explicitly:

Hypothesis 1: People given subgoals will engage in a significantly greater
amount of learing activity than will those pursuing performance goals.

In keeping with the distinction made between primary and supportive activity,
in the current model self-regulatory activity is considered separately as activity which
plays an important support role in leaming and performance. Metacognitive training
should enhance on-task metacognitive activity devoted to learning. By making
subjects more aware of the importance of metacognitive activity to leamning, these
skills should be viewed as worthy of resource devotion. Plus, as with any skill
containing consistent elements, providing practice in important metacognitive skills
should decrease the cognitive resources that are required to perform such self-
regulatory activity (Norman & Bobrow, 1975; Shiffrin & Schneider, 1977). Several
authors including F. Kanfer and Stevenson (1985) and Kanfer and Ackerman (1989)
have suggested that training in self-regulatory activities may reduce the amount of
attentional resources required by these self-regulatory activities. A third potential
benefit of training is that it may improve the quality or accuracy of metacognitive
activities.

Because metacognition plays a large role in leamning, training in these skills is
likely to result in increases in metacognitive activity in support of leaming. Indeed

the literature on metacognition suggests that it is an area in which improvement is
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often necessary. While metacognition develops in all individuals until the end of
elementary school and perhaps beyond (Brown, 1978; Fingerman & Perlmutter, 1994),
metaoogniﬁve skill may vary more between individuals than other cognitive variables
like memory, and may be a major determinant of success in several skill areas
(Redding, 1990). In addition, research indicates that these metacognitive differences
are not merely accounted for by differences in ability, as they exist even after
controlling or matching for ability (August et al., 1984; Swanson, 1990).

Efforts to train metacognition has produced encouraging results in educational
settings (Ryder, Beckchi, & Redding, 1988). Redding (1990) concludes that
metacognitive skills can be readily taught and leamed. To wit, many studies have had
success improving leaming or performance by training metacognitive skills, or using
interventions to increase metacognitive activity (Pressley, et al. 1987; Bean, Singer,
Sorter, & Frazee, 1986; Lorenc, Sturmey, & Brittain, 1992). While some researcher
are of the opinion that to train a cognitive skill completely requires long term training
over weeks or months, smaller shorter interventions have proven effective at
increasing metacognition and subsequent performance (Pressley et al., 1987; Lonrenc
et al., 1992). Therefore, training individuals to be aware of their own metacognitive
processes, and to use these metacognitive skills to aid leaming will reduce the
resources needed to perform these activities, increase the use of these activities, and

increase the skill with which they are used. The next hypothesis follows:
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Hypothesis 2: Metacognitive training will be positively related to
metacognitive activity performed in support of leaming. Individuals given such
training will report and demonstrate greater use of metacognitive activity to
assess and optimize their learning.

Another variable expected to have impact on the amount of metacognitive
activity is goal type. It is likely that those with subgoals will perform more
metacognitive activity, and those with performance goals will perform less. This is
the case for two basic reasons. First, performance goals both direct the individual
away from leamning activities, and spread the resources of the learner across a number
of different activities. In attempting to perform on the task prior to compilation one
must leamn information necessary for performance, attempt to perform on the task, and
attempt to self-regulate. This spreading of resources may create a situation in which
there are insufficient resources available to allow metacognitive activity through much
of the task and it will be diminished in favor of other activities. A second reason
individuals given a performance goal may not engage in as much metacognitive
activity is that the performance goals they are given do not direct their resources
toward leamning, acquiring information, or assessing their state of knowledge.
Performance goals are likely to lead to self-regulation (when it occurs) around
performance itself, and not assessment of one's own knowledge or strategy.

In contrast, individuals receiving sequenced subgoals should engage in more

metacognitive activity. Subgoals focus on leaming and thus should direct attention
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toward learning activities, and self-regulation that supports such leaming. Not only
should subgoals focus the individual on leaming, but more resources should be
available to allow for such regulation. Since subgoals focus on a particular subportion
of the skill acquisition task, and the subgoals are sequenced to allow prior leaming to
free resources later in skill acquisition, the learner will have more resources available
to devote to self-regulation at each stage, early as well as late. One can interpret
Kanfer and Ackerman's (1989) third study in this light. They trained the subjects on
either declarative or procedural part task training and both were effective in bringing
about improvements in score which indicated that the people learned the part task
training and could apply this learning to the task. In effect, the authors increased
performance by setting subgoals for a particular part of the task.

Not all subgoals are equal. While both declarative and procedural training
increased subjects' score, only declarative training freed enough resources to allow
self-regulation regarding the end performance goals set by the authors. This is
probably because the procedural goal was out of sequence, in order to perform the
subjects needed to devote resources to leaming the declarative information before
procedural learning could free enough resources to encourage self-regulation. The
resulting hypothesis is:

Hypothesis 3: Sequenced subgoals lead to more metacognitive activity in

support of learning than will performance goals.

The previous two hypotheses suggest that it is possible that metacognitive
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training and goal type will interact to determine the amount of metacognitive activity
that takes place on the task. That is, although metacognitive training is expected to
increase this activity, the type of goal one has may act to determine the effectiveness
of this training. Those with only metacognitive training would be expected to
demonstrate increased metacognitive activity given this training. Sequenced subgoals
that focus resources on learning should yield more free resources faster. These free
resources are available for devotion to metacognitive activity. Therefore, those with
subgoals should benefit more from metacognitive training since they have the
resources available to transfer this training to learning on the task. In contrast, those
with performance goals are directing their resources toward performance. These
individuals are in effect dividing resources among the aforementioned activities
leaving insufficient slack resources to devqte to self-regulation.  Thus, the
metacognitive training they receive will have no effect on the amount of metacognitive
activity in which they engage.

However, this hypothesis is more exploratory because individuals may react
differently to the performance goal-metacognitive training combination. Metacognitive
training is encouraging them to expend resources on learning supportive activities,
while the performance goals are encouraging them to devote their resources away from
learning activity and leaming supportive self-regulation in favor of performance
activity and performance supportive self-regulation. Some learners may react stronger
to the performance goals and thus the potential interaction is expected. However,

others may react to the training by engaging in more metacognitive activity despite
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their performance goal. This would be expected to have negative impact on the

effectiveness of their performance goal, and a yield a moderate amount of
metacognitive activity.
_Hypothesis 4: Metacognitive training and goal type will interact to determine
the amount of metacognitive activity devoted to leaming. Those with
sequenced learning subgoals will engage in more metacognitive activity as a
result of training, those with performance goals will not demonstrate an

increase in metacognitive activity.

The next linkages proposed by this model are the linkages between learing
activity and metacognitive activity with the acquiéition of knowledge. The on task-
activities outlined here are each expected to relate positively to the acquisition of
knowledge, both declarative and procedural. Leaming activities are performed
specifically with the intention of increasing knowledge. These activities aid directly in
the encoding, storage, organization, and retrieval of knowledge. Devoting resources to
studying, memorizing, developing mnemonics, and other such learning activities are
expected to increase declarative knowledge. Similarly, exploring the task to gain an
understanding of the relationships between task elements is expected to increase the
procedural knowledge associated with understanding if-then relationships.
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Metacognitive Goals
Activity /
Performance
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No Metacognitive
Metacognitive Training
Training

Figure 2 -- Theoretical Relationships For Hypothesis 4
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Hypothesis 5: Increased learning activity will lead to increased leamning in
terms of declarative knowledge, procedural knowledge, and skill performance.

Based upon the previous review of the literature, metacognitive activity is also
expected to increase learning in terms of declarative and procedural knowledge. As
discussed earlier, metacognition has been found to be related to leaming in a number
of studies both in the classroom (Sinkavich, 1990; Alderman, Klein, Secley, &
Sanders, 1993; Nelson, Dunlowsky, Graf, & Narens, 1994; Vadhan & Stander, 1994;
Rinehart & Platt, 1984) and out of the classroom on tasks such as leaming to use
medical decision making software (Ridley et al., 1992), electrician performance
(Mikulecky & Ehlinger, 1986; Ganz & Ganz, 1990), and computer programming
(Etelapelto, 1993). Metacognitive skills like self-assessment or strategy evaluation are
important to learning. Those who engage in more of these activities are likely to gain
understanding regarding where gaps in their leamning exist, how to fill them, and when
a leamning strategy is not optimal. These advantages to performing metacognitive
activity should ultimately enable persons engaged in more metacognitive activity to
have more complete knowledge of the task.

Hypothesis 6: Metacognitive activity will be positively related to knowledge.

People engaging in more metacognitive activity will demonstrate increased

declarative and procedural knowledge.

Finally, the current model suggests that this increase in knowledge is
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hypothesized to translate into increased performance on the skill being leamed.
Kraiger et al. (1993) suggest that learning is not unidimensional, but consists of
cognitive, skill based, and affective dimensions. The current model acknowledges the
multidimensional nature of performance, and suggests that the development of better
knowledge based outcomes (declarative and procedural knowledge) will lead to better
skill based outcomes. This is the case for two reasons: 1) skill based outcomes such
as reaching automaticity necessitate successful compilation of the declarative
knowledge and procedures making the acquisition of this knowledge vital to rapid
performance, and; 2) it is not enough to automatize any procedures, the best
performers will automatize the most efficient and accurate procedures. Athletic
coaches have acknowledged this truth by updating the trite saying "practice makes
perfect” to "perfect practice makes perfect”. The leamners must gain enough
knowledge to enable the automatization of the fastest most accurate procedures
possible. Particularly for more cognitively complex tasks, the degree to which one has
knowledge of the task will determine how effectively the skill can ultimately be
performed. Many studies have verified the knowledge to performance relationship
across a wide variety of tasks. As studies of job performance have attested, job
knowledge is one of the best predictors of performance (Hunter, 1986) .

Hypothesis 7: Knowledge will be positively related to skill performance.

Individuals demonstrating higher levels of declarative and procedural

knowledge will exhibit better performance.



64
The current model also suggests that the effects of metacognitive training on

knowledge acquisition are fully mediated by the metacognitive activity demonstrated
by the leamer. That is, metacognitive training should increase the amount and quality
of metacognitive activity on the task. This increase in metacognitive activity will in
turn impact knowledge, and knowledge will impact skill. Metacognitive training is not
expected to have any direct impact on knowledge acquisition or skill performance
other than the influence of this training on metacognitive activity.
Hypothesis 8a: The effects of metacognitive training on knowledge acquisition
will be fully mediated by the impact of this training on metacognitive activity.
Metacognitive training will not directly affect the acquisition of knowledge.
Hypothesis 8b: The effects of metacognitive training on skill performance will
be fully mediated through effects of this training on metacognitive activity, and
metacognitive activity’s affect on knowledge development.

Likewise, the effects of goal type on knowledge acquisition and performance
are expected to be mediated through their effects on metacognitive activity and
learning activity. That is, goal type is not expected to have a direct impact on
leamning nor performance other than the influence which comes through goal type's
effects on learning activity, and metacognitive activity, and their effects on knowledge

acquisition, and ultimately skill. Thus the final hypotheses are offered:
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Hypothesis 9a: The effects of goal type one knowledge acquisition will be
fully mediated by the effect of goal type on the leaming and metacognitive
activity. Goal type is not expected to exhibit direct effects on knowledge
acquisition or performance.
Hypothesis 9b: The effects of goal type on skill performance will be fully
mediated through effects of this training on leamning activity, metacognitive
activity, their effects on knowledge development. Goal type is not expected to
exhibit a direct effect on knowledge acquisition or performance.



METHOD
Sample and Design.

Participants were undergraduates at Michigan State University enrolled in
introductory psychology courses. They received extra credit for their participation in
this experiment.

The study is a 2 (goal type) X 2 (metacognition training) fully crossed factorial
design. The two levels of goal type are sequenced subgoals and performance goals.
The second factor reflects the presence or absence of metacognition training prior to
task engagement.

A power analysis was conducted to determine the sample size required to
detect a moderate effect size with a power of .80 and a significance level of .05
(Cohen, 1977). For a 2 X 2 factorial d&sigﬁ, cell sizes of 20 will result in a power of
.80. Therefore, the goal of the study will be to have 20 subjects in each cell yielding
a total sample size of 80.

The Task.

The task is a revised version of the computerized radar simulation named
TANDEM (Tactical Naval Decision Making System; Dryer, Hall, Volpe, Cannon-
Bowers, & Salas, 1992). TANDEM depicts targets on a radar screen. Trainees are
placed in the role of Radar Operator of a U.S. Navy Aegis-class cruiser. Using a

mouse, the operator chooses which targets to "hook" and collects information about
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the target from pull down menus. This information is compared with preset ranges
and combined in order to classify the target's Type, Class, and Intent. Having made
these classifications, the Operator must then decide to shoot hostile targets and clear
peaceful targets from the screen. The goal of the task is to correctly select, classify
and process targets as efficiently as possible. Operators must learn how to prevent
targets from entering critical zones surrounding their ship. If targets are allowed to
penetrate these "penalty circles," points are deducted. Individuals must leamn to check
the speed and range of targets to prioritize them and determine an order of
engagement. Subjects are presented with a series of scenarios that vary in the number
of targets and proportion of targets that threaten to penetrate the penalty circles. The
scenarios were designed to have roughly equal complexity in terms of number of
targets, number of targets threatening the penalty circles, ambiguity in the cues, and
the need to zoom in or out on the screen to identify appropriate targets.
Procedure

When subjects arrived, they read and signed the consent form that described
the experiment (See Appendix A). Next, they completed a demographics
questionnaire which measured possible confounds such as experience with the task or
time spent playing video games (See Appendix B), as well as the Wonderlic as a
measure of cognitive ability to use as a co-variate since Kanfer and Ackerman suggest
that those with higher cognitive ability have a greater pool of resources from which to
draw. Next, subjects in the metacognitive training group received the metacognitive
training (see Appendix D). The experimenter read through the training with them and
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took them through the exercises. The control subjects did the same exercises, but no
reference to metacognition was made.

After a five minute break, the participants began the process of learning
TANDEM. Participants started with a brief demonstration regarding how to use the
mouse and perform the mechanics of the task, including cue ambiguity and penalty
circles.

After this introductory session, participants were given their first goals to allow
the leaming/performance goals to take affect. Leamning goal participants were told
that their job through the study session and next two trials was to commit to memory
the cue values and other specific, relevant information. Many leamning goals suffer
from being too general, therefore these learning goals attempted to be as specific as
the "difficult, specific" performance goals. It was emphasized that leaming the
declarative information, not scoring well, was what they were being agked to do for
the first two scenarios. Performance goal people were told that they must try to reach
a particular performance goal (determined by pilot testing) that represented the 90th
percentile on each of the first two sessions, and they must "prepare themselves" to do
so during the next few minutes, and then attempt to reach their goal. The 90th
percentile was chosen for two basic reasons. First, goal setting research has
demonstrated that effective goals are difficult and specific, but not beyond the ability
of the subject (Locke et al., 1981). A 90th percentile goal, therefore, represents a
level that ten percent of a similar population ("do your best" pilot subjects) were able
to reach, making this goal difficult but not impossible. The second reason this goal
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was chosen was to be consistent with the prior research of Kanfer and Ackerman

(1989) who used 90th percentile scores as difficult, specific performance goals.

After a goal commitment measure (see Appendix G), they were given 15
minutes to read/study the material. They were told that they may write on the
material at any point during the experiment. Finally, subjects had their goals re-stated
and the metacognitive training subjects were reminded to try to use what they leamed
during training to help them. The subjects then engaged in two seven minute
scenarios.

Next, the second goal manipulation was given (see Appendix F). The
sequenced subgoal group was given instructions to try and learn the rules of the task.
To try and grasp "if-then" relationships between task elements. The performance goal
group was given a second performance goal indicating the 90th percentile (as
determined on a pilot test) for the task. The goal commitment measure followed goal
assignment. The participants then performed two more seven minute scenarios.

After a short break, a final set of performance goals was given to all of the
participants. They were told that their performance on the final scenario is the final
"test” of how well they have learned the task. All participants got performance goals
that represented the 90th percentile for the last three scenarios. The goal commitment
measure was given once again following this manipulation. The final two scenarios
were seven minutes each. Performance measures taken from the final scenario were
considered "end of training performance."

Following these scenarios, participants were given questionnaires to evaluate
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how much leaming activity and metacognitive activity they performed. Upon
completion of the measures, participants were debriefed, given a debriefing sheet
(found in Appendix K), and dismissed from the experiment.
Goal Type Manipulat

The goal type manipulation involves the type of goal assignment that is given
to each of the participants. Participants in the performance goal condition received
goals which are difficult and specific indicating a score to achieve for the scenarios
which follow. As with previous research (e.g. Kanfer & Ackerman, 1989) the goals
were set between a small set of trials rather than before each and every trial.
Performance goals were set to capture the 90th percentile of performance scores
determined by pilot testing consistent the operationalization of difficult, specific
performance goals used in previous research.

Participants in the sequenced subgoal manipulation received goals which
attempted to capture the learning sequence implied by Gagne and associates (Gagne et
al,, 1992). First, a declarative learning goal was set. Subjects were told to focus on
learning as best they can particular facts and information about the task. Particularly,
the subjects were told to learn the cue values and penalty circle locations (see
Appendix F). This goal represented a specific and moderately difficult goal which
captures declarative learning needed for performing the task (i.e. facts and
information).

In keeping with the hierarchical sequencing notions of Gagne et al. (1992), the

second goal for the sequenced subgoal group attempted to direct their attention from
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declarative knowledge to procedural knowledge. The second goal for the sequenced
subgoal group was therefore to leamn the relationships between task elements. This
focuses participants' cognitive resources on the procedural elements of the task. These
subjects were asked to derive "if-then relationships” between task elements. To lend
increased specificity to this goal, and to aid subjects in understanding what they are
being asked to do, a list of several "if" beginnings was provided so that the
participants were asked to finish the sentence with the "then" half. Subjects in this
condition were asked to write down as many of these rules as they could following the
two sessions under this goal condition.

Finally, for their third goal manipulation, the sequenced subgoal group was
given a performance goal. This goal was identical to the goal for the performance
goal group, and represented the end of the progression of goals from declarative
learning to procedural leamning to performance (see Appendix F for the goal
manipulations).

M itive Traini

The metacognitive training manipulation is directed toward teaching
participants about metacognition, emphasizing its importance, and giving practice at
metacognitive activity. The program was designed to elucidate the issues, to clarify
them, and make processes that likely have gone unattended more salient. Practice was
given so that the subjects could become comfortable thinking about these topics and
working with these issues. Ideally, this training would work toward bringing

metacognitive procedures that work toward automaticity. However, as a first step, the
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training was an attempt to increase the amount and quality of metacognitive activity.
Recall that the theory predicts that sequenced subgoals should free sufficient resources
for this metacognitive activity without being detrimental to learning and this should
benefit performance.

The first part of the training was concemned with teaching individuals to plan
their leamning. This includes identifying which elements of the task are difficult and
require more resources or a different strategy. Practice tasks were given, allowing
participants to practice identifying which type of material would be difficult to learmn.
Participants were presented with several opportunities to assess material to determine
which aspects they think were most difficult to learn (and thus require the most
attention) and explain why they make this assessment. The training also encouraged
individuals to think about what they could do to aid in leaming the difficult material.

Next, the training encouraged individuals to evaluate their leaming in terms of
how well they need to know material against how well they actually know it. This
part of the training directed people to determine what the goal of their learning is, and
then to make sure that they have reached this goal. Exercises were designed to help
individuals see the importance of clarifying goals and invoking evaluation methods,
like self-testing, to evaluate their leaming. This was done by first focusing participants
on assessing how well they need to understand the material. Several questions were
given as examples of the types of questions they needed to address. Next, the training
provided the participants with two opportunities to attempt to leamn information and
decide when they knew it well enough to answer questions about the material. Self-
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testing was recommended as a strategy to monitor and promote metacognitive
knowledge. Questions are provided to give them feedback as to whether they
adequately knew the material, and were thus correct in their self-assessments.

Finally, the training encourages participants to think about strategy evaluation.
This training encourages the participants to: clarify what strategy they are using,
evaluate whether the strategy is working, and consider how much time the strategy
should need to work. Exercises were designed to help individuals to examine
strategies, and think about the issues regarding strategy evaluation. Participants were
given a problem and asked to first generate as many possible strategies for solving the
problem as they can. Then they were asked to evaluate their strategies by ordering
them from best to worst (See Appendix D).

In order to ensure that all effects are from the focus on metacognition in the
metacognitive training, and not simply engaging in the excercises, the people in the
non-metacognitive training conditions took part in the exact same activities as the
metacognitive training group. Non-metacognitive training subjects were told that these
extra activities are necessary to allow the experiment to last as long as other
experimental conditions so everyone gets the same credit. Participants were told that
these excercises are being tested for another study, and the experimenter was interested
in their opinion of the difficulty of the exercises. No mention of metacognition or
self-regualtory activity was made to the non-metacognitive training group.

Pilot Studies
Two pilot studies were conducted for this experiment. The first pilot study
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focused on evaluating/fine tuning the metacognitive training. Approximately ten
participants were given metacognitive training. After a task demonstration they were
asked to study the task material for 15 minutes and perform the task scenarios.
During the scenarios, the subjects were stopped every 1.5 minutes and asked to
describe what they were thinking. The experimenter transcribed their statements.
Following the scenarios, participants were given the metacognitive questionnaire and
asked to discuss the metacognitive training regarding whether it enhanced the quality
or amount of metacognition, whether was too difficult or easy, and whether it needed
improvement. They were also asked if they found the metacognitive training useful
for learning the material. Any marks made on the material were evaluated as to
whether these marks were useful to support self-report measures of metacognitive or
learning activity. This first pilot study indicated that subjects did not find the initial
version of the metacognitive training very helpful, they felt it did not apply since the
material and task were very different. They expressed few metacognitive statements
during the scenarios. The metacognitive training was rewritten, and the pilot rerun.
The subjects generally were more positive to the new training, reporting that it was
somewhat helpful in thinking about how to approach leaming the material, and
evaluating their strategies. They appeared to mention metacognitive activity from the
training more during the task, though few such statements were made relative to target
assessment or other task activity. Very little writing on the material occurred during
the pilot studies.

The second pilot study ascertained 90th percentile scores for each of the 6
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scenarios, and assessed the timing of the experiment. Participants were given no
metacognitive training and "do your best" goals. After an introduction and task
demonstration, participants had fifteen minutes to study the material and then
performed the scenarios. All measures were given in their appropriate places in order
to evaluate the psychometric properties of the measures, and the timing of the
experiment. The subjects’ mean scores on the metacognitive questionnaire were
compared to assess whether the metacognitive measure was being strongly impacted
by demand effects from the metacognitive training received by the first group. No
such effects were found. In fact, the group without the training received slightly higher
scores on the questionnaire.

The data from the pilot tests was also be analyzed to examine the reliability of
the learning activity, metacognitive activity, and goal commitment scales. Slight
improvements were made to these measures as appropriate.

Measures

Cognitive Ability. General cognitive ability was assessed using the Wonderlic
Personnel test. This short form cognitive ability test consists of fifty items arranged
in order of difficulty. Item content includes word comparisons, disarranged sentences,
sentence parallelism, following directions, number comparisons, number series,
analysis of geometric figures, and math or logic story problems. Subjects were given
12 minutes to complete as many items as possible. Scores on the Wonderlic test are
highly related to scores on longer tests of cognitive ability. In addition, the test-retest

reliabilities have ranged from .82 to .94, and intemnal consistency reliabilities (based on
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odd-even correlations) have ranged from .88 to .94 (Wonderlic Personnel Test &

Scholastic Level Exam User's Manual, 1992).

Demographics. Subjects answered questions regarding their age, sex, GPA,
previous lab experience, and previous video game experience (see Appendix B).

Goal Commitment. Goal commitment was measured with a three item scale
using Likert type items adapted from Kanfer and Ackerman (1989). The items ask
about how willing the participants are to work hard, put forth effort to reach the goal,
as well as how committed the subjects are to working as hard as possible to reach the
assigned goal. Coefficient alpha measures of internal consistency reliability for the
scale reported was .61, .81, and .82 on experiments one, two, and three respectively.
Consistent with the scale's use in the past, goal commitment was measured after
participants received a new goal, before engaging the task. Note that participants saw
and performed a demonstration and material and thus had some exposure to their task
prior to answering goal commitment questions. Specific items can be found in
Appendix G.

Metacognitive Activity. Metacognitive activity was measured by a 13 item
self-report measure developed for this study. This scale measured the extent to which
subjects performed metacognitive activities that are important to leaming and
performance. These include planning, previewing material to determine resource
requirements, marking difficult material, self-testing and learning evaluation, and
strategy selection and evaluation. Subjects were asked to respond on a 7 point Likert

type scale from Strongly Agree (1) to Strongly Disagree (7) with first person
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statements regarding weather they performed specific metacognitive activities and
behaviors. These items are found in Appendix E.

As reactivity may be a concemn, a more non-reactive measure was gathered to
corroborate the self-report data. One way to do this is to ask an open ended question
such as "what did you attempt to do on the last trial?" This question was asked
Jollowing each trial so as not to induce metacognitive activity. The answers were
examined, coded by multiple coders as to the amount and quality of metacognitive
self-assessment reflected in the answers. Inter-rater reliabilities were then established.
See Appendix J for the basic open ended question and answer sheet. Instructions to
raters can be found in Appendix L.

Leaming Activity. Self-reported use of learning activities was also measured
with a scale developed for this study. This scale assessed the degree to which
individuals engaged in activities which aid directly in the encoding, storage,
organization, and retrieval of knowledge. The scale is arranged in series of Likert
type items on a 7 point scale which ask the participant to indicate the extent to which
he or she engaged in activities such as mental rehearsal, listing, underlining, using
mnemonic devices, or associating material with previously learmned material. In
addition, the scale asks the degree to which the participant engaged in task specific
learning such as engaging targets just for practice (as opposed to attempting to score),
or experimenting with new strategies. The specific questions are in Appendix I.

In addition, as a way to substantiate the self-report, participants will be asked
after each trial what they had attempted to do during that trial. This information was
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examined by quantifying the number of leaming activity statements made. This
information was correlated with the self-report measure to corroborate the self-report.

Knowledge. Knowledge as assessed prior to the final scenario. Knowledge
was measured with a multiple choice knowledge test that measures declarative and
procedural knowledge. Declarative items ask for simple facts or information such as
cue values. Procedural knowledge items were designed to tap a persons understanding
task element relations using if-then production based questions. These questions
require test takers to evaluate situations and choose the best option. The knowledge
test is in Appendix H.
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