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ABSTRACT

AN EXPLORATION OF COGNITIVE PROCESSES IN ADAPTNE PERFORMANCE

Meredith L. Cracraft, Ph.D.

George Mason University 2011

Dissertation Director: Dr. Stephen J. Zaccaro

This research provides insight into the roles that mental models emotion control. and

metacognition play in adaptive performance. Empirical support was found for a model of

the adaptive performance process. which allows for delineating how cognitive individual

differences and other cognitive structures such as mental models. contribute to

performance in non-routine environments. This research pinpoints where mental models,

emotion control, and metacognition have the greatest impact in the process of adapting.

rather 'than only focusing on whether these variables impact the performance outcome.

Working memory capacity was highlighted as an individual difference variable. but

support was not found for its role in the perfonnance process.



INTRODUCTION

Adaptive performance is the term used to describe performance that takes place in

a dynamic environment where individuals must change their current thinking and

behavior in order to achieve their goals. When an individual adapts he or she is carrying

out a "functional change (cognitive, behavioral, and/or affective) in response to actual or

correctly anticipated alterations in environmental contingencies" (Banks, Bader, Fleming,

Zaccaro, and Barber (2001; p. 4). The emphasis here is on making adjustments that are an

appropriate or effective response to what has changed in the environment, which requires

accurate knowledge of the situation and an ability to make sense out ofwhat is occurring.

This becomes more challenging as the number of relevant factors or task responsibilities

increases, as changes in the environment increase in scope or number, or if changes are

novel (Johnson & Proctor, 2004; LePine, Colquitt, & Erez, 2000; Kanfer & Ackerman,

1989). The influence of individual difference variables on adaptive performance has been

explored with respect to traits (e.g., openness to new experiences, conscientiousness) and

motivational variables (e.g., achievement motivation, self-efficacy) (LePine et aI., 2000;

Pulakos et aI., 2002). However, beyond general cognitive ability, the influences of

specific cognitive variables on adaptive processes have received little empirical attention.

The focus of this research is cognitive processes that contribute to adaptive

performance. The primary focus in this research is on a cognitive individual difference
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variable, working memory capacity (WMC), and how it affects different components of

the adaptive process. Cognitive ability was also investigated in an exploratory fashion.

The interplay ofthese individual differences with mental models, situation awareness,

and metacognitive activity were explored in an effort to illuminate the cognitive

mechanisms that are important in the adaptive performance process.

Adaptive Performance Process

The type of adaptability required of an individual and what constitutes adaptive

performance will likely depend on the context or the job (Pulakos et aI., 2000). However,

a couple ofmodels have proposed common underlying processes that are relevant for

adaptive performance across many situations with dynamic environments (Ashford, 1996;

Ely, Zaccaro, & Conjar, 2009). At their core, these process models reflect a regulatory

process. Adaptive performance results from making changes to one's current behavior or

thinking to fit a changed environment. This cannot be done unless one engages in basic

regulatory functions such as recognizing a change has occurred, evaluating the change in

relation to one's goals, and determining a course of action that will lead to goal

achievement (Vohs & Baumeister, 2004).

The Process of Adapting

Ashford (1986) identified four basic activities underlying adaptive performance:

exploring, interpreting, mapping, and organizing. These are similar to the processes

identified by Ely et aI. (2009) as necessary for leader adaptability. Elyet aI. (2009)

suggested that monitoring the environment (i.e., exploring) through environmental

scanning is a necessary process. The second process is diagnosing the meaning of
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changes in the environment, which is analogous to Ashford's interpreting activity. The

third leader adaptive process is strategy formulation. The mapping and organizing

activities identified by Ashford involve determining how to handle the environment and

what activities need to take place based on the situation, which are similar to, or at least

required in, strategy formulation. At this point Ashford (1986) falls short of identifying

all ofthe activities involved in adaptive performance. Understanding and forming ideas

about the environment is useless if one does not act upon his or her understanding. As

Ely et al. (2009) state, one must implement identified solutions or strategies. Therefore,

enacting change and monitoring the effects of those change activities is important for

responding effectively and making sure that the response is a functional response.

The adaptive process described here (see Figure 1) is in essence a process of self

regulation that occurs when a performer is interacting with a complex environment and

notices a change that is significant enough to alter the path toward a goal. The individual

must determine an appropriate response and create a functional change in his or her

cognitive and behavioral activities.
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Figure 1. Adaptive Perfo.rmance Process

Cognitive Individ1lal Differences and Adaptation

Little empirical research to date has explored cognitive predictors of adaptive

performance beyond cognitive ability. However, additional research is needed because

findings indicate both positive and negative relationships between cognitive ability and

adaptive perfonnance (Lang & Bliese, 2009). Theoretical work also suggests that WMC

may playa role in the adaptive process.
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Working Memory and Attentional Control

Working memory is the system that allows for temporarily keeping information

active in memory. Specifically, "working memory refers to the relatively small amount of

information that one can hold in mind, attend to, or, technically speaking, maintain in a

rapidly accessible state, at one time" (Cowan, 2005). While it is similar to the concept of

short-term memory, which involves the ability to retain or temporarily store several

pieces of information (Kane, B1eckley, Conway, & Engle, 2001), it is different in that

working memory has a controlled attention function in addition to its storage processes

(Engle, 2002). In other words, it has an active maintenance function that keeps needed

information accessible and suppresses irrelevant information (Conway, Kane, Bunting,

Hambrick, Wilhelm, & Engle, 2005; Cowan, 2005; Engle, Tuho1ski, Laughlin, &

Conway, 1999).

Working memory has several functions related to focusing on relevant details and

retrieving appropriate information that are important for goal achievement in any

environment. Working memory: 1) activates relevant information stored in long-term

memory, targets the most relevant knowledge above other similar concepts; 2) directs

attention to target thoughts and stimuli (keeping them active in one's mind) when other

stimuli start to interfere; and 3) suppresses unwanted or unneeded thoughts (actively

keeping information from interfering), and suppresses automatic responses that are not

appropriate (Feldman-Barrett et aI., 2004). These functions (the ability to control

attention) become even more critical under conditions where a lot of interference and

irrelevant information is present (Conway et aI., 2005).
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Given that WMC involves the ability to control attention, it is involved in

activating needed information, combating interference from irrelevant stimuli,

suppressing automatic responses, keeping individuals on track toward a goal, and making

sense out of multiple pieces of information. Each of these functions is important in

adaptive environments, but individuals vary in the degree to which they successfully

execute these functions.

Cognitive Ability

There is support in the literature for both a positive and a negative relationship

between cognitive ability and adaptive performance. Positive relationships have been

found (e.g., LePine et aI., 2000; Pulakos et aI., 2002) and are supported with the theory

that those with greater cognitive ability are better able to cope with the large information

processing demands in a dynamic environment. However, recent research has also

revealed a negative relationship between cognitive ability and adaptability. Lang and

Bliese (2009) found that cognitive ability was negatively related to transition adaptation,

meaning the decline in performance immediately following a change was greater for

those with high cognitive ability. No significant relationship was found between

cognitive ability and reacquisition adaptation (the rate ofleaming after a change). This

line of research suggests that although individuals with greater cognitive ability have

greater overall performance, the relative drop in performance following a change is

greater for high cognitive ability individuals. One potential explanation for this is that the

rate of skill acquisition is greater for individuals with high cognitive ability and they are

already using shortcuts and avoiding irrelevant stimuli when a change is thrown at them.
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Their focus on key aspects ofthe environment may lead them to miss certain changes or a

change may cause a greater detriment because it is inconsistent with their established

routine strategy. Individuals with lower ability who are still in learning mode may just

observe the change and tackle the issue seeing it as one more thing to learn about the

environment (i.e., the change may create less conflict with their mental model because

they are still building it).

Most research in this area, including that of Lang and Bliese (2009), focuses on

how cognitive ability influences a performance outcome. However, the relationship

between cognitive ability and adaptability may be better elucidated if the impact of

cognitive ability on specific aspects of the adaptive process is empirically tested. As

described below, this research examines specific aspects of the process and how the

cognitive variables of interest are related to the process of adapting. Cognitive ability was

assessed in this study to compare its influence on the adaptive process to the influence of

WMC. However, no formal hypotheses were made; cognitive ability was analyzed in an

exploratory fashion.

Cognitive Mechanisms in the Adaptive Performance Process

A highly complex and dynamic context magnifies the importance of monitoring

and sense-making activities because significant changes occur in the environment.

Cognitive self-regulation activities, such as monitoring and evaluating, have to occur in

order to make appropriate behavioral adjustments (Powers, 1973; Vancouver, 2005). In a

dynamic environment the workload placed on an individual's cognitive resources and the

magnitude of the potential consequences associated with inadequately monitoring and
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integrating new infonnation into one's understanding is often greater than typical task

perfonnance situations. Figure 2 presents a hypothesized model of the relationships

between the cognitive aspects of adapting and the process model described above. The

model is discussed below and specific hypotheses are proposed.

Mental Models

Mental models are analogues of what exists in reality; they are perceptions of the

world. These mental representations capture important aspects of the environment,

including such things as space, time, causality, intentionality, and the entities involved

(Radvansky & Copeland, 2001). By accounting for all of these elements, a coherent

picture is fonned that allows human beings to select and carry out appropriate behaviors.

Reasoning research postulates that mental models can take different fonns and be

manipulated to examine the influence of different factors. They may represent the actual

state of affairs, or models may be constructed that represent different possible situations

or imaginary situations (Johnson-Laird, 1983).
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Figure 2. Model of Hypothesized Relationships

The ability to hypothesize about situations likely plays a role in reasoning and

adaptive performance because models allow an individual to compare the current state to

some possible state (the goal state), and then infer what would need to occur to align the

current model with the goal-related model. A mental model is not static; if an individual

identifies a flaw or a new aspect of the environment is introduced, a mental model can be
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revised so it provides a more accurate representation (Johnson-Laird, 1983). Indeed,

experience helps develop a detailed expert mental model. This depth and breadth of

knowledge facilitates expert perfonnance and greater adaptability in complex

environments (Holyoak, 1991; Hatano & Inagaki, 1986). In addition, revising a mental

model in the moment to represent the current situation is vital to adaptability given that

changes to the current situation must be acknowledged and incorporated into one's course

of action.

Influence of expectations. Mental models often fonn the basis for deciding what

actions need to be carried out in a given situation. Individuals approach a situation with

expectations and a certain mental model ofwhat factors might come into play, which

allows them to be efficient in focusing on relevant aspects of the situation. Endsley (2004)

states that mental models are one source of infonnation that influences where individuals

direct their attention when examining their operating environment. Thus, an initial mental

model will influence the model updating and revision process that takes place during a

perfonnance episode. In other words, an initial mental model should influence the

process of assessing the elements in the environment.

Hypothesis 1: The accuracy ofone's initial mental modelpositively influences the

accuracy ofenvironmental scanning.

Situation Awareness

It is important to accurately perceive the different elements in an environment in

order to reference relevant stored knowledge and make appropriate decisions to perfonn

effectively in a given environment (Endsley, 1995). In adaptive situations there may be
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new information that one has never dealt with, but this information must be accurately

perceived and integrated into a new or existing mental model. When this occurs, self

regulatory behaviors can be carried out that move an individual closer to his or her goal.

The level of knowledge or awareness one has of the elements in the environment is

referred to as situation awareness (SA). Although there are many conceptualization of SA,

a recent review of the literature suggested that SA can be identified as a state or a process

(Rousseau, Tremblay, & Breton, 2004). Some of the most extensive work on SA by

Endsley argues that SA is a state and that situation assessment describes the process used

to arrive at a given level of awareness (Endsley, 2000). The precise definition of situation

awareness provided by Endsley (1988) suggests it is "the perception of elements in the

environment within a volume of time and space, the comprehension of their meaning, and

the projection of their status in the near future" (p. 97). What Endsley is arguing is that

"SA, or the situation model, is the current state of the mental modef' (Endsley, 2004; p.

16, emphasis added).

Situation awareness is dependent on not only assessment and per-ception of the

current environment, but also the prior knowledge one has (Adams et aI., 1995). This

prior knowledge framework (mental model) that is part of one's long-term memory

provides a context for viewing and interpreting the current environment (i.e., influences

situation assessment), and is updated to provide a more accurate level of awareness.

Mental models influence where attention is directed in the environment because they

prime certain stimuli. Cognitive studies ofperception find that individuals tend to focus

attention on those stimuli that are more salient (Endsley, 1995). Therefore, if an element
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in the environment matches an element in one's mental model, an individual is more

likely to pick up on that element than a more subtle element. In addition, when cues in

the environment match the initial mental model one has, the model facilitates greater

situation awareness because the model includes information about relations between the

perceived cues and other elements that are likely present (Endsley, 1995). Thus, prior

knowledge influences subsequent perception, comprehension, and projection to some

degree. Therefore, it is hypothesized that:

Hypothesis 2: The accuracy ofone's initial mental model ofthe situation

positively influences the accuracy ofone's situation awareness such that the more

accurate the initial mental model is the more accurate situation awareness is reported.

Individual differences. Every environment will have elements that can be

ignored because they have no direct relevance to the task. To say that good SA is keeping

track of and knowing about every element of an environment is not accurate. What

constitutes good SA in a given situation can be determined by experts (often

retrospectively). But what is an achievable level of SA depends on the resources one has

available (pew, 2004). Working memory capacity is a cognitive resource that likely

contributes to individual differences in achievable awareness. Endsley (2004) states that

working memory and attentional control are key to achieving accurate and complete

situation awareness. Not only does perceiving elements in the environment require

working memory, but integrating and manipulating information by holding multiple

elements active increases mental workload and uses working memory capacity (Endsley,

2004; Adams et aI., 1995; Endsley & Bolstad, 1994). Individuals also have to perform
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other primary tasks and prioritize their actions regarding all of these tasks. Remembering

and making decisions about these tasks requires working memory resources as well

(Adams et al., 1995). The multiple task responsibilities that result from acquiring and

maintaining SA in a complex environment and performing other primary tasks will

certainly tax attentional resources. With these demands, some individuals make other

errors such as narrowing their attention to certain aspects of the environment (Endsley,

1995) and failing to critique their SA to determine if something was missed (Cohen et al.,

1996).

Many of the errors that occur in developing and maintaining situation awareness

such as not identifying and perceiving all relevant stimuli in the environment, inadequate

processing and integration of new and old information, attentional narrowing, and failure

to evaluate one's own understanding may all be related to an individual's WMC.

Specifically, WMC may constrain the amount of information one can observe and

perceive, and it may constrain what one deems relevant to search for in the environment

(affecting content). This suggests two, perhaps competing, ideas regarding how WMC

affects perception and environmental scanning (the first step in developing SA). One

possibility is that those with greater WMC may be able to look at a greater amount of

information because they have the capacity to pay attention to more stimuli. A second

possibility is that because one of the functions facilitated by WMC is the ability to

direction attention to relevant stimuli and to ignore or suppress irrelevant stimuli, perhaps

those with a greater capacity will attend to less information, but the smaller amount of
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information they attend to will cover all that they have deemed relevant. Therefore, two

competing hypotheses will be tested in this research:

Hypothesis 3a: There is a positive relationship between working memory capacity

and the amount ofenvironmental scanning conducted.

Hypothesis 3b: There is a negative relationship between working memory

capacity and the amount ofenvironmental scanning conducted.

Processing and integrating information that is perceived and directing attention to

assessing whether one's integration of information is adequate are important cognitive

processes that must occur to have accurate SA (i.e., an appropriately detailed current

mental model of the situation). WMC may constrain one's ability to integrate and

comprehend the new information that is perceived because combining multiple pieces of

information uses WMC (Cowan, 2005). Therefore, WMC may moderate the relationship

between environmental scanning and SA.

Hypothesis 4a: The amount ofenvironmental scanning conducted positively

influences the accuracy ofone's situation awareness, and working memory capacity

moderates this relationship such that the relationship is stronger for those with greater

working memory capacity.

Hypothesis 4b: The accuracy ofone's environmental scanning positively

influences the accuracy ofone's situation awareness, and this relationship is moderated

by working memory capacity such that the relationship is stronger for those with greater

working memory capacity.
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Strategy Formulation

Once environmental scanning is conducted and one has an understanding of the

situation, the next part of the adaptive process is to make decisions regarding what

actions to take and then carry out those actions. Cognitive activities like decision making

and strategy fonnulation, mentioned in Ely, et aI., (2009), are based on one's current

level of SA and lead to observable behaviors that affect the environment. Situation

awareness, or one's current mental model of the situation, allows individuals to anticipate

the possible consequences of taking different courses of action (Johnson-Laird, 1983;

Endsley, 1995). This mental model is what one refers to when developing a strategy.

However, it is also important that an individual have the WMC needed to evaluate the

elements of the situation and consider the consequences of taking different actions in

order to choose the most effective strategy. Therefore, it is hypothesized that:

Hypothesis 5: The accuracy ofone's situation awareness positively influences the

effectiveness ofthe strategyformulated, and this relationship is moderated by working

memory capacity such that the relationship is stronger for those with a greater working

memory capacity.

Metacognition

"Metacognition" is a cognitive self-regulatory activity (Keith & Frese, 2005; Ford

et aI., 1998) that is likely to be important in the strategy fonnulation process.

Metacognition is a tenn that refers to the knowledge ofand control one has ofone's own

thinking (Flavell, 1979; Brown, 1987). Knowledge of thinking refers to what one knows

about himself and the cognitive strategies he may use in perfonning a given task
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(Veenman, Kok, & Blote, 2005). This knowledge is reflected in certain types of activities

that demonstrate control over the thinking process, which include planning, monitoring,

and evaluation (Veenman et aI., 2005; Keith & Frese, 2005; Brown, 1987). For example,

an individual who is engaging in a problem-solving task may first come up with a plan or

approach for solving the problem (implementing a metacognitive strategy), but as the

individual proceeds he or she gets stuck. At this point the individual may decide to think

through what logic was used and find the errors in thinking that would lead to this point

ofbeing stuck (i.e., monitor and evaluate one's thinking).

During the strategy formulation process individuals are utilizing different pieces

of information and trying to predict what will happen based on what they know. The

more factors that have to be considered and integrated, the more attentional resources are

needed to make a decision. As Keith and Frese (2005) point out, metacognition consumes

processing resources as well. Given that metacognitive activities have been shown to

improve performance, and dynamic complex environments have many factors to consider,

it is likely that individuals who have resources to attend to the data in the environment,

previous knowledge, and their own thinking processes will fonnulate more effective

strategies for creating appropriate changes in the environment. Thus, because WMC

determines attentional resources available, it is likely that WMC will have a direct

influence on the amount ofmetacognitive activities that are carried out under conditions

ofhigh cognitive load. The extent to which metacognitive activities are carried out should

directly affect the effectiveness of the decisions that result from strategy formulation.
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Hypothesis 6: Working memory capacity positively influences the amount of

metacognitive activity carried out, such that those with greater capacity exhibit a greater

amount ofmetacognitive activity.

Hypothesis 7: Metacognitive activity positively influences the strategy determined,

such that those who engage in a greater amount ofmetacognitive activity make more

effective performance decisions.

Performance Context

The hypotheses involving WMC proposed thus far are all grounded in the

assumption that individual differences in WMC are important for explaining performance

when the task or situation is complex and changing (i.e., when there are greater cognitive

demands). It is likely that there will be smaller discrepancies in performance based on

individual differences in WMC in routine situations. The cognitive demands in a routine

situation are not as high; therefore, individuals with greater capacity may have more

resources "left over," but performance differences will not be as great because resource

requirements are still within the means ofthose with lower WMC. Empirical evidence for

this exists in research showing that those with high and low WMC perform the same on a

task that requires automatic responses, but when given a similar task that requires more

controlled responses, individuals with greater WMC score significantly higher than those

with less WMC (Kane et aI., 2001).

To test the assumption that WMC plays an important role in an adaptive

environment, participants should perform in both routine situations and non-routine

(adaptive) situations. LePine et aI. (2000) note that research on adaptability and
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individual differences should examine differences in performance "pre-change" (i.e.,

routine performance situations) and performance under conditions of change that require

adaptability (i.e., non-routine performance situations). They suggest that understanding

differences in the relationships among individual differences and different types of

performance will enhance our understanding of the larger nomological network that

encompasses both adaptive and routine performance. Therefore, it is hypothesized that:

Hypothesis 8: Type ofperformance scenario moderates the hypothesized

relationships between working memory capacity and the variables ofinterest, such that

the relationships are stronger in a non-routine scenario than in a routine scenario.

Coping with Environmental Stressors

In a dynamic, complex environment there are many factors that may induce stress.

The ambiguity of the environment, mental workload, time pressure, and constant change

can result in feelings of pressure. Individual differences in how one approaches the

situation and how one copes with frustration can playa key role in how one performs.

Self-Efficacy

LePine et al. (2000) suggested that motivation is especially important for adaptive

performance because adapting requires perseverance in creating or identifying a new and

effective approach. Self-efficacy is a motivational variable that describes an individual's

confidence in his or her ability to perform a given task (Bandura, 1997). Research

supports a link with adaptability. Pulakos et al. (2002) examined self-efficacy as a

predictor of adaptive performance and found that self-efficacy was a strong predictor of

supervisor ratings of adaptive performance. The ambiguity and complexity associated
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with adaptive perfonnance environments is something that could easily diminish one's

self-efficacy, either because perfonning becomes more difficult, or anticipating what will

be required is more challenging. Given the effect that self-efficacy has on perfonnance, it

was included as a potential covariate that would impact the accuracy and effectiveness of

components in the adaptive perfonnance process.

Emotion Control

Controlling emotions is a self-regulatory activity that can affect perfonnance.

Frustration and anxiety may distract an individual from concentrating on the task being

perfonned resulting in poor perfonnance (Keith & Frese, 2005). In addition, studies show

that when a significant amount of attention is directed toward the selfbecause one is

concerned about image or self-concept, an individual will perfonn worse, provided the

task is complex or novel enough to be resource sensitive (Vancouver & Tischner, 2004).

In addition, stress is a critical factor that affects SA. Feelings ofpressure demand

attention, resulting in fewer resources for situation assessment (Endsley, 1995). With

fewer resources, attention narrows and relevant environmental elements are often

overlooked. Unfortunately, many errors in SA occur when the infonnation is available,

but the individual fails to perceive it (Endsley, 1995). Therefore, the ability to ignore or

minimize emotional and self-image concerns while focusing on the task may be an

important self-regulatory activity for dynamic, complex task perfonnance situations.

Emotion control was examined as a potential covariate when examining environmental

scanning accuracy, accuracy of SA, and strategy effectiveness outcome variables.

19



METHOD

Participants

A total of 127 participants (82 females and 45 males) participated in the study. All

participants were recruited from a large mid-Atlantic university. Eighty-three percent of

the participants were 18 - 22 years of age; 17% were 23 or above. Forty-five percent of

the participants were White, 9% were African American, 9% were Hispanic, 23% were

AsianlPacific Islander, and 14% categorized themselves as "Other." The majority of

participants had never played SimCity (68%), the experimental platform for this study.

All participants completed informed consent forms and received five experiment credits

for psychology department classes in exchange for their participation.

Task

A computer-based game called SimCity was chosen as the task for this study.

SimCity is a complex game in which the participant plays the role of a city mayor and

has to make decisions regarding the city's utilities, transportation, taxes, and other public

works. In this study, participants interacted with a total of four scenarios, each one a

different city. The participants were given a brief synopsis of the current issues facing

each city, goals for improving the city during the scenario, and restrictions on what types

of actions could be performed. The restrictions were used to control the complexity of the

scenarios and create a more standardized task environment.

20



The first scenario was a practice scenario in which the experimenter provided

guidance to reinforce the training. The three performance scenarios included two routine

scenarios and one non-routine scenario. All performance scenarios required that

participants maintained a balanced budget and increased or kept constant the population

of the city by the end of the performance round. These are broad goals that are affected

by many factors such as the power, water, tax rates, and traffic congestion in the city.

Each city's challenges determined what factors needed to be addressed.

Performance scenarios one and two were routine because they required

straightforward solutions in which the participant could focus on a single system or issue

within the city and then move on to the next one. In the non-routine scenario,

performance scenario three, the city had many problems that were not easily solved by

focusing solely on the city's own systems. The city had neighbors, unlike the previous

scenarios, which allowed for neighbor deals to take place that would improve multiple

factors in the city with one action. The problems in this city could not all be solved with

the number of decisions available unless the participants came up with strategies that

targeted multiple solutions with a single action.

The experimenter controlled the computer during the scenarios to ensure that

participants did not make restricted moves and to ensure that each observation made

during the scenario was accurately recorded. Participants simply asked the experimenter

to click on the information they wanted and to make changes in the scenarios. This was a

seamless process for the participants because they were engaged in a think-aloud protocol

during the performance scenarios.
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Measures

Demographic information was obtained and individual difference measures were

assessed at the beginning of the study. Self-efficacy and emotion control were measured

at various points throughout the study and process variables were recorded during the

performance trials. The means, standard deviations, and intercorrelations between the

observed study variables are presented in the results section (Table 1).

Cognitive ability. The Wonderlic, a commercially available test, was used to

measure cognitive ability. The test contains 50 items and participants are allowed 12

minutes to complete as many items as possible. It has a reported internal consistency

estimate ranging from .88 to .94.

Working memory capacity. Working memory capacity was measured using two

automated computer-based working memory span tasks designed by Engle and

colleagues in the Working Memory Lab at the University of South Carolina (Unsworth et

aI., 2005). These tasks are easily conducted and have been employed in numerous

research studies. The reading and operational (involving math) span tasks have been used

most frequently, and were used in this research. The advantage of using both reading and

operational span tasks is that averaging the scores for each task reduces the concern that

some differences in scores might be due to domain-specific skills (Conway et aI., 2005).

Internal consistency estimates for the reading span and operational span measures are

reportedly a = .78 and a = .80, respectively (Kane et aI., 2004). Test-retest reliability for

the reading and operational span tasks ranges from. 70 - .80 (Conway et aI., 2005).
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Task knowledge test. A 20-question multiple choice task knowledge test was

used to assess knowledge immediately following completion of the training.

Self-efficacy. Self-efficacy was measured before each performance scenario with

three items that asked the participants to indicate their degree of confidence in their

ability to perform the SimCity tasks and reach the goals they were given (see Appendix

A). Ratings were made on a 5-point Likert scale. The reliability estimates were ex, = .87

for the first two performance scenarios and ex, = .89 for the third performance scenario.

Emotion control. Emotion control was measured with an 8-item measure

developed by Keith and Frese (2005) that is designed to assess participant's ability to

control frustration and emotions and focus on the task. The reliability estimates were

ex, = .85, ex, = .83, and ex, = .87 for scenarios 1,2, and 3, respectively.

Environmental scanning. The accuracy of one's environmental scanning was

measured by recording each of the SimCity information sources that a participant

examined during a scenario and coding one point for each information source examined

that was deemed relevant by experts for a given scenario. Relevance was determined by

considering the goals for the scenario and the steps that needed to be taken in order to

achieve those goals. The more relevant sources examined, the more accurate one's

environmental scanning.

The amount of environmental scanning was determined by recording the number

of information sources that a participant examined during a scenario. The total number of

sources, regardless ofwhether they were relevant sources or not, were recorded for each

scenario.
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Mental models. The method of measuring mental models used in this study is

based on a method called Free Concept Mapping (Gwee, 2005). This method is unique in

that it takes into account that mental models involve more types oflinkages than only

causal linkages. Concepts in a mental model may be similar to one another, there may be

hierarchical linkages that explain sub-concepts of a larger concept, or A could be a

prerequisite for B to occur even though A does not cause B (Gwee, 2005). To measure

these different types oflinkages, a central concept such as "Increase the Population" (a

goal in the SimCity simulation) is provided and participants create nodes that they

believe are important for increasing the population in the simulation. Increasing the

power and the water supplies are examples of nodes that could be causally linked to

"increase the population." However, city money is required to increase the power supply,

so a "funding" node can be linked to "increase power supply" as a prerequisite (see

Appendix B for an example).

The accuracy ofparticipants, mental models is measured by comparing each

participant's mental model to an expert mental model (Gwee, 2005).Six mental models

were measured at Time 1 and Time 2. The accuracy values for each mental model were

added together to provide a single score for each mental model, and then a composite

score was created from the six models to create an overall mental model accuracy score

at Time 1 and Time 2. The internal consistency estimates for mental models at Time 1

and Time 2 were a = .84 and a = .86, respectively. (See Appendix A for the complete

measure.)
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Situation awareness. The SA measure consisted of a direct experimental

technique in which the participants are queried in the middle of the scenario. The

Situation Awareness Global Assessment Technique (SAGAT) is an example of this

technique that is widely used to assess SA (Endsley, 2005). This technique is consistent

with the idea that situation awareness is an individual's updated mental model of the

situation (Endsley, 2005). Each performance scenario was paused at one point in time

and participants were asked a set of scenario-specific, goal-relevant questions about the

current state of activity in the scenario. Each SA measure used a multiple item format (fill

in the blank and multiple choice) to prevent guessing and examine expectations

participants had regarding future issues in the scenario. The questions associated with

each scenario are presented in Appendix A. The items are about distinct factors within

the scenario, which means that they would not necessarily hang together from a

theoretical perspective, but added together do explain awareness ofthe current state.

Therefore, internal consistency estimates were not used. The correlations among the SA

measures were low (r = .11, ns for the two routine scenarios, and r = .17, ns, r = .26, p

< .05 for each ofthe routine scenarios and the non-routine scenario).

Metacognitive activity. Metacognitive activity was measured using a think-aloud

approach where participants provided a concurrent verbal report of their thinking.

Statements made by participants that indicate planning, monitoring, and evaluation are all

evidence ofmetacognitive activity (Keith & Frese, 2005; Veenman et aI., 2005). Best

practice guidelines were followed for this technique (Taylor & Dionne, 2000; Ericsson &

Simon, 1993) in collecting and interpreting the data associated with the think-aloud
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protocol in order to maximize the reliability and validity of the data. The verbalizations

were tape recorded and 5 researchers coded the verbal reports. Statements that reflected

planning, monitoring, or evaluation were coded as metacognitive activity. See Appendix

A for example statements. For each scenario, the number ofmetacognitive statements

made during task performance was recorded for each participant. Inter-rater reliability

was ICC = .87.

Strategy effectiveness. A participant's strategy is indicated by the decisions that

are made in each decision period. The task is structured such that certain decisions are

more effective in achieving the specified goals for each scenario. Strategy effectiveness

was assessed by assigning points to decisions based on expert knowledge of the scenario

and its design. Potential decisions within each scenario were coded as "Best," worth 2

points, "Good," worth 1 point, or ''Not Relevant," worth zero points. Points were tallied

for each of the two decision periods within a scenario and a composite overall strategy

score was calculated for each scenario. The coding guidelines are presented in Appendix

A.

Performance. Performance outcomes in the scenarios were identified by

recording the final status of goal-relevant outcomes at the end of each scenario. For

example, population size was an important variable across all scenarios so the total

population at the end of the performance period was recorded for each scenario. No

formal hypotheses address performance outcomes; therefore their correlations with

strategy effectiveness are presented in Appendix C.
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Procedure

Participants received a brief introduction to the study in which the format of the

experiment was explained. Participants then completed informed consent forms, provided

demographic information, and completed the Wonderlic and Engle's computer-based

working memory capacity measures. Next, training on the SimCity task was provided

using a computer-based recording presented in Windows Media Player. The training

consisted ofPowerPoint slides and actual footage ofthe game with a voice-over. The

training lasted approximately 50 minutes and participants could pause the training and

ask the experimenter questions as necessary. In addition, participants could review a

training manual with complete explanations, pictures, and "cheat sheets" that described

all of the potential actions that can be taken and information that can be accessed during a

scenario. Participants completed a task knowledge test at the end of training.

Next, participants were guided through a routine practice scenario by the

experimenter to help cement their knowledge. After the practice scenario, participants

completed the mental model measure to assess their initial mental models. Participants

received training on the think-aloud protocol before the first performance scenario and

completed the first self-efficacy measure. The self-efficacy measure was completed

before each of the three performance scenarios. Instructions, including a description of

the city and the needs of the city (i.e., the participants' goals), were provided before each

scenario. Each scenario had two decision points. At each decision point participants made

three decisions about what changes to implement. After the first decision point, the

scenario was advanced one year to allow the changes to take effect. Participants were
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given up to four minutes to observe the changes or until they indicated that they had a

sufficient understanding of what was occurring in the scenario. The situation awareness

measure was given at this point. Upon completion of the situation awareness measure,

participants went back to the scenario and made three final decisions. The emotion

control measure was given immediately following the conclusion of the second decision

period and then performance feedback was provided. When the participants finished the

final scenario they were given a short debrief, thanked for their participation, and

dismissed.

Statistical Analyses

Given the nested nature of the data-three performance trials were nested within

each person-Hierarchical Linear Modeling (Bryk & Raudenbush, 2002) was used to test

the hypothesized cross-level effects of the predictor variables on the outcomes ofinterest.

In order to examine the effect of the routine scenarios vs. the non-routine scenario on the

variables of interest, a dummy coded scenario type variable was included as a Levell

predictor in certain analyses. The coding scheme for this variable allows for examining

how participants performed on the process variables associated with adapting

immediately following a change. To account for skill acquisition, as suggested by Lang

and Bliese (2009), a dummy coded skill acquisition variable was also included as a Level

1 predictor in certain models.
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RESULTS

Descriptive Data and Intercorrelations

The means, standard deviations, and intercorrelations for the observed study

variables are presented in Table 1. The correlations between WMC and cognitive ability

were non-significant; which is an unexpected finding given the preponderance of

significant positive relationships between WMC and cognitive ability presented in the

literature. The WMC data were reviewed to ensure no mistakes were made in entering the

WMC results. Finding none, further exploratory analyses were conducted to determine

potential explanations for this finding. After removing cases that had greater than 15%

processing errors (27 cases), as is required for accurate interpretation (Conway et aI.,

2005), there was evidence ofrange restriction for the WMC variable in this sample. I

compared the means, standard deviation, and range of the WMC variables in this study to

those of other studies conducted by researchers in the Engle lab. The means on the

RSPAN and aspAN measures in this study were higher than other studies and the

RSPAN measure had a smaller standard deviation than reported in previous studies.

Together, these statistics suggest that this sample had higher scores and less variability

than samples in other previously published studies. In addition, there were significant

gender differences in performance on the WMC measure in this sample (both when the

full sample was used and when cases were removed for processing errors). Males had
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significantly higher scores on the aspAN measure (M = 65.33, SD = 11.50) than females

(M = 58.05, SD = 14.56), t (98) = 2.58, p = .01. This also resulted in males having

significantly higher composite WMC scores (M = 62.50, SD = 10.93) than females (M =

57.53, SD = 11.35), t (98) = 2.13,p < .05. No significant gender differences were found

on the RSPAN measure, t (98) = 1.16, p > .05 and no other cognitive variables exhibited

gender differences.

Hypothesis 1

The relationship between the accuracy of one's initial mental model and the

accuracy of environmental scanning was examined using a multi-level HLM model in

which environmental scanning accuracy was the dependent variable in the Level 1

equation. Type of scenario and skill acquisition served as Level 1 predictors, and initial

mental model accuracy was a Level 2 predictor. Subsets of this model were examined in

sequence to test this hypothesis and explore supplemental analyses.

Hypothesis 1 was tested using a means-as-outcomes model in which no Levell

predictors were included in the model and initial mental model was entered as a predictor

in the Level 2 intercept equation. Results support a main effect of initial mental model

accuracy on environmental scanning accuracy, ~Ol = .35, t (124) = 4.29,p < .01. Initial

mental model explained 22% ofthe between-person variance in the intercept terms (R2

= .22). Thus, Hypothesis 1 was supported.

A random coefficient model in which scenario type and skill acquisition were

Level 1 predictors was tested to determine whether environmental scanning accuracy

differed for routine vs. non-routine scenarios or whether accuracy improved over time.
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This analysis revealed that scenario type (PlO= -.01, t (125) = -.66, ns) and skill

acquisition (P20 = -.002, t (370) = -.22, ns) were not significantly related to environmental

scannmg accuracy.
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Table 1
Means, Standard Deviations, and Intercorrelations Between Study Variables

Variable M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

1. Overall WMC 59.32 11.40

2. RSPAN 57.97 11.03 .89t

3.0SPAN 60.67 13.93 .93t .67t

4. Wonderlic 20.94 4.62 .06 .04 .07

5. Mental Modell .30 .09 -.04 -.11 .02 .29t

6. Mental Model 2 .30 .10 -.06 -.20* .06 .28t .80t

7. ES Amount (R) 30.62 8.06 -.05 -.01 -.08 .07 .19* .22*

8. ES Amount (N) 33.00 12.80 -.06 -.02 -.08 .07 .4ot .25t .62t

9. ES Accuracy (R) .46 .10 -.12 -.14 -.08 .19* .35t .3It .46t .32t

10. ES Accuracy (N) .45 .13 .17 .14 .16 .09 .21 * .13 .23* .4ot .26t

11. SA (R) 58.23 12.63 .06 .03 .08 .34t .24t .23* .20* .18* .37t .23*

w 12. SA (N) 54.62 17.90 .06 .02 .09 .21* .26t .32t .26t .21* .11 .18* .28t
tv

13. Strategy (R) 8.40 1.43 .10 -.09 .24* .22* .23 t .23* .07 .09 .36t .25t .28t .16

14. Strategy (N) 6.35 2.25 .03 -.01 .06 .10 .32t .26t .01 .12 .16 .2St .00 .02 .2St

15. Metacognition 27.64 16.40 .01 .04 -.02 .13 .14 .11 .19* .23* .30t .21 * .11 .12 .17 .04

16. Metacognition (R) 9.65 5.66 -.03 .04 -.07 .12 .13 .09 .16 .19* .29t .21* .10 .10 .11 -.01 .98t

17. Metacognition (N) 8.57 5.87 .01 -.02 .04 .11 .14 .13 .21 * .28* .26t .28t .07 .12 .22* .13 .90t .78t

18. Task Knowledge 19.30 2.26 .05 -.07 .13 .19* .38t .36t .12 .18* .30t .20* .28t .26t .19* .06 .16 .15 .14

19. Self-Efficacy (R) 3.08 .68 .02 .03 .02 .21* .21* .14 .01 .10 .13 .07 .23* .13 .04 -.01 -.10 -.10 -.11 .20*

20. Self-Efficacy (N) 2.63 .84 .19 .15 .19 .16 .12 .02 .10 .13 .14 .04 .23* .09 .16 -.01 .06 .05 .02 .08 .53t

21. Emotion (R) 4.10 .61 .15 .12 .15 .04 .15 .06 -.08 .03 .33t .16 .28t .03 .22* .02 .08 .10 .03 .08 .18* .30t

22. Emotion (N) 3.96 .77 .20* .14 .22* .00 .12 .07 .00 .03 .26t .12 .23* -.10 .11 .06 .06 .07 .02 -.01 .06 .23* .nt

Note. All WMC means, standard deviations, and intercorrelations with study variables were calculated after removing cases with greater than 15%
processing errors on the WMC measure (as recommended by Conway et al., 2005). N = 100 for correlations with WMC measures.
(R) = Routine scenarios, (N) = Non-routine scenario
* p <.05, t P < .01



Self-efficacy and emotion control were proposed as potential covariates that may

affect one's performance in the adaptive process. Although no specific hypotheses were

included regarding these variables, self-efficacy and emotion control were examined as

Levell predictors of environmental scanning accuracy in a supplemental analysis. Self-

efficacy was not a significant predictor, ~10= .003, t (364) = .48, ns; however, emotion

control had a significant positive relationship with environmental scanning accuracy, ~20

= .02, t (125) = 2.18,p < .05, such that, on average, greater emotion control in a scenario

was associated with more accurate environmental scanning in the scenario.

Hypothesis 2

The relationship between the accuracy of one's initial mental model and the

accuracy of one's SA was examined using a means-as-outcomes HLM model. The Level

1 dependent variable was SA and the Level 2 predictor was initial mental model.

The means-as-outcomes model found support for Hypothesis 2 in that the

parameter estimate associated with initial mental model was significant (~Ol = 39.29, t

(124) = 3.58,p < .01). In this study, one's initial mental model accuracy had a main

effect on the accuracy of one's situation awareness. Initial mental model accounted for

23% of the between-person variance in intercept terms (R2
= .23).

In addition to the model above, two random coefficient models were tested in

which scenario type and skill acquisition were entered as Level 1 predictors to examine

the influence of routine vs. non-routine scenarios and improvements in SA over time.

Findings indicated that when scenario type was the only Levell predictor in the model

SA accuracy was significantly worse in the non-routine scenario than in the routine

33



scenarios (see table in Appendix D). A second model in which skill acquisition was

added as a Level 1 predictor and the error term for the Level 2 equation associated with

scenario type was fixed, neither scenario type or skill acquisition were significantly

related to SA.

Self-efficacy and emotion control were also examined in a supplemental analysis.

Neither self-efficacy or emotion control had a significant relationship with SA (~10 = 1.71,

t (364) = 1.48, ns and ~20= 1.25, t (364) = .93, ns, respectively).

Hypotheses 3a and 3b

Hypotheses 3a and 3b tested the relationship between WMC and amount of

envirorunental scanning. These are competing hypotheses that suggest a positive or

negative relationship will be found. However as Table 2 shows, no significant

correlations were found between the amount of envirorunental scanning in routine or non-

routine scenarios and WMC in this study. In the HLM analysis, a means-as-outcomes

model revealed that WMC did not have a significant influence on the amount of

environmental scanning (~Ol = -.04, t (96) = -.57,p >.05).

This model was tested using a sample in which cases with greater than 15%

processing errors on the WMC capacity measures were removed. Given the gender

differences that were identified on the composite score, the model was also tested with

the scores for the RSPAN measure only, which did not exhibit gender differences. Again,

the RSPAN measure had no significant relationship with envirorunental scanning amount

(~Ol = -.009, t (96) = -.12, p >.05). Hypotheses 3a and 3b were not supported. A

supplemental analysis in which cognitive ability served as the Level 2 predictor in the
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means-as-outcomes model revealed that cognitive ability also did not have a significant

effect on environmental scanning amount (001 = .16, t (122) = .89,p >.05).

An unconditional random coefficient model in which scenario type and skill

acquisition were included as Level 1 predictors resulted in significant Level 2 intercept

parameter estimates associated with the Level 1 slopes. Analyses also indicated that

scenario type had a significant negative relationship with amount of environmental

scanning (010 =-5.62, t(124) = -3.67,p < .01), indicating that the non-routine scenario

was associated with less environmental scanning than the routine scenarios. The skill

acquisition parameter estimate was also significant (020= 5.32, t(368) = 6.50,p < .01),

showing that over time participants engaged in a greater amount of environmental

scanning. This may suggest that participants were learning the importance of scanning

the environment, but did not do so when the environment changed.

Hypotheses 4a and 4b

Hypothesis 4a suggests that there will be a positive relationship between the

amount of environmental scanning and the accuracy of one's SA and that this

relationship is moderated by WMC. Hypothesis 4b portends a positive relationship

between accuracy of environmental scanning and SA and that this relationship is

moderated by WMC. Given that scenario type and skill acquisition have shown a

relationship with environmental scanning in previous analyses and that Hypothesis 8

suggests scenario type will have an effect on the relationship between WMC and the

outcome variable, scenario type and skill acquisition were included as covariates in the

first model tested. The random coefficient model for Hypothesis 4a in which amount of
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envirorunental scanning, scenario type, and skill acquisition were entered as Level 1

predictors and the error terms for scenario type and skill acquisition were restrained was

first tested using the full sample. In support ofHypothesis 4a, results revealed that

amount of envirorunental scanning is positively related to SA across scenario type and

over time, PIO =.30 t(124) = 3.37,p = .01. However, no Level 2 variables moderated this

relationship. Thus, the moderated relationship proposed in Hypothesis 4a was not

supported.

The direct effects ofthe cognitive individual differences on SA after controlling

for the Level 1 predictors can be explored by including the individual difference variables

in the Level 2 equation and examining the parameter estimates associated with the

intercept term. The reduced sample was used to examine WMC. It did not have a

significant main effect on SA in this study (POI = .27, t (97) = .93, P > .05). The

relationship between cognitive ability and SA was explored using the full sample. After

controlling for the Level 1 predictors, a main effect of cognitive ability on SA across

individuals and scenarios was found, POI = .83, t (123) = 3.95,p < .01. Cognitive ability

explained 30% of the between-person variance identified in the random intercept model

2(R = .30).

The focus ofHypothesis 4b was on the accuracy of envirorunental scanning. To

examine its effect on SA, a random coefficient model in which the slope of

envirorunental scanning accuracy was allowed to vary and scenario and skill acquisition

were fixed revealed that although there is a positive relationship with SA (PlO = 26.70,

t(124) = 3.50, p < .01), the residual variance is not significant ("I; (124) = 133.65,p > .05).
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Furthermore, contrasting this model with a random intercept model in which

environmental scanning accuracy was also fixed (PIO= 28.54, t(124) = 3.82,p < .01)

revealed that the random coefficient model does not provide a better fit to the data than

the random intercept model (X2
diff (2) = 3.38, p > .05). This indicates that the relationship

between environmental scanning accuracy and SA does not vary across individuals.

Therefore, the hypothesized moderated relationship in Hypothesis 4b was not supported,

but a significant positive main effect of environmental scanning accuracy on SA was

identified. Main effects of the individual difference variables were explored. Similar to

the Hypothesis 4a results, WMC did not have a main effect on SA (POI = .28, t(97) = .74,

p > .05), but cognitive ability had a main effect on SA after controlling for the Levell

predictors, POI = .79, t(123) = 3.77,p < .01.

Together, these analyses show that environmental scanning amount and accuracy

positively impact SA and cognitive ability has a direct, positive influence on SA after

controlling for environmental scanning, scenario type, and skill acquisition. However,

none of the cognitive variables moderate the relationships between each aspect of

environmental scanning and SA.

Hypothesis 5

It was hypothesized that the accuracy of one's SA would positively influence

strategy effectiveness and this relationship would be moderated by WMC. However, the

fully unconditional random intercept model results showed that there was no significant

between-person variance in strategy effectiveness (ICC1 = .002). The between-person

variance was .01 and within-person variance was 5.31 (X2 (124) = 117.22,p > .05). Given
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this result, individual difference predictors, such as WMC, cannot explain any variance

and the proposed relationship in which WMC is viewed as a moderator in Hypothesis 5 is

rejected. However, the main effect of SA accuracy on strategy effectiveness can be tested

using a random intercept model which constrains the error term in the Level 2 slope

associated with SA making it a fixed effect. The results of this model support the

proposed main effect; SA has a significant positive relationship with strategy

effectiveness, ~10= .03, t(368) = 3.84,p < .01.

Exploratory analyses including self-efficacy and emotion control as Levell fixed

effects revealed that emotion control had a significant positive relationship with strategy

effectiveness after controlling for SA (~30= .39, t(360) = 2.36,p < .05) and self-efficacy

did not have a significant relationship with strategy. This suggests that controlling

emotions may contribute to an individual's ability to determine an effective strategy in a

complex, dynamic environment.

Finally, in order to determine if these effects hold across routine and non-routine

scenarios, scenario type was added as a Levell predictor. Results showed that scenario

type had a significant negative relationship with strategy effectiveness (P1O= -2.37, t(124)

= -10.27,p < .01). SA (P20= .02, t(365) = 3.54,p < .01), and emotion control (~30= .33,

t(365) = 1.94, P = .05) remained significant predictors of strategy effectiveness after

controlling for scenario type.

Hypothesis 6

The hypothesized positive relationship between WMC and amount of

metacognitive activity was investigated using a means-as-outcomes model in which the
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amount of metacognitive activity in each performance trial was the outcome variable and

WMC served as the Level 2 predictor. Ten participants were excluded from these

analyses due to an error in recording metacognitive activity in the second decision round

by an experimenter.

The means-as-outcomes model found no significant main effect for WMC on

metacognitive activity (POI =-.006, t(93) = -.14, ns). Using the larger sample with

available metacognitive data, a means-as-outcomes model with cognitive ability as the

Level 2 predictor found that cognitive ability also had no significant main effect on

metacognitive activity (POI = .14, t(115) = 1.13, ns).

A random coefficient model with no Level 2 predictors was used to examine

whether scenario type influenced the amount of metacognitive activity. Results indicated

that scenario type had a significant effect on the amount of metacognitive activity carried

out (P1O= -1.34, t (115) = -3.77,p < .01). The significant negative parameter estimate

suggests that significantly less metacognitive activity was carried out after a change in

the environment. The residual variances from this model also suggest that there is a

significant amount of systematic between-person variance in the intercept term yet to be

explained, "l (109) = 816.79,p < .01. However, residual variance for the slope equation

associated with scenario type was not significant (X2 (109) = 103.85, ns), which indicates

that the relationship between scenario type and metacognitive activity does not vary

across individuals.
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Hypothesis 7

The relationship between metacognitive activity and strategy effectiveness was

tested using an HLM model in which the focus was on the Level I equation.

Metacognitive activity served as the Levell predictor and strategy effectiveness was the

outcome variable. The 10 cases without complete metacognitive data were removed from

this analysis. The ICC1 for strategy in the reduced sample is .002, indicating that the

variance in strategy effectiveness is not attributable to between-person differences.

However, a random intercept model was analyzed (the residual variance in the Level 2

slope equation was constrained to zero, making the effect of metacognition on strategy a

fixed effect) and the results provided support for Hypothesis 7. Metacognitive activity

was positively related to strategy effectiveness WlO = .05, t(339) = 2.35, p < .05) such that

greater amounts ofmetacognition led to greater strategy effectiveness within a scenario.

A subsequent exploratory analysis revealed that emotion control also had a

significant positive effect on strategy effectiveness (~30 = .36, t(331) = 2.03, p < .05) after

controlling for metacognition and self-efficacy. However, self-efficacy did not have a

significant relationship with strategy effectiveness (~20= .12, t(331) = .78, ns).

Considering all of these results, the data support Hypothesis 7 and point to the

importance of considering emotion control in future research that involves decision

making in complex, dynamic environments.

Hypothesis 8

Hypothesis 8 suggests that scenario type will moderate the strength of the

relationships between WMC and environmental scanning amount, environmental
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scanning accuracy, situation awareness, and metacognitive activity. Given that WMC had

no significant relationships with any of the adaptive process variables in this study, this

hypothesis is not supported. However, it is useful to examine the extent to which scenario

type alone influenced the variables of interest. Based on the results presented above in

which scenario type was examined as a Levell predictor, the non-routine scenario was

associated with less environmental scanning, decreased metacognitive activity, and

decreased strategy effectiveness. It is interesting to note that environmental scanning

amount dropped in the non-routine scenario; participants looked for less information in

the non-routine (more complex) scenario rather than more. Strategy effectiveness also

decreased in the non-routine scenario. These results suggest that it may be useful to

specify which aspects of the adaptive process individuals struggle with in non-routine

scenarios rather than point to the overall performance drops that occur in these

environments.
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DISCUSSION

The purpose of this research was to examine the role certain cognitive processes

and individual differences play in complex and dynamic environments that require

adaptive performance. The results of this study are summarized below and implications

for advancing the study of adaptive performance are presented.

Performance Process

The main effects proposed in the process model of adaptive performance were all

supported. This study found that across routine and non-routine scenarios, both

environmental scanning amount and accuracy positively influenced the accuracy of one's

situation awareness. In turn, the accuracy of one's situation awareness had a positive

influence on the effectiveness of the strategy formulated. Although not formally

hypothesized, significant correlations indicated a positive relationship between strategy

effectiveness and most performance outcomes in each scenario (see Appendix C). These

findings support the adaptive performance process reflected in Figure 1 and described by

Ely et al. (2009). The fact that this process was supported across routine and non-routine

scenarios suggests that individuals who can maintain their ability to execute these

processes under conditions of change will be most effective in environments requiring

adaptability.
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A unique finding regarding this process is that the amount of environmental

scanning and the accuracy of environmental scanning both had a significant positive

effect on SA. This suggests that the complexity of the environment requires targeting

relevant information (accuracy is important), but it is also important to cover all of the

relevant information (amount). Looking at a small amount of relevant information but not

touching on all of the key elements may be detrimental to situation awareness in a

complex environment.

Key Drivers of the Adaptive Performance Process

Three key cognitive-related drivers of the adaptive performance process were

identified in this study. One key influence in the adaptive performance process is the

accuracy of the mental model one has going into the situation. Study results indicate that

an initial mental model will determine the degree to which an individual hones in on

relevant information during environmental scanning; that is, an initial mental model

drives the accuracy of environmental scanning. In addition, the initial mental model has a

direct influence on situation awareness. Not only is information gathered in the moment

important for building an accurate perception of the current environment, but the

framework one has going into the situation also contributes to the understanding

developed during the performance period. These findings emphasize the importance of

mental models at two key phases in the performance process. Gathering relevant

information (environmental scanning) and processing that information into an accurate

depiction ofthe environment and its priority issues (situation awareness) both rely on the

mental model of the task environment that is built during training.
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Exploratory analyses revealed that emotion control (a cognitive self-regulatory

activity) is another key driver that may enhance performance in the adaptive process.

Emotion control influenced the accuracy with which individuals scanned the environment

and was positively related to strategy effectiveness. The implication is that controlling

one's emotions allowed an individual to better focus on the important and relevant

aspects of the scenario and also facilitated putting together a coherent and sound strategy.

Individuals who became overwhelmed with frustration reduced their ability to identify

what was important and make a sound decision based on that information. Emotion

control did not show a significant relationship with the accuracy of one's SA, but the

accuracy of environmental scanning and SA accuracy are related. These findings point to

the importance of considering individual differences variables that contribute to one's

ability to control emotions as potential moderators in this process and reveal that training

individuals how to control their emotions in an adaptive environment may be beneficial

for improving their information gathering and decision making.

Metacognition is the third key influence and is related to the strategy formulation

component of the adaptive performance process. The amount of metacognitive activity

(planning, monitoring, and evaluating) carried out during task performance had a

significant positive influence on the quality of the strategy formulated; which suggests

individuals who have the ability to exhibit control over their thinking processes in a

complex environment and can maintain that ability under conditions of change will form

more effective strategies. On average, metacognition and strategy effectiveness dropped

in the non-routine scenario across individuals. One reason for the drop in metacognition
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may be that participants were directing attention to processing changes in the

environment and the more complex information presented, rather than to a higher-order

process of evaluating their thinking. It may be necessary to sacrifice some metacognitive

processing to put more resources toward coping with newly complex information when

change first occurs, but additional research could examine whether training individuals to

go back and deliberately evaluate the thinking that led to a certain strategy before

executing it would lead to more effective strategies in non-routine environments.

Overall, these results add to the current literature by pinpointing, using empirical

data, where these variables have an influence in the adaptive performance process. To

date, empirical research on adaptability has primarily focused on whether individual

differences or other predictors impact overall performance outcomes or the effectiveness

of decisions at the end of a performance period (e.g., Lang & Bliese, 2009; LePine et aI.,

2000; Pulakos et aI., 2002). This research identifies how mental models, emotion control,

and metacognition affect performance outcomes by identifying which specific aspects of

the performance process are affected by each.

There is practical value in understanding these more specific relationships.

Identifying where in the performance process an individual struggles and then working to

develop the skills that will mitigate specific weaknesses is more helpful for improving

performance than only providing feedback on whether an individual achieved a good

outcome. This research contributes to the field in that it points to three specific factors

that influence different points in the adaptive performance process.
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Cognitive Individual Differences and Adaptability

In this study, WMC was not associated with any of the elements in the adaptive

perfonnance process. Although theory and empirical research suggest that WMC plays a

critical role in activities that are important for perfonnance when mental workload is

increased (e.g., holding multiple pieces of infonnation active, integrating infonnation)

(Endsley, 2004; Cowan, 2005) and there are individual differences in WMC (Feldman

Barrett et aI., 2004), WMC did not contribute to environmental scanning, situation

awareness, strategy effectiveness, or metacognition in this study. There was some range

restriction present in the WMC scores, but it is surprising that WMC was not correlated

with the Wonderlic, which measures general cognitive ability. Previous meta-analytic

research supports a positive relationship between these variables (Ackennan et aI., 2005);

therefore, this finding is unique and suggests that additional research in this area that

utilizes a different WMC measure may be warranted to see if these results would be

replicated.

Cognitive ability was also explored in this study. Previous research suggests that

cognitive ability affects perfonnance outcomes in environments requiring adaptability

(Lang & Bliese, 2009; Pulakos et aI., 2002). This study found that cognitive ability has a

direct, positive influence on the accuracy of one's situation awareness; which suggests

that cognitive ability has a positive influence on perfonnance outcomes because it

contributes to how well an individual is able to integrate infonnation and develop an

accurate understanding of the current environment.
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There was not enough between-person variance to assess the role cognitive ability

might play in strategy effectiveness across scenario types using HLM and no main effect

ofcognitive ability on strategy effectiveness across scenarios was identified. However,

there was a significant positive correlation between cognitive ability and the aggregated

strategy effectiveness for the routine scenario and no significant correlation between

cognitive ability and strategy effectiveness in the non-routine scenario. The idea that high

performance may not be maintained by individuals with high cognitive ability when

change occurs is supported by Lang and Bliese (2009). This study's results imply that the

drop in performance could be related to individuals with high cognitive ability struggling

to excel at integrating information into an effective strategy.

Study Limitations

The focus on WMC as an individual difference in this research meant that the

study relied heavily on the measure used to assess WMC. Although Engle's Automated

aspAN and RSPAN measures have been used frequently in published research, the

reliance on this as the only tool for assessing WMC may be seen as a limitation. Using an

additional method to assess WMC may have allowed for a clearer understanding of this

individual difference and its relation to the other study variables.

The task used in this research was primarily a complex decision making task set

in a laboratory environment. Change was introduced by creating differences in the

requirements of the non-routine situation compared to the requirements in the routine

situations. Therefore, the generalizability of the results is limited to decision making tasks

that require adaptive thinking rather than task environments where there are complexity
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and change associated with managing the execution of decisions. Other individual

difference variables or factors such as interpersonal skills may impact the information

one is able to obtain in scanning the environment or carrying out decisions in complex

environments outside of the laboratory. In addition, the results may not apply to

situations where an increase in the number of stimuli is the only change and the

connections among the factors are straightforward. The number of stimuli did not

necessarily increase in this study; rather, the connections among the relevant factors

increased and became more complex in the non-routine situation.

Implications for Future Research

The results of this study point to several areas in which future research is needed.

The SimCity task allowed for exploration of cognitive processes, but it is primarily a

decision making task. The strategy formulated was reflected in the decisions each

participant made throughout the scenario. Enacting change in this task environment

meant asking the experimenter to implement each decision. However, when acting in the

real-world there may be individual-level variability in how well strategies (decisions) are

executed and change is enacted. Future research is needed that will allow for individual

variability to occur during strategy execution in order to examine specific cognitive

mechanisms and other skills that contribute to this last step in the adaptive performance

process.

In addition, future research should explore the extent to which training can be

developed that targets each stage of the adaptive performance process. Rather than only

building task-related knowledge and providing experiences with similar complex
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situations, it may be useful to target training to each aspect of the performance process.

For example, training individuals on how to efficiently and effectively scan the

environment or providing lessons on how to build situation awareness (to include

integrating information received and projecting what the future might hold based on that

information) may have added benefits.

Finally, the analyses using emotion control were exploratory in this research.

Given its influence in the process identified here, future research should examine the role

that emotion control plays in adaptive performance and identify what situational factors

make it more or less difficult to control emotions in non-routine situations.

Conclusion

Studying adaptive performance is challenging in that performance tasks must be

highly complex and integrated and this makes measuring aspects ofthe performance

process, such as situation awareness, difficult. However, this research demonstrates that

the process can be delineated and measured and that doing so allows for exploration into

how specific individual differences or cognitive constructs impact performance. While

this research did not find support for the proposed moderated relationships in the model,

it does provide foundational support for the adaptive performance process and suggests

that mental models, emotion control, and metacognition are important for how well the

adaptive performance process is executed.
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APPENDIX A: STUDY MEASURES

Demographics

Please provide the following information about yourself.

___ 1. Gender:
A) Male
B) Female

___ 2. Year in school:
A) Freshman
B) Sophomore
C) Junior
D) Senior
E) Graduate Student
F) Extended studies

___ 3. Ethnic background
A) White, non-hispanic
B) African American
C) Hisparuc
D) Asian/Pacific Islander
E) Other

___ 4. Please indicate your age
A) 18-19
B) 20-22
C) 23 -27
D) 28 - 35
E) 36 or older

.~__ 5. Please indicate your current overall GPA

___ 6. Please indicate your overall SAT score
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___ 7. How often do you play video games or computer games?
A) At least once per day.
B) At least once per week.
C) At least once per month.
D) At least once per year.
E) Never.

___ 8. Have you ever played SimCily?
A) Yes
B) No

___ 9. Have you ever participated in an experiment at GMU that used SimCily?
A) Yes
B) No
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Task Knowledge Test

Instructions: Please answer the following questions regarding what you have learned
from the training you received. Note: There may be more than one correct answer to
some of the questions. Choose ALL correct answers.

1. What two things do all residential zones need? (You may pick more than one
answer.)

a. Police Stations
b. Parks
c. Power
d. Water

2. Which zones require water?
a. Residential
b. Commercial
c. Industrial
d. None of the above.

3. Which of the following is a likely result of raising taxes on low-income residents?
a. Desirability for low-income residents will decrease.
b. Desirability for high-income residents will increase.
c. High-tech industry will move to town.
d. Industry jobs will increase.

4. Which of the following is NOT a way to reduce flammability?
a. Provide water to the high flammability zone.
b. Build a medical facility in the high flammability zone.
c. Build a fire station in the high flammability zone.

5. What determines the radius of the effect of medical facilities?
a. Medical facility funding.
b. The number ofresidents in the area.
c. The capacity of the medical facility.
d. Ambulance funding.

6. Which information window would you use to see which roads in your city are
experiencing high congestion?

a. Traffic data view.
b. Commute time graph.
c. Zones data view.
d. Transportation department funding.
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7. Which information window would you use to assess how much water is currently
being used by the city and how much water is available?

a. Utilities funding.
b. Water pollution graph.
c. Water data view.
d. Water graph.

8. Which of the following decreases air pollution? (You may pick more than one
answer.)

a. Building parks.
b. Building a landfill.
c. Bulldozing buildings that create high pollution.
d. Bulldoze roads to prevent pollution from traffic.

9. Which of the following is NOT available for trade with neighboring cities?
a. Garbage
b. Water
c. Power
d. Jobs

10. Where should you build educational facilities?
a. Commercial zones.
b. Residential zones.
c. Industrial zones.
d. Near police stations.

11. Which of the following is a likely result of lowering taxes on dirty industry?
a. The demand for dirty industry will increase and this will increase the

likelihood that dirty industry will move in to your city.
b. The demand for dirty industry will decrease and dirty industry will be less

likely to move to your city.
c. Changing taxes will have no effect.

12. Which of the following is a likely result ofbuilding a large medical center?
a. Air pollution will decrease.
b. The desirability of the city will decrease.
c. After awhile the health of the city will increase.

13. Which of the following is a likely result of decreasing education funding to an
elementary school?

a. Parents will send their kids to another school.
b. The student capacity at the elementary school will decrease.
c. The student capacity at the elementary school will increase.
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14. Which ofthe following is a likely result of adding water pipes to connect a water
source with a residential neighborhood?

a. The neighborhood will become more desirable and the likelihood of
residents moving in will increase.

b. The neighborhood will become less desirable and the likelihood of
residents moving in will decrease.

c. The likelihood ofa fire in the neighborhood will decrease.

15. Which of the following is a likely result ofrepaving a street to a higher-capacity
road?

a. Commute time will increase.
b. Residents will buy new cars.
c. Traffic congestion will decrease.

16. Which ofthe following is a likely result of decreasing the school bus radius for an
elementary school?

a. The city will have to bring in more teachers to work.
b. The number of students attending the school will decrease because it

reduces the size of the neighborhood that the school covers.
c. The number of students attending the school will increase.

17. Which of the following is a likely result of raising taxes on high-tech industry?
a. The demand for commercial businesses will increase.
b. The demand for dirty industry will decrease and the likelihood that dirty

industry will leave your city will increase.
c. The demand for high-tech industry will decrease and the likelihood that

high-tech industry will leave your city will increase.

18. Which ofthe following is a likely result of increasing funding to a waste-to-
energy plant?

a. Your city will have less power.
b. Garbage will pile up on the streets.
c. Garbage on the streets will decrease and power available in your city will

lllcrease.

19. Which of the following is a likely result of initiating a neighborhood deal to pay a
neighboring city to take your trash?

a. Garbage on the streets in your city will decrease.
b. Garbage on the streets in your city will increase.
c. Sims will go for more walks.

20. Which of the following is a likely result of collecting money from another
neighbor city in exchange for your city's excess power?
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a. Your city's income will decrease.
b. Power available in your city will increase.
c. Power available in your city will decrease and your city will increase its

mcome.
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Self-Efficacy

Rate how confident you are in your ability to successfully and consistently accomplish
each of the following:

How confident are you in Not at all Somewhat Confident
Very Extremely

your ability to: Confident Confident Confident Confident

1. Meet the goals for the city
that are given to you at the 1 2 3 4 5
beginning of the scenario.

2. Access appropriate
information when assessing 1 2 3 4 5
the city.

3. Make appropriate decisions
at each decision point in the 1 2 3 4 5
scenano.

Emotion Control

(Keith, N., & Frese, M. (2005). Self-regulation in error management training: Emotion control
and metacognitive activity as mediators ofperformance effects. Journal ofApplied Psychology,
90,677-691.)

Instructions: Some difficulties may have arisen while working on the task. Please
choose the response that describes your reaction to these difficulties.

Is Is neither Is
False somewhat true or somewhat True

When difficulties arose: false false true

1 · .. I did not allow myself to lose my composure.

2 · .. I purposely continued to focus myself on the
task.

3 · .. I calmly considered how I could continue the
task.

4 · .. I allowed myself to be distracted by worrisome
thoughts.

5 ... I let myself become distracted.

6 ... I let myself be sidetracked from the task.

7 · .. I was able to focus all my attention on the task.

8 __ . I was able to motivate myself to continue.

Items 4,5, & 6 are reversed items.

56



Potential Nodes

MENTAL MODELS NODES AND LINKS - REFERENCE SHEET

You may add "Build" or "Bulldoze" to structure nodes as needed. You may add "Increase" or "Decrease" to
nodes as need (e.g., budget or funding nodes).

IData Views I Graphs I I Structures I I Things I I Budget I I Funding r
Power Data

Power Graph Power Plant Water Pollution
I

Taxes
I

Power Funding
View

Water Data
Water Graph

Water Tower/
Air Pollution Residents' Taxes Water Funding

View Pump

Fire Data Population by Water Pipe(s)
Neighbor City Commercial Fire Station

View Age Graph w/ Power Business Taxes Funding

Health Data
Life

Medical Clinic/ Neighbor City
Medical

Expectancy Industry Taxes Clinic/Hospital
View

Graph
Hospital w/ Water Funding

Education Education Schoolj Library
Neighbor City

Monthly Income
Ambulance

Data View Graph w/ Garbage Funding

Garbage Data Garbage Landfill
Neighbor City Monthly Schoolj Library

View Graph Needing Power Expenses Funding

Air Pollution Air Pollution Parks/ Green Neighbor City
Balance Budget Bus Funding

Data View Graph Space Needing Water

EWater Water E Neighbor City Power Neighbor
Pollution Pollution w/ Garbage

Deal
Data View Graph Disposal

Traffic Data Commute Repave Roads
Age of Water Neighbor

View Time Graph Population Deal

Crime Data
Crime Graph Fire Station

Traffic Garbage
View Congestion Neighbor Deal

Zone Data RCI Demand Police Station Population Neighbor Deals
View Graph

Potential Links

IRequires INeed ICheck IHinders
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MENTAL MODELS - TIME 1

A mental model is a drawing or map that represents all of what an individual knows
about a given situation or goal. For example, your mental model for eating dinner could
include "cook food." In order to cook you may need to "choose a recipe," and "go to
grocery store," "buy ingredients," etc.

Here is an example mental model that might be associated with "Reducing the City's
Commute Time" (see below). The experimenter will walk through this example with you.

Mental Model Example:

Traffic Data Commute
View Time Graph

Check Check

Reduce the City's Commute Time

Requires Requires

Build Repave
Road(s) Road(s)

Requires Requires

I
Budget I Check Funding Funding heck Budget

II I

Instructions:

On the following pages draw out your mental model of the things that need to be looked
at, considered, or done in order to reach the goal provided in the center square. All of
the nodes and links you will need are provided on the Mental Models Nodes and Links 
Reference Sheet.

ONLY USE NODES OR LINKS PROVIDED. DO NOT MAKE UP YOUR OWN. If you
have any questions about how to draw or describe something using the nodes and links,
please ask the experimenter.
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Mental Model #1:

Mental Model #2:

Provide Power to City

Provide Water to City Where Needed
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Mental Model #3:

Mental Model #4:

Increase Overall Health

Reduce City's Chance of Fire
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Mental Model #5:

Mental Model #6:

Increase City's Population

Balance City Budget
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MENTAL MODELS - TIME 2

A mental model is a drawing or map that represents all of what an individual knows
about a given situation or goal. For example, your mental model for eating dinner could
include "cook food." In order to cook you may need to "choose a recipe," and "go to
grocery store," "buy ingredients," etc.

Here is an example mental model that might be associated with "Reducing the City's
Commute Time" (see below). The experimenter will walk through this example with you.

Mental Model Example:

Traffic Data Commute
View Time Graph

Check Check

Reduce the City's Commute Time

Requires Requires

Build Repave
Road(s) Road(s)

Requires I Requires

I Budget ICheck Funding Funding Check I Budget II I I

Instructions:

On the folloWing pages draw out your mental model of the things that need to be looked
at, considered, or done in order to reach the goal proVided in the center square. All of
the nodes and links you will need are provided on the Mental Models Nodes and Links 
Reference Sheet.
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ONLY USE NODES OR LINKS PROVIDED. DO NOT MAKE UP YOUR OWN. If yOu
have any questions about how to draw or describe something using the nodes and links,
please ask the experimenter.
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Mental Model #1:

Mental Model #2:

Provide Power to City

Provide Water to City Where Needed
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Mental Model #3:

Mental Model #4:

Increase Overall Health

Reduce City's Chance of Fire
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Mental Model #5:

Mental Model #6:

Increase City's Population

Balance City Budget
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Situation Awareness Measure

Instructions: Please answer the following set of questions regarding your current
knowledge of what is happening in the scenario. The purpose of these questions is to
find out how much you know about the scenario; if you don't know the answer indicate
that you are not sure. These questions DO NOT affect your score in the scenario.

Capeside (Performance Scenario 1)

1. What is the current population of Capeside? (Fill in the blank.)

2. How many medical facilities does Capeside currently have? (Fill in the
blank.)

3. What is the current life expectancy in Capeside? (Fill in the blank.)

4. Do you think current levels of air pollution are a problem in Capeside?
a. Yes
b. No
c. I'm not sure.

5. How many educational buildings does Capeside currently have? (Fill in
the blank.)

6. Are there currently any traffic problems (i.e., high congestion areas) in Capeside?
a. Yes
b. No
c. I'm not sure.

7. Does Capeside currently have an adequate amount of power?
a. More than enough.
b. Enough.
c. Barely enough.
d. Usage is over capacity.
e. I'm not sure.

8. Does Capeside currently have an adequate amount of water?
a. More than enough.
b. Enough.
c. Barely enough.
d. Usage is over capacity.
e. I'm not sure.

9. What do you think is the most important issue currently facing Capeside?
__ (Fill in the blank.)
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10. What do you think will be the biggest issue that Capeside faces down the road?
___ (Fill in the blank.)

Easton (Performance Scenario 2)

1. Where are the current tax levels for residents?
a. Below average
b. Average
c. Above average
d. I'm not sure.

2. Where are the current tax levels for commercial businesses?
a. Below average
b. Average
c. Above average
d. I'm not sure.

3. Are there any current budget issues?
a. Yes
b. No
c. I'm not sure.

4. Do you think current levels of air pollution are a problem in Easton?
a. Yes
b. No
c. I'm not sure.

5. Are there currently any traffic problems (i.e., high congestion areas) in Easton?
a. Yes
b. No
c. I'm not sure.

6. How many power plants does Easton currently have?
blank.)

____ (Fill in the

7. Does Easton currently have an adequate amount of water?
a. More than enough.
b. Enough.
c. Barely enough.
d. Usage is over capacity.
e. I'm not sure.

8. Which services currently have the greatest monthly expense for Easton?
a. Transportation
b. Public Safety
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c. Health & Education
d. Utilities
e. City Beautification
f. I'm not sure.

9. What do you think is the most important issue currently facing Easton? _
(Fill in the blank.)

10. What do you think will be the biggest issue that Easton faces down the road?
___ (Fill in the blank.)

Gardenia (Performance Scenario 3)

1. Currently, are monthly expenses higher or lower than monthly income?
a. Higher
b. Lower
c. I'm not sure.

2. How many educational buildings does Gardenia currently have? (Fill in
the blank.)

3. How many medical facilities does Gardenia currently have? (Fill in the
blank.)

4. Which residents currently have the highest tax level? (Fill in the
blank.)

5. Does Gardenia currently have an adequate amount of power?
a. More than enough.
b. Enough.
c. Barely enough.
d. Usage is over capacity.
e. I'm not sure.

6. Does Gardenia currently have an adequate amount of water?
a. More than enough.
b. Enough.
c. Barely enough.
d. Usage is over capacity.
e. I'm not sure.

7. Are there currently any traffic problems (i.e., high congestion areas) in Gardenia?
a. Yes
b. No
c. I'm not sure.
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8. What do you think is the most important issue currently facing Gardenia?
__ (Fill in the blank.)

9. What do you think will be the biggest issue that Gardenia faces down the road?
___ (Fill in the blank.)
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Metacognition Coding Guidelines

Planning

• Generation ofhypotheses
"I need to "
"I should "

• "If I do , then will happen."
• "It must be possible to ..."

"I could..."
"I think I will ..."

Monitoring

Statements that focus on change or going back to look at something before
making a final decision.

o Examples:
• Looking at the Demand Graph before they make a decision about

taxes.
• Looking at the Population by Age Graph before they make a

decision about schools.
• "Now is different."--

"This changed."
• "Wait, I need to look at first."

Evaluation

"This happened to me because..."
• "I need to do because..."
• "I can't do much about that."
• "This is my primary concern."
• "This looks bad/good/okay."
• Wording that indicates the participant is going back through his head and

reviewing the current state of things.

* If the participant said the words "want to" or "need to" in the context of asking the
experimenter to change something because he/she is making a decision, then that
statement was not recorded as a planning statement.
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Strategy Effectiveness Coding Guidelines

Scenario 1
The goals for Scenario 1 included: 1) increasing the population, 2) increasing the life
expectancy (health) of the population, and 3) maintaining a greater monthly income than
expenses.

Best (worth 2 points)
• Build water tower

Lay pipeslbuild second water tower
Build hospital

• Increase health funding
• Increase power funding

Build/repave road

Good (worth 1 point)
Build medical clinic
Build/repave street

Scenario 2
The goals for Scenario 2 included: 1) maintaining the current population numbers, 2)
increasing the monthly income, and 3) decreasing air pollution.

Best (worth 2 points)
Increase taxes (to 7% or above)
Bulldoze power plant

• Decrease education funding
Decrease health funding
Decrease power funding

Good (worth 1 point)
Increase taxes (under 7%)
Bulldoze empty medical clinic
Build a park

Scenario 3
The goals for Scenario 3 included: 1) increasing the population, 2) increasing the monthly
income, and 3) reducing the commute time. These goals had to be achieved by providing
services (such as power) that would bring in additional residents without spending more
money than necessary.

Best (worth 2 points)
• Complete a neighbor deal for garbage
• Complete a neighbor deal for water
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Complete a neighbor deal for power
Build a water pump

• Build avenue or road/repave street
Good (worth 1 point)

• Increase power funding
• Bulldoze excess schools
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APPENDIX B: MENTAL MODEL EXAMPLE

lncrease requirement

Power
I Funding II

Supply

caUS1l1

Increase Increase
,Public Increase the Water

afety causal Population causal Supply

causal

Build
chools
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APPENDIX C: SCENARIO GOALS AND OUTCOMES

Scenario 1 (Routine): Goals and Performance Outcomes

The goals for Scenario 1 included: 1) increasing the population, 2) increasing the life
expectancy (health) of the population, and 3) maintaining a greater monthly income than
expenses. The correlations among strategy effectiveness and relevant performance
outcomes are provided in the table below.

Means, Standard Deviations, and Intercorrelationsfor Scenario 1 Performance

Variable M SD 1 2 3

1. Strategy - Scenario 1 (R) 8.69 1.97
2. Population 9,839 1,659 ,47t

3. Monthly Income 3,245 135 .32t .78t

4. Life Expectancy 58.82 1,40 .15 -.05 -.08
Note. N = 126. (R) = Routine scenario, *p <.05, f P < .01

Scenario 2 (Routine): Goals and Performance Outcomes

The goals for Scenario 2 included: 1) maintaining the current population numbers, 2)
increasing the monthly income, and 3) decreasing air pollution. The correlations among
strategy effectiveness and relevant performance outcomes are provided in the table below.

Means, Standard Deviations, and Intercorrelations for Scenario 2 Performance

Variable M SD

1. Strategy - Scenario 2 (R) 8.99 1.70
2. Population 38,361 2,960
3. Monthly Income 9,525 1,513
4. Air Pollution 350.21 7.10
Note. N = 126. (R) = Routine scenario, *p <.05, f P < .01
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Scenario 3 (Non-Routine): Goals and Performance Outcomes

The goals for Scenario 3 included: 1) increasing the population, 2) increasing the monthly
income, and 3) reducing the commute time. These goals had to be achieved by providing
services (such as power) that would bring in additional residents without spending more
money than necessary. The correlations among strategy effectiveness and relevant
performance outcomes are provided in the table below.

Means, Standard Deviations, and Intercorrelationsfor Scenario 3 Performance

Variable M SD 1 2 3 4

1. Strategy - Scenario 3 (N) 6.35 2.25
2. Population 20,587 8,114 .49t

3. Monthly Income 3,106.82 780.38 .65t .85t

4. Power Capacity 3,184.25 1,089.26 .39t .29t A9t

5. Commute Time 49.61 15.58 .51 t .72t .83t AOt
Note. N = 100. (N) = Non-routine scenario, *p <.05, t P < .01
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APPENDIX D: HYPOTHESIS 2 RESULTS TABLE

Results ofSupplemental Analyses for Hypothesis 2
Modell (scenario only) Model 2

Variable Coef. SE T-ratlo Coef. SE T-ratio

Fixed Effects

Modell (scenario only)

Vat. SD '1..2

Parameters

3.58 12.94"**

10.98 3.57"**

3.23 -1.59c

1.92 AI"

Model 2

SD l

8.51 174.11/l**

I 53.2&"*5.36

Var.

46.30

39.27

-5.14

.79

28.68

72.40

Deviance

146.nd*

115.40c

13.n"**
3.50 I,*",

-2.271*

Parameters

6.68

3.39

3.43

10.97

1.75

46.95

38.44

-3.97

34.67

9.02

Deviance

Intercept

Mental Model

Scenario Type

kill Acquisition

Random Effects

Intercept

Scenario slope

Skill slope

Model Fit

3147.85 4 3141.62 4

Note. N= 126 k= 378. Coef. = Coefficient E = Standard En-or, Var. = Variance.
(Jdf= 124 bdf= 371, cdf= 369, r1df= 119, Cd!= 120, rdf= 125 *p < .05 **p < .01
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APPENDIX E: DISSERTATION PROPOSAL LITERATURE REVIEW

On April 13, 1970 the flight ofthe Apollo 13 spacecraft took a drastic turn for the worse
when an explosion occurred in its number two oxygen tank. The explosion damaged
oxygen tank number one and the crew was left on a spacecraft that was losing oxygen,
water for cooling systems, and power. To make matters worse, the craft was gyrating in a
way that put the navigation instruments in danger offailing. For those at Mission
Control it was a complex and dynamic situation in which mistakes would be fatal for the
astronauts. Gene Kranz was oneflight director in charge ofthe decisions that were made
over the next four days, which required keeping track ofinformation coming in and
knowing how to direct individuals to get the information and solutions he needed. A
former flight director who was observing Kranz said that he had never seen a situation
that required the flight director to keep so many balls in the air (Lovell & Kluger, 1994).

For those in the newspaper industry, the world is changing at a perilous rate. The
internet, television, radio, podcasts, the use ofelectronic hand-held devices, and other
advances in technology are a threat to newspapers because they offer other mediums to
provide information and make it easier for competitors to work their way into the market.
Some are overhauling their business strategies to include a package ofservices and
trying to find new ways to appeal to the younger generation (webcasts, blogging
opportunities, short tabloid-like editions on different topic areas, etc.). Furthermore,
stocks in newspapers are declining and the cost ofproducing print versions is rising. The
shift in the type ofnews people want - a focus on their local communities - makes it
difficult for large, widely distributed newspapers to provide the desired specific
information to individuals. The industry appears to be dealing with a host ofnew
challenges that newspaper executives must effectively manage in order to maintain the
life oftheir organizations.

John is new on the job. He got his dream job right out ofcollege workingfor a well
known consultingfirm. Everyone is very supportive and helpful when it comes to
questions he has about work, and the social atmosphere is great too. John has jumped
right in and is working on four different projects. The problem is that the clients are all
new, the acronyms they use are foreign to him, he has an inbox that is piled high despite
his efforts to get through it, co-workers frequently stop by to make plans for lunch, his
email dings at an astounding rate, today his boss wants to meet with him and he's got a
feeling that means more reports to read, and his mother keeps leaving messages on his
cell phone ... Yet John plods on, trying to stay afloat. Afew months later his boss has
noticed that despite efforts to help John, his work is not as thorough as it should be and
the boss becomes concerned that perhaps John is not the right man for the job.
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In each of these situations, the individuals involved are required to adapt their
thinking and behaviors to a changing and complex environment. As many have noted, the
amount of information we have available at our fingertips today is much greater than it
ever has been. It is certain that the information resources we have available and the
complexity of work environments will continue to increase (Johnson & Proctor, 2004).
Given these broadening parameters, how do we, as human beings with a limited amount
of time and ability, succeed at taking in the information we need and interpret it
accurately? How do we succeed in dynamic and complex environments? Furthermore,
why are some individuals better at adapting than others?

These are not novel questions. They are, however, questions that have yet to be
fully answered. This paper will describe the demands placed on individuals operating in
complex environments, identifY several cognitive processes used to navigate complex
environments, explain the current state of the research on adaptive performance and
individual differences (including the deficiencies in this domain), and propose several
research questions to address these deficiencies. While there are many psychological and
situational variables that contribute to performance, the focus of this effort is determining
how the cognitive processes ofworking memory (i.e., controlled attention) and situation
awareness may influence regulatory thoughts and behaviors that lead to adaptive
performance.

Adaptive performance is the term used to describe performance that takes place in
a changing environment where individuals must change their current thinking and
behavior in order to achieve their goals. When an individual adapts he or she is carrying
out a functional change in response to altered environmental contingencies (Zaccaro et
aI., 2004). If changes are made but they are not effective or functional, then performance
is not adaptive. This description emphasizes making correct adjustments, which requires
accurate knowledge of the environment or situation, and an ability to make sense out of
what is occurring. This becomes more challenging as the complexity of the environment
increases, as changes in the environment increase in scope or number, or if changes are
novel (LePine, Colquitt, & Erez, 2000; Kanfer & Ackerman, 1989).

The research on adaptive performance to date has identified the "types" of
adaptive performance that occur on the job which resulted in the development of a
taxonomy of adaptive performance that describes the criterion domain (e.g., Pulakos et aI.,
2000). Other research has used theory to identify the processes that compose the larger
adaptive performance process (e.g., Zaccaro et aI., 2004; Ashford, 1996). Additional
research has examined individual difference variables that may influence adaptive
performance such as traits (e.g., openness to new experiences, conscientiousness) and
motivational variables (e.g., achievement motivation, self-efficacy) (LePine et aI., 2000;
Pulakos et aI., 2002). However, beyond general cognitive ability, the influences of
specific cognitive mechanisms on adaptive processes have received little empirical
attention.

The three different scenarios presented above all involve situations that are novel
to the characters. In addition, the complexity and scope of factors being dealt with are
also greater at the point in time described than what was previously being dealt with. For

79



many people and organizations the basic situation I describe is not uncommon, but there
is still a need for research that delineates the cognitive mechanisms that facilitate
adaptive performance.

The primary focus of this research is on understanding how working memory
capacity (WMC) may be related to adaptive performance by testing a theory-based model
of the influence WMC has on cognition and subsequent behavior. As described below,
the cognitive demands elicited by the characteristics of complex environments may be
more effectively and efficiently dealt with by those who have a greater amount of
cognitive resources to process and store information. This reseamh will explore whether
individual differences in WMC are a key driver of differences in adaptive performance
for those who have the same level of knowledge in a given domain.
Demands ofComplex Environments

Over the last few decades the complexity of the environments we live and operate
in appears to have increased. Many problems arise that seem to have no certain resolution
or model to help explain them because there are so many extraneous factors that
influence events and situations (Batty & Torrens, 2005). Nevertheless, we must use the
knowledge we do have to plan and perform in these environments, making changes as we
learn more about the environment (Pearson & Laird, 2005). A classic response from my
colleagues when asked a question about practically any topic in I/O Psychology is, "Well,
it depends." We have to qualify our answers because there are so many factors that come
into play. Many people in different occupations must also use the same response; what
becomes critical to success is learning as much about a situation as possible and
determining the relevant factors to include in one's mental model of the situation in order
to make appropriate decisions.

Jobs today have moved from physically-oriented tasks to more cognitively
oriented requirements (Johnson & Proctor, 2004). Business processes are becoming more
complex because of the increase in interactions between internal aspects of organizations
with their external environments (Wang & Wang, 2006). Organizations are changing the
structure of work by distributing decision-making responsibilities to lower levels and
increasing employees' autonomy in an effort to increase organizations' flexibility. As
Motowidlo and Schmit (1999) point out, individuals put into these positions have a
greater responsibility for monitoring the needs of the internal work environment and the
external customer environment. Expanding individuals' responsibilities and structuring
work such that individuals have to monitor a broader environment, or perform more tasks,
means more variables and stimuli to consider and process.
Characteristics of Complex Environments

As the number of relevant stimuli or task responsibilities increase, the more
complex the environment becomes (Johnson & Proctor, 2004). In addition to having
more factors, a complex environment is characterized by change (Batty & Torrens, 2005);
and the sources of change are often external factors that are independent of the actions
carried out by the performer. Dynamic environments increase complexity because an
individual is required to not only perform certain core tasks, but also monitor the
environment for changes that will affect the activities he or she is performing (Zaccaro,
Wood, Chiara, Salas, & Burke, 2004). These environments are less predictable than
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stable environments given the changes that occur and the number of factors involved
(Ormerod, 2005). Furthermore, the factors in a complex environment are especially
interconnected. To truly understand the environment, individuals have to decipher these
multiple connections and cannot simply examine each factor on its own (Lyons, 2005).

However, the number of activities one can perform and the amount of information
processing human beings can carry out at one time is limited. Therefore, choices have to
be made regarding which activities will receive resources and attention (Rasmussen,
1979). One must select certain stimuli or activities to direct attention to (e.g., driving) and
tune out irrelevant stimuli (e.g., the radio). What an individual chooses to direct his or her
attention to will impact how well he or she performs. If attention is directed to irrelevant
stimuli in a complex environment, or one cannot attend to all ofthe relevant stimuli
because he or she does not have the capacity to process all of it, it is likely that some
relevant aspects will be overlooked (Adams, et aL, 1995).

Therein lies the problem: when decisions are made based on less information or
irrelevant information, the probability increases that the decision and resulting behaviors
will not be completely effective. Greater information generally leads to higher
performance capabilities (Johnson, Chang, & Lord, 2006). The term used here to describe
the search for and examination of information in the external environment is
environmental scanning. Complex, dynamic environments demand more attention and
require continuous monitoring (environmental scanning) and processing of a great deal of
information (Endsley, 1995), which creates a greater dependence on the cognitive
resources used for monitoring and information processing in order for effective
performance to occur. This is especially true ifperformance is time-sensitive, which often
occurs in this type of environment. A critical issue is that given a limited capacity,
focusing on certain tasks will necessarily direct attention away from monitoring activities
(Rasmussen, 1979). Monitoring activities are a key to planning, adjusting goals
appropriately, and evaluating whether current behaviors are having the desired effect on
the environment (Zaccaro et aL, 2004). Thus, simply performing specified task activities
without engaging in regulatory activities, like monitoring, will result in diminished
performance effectiveness. The reverse is also true: devoting too much attention to
information-gathering and monitoring activities can decrease essential task performance
(Adams et a1., 1995).
~entalVVorkload

A commonality across the scenarios described above is that each one occurs
within an environment in which it is not enough for the individuals involved to carry out
automatic responses and behaviors. That is, the unique combination ofmultiple factors
present in the environment requires the individual to perform non-routine tasks. Routine
situations provide a context that is familiar. When cues in the environment indicate that
the current situation matches a previous situation, an automatic response may be
triggered that results in appropriate thought and action (Shallice & Burgess, 1996). In
non-routine situations, the individual has to put effort into monitoring the situation,
thinking through the multiple factors present, creating a coherent picture of the current
situation, prioritizing, and making choices about what steps to take. Deliberate
monitoring and evaluating (rather than automatic) is necessary when the amount of
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relevant stimuli increases (Johnson & Proctor, 2004), the factors under consideration
change, or a combination offactors/stimuli arises that an individual has not dealt with
before. Mental workload, or information processing demands (Johnson & Proctor, 2004),
is greater in this type of environment because determining effective actions requires
evaluating many aspects of the situation and keeping track of and integrating available
information from the environment to form a useful understanding of the situation.

Mental workload has been defmed as, "the difference between the capacities of
the information-processing system that are required for task performance to satisfy
expectations and the capacity available at any given time" (Gopher & Donchin, 1986, p.
41). A simpler way of thinking about mental workload is to consider that anything
described as a "load" implies that it is a burden. This load is creating a demand that
stretches the limit on resources available. In this case, mental workload describes a
burden on the rate of information processing an individual can achieve (Moray, 1979).

Mental workload is a function of input factors and operator factors (Johannsen,
1979). Input factors are external to the individual and include things like the operating
environment, the situation, and the procedures an individual is required to carry out. A
complex environment will have more input factors, and/or intricate connections among
factors, resulting in a greater workload than less complex environments. According to
Johannsen (1979) operator factors are internal to the individual and include experience,
personality characteristics, motivation, and attentiveness. These individual characteristics
influence the amount of effort that is devoted to performance. The less effort expended,
the less cognitive processing is carried out. Johannsen's (1979) operator factors certainly
capture individual differences that influence effort and performance, but an additional
category may be added that includes cognitive resources. As explained in the following
section, cognitive resource capacities may also influence mental workload in a given
situation.

Individual differences. The process of skill acquisition indicates that as one
gains experience, fewer resources are needed to perform a task because actions become
more automatic (Anderson, 1996). Therefore, individuals with more experience than
others will use fewer resources in performing some tasks, and there will be individual
differences in the mental workload required to perform those tasks. (It should be noted
that performance on some tasks will never reach automatic functioning and will
consistently demand numerous cognitive resources.) In addition, there is evidence that
individual differences in available resource capacities exist (Johnson & Proctor, 2004;
Feldman-Barrett, Tugade, & Engle, 2004). Those with greater capacities may use the
same amount of resources to complete a task as those with less capacity, but the greater
capacity individuals will be able to perform other tasks or attend to a greater number of
other stimuli. Research on expertise indicates that as knowledge increases and one's
repertoire of automatic responses to different situation in a domain increase, the resources
that are available to attend to other stimuli while performing increase. Therefore,
knowledge and skill playa role in determining how much of one's capacity is used; but
individual differences in capacity will still playa role in novel situations and may
influence rate ofleaming (Wofford & Goodwin, 1994).

82



Applying this knowledge to understand human performance in environments such
as those described in the scenarios above, one would assume that there are differences in
individuals' performance depending on the cognitive resource capacity an individual has
to cope with the amount of stimuli and the complexity of the factors they must consider.
Individual differences in capacities and performance in dynamic, complex environments
will be explored in greater detail throughout this paper as relevant cognitive processes
and performance demands are discussed.
Summary

Complex environments have many interconnected factors and are characterized
by change and unpredictability, which require individuals to process more information
and engage in continuous monitoring activities in addition to performing their core tasks.
However, human beings have a limited capacity to process information. Placing greater
demands on this capacity increases the mental workload associated with performing,
resulting in a demand for resources that cannot be met. While it is unreasonable to
suggest that an individual should have complete knowledge of a complex situation before
making a decision or taking action, it is true that integrating more knowledge and
information into one's thinking will increase the likelihood ofcoming up with an
appropriate course of action. The fact that there are individual differences in performance
within complex environments sets the stage for exploring the mechanisms that create
these differences in greater detail.
Cognitive Processes

Cognition drives behavior. The focal outcome in this paper is adaptive
performance, which is derived from making functional changes in how one performs
when the situation requires it (Zaccaro et aI., 2004). The complex and dynamic situations
discussed above often require adaptability, given the nature of the tasks and the
environment. Describing differences in individuals' performance by comparing their
behavioral activities in a given situation may be relatively straightforward. However,
identifying differences in cognitive activities is a greater challenge. Ifwe are to get at the
root causes of differences in adaptive performance it is necessary to understand the
cognitive demands associated with performing adaptively, and identify potential
individual differences in various cognitive abilities that drive behavior. Therefore,
relevant cognitive mechanisms and processes are first presented in order to provide a
framework for discussing the skills required to be adaptive and how individual
differences in cognitive resources may influence one's ability to adapt.
Working Memory and Attentional Control

Working memory is the system that allows for temporarily keeping information
active in memory. Specifically, "working memory refers to the relatively small amount of
information that one can hold in mind, attend to, or, technically speaking, maintain in a
rapidly accessible state, at one time" (Cowan, 2005). While it is similar to the concept of
short-term memory, which involves the ability to retain or temporarily store several
pieces of information (Kane, Bleckley, Conway, & Engle, 2001), it is different in that
working memory has a controlled attention function in addition to its storage processes
(Engle, 2002). In other words, it has an active maintenance function that keeps needed
information accessible and suppresses irrelevant information (Conway, Kane, Bunting,
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Hambrick, Wilhelm, & Engle, 2005; Cowan, 2005; Engle, Tuholski, Laughlin, &
Conway, 1999).

There are several competing theories regarding the way in which working
memory functions (Miyake, 2001), and debate continues regarding whether there is a
general capacity or if one can have greater working memory for certain performance
domains (Feldman-Barrett, Tugade, & Engle, 2004); but it is clear that there are
individual differences in WMC (Engle, 2002). The view reflected in this paper, that
working memory involves the ability to control attention (as described above), is drawn
from a body of research that suggests there is a general capacity that is limited to the
amount of information that can be attended to at one time (e.g., Kane, Bleckley, Conway,
& Engle, 2001; Cowan, 2005; Engle, 2002; Engle et al., 1999; Conway & Engle, 1996;
Cowan et al., 2005). From this perspective, WMC is not about having a greater amount of
space for information to be stored, it is about the ability to direct attention to certain
information or stimuli and maintain that focus as needed (Engle, 2002).

The original view ofWMC, which is reflected in the initial work ofDaneman and
Carpenter (1980), is a resource-sharing model in which individuals differ in the amount
ofresources needed to process certain types of information, which impacts the amount of
resources simultaneously available for storage of processed information (Miyake, 2001;
Feldman-Barrett et al., 2004). There is a processing-storage trade-off in that processing
information more quickly uses fewer resources; therefore more resources are available
for storage processes. This is somewhat related to the controlled-attention view because
the resource-sharing model assumes common resources are used for storage and
processing. The controlled-attention view assumes attention is needed in both storage and
processing, and therefore the ability to process and store information are correlated
(Cowan, 2005).

Another view ofWMC is reflected in a task-switching model. This model
proposes that individuals do not process and store information at the same time, but do
one or the other. Therefore, information that is stored may be forgotten during processing
because attention is not directed to that information, it is directed to processing. When
engaged in a harder a task, more processing time is often required, which may result in
more time to forget stored information. It should be noted that Engle et al. (1992) found
that individual differences in WMC are not based on processing efficiency alone. They
hypothesized that differences are driven by variation in the amount of activation possible
given an individual's resources.

In addition to these competing viewpoints, the issue ofwhether WMC is domain
specific is also debated. The domain-specific view postulates that individual skill
differences in different domains will determine the working memory capacity one has
while performing in a given domain. One individual may be skilled at reading and exhibit
greater WMC on a measure ofWMC that involves reading than a measure ofWMC that
involves arithmetic (Shah & Miyake, 1996). Others believe that WMC is independent of
the task (Conway & Engle, 1996). Evidence for a general WMC exists in research
demonstrating high correlations between different types of WMC measures, and the
significant relationships found between WMC measures focused on a given domain (e.g.,
numerical WMC measure) and performance in other domains (e.g., verbal aptitude test
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scores) (Engle, Cantor, & Carullo, 1992). Baddeley's (1986) original model of working
memory also includes a general capacity component in that the central executive is seen
as controlling the overall working memory process, regardless of the domain in which
one is operating (Kane et aI., 2004).

Currently, the consensus appears to be that there are probably both general and
domain-specific components to WMC that are reflected when performing multifaceted
tasks (Miyake, 2001). Domain-specific skill may influence capacity, but there is also a
general capacity that influences performance and varies across individuals. Evidence for
this has been found in research examining baseball knowledge and WMC. Kane and
Engle (2001) found that while level ofbaseball knowledge influenced performance on a
memory task, WMC influenced memory performance beyond one's level of domain
knowledge.

Within the general capacity controlled-attention viewpoint, Cowan (1999; 2005)
also points out that it is important to distinguish between activated memory and elements
that are within the focus of attention. This is an embedded-process model that suggests
information may be active and more readily available (information that has been primed),
but only a subset of this activated information is within the focus of attention (Cowan,
2005). This model assumes that there is no capacity limit on what information might be
activated and easily accessible under the surface, but there is a limit on the amount of
information that can be activated and attended to at one time. This theory is relevant for
understanding how working memory and long-term memory interact. Long-term memory
is a storage component that may have certain parts primed (activated) and available;
however, there is a limited amount ofworking memory that can attend to this activated
information in long-term memory and also attend to new stimuli from the environment.

Functions. In a complex environment, the ability to hold information active
requires an ability to purposively attend to target information while not allowing other
information or stimuli to interfere. Individuals are often presented with stimuli that
initiate the automatic retrieval of relevant knowledge structures. This type of automatic
processing is sometimes called stimulus-driven or bottom-up processing because
something in the environment catches one's attention and this sets in motion cognitive
processes that evaluate the stimulus, which may bring up related information for one to
think about without the individual purposely focusing on that stimulus (Feldman-Barrett
et aI., 2004). It is called interference when bottom-up processing occurs that is not
relevant to the situation, and interference is the primary cause of forgetting items in short
term memory or not being able to retrieve information from long-term memory (Engle,
2002). However, the "central executive" component of working memory can act to
override this automatic processing by purposely diverting attention to the target task or
information (Kane et aI., 2001). Thus, working memory functions to prevent the
influence of interfering stimuli in a complex environment.

The working memory function of controlling attention is an important component
of achieving goals. A goal provides parameters for what information is relevant and
should be assessed, as well as what behaviors should be engaged in. fuitially, an
individual needs to draw on relevant information they have, and then search for
additional information ifneeded. However, if an individual begins to focus on other
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activities or becomes interested in irrelevant information, progress toward the goal is
thwarted. Working memory assists in the goal-achievement process by: 1) activating
relevant information stored in long-term memory, targeting the most relevant knowledge
above other similar concepts; 2) directing attention to target thoughts and stimuli
(keeping them active in one's mind) when other stimuli start to interfere; and 3)
suppressing unwanted or unneeded thoughts (actively keeping information from
interfering), and suppressing automatic responses that are not appropriate (Fe1dman
Barrett et a1., 2004).

In a sense, working memory is relevant for the completion of every task we
engage in (e.g., getting to work on time, cooking dinner, reading a newspaper) because
we have to direct attention to reading the paper rather than watching the TV, for example.
However, this function becomes more critical under certain conditions. The three
complex dynamic environments described at the beginning of this paper represent
conditions under which there is a lot of interference and irrelevant information present.
To be successful, one must maintain a focus on the goal and retrieve appropriate internal
and external information in order to respond effectively. Therefore, the ability to control
attention becomes more critical under these conditions (Conway et a1., 2005).

Another important function ofworking memory is serving as the system by which
concepts can be linked and new ideas created (Cowan, 2005). Putting concepts together
and making sense out of them or creating new concepts requires actively linking and
thinking about the concepts at the same time. You cannot build on an idea with
something else if the something else is not there, or the original idea slips out of mind.
The ability to control attention and direct it to multiple ideas or information at the same
time is essential to sense-making.

To summarize, WMC involves the ability to control attention. This means that
working memory is involved in activating needed information, combating interference
from irrelevant stimuli, suppressing automatic responses, keeping individuals on track
toward a goal, and making sense out ofmultiple pieces of information. Each of these
functions is important in adaptive environments, but individuals vary in the degree to
which they successfully execute these functions.

Individual differences. The key aspect of individual differences in WMC
involves how well one is able to control attention (Kane et a1., 2001). Studies involving
measures of WMC find differences in how individuals perform on WMC measures
involving a variety of skill domains (e.g., numerical, reading, and spatial ability)
(Feldman-Barrett et a1., 2004). When individuals with a low WMC are compared to those
with a high WMC, performance differences emerge that may have implications for how
well one is able to cope with a complex environment.

Those with less WMC are more susceptible to interference from distracters in the
environment. Kane and Engle (2000) showed that low WMC individuals exhibited lower
performance on a recall task than those with high WMC when they had performed
several recall tasks previously, suggesting that low WMC individuals were experiencing
greater interference from the previous tasks. Similarly, individuals with a low WMC are
disadvantaged when it comes to being able to ignore or suppress irrelevant information
(Cowan, 2005; Feldman-Barrett et a1., 2004). Evidence for this comes from research that
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shows high WMC individuals are able to perform better than low WMC individuals on
the Stroop task, which involves suppressing an automatic response to read a word, and
instead report the color of the word (Kane & Engle, 2003). High WMC individuals are
also able to more effectively suppress automatic eye movements in an antisaccade task
(Kane et aI., 2001), and resist processing their spoken name when told not to in a
listening task (Conway et aI., 2001).

A category of individual differences in WMC explained by Feldman-Barrett et al.
(2004) involves differences in processing strategies. An interesting, and important,
phenomenon is that although individuals with greater WMC have been found to retrieve
information from long-term memory (LTM) faster than those with a low WMC (Rosen &
Engle, 1997), there is evidence that individuals with lower WMC may exhibit quicker
responses when performing complex tasks (Feldman-Barrett et aI., 2004). Faster retrieval
from LTM may be explained by those with a high WMC having the ability to direct
attention to targeted information and not spending any extra time attending to similar but
irrelevant information in LTM (i.e., exhibiting a controlled search for information, rather
than searching all of what is automatically activated) (Cowan, 2005). However, when the
information or stimuli are ambiguous, those with high WMC likely have the resources to
consider two different alternatives, rather than process only one and then respond. It may
take those with high WMC slightly longer to respond because they are considering more
information (Feldman-Barrett et aI., 2004). Evidence for this is provided by findings that
low WMC individuals draw inferences more quickly when reading ambiguous texts than
those with high WMC (Whitney, Ritchie, & Clarke, 1991), and individuals with high
WMC take longer to respond to questions about ambiguous sentence structure
(MacDonald, Just, & Carpenter, 1992).

As Feldman-Barrett et al. (2004) suggest, those with low WMC may be thought
of as cognitive misers. They do not have the resources to spare when it comes to
processing multiple possibilities, therefore the more immediate solution or idea is acted
upon. This could have serious consequences because errors are more likely to be made
when less information is considered. Those with high WMC may be able to choose the
best information-processing strategy depending on the requirements of the situation.
They may use their ability to suppress irrelevant information when necessary, but also
judge when the situation might afford further exploration of alternatives. These
interpretations ofprocessing strategies should be considered with some caution given that
to my knowledge there is no empirical evidence testing whether high WMC individuals
actually choose different strategies depending on the situation.

Individuals with high WMC may also create more integrated mental models.
Working memory is required to hold multiple pieces of information active and make
sense out of them. The more information incorporated into a single mental model, the
more integrated the model. Cantor and Engle (1993) suggested that mental models can
serve as higher-order representations that contain information about many underlying
propositions. If an integrated mental model is constructed from several pieces of
information, it should take less time to respond to a question about the information than if
an individual has to search for or evaluate several propositions. When presented with
questions related to a set of six sentences that had previously been presented, individuals
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with high WMC exhibited faster reaction times than those with low WMC; perhaps
indicating that those with high WMC had created a single mental model from the
previous information, while those with a low WMC had not integrated the information
into a single overall model and had several smaller mental models or did not fully
integrate all of the sentences.

A final categorization of individual difference fmdings might be results from real
world tasks (Feldman-Barrett et aI., 2004). Studies have demonstrated differences among
individuals with high and low WMC in comprehending material (e.g., reading tasks,
listening tasks), reasoning, problem-solving, and even processing the social environment
(see Feldman-Barrett et al. for a list of studies). However, to my knowledge there has
been no empirical research linking differences in WMC to general work situations in
which individuals deal with changing and complex environments.
Mental Models

Mental models are analogues ofwhat exists in reality; they are perceptions of the
world. These mental representations capture important aspects of the environment
including such things as space, time, causality, intentionality, and the entities involved
(Radvansky & Copeland, 2001). By accounting for all of these elements, a coherent
picture is formed that allows human beings to select and carry out appropriate behaviors.
Reasoning research postulates that mental models can take different forms and be
manipulated to examine the influence of different factors. They may represent the actual
state of affairs, or models may be constructed that represent different possible situations
or imaginary situations (Johnson-Laird, 1983).

The ability to hypothesize about situations likely plays a role in reasoning and
adaptive performance because models allow an individual to compare the current state to
some possible state (the goal state), and then infer what would need to occur to align the
current model with the goal-related model. Johnson-Laird (1983) hypothesized that:

If the organism carries a 'small-scale model' of external reality and of its
own possible actions within its head, it is able to try out various
alternatives, conclude which is the best of them, react to future situations
before they arise, utilize the knowledge of past events in dealing with the
present and future, and in every way to react in a much fuller, and more
competent manner to the emergencies which face it. (p. 3)

In general, it is better to have a detailed mental model that can incorporate
external data to make accurate predictions. Sometimes a mental model allows an
individual to function effectively without maintaining all of the specifics in his or her
mental representation (Johnson-Laird, 1983). For example, most people have a general
knowledge of how their car works and can drive it effectively, making sure to fill it with
gas and get the oil changed. Fewer people know the ins and outs of a how a car utilizes
the gas and oil to run. The mechanic needs to know this, but the average driver does not.
This also means that when something unexpected goes wrong with the average person's
car they are less likely to know how to resolve the problem. A mechanic (an expert) has a
mental model that has greater detail, making it both broader and deeper in terms of
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knowledge (Holyoak, 1991), and this allows him or her to diagnose the problem based on
the symptoms and efficiently find a solution. An individual may function sufficiently in a
complex environment without knowledge of every detail; but the more complete and
coherent one's mental model is, the more likely one is to perform well under complex
conditions.

It is important to recognize that a mental model is not static; if an individual
identifies a flaw or a new aspect of the environment is introduced, a mental model can be
revised so it provides a more accurate representation (Johnson-Laird, 1983). Indeed,
experience helps develop a detailed expert mental model because new experiences
provide different information that can be integrated into one's understanding of the
domain. This depth and breadth of knowledge allows an expert to perform well and also
be more adaptive in complex environments (Holyoak, 1991; Hatano & Inagaki, 1986). In
addition, revising a mental model in the moment to represent the current situation is vital
to adaptability given that changes to the current situation must be acknowledged and
incorporated into one's course of action. [Some call this "current" mental model,
situation awareness (e.g., Endsley, 2004).] As Garnham (1997) points out, if incoming
information is not modeled and integrated, it will not influence the reasoning or actions
that follow. A difficulty lies in the fact that a mental model is an approximation of reality
based on one's perception (Johnson-Laird, 1983), and the amount of information that can
be incorporated into this approximation is constrained by the cognitive capacities of a
human being.

In dynamic environments many facets are capable of changing. The changes may
be adding new components, changing the relationships among the components, or
removing components (Radvansky & Copeland, 2001). The process of updating a mental
model with these changes requires that an individual actively manipulates the cognitive
representation, and incorporates new information into the old information (Radvansky &
Copeland, 2001). However, the number of factors individuals can keep track of is limited.
In fact, studies of everyday reasoning have found that people often only construct one
alternative model and then later make revisions if different information is obtained
(Garnham, 1993).

Activating mental models and incorporating new knowledge into them requires
working memory (Radvansky & Copeland, 2001). Therefore, one would assume that a
greater working memory capacity would allow for a greater amount of information to be
processed in updating a mental model. Furthermore, ifworking memory is really about
attentional control and the ability to focus on relevant pieces of information (see Kane et
aI., 2001), it may be the case that working memory allows for appropriate model
modifications because an individual can attend to evaluating the critical aspects of the
situation without being distracted by other superficial components. Remember, the
foundation of mental models is perception (Johnson-Laird, 1983). Thus, accurately
observing and attending to appropriate aspects of the environment is likely to facilitate
building a more accurate mental model.

Influence of expectations. Mental models are seen as the knowledge structures
that form the basis for deciding what actions need to be carried out in a given situation.
Individuals often approach a situation with expectations and a certain mental model of
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what factors might come into play, which allows them to be efficient in focusing in on
relevant aspects of the situation. Endsley (2004) states that mental models are one source
of information that influences where individuals direct their attention when examining
their operating environment. Thus, an initial mental model will influence the model
updating and revision process that takes place during a performance episode. In other
words, an initial mental model should influence the process of assessing the elements in
the environment. Given that an initial mental model is the foundation upon which new
information and experience is incorporated, the initial mental model should also influence
the content of the mental model (or situation awareness) one builds while they perform a
given task.

Hypothesis 1: The accuracy ofone's initial mental model will positively influence
the accuracy ofenvironmental scanning.
Situation Awareness

When facing a situation, individuals often begin by basing their decisions and
actions on their previous experience from similar situations. In order to do this, one must
perceive and interpret the current situation and determine if this situation matches any
experience stored in memory (Endsley, 1995). It is important to accurately perceive the
different elements in an environment in order to reference relevant stored knowledge and
make appropriate decisions to perform effectively in that environment. In adaptive
situations there may be new information that one has never dealt with, but this
information must be accurately perceived and integrated into a new or existing mental
model. When this occurs, self-regulatory behaviors can be carried out that move an
individual closer to his or her goal.

The level of knowledge or awareness one has of the elements in the environment
is referred to as situation awareness (SA). Assuming one can interpret and cope with the
amount of information, having a large quantity of accurate information regarding
environmental variables will facilitate better performance. The resources individuals have
to make use of this information are important factors that will be discussed in subsequent
sections. It should be noted that a high level of SA does not necessarily guarantee a high
level ofperformance (Adams, Tenney, & Pew, 1995; Endsley, 1995; Endsley, 2001). The
probability ofperforming well increases (Endsley, 2004), but other factors like
motivation, skill, and personality will influence the decisions one makes and the actions
they take (Schmitt, Cortina, & Ingerick, 2003).

Although there are many conceptualization of SA, a recent review of the literature
suggested that SA can be identified as a state or a process (Rousseau, Tremblay, &
Breton, 2004). Some of the most extensive work on SA by Endsley argues that SA is a
state and that situation assessment describes the process used to arrive at a given level of
awareness. Specifically, situation awareness is an internal model ofthe state ofan
operator's environment, and situation assessment is an active process ofseeking
information from the environment (Endsley, 2000). The precise definition of situation
awareness provided by Endsley (1988) suggests it is "the perception of elements in the
environment within a volume of time and space, the comprehension of their meaning, and
the projection oftheir status in the near future" (p. 97). What Endsley is arguing is that
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"SA, or the situation model, is the current state of the mental model" (Endsley, 2004; p.
16, emphasis added).

Endsley identifies three levels of situation awareness. Levell is perception of
cues, indicating the amount ofinfonnation one has regarding the current factors in the
environment. Level 2 is comprehension, which includes the extent to which individuals
are able to integrate the infonnation they perceive, interpret it, and store it. Level 3 is
projection, which involves the extent to which individuals can anticipate what the future
might hold based on the current infonnation (Endsley, 2004). These levels of SA may be
considered different levels ofunderstanding. Two people may have the same level of
perception, both of them knowing what elements are in the environment (Levell), but
one of them may be better able to detennine how the elements fit into a coherent picture
(Level 2) (Endsley, 1995). In other words, two people may have each obtained the same
puzzle pieces, but only one of them may figure out how to put them together to complete
the picture.

This conceptualization is similar to the description of the construction and
function ofmental models. Mental models are constructed through perception of
elements in the environment, and when an individual mentally manipulates a model to
imagine the influence of different elements, that individual can make guesses about
possible future states of the environment (i.e., projection) (Johnson-Laird, 1983). Endsley
clearly views SA as a mental model that represents the current reality one is facing. In the
1980s the tenn situation model was used to describe the mental model of the current state
(e.g., VanDijk & Kintsch, 1983). Endsley (1995) acknowledged that situation awareness
and a situation model are the same concept. "Situation awareness" will be used
throughout this paper, but the reader should consider SA a "real-time" mental model of
the situation.

Situation assessment. Infonnation regarding the state of a situation may come
from many different aspects of the environment, including that which an individual
observes himself and what one is told about the situation from technology or other
individuals. In addition to bottom-up infonnation from the environment, an individual's
goals influence where attention is directed in a complex environment (Endsley, 1995). In
fact, goals set the parameters for what is considered adequate SA. Certain elements in the
environment will be relevant for some goals and not for others. The infonnation obtained
from the environment will also be interpreted in light of the goals it is meant to facilitate.
Thus, the desired outcome plays a role in acquiring several levels of SA.

The situation assessment process of updating one's current awareness involves
several cognitive processes. Endsley (2000) suggests that (1) perception, (2) attention, (3)
pattern matching with long-tenn memory, and (4) synthesis, analysis, and metacognitive
processes are the four components of cognitive processing involved in developing a
model of the current situation. Perception and directing attention to elements in the
environment (environmental scanning) are what detennine the infonnation that will be
available to develop one's SA. These two processes provide the foundation upon which
Level 2 and Level 3 awareness can be built.

Situation awareness is dependent on not only assessment and perception of the
current environment, but also the prior knowledge one has (Adams et aI., 1995). This
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prior knowledge framework (mental model) that is part of one's long-term memory
provides a context for viewing and interpreting the current environment (i.e., influences
situation assessment), and is updated to provide a more accurate level of awareness.
Mental models influence where attention is directed in the environment because they
prime certain stimuli. Cognitive studies of perception find that individuals tend to focus
attention on those stimuli that are more salient (Endsley, 1995). Therefore, if an element
in the environment matches an element in one's mental model, an individual is more
likely to pick up on that element than a more subtle element. In addition, when cues in
the environment match the initial mental model one has, the model facilitates greater
situation awareness because the model includes information about relations between the
perceived cues and other elements that are likely present (Endsley, 1995). Thus, prior
knowledge influences subsequent perception, comprehension, and projection to some
degree. Therefore, it is hypothesized that:

Hypothesis 2: The accuracy ofone's initial mental model ofthe situation will
positively influence the accuracy ofone's situation awareness, such that the more
accurate the initial mental model is the more accurate situation awareness will be
reported.

In identifying the fourth category of cognitive processes that contribute to SA,
Endsley (2000) is recognizing that perceiving the environment and matching it to one's
already known mental model is not enough to form accurate SA, especially in a complex
environment. Synthesis and analysis of old and new information occurs, and
modifications to one's mental model are evaluated by an individual in order to produce
an adequate (hopefully superior) awareness of the situation, which allows one to
determine appropriate actions to take (Cohen, Freeman, & Wolf, 1996). Given all of the
cognitive processes involved in developing SA, there is enormous potential for individual
differences in SA to occur within the same operating environment.

Individual differences in SA are described below, but from the preceding
description of SA, one might already identify that working memory capacity, which is
understood as the capacity to control attention, plays a role in the development of SA.
The information attended to is driven by one's capacity to control attention, and based on
Cowan's (2005) description ofWMC's involvement in synthesizing information, WMC
likely influences the degree to which the information that is obtained is appropriately
integrated into the new mental model (SA).

Individual differences. Defining a necessary or good level of SA is not an easy
task; it depends on the situation (Pew, 2004). Every environment will have elements that
can be ignored because they have no direct relevance to the task. Therefore, suggesting
that an appropriate level of SA is keeping track of and knowing about every element is
not accurate. The trick is in identifying what elements need to be perceived and
understood in order to perform at the desired level. Given this challenge, some have
conceptualized SA in terms of ideal awareness, achievable awareness, and actual
awareness (Pew, 2004). Ideal awareness is determined by experts who are able to
examine a situation (often retrospectively) and identify all of the possible factors that a
performer should use to make the best decisions possible. Achievable awareness
describes what a practical and reasonable level of awareness is given the resources one

92



has available. This is an estimate that while conceptually understood, is difficult to
determine. Actual awareness is the SA that is evidenced by measuring and observing an
individual in the performance environment (Pew, 2004).

This three-step conceptualization of SA may not be useful for many practical
applications because of the difficulty in determining each level of awareness. However, it
facilitates a discussion of individual differences. The degree to which actual awareness
overlaps with ideal awareness differs even among very experienced individuals (e.g.,
Endsley & Bolstad, 2004). Perhaps this occurs, in part, because achievable awareness
differs between individuals. Achievable awareness takes into consideration the resources
one has available for reaching different levels of awareness. It may be the case that an
individual does not have some instrument necessary for observing or testing a certain
aspect of the environment. This is a constraint that would affect one's achievable
awareness. But it is also appropriate to consider the possibility that achievable awareness
may differ based on internal cognitive resources. As Wickens (2001) and Adams et ai.
(1995) point out, developing and maintaining SA is a resource-intensive cognitive
process.

Working memory capacity is a cognitive resource that likely contributes to
individual differences in achievable awareness. Endsley (2004) states that working
memory and attentional control are key to achieving accurate and complete situation
awareness. Not only does perceiving elements in the environment require working
memory, but integrating and manipulating information (SA levels 2 and 3) by holding
multiple elements active increases mental workload and uses working memory capacity
(Endsley, 2004; Adams et aI., 1995; Endsley & Bolstad, 1994). Individuals also have to
perform other primary tasks and prioritize their actions regarding all of these tasks.
Remembering and making decisions about these tasks requires working memory
resources as well (Adams et aI., 1995). The multiple task responsibilities that result from
acquiring and maintaining SA in a complex environment and performing other primary
tasks will certainly tax attentional resources.

Another factor that should be noted as a potential variable affecting SA is stress.
In a dynamic, complex environment there are many factors that may induce stress. The
ambiguity of the environment, mental workload, time pressure, and constant change can
result in feelings of pressure that demand attention, resulting in fewer resources for
situation assessment (Endsley, 1995). With fewer resources, attention narrows and
relevant environmental elements are often overlooked. Unfortunately, many errors in SA
occur when the information is available, but the individual fails to perceive it (Endsley,
1995).

Errors also occur when one does not adequately critique his/her situation
awareness. This involves identifying holes in the mental model one has built.
Recognizing when there is inadequate information or there is conflict among the pieces
of information that have been obtained is part of the synthesis and analysis process
(Cohen et aI., 1996). If attention is not devoted to this type ofprocessing and an
individual prematurely ends the assessment process because he/she thinks an appropriate
level of awareness has been achieved, then the mental model used to determine a course
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of action will provide an inadequate picture of the situation and lower levels of
performance will result.

To summarize, many of the errors that occur in developing and maintaining
situation awareness such as not identifying and perceiving all relevant stimuli in the
environment, inadequate processing and integration of new and old information,
attentional narrowing due to stress, and failure to evaluate one's own understanding may
all be related to an individual's WMC. Specifically, WMC may constrain the amount of
information one can observe and perceive, and it may constrain what one deems relevant
to search for in the environment (affecting content). This suggests two, perhaps
competing, ideas regarding how WMC affects perception and environmental scanning
(the first step in developing SA). One possibility is that those with greater WMC may be
able to look at a greater amount of information because they have the capacity to pay
attention to more stimuli. A second possibility is that because one of the functions
facilitated by WMC is the ability to direction attention to relevant stimuli and to ignore or
suppress irrelevant stimuli, p rhaps those with a greater capacity will attend to less
information, but the smaller amount ofinformation they attend to will cover all that they
have deemed relevant. Therefore, two competing hypotheses will be tested in this
research:

Hypothesis 3a: There will be a positive relationship between working memory
capacity and the amount ofenvironmental scanning conducted.

Hypothesis 3b: There will be a negative relationship between working memory
capacity and the amount ofenvironmental scanning conducted.

Processing and integrating information that is perceived and directing attention to
assessing whether one's integration ofinfOlmation is adequate are important cognitive
processes that must occur to have accurate SA (i.e., an appropriately detailed current
mental model of the situation). WMC may constrain one's ability to integrate and
comprehend the new information that is perceived because combining multiple pieces of
information uses WMC (Cowan, 2005). Therefore, I propose that WMC moderates the
relationship between environmental scanning and SA. However, given that it is unclear
whether WMC will positively or negatively influence the amount of environmental
scanning conducted, two hypotheses are proposed.

Hypothesis 4a: Working memory capacity will moderate the relationship between
the amount ofenvironmental scanning conducted and the accuracy ofone's situation
awareness, such that the relationship is strongerfor those with greater working memory
capacity.

Hypothesis 4b: Working memory capacity will moderate the relationship between
the accuracy ofone's environmental scanning and the accuracy ofone's situation
awareness, such that the relationship is stronger for those with greater working memory
capacity.

Conceptual issues. It is important to note that the description of SA above is
based on Endsley's work, and this work is not without criticism. A few concerns have
been raised regarding Endsley's descriptive model. These concerns simply stem from the
fact that it is a descriptive model rather than a prescriptive model. Bryant et al. (2004)
point out that Endsley does not clearly delineate whether these levels of SA are stages
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that one progresses through, or if the content for all three levels of awareness can be
processed at the same time. Furthermore, her model does not fully identify the cognitive
operations that lead to SA (Bryant et aI., 2004). From a cognitive psychology perspective,
there is a need to explain how SA is cognitively represented and delineate specific details
of the information-processing that leads to the different levels of SA. However, the scope
of this research is limited to whether working memory capacity is one cognitive resource
that constrains the accuracy of SA in a complex environment in which one must adapt.
Adaptive Performance

The characteristics of the environments described above put demands on
cognitive resources, and often force individuals to change their thinking and behavior in
order to be successful. The necessity of change and the ability to do it effectively is a job
challenge facing many people today. The context varies - some risk losing their lives on
a battlefield, while others risk making the boss mad - but many are expected to exhibit
adaptability in the way they carry out their roles and tasks. This means that the type of
adaptability required and what constitutes adaptive performance may depend on the
context or the job (Pulakos et aI., 2000). However, some models have proposed certain
underlying processes that are relevant for adaptive performance across many situations
with dynamic environments. Thus, these models that describe underlying processes will
be drawn upon in this research, which examines the adaptation process and the possible
cognitive constraints on components of the process.

Adaptability has been discussed with respect to dealing with changing work
environments (Zaccaro et al. 2004), role flexibility (Murphy & Jackson, 1999), complex
problem-solving, and social or interpersonal flexibility (Bowen & Waldman, 1999;
Paulhus & Martin, 1988), among others (Pulakos et aI., 2000). Efforts to describe
adaptive performance in relation to these various situations have led to a variety of
definitions involving succeeding under changing work demands (LePine et aI., 2000),
altering behaviors to meet the demands of a new situation (Pulakos et aI., 2000), and
responding successfully to changes in a task (Smith et aI., 1997). However, they can be
best summarized by defining adaptation as carrying out afunctional change in response
to altered environmental contingencies (Zaccaro et aI., 2004). It is important to note that
functional indicates changes in behavior that are not effective in the new environment are
not adaptive (White & Dorsey, 2002). Adapting is about demonstrating an ability to
modify thoughts and behaviors to be successful under novel or changed conditions.

In order to provide a richer theoretical foundation for a discussion of the adaptive
process, I will first briefly describe theory associated with and models of self-regulation.
Self-regulation is a process common to performance episodes in which individuals
monitor their cognitions and behavior to achieve goals or reach a given end-state. Once
this is described, the adaptive process will be fully delineated and the reader should see
parallels between the self-regulation process and the model of adaptation that is being
used in this research.
Self-Regulation

Self-regulation has recently been defined as, "the processes involved in attaining
and maintaining (i.e., keep regular) goals, where goals are internally represented (i.e.,
within the self) desired states" (Vancouver, 2000; Vancouver & Day, 2005). The term
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self-regulation implies that the processes of goal attainment and maintenance mentioned
in the above definition involve exercising control over oneself in order to reach a desired
standard (Vohs & Baumeister, 2004). The standard may be related to thoughts, emotions,
impulses, task performance, or attentional processes (Vohs & Baumeister, 2004). The key
to understanding self-regulation is to recognize that thinking and behavior continually
move individuals toward or away from the goals that they have (Carver, 2004).
Successful self-regulation results from identifying ways to continually move toward a
desired goal, which may include making necessary adjustments.

The performance context or situation does not necessarily have to change for self
regulation to be required. It may be the case that the strategies and actions that were
initially chosen by a performer are not working, or the performer is not capable of
performing as well as he or she expected. Adjustments are then made until the
appropriate strategy and/or action is identified for one's ski11level. However, the external
environment may disrupt the path toward a goal when new elements are introduced or
factors change.

In the context of a dynamic and complex environment, self-regulation is often
initiated by the need to adapt to external changes. One must recognize a change has
occurred, decide how to handle it, and take action. The resulting performance is then
described as adaptive or not adaptive, depending on the success of the response. Minor
changes in the environment that do not require much of a shift in performance strategy or
approach yet induce self-regulation activities are more typical situations and are not the
focus of this research.

A highly complex and dynamic context magnifies the importance ofmonitoring
and sense-making activities because significant changes are occurring in the external
environment. These cognitive self-regulation activities have to occur in order to make
appropriate behavioral adjustments (Powers, 1973; Vancouver, 2005). Performance at
this level may have the same basic components that other performance contexts have, but
the difference lies in the workload that is placed on the individual's cognitive resources
and the magnitude ofthe potential consequences associated with not adequately
monitoring and integrating new information into one's understanding. Adaptive
performance cannot occur unless self-regulatory activities occur.

Self-regulation theories. In the field of Industrial/Organizational Psychology,
self-regulation is often synonymous with Locke and Latham's (1990) goal-setting theory
and Bandura's social-cognitive theory (Kanfer, 2005). The four basic processes involved
in self-regulation are establishing goals, planning, goal striving, and revising goals
(Austin & Vancouver, 1996). Goal striving and revising processes suggest that regulation
occurs when either the environment changes during the striving process so the original
plans are no longer effective, or an individual recognizes that his or her original
conceptualization of what is needed is incorrect and allocates resources to adjust.
Whether the change is an external one or an internal one, self-regulation means
monitoring and evaluating (cognitive activities), and making adjustments (behavioral
and/or cognitive activities). In other words, "Self-regulation is adaptation to change"
(Mithaug, 1993, p. 14).
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One widely used model of self-regulation in other areas ofpsychology is Carver and
Scheier's (1981) feedback loop model (Figure 1). This model is in a class ofmodels
called control theories, which fall into the cybernetic-systems paradigm (Vancouver,
2005). The model specifies that goals serve as reference values for the system. An input
function (which is equivalent to perception) brings in information that is compared to the
reference value (or goal) by a comparator. The comparator determines the discrepancy
between the current state and the goal state, and in tum influences the output function (i.e.,
behavior or cognitive processes). If there is a discrepancy, the output changes in an effort
to reduce the discrepancy (assuming that is the goal). The output affects the environment
and this results in revised information for the input function. Disturbances, or external
influences, may also change the environment and create new information for the input
function.

Output
Function

Reference
Value
(Goal) I-----+!~

L...--------..l ~.............------,

Input ~
Function

(perception)

Effect on
Environment

~

Disturbance

Figure 1. Carver and Scheier's Model of Self-Regulation

The advantage of utilizing Carver and Scheier's model is that it describes how the
performance process is carried out, much more so than goal-setting theory. While Carver
and Scheier's model describes an "on-line," in-the-moment process of goal-striving
(Mitchell & Daniels, 2003), Locke and Latham's (1990) goal-setting theory is a model
that emphasizes initial establishment and planning of goals (Vancouver & Day, 2005).
Goal-setting theory suggests that behavior is a result of striving for goals, and the
mechanisms driving this action are direction, effort (or intensity), persistence (or
duration), and the use of appropriate strategies when needed (Latham & Locke, 1991).
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Latham and Locke (1991) posit that self-regulation is an implicit part ofgoal-setting
theory because establishing a goal (which is a proactive process) sets a standard for
performance that creates a discrepancy which individuals seek to reduce through the
mechanisms described above (i.e., self-regulate).

According to Bandura and Locke (2003) control theories focus more on reactive
reduction systems (rather than proactive), and have thus been criticized (e.g., Bandura &
Locke, 2003). However, as Vancouver (2005) suggests, it is possible to combine these
two theories in that control theories can describe how the mechanisms in goal-setting
theory work. For instance, persistence in pursuit of a goal is described as an important
mechanism in goal-setting theory. However, one might ask the question, "How does one
determine how much persistence is too little, or when to stop?" The answer may be that a
feedback loop monitors discrepancies in the environment and a comparator evaluates
how long to persist at a given behavior.

From these two theories one can conclude that self-regulation is a process of
knowing or establishing a goal-state, monitoring progress toward the goal, identifying
problems or discrepancies, and making adjustments that facilitate goal attainment.
Because self-regulation is about maintaining some type of stability within changing
systems and determining behaviors that will result in appropriate adjustments, Powers
(1973) suggested that it is inappropriate to think ofhow individuals self-regulate their
behavior, but rather we should consider how behavior is a function of self-regulation
(Vancouver, 2005). I suggest that this becomes ever clearer when considering adaptive
performance. Adaptive performance results from making changes to one's current
behavior or thinking to fit a changed environment. This cannot be done unless one
engages in the basic regulatory functions presented above. Therefore, adaptive behaviors,
and in turn adaptive performance, are a function of regulatory activities.
The Process of Adapting

Working from the criteria laid out in the definition ofadaptation (it is a functional
change the individual makes in response to change in the environment), considering the
demands of complex dynamic environments, and understanding the self-regulation
process, the basic activities involved in adaptive performance can be delineated. First, it
is important to note that performance, of any kind, results from a series of behavioral
episodes carried out over time (Motowidlo, 2003). Therefore, adaptive performance
results from a process made up ofmultiple behavioral episodes.

Ashford (1986) identified four basic activities underlying adaptive performance:
exploring, interpreting, mapping, and organizing. These are similar to the processes
identified by Zaccaro et al. (2004) as necessary for leader adaptability. Zaccaro et al.
(2004) suggested that monitoring the environment (i.e., exploring) through scanning is a
necessary process. The second process is diagnosing the meaning ofchanges in the
environment, which is analogous to Ashford's interpreting activity. The third leader
adaptive process is strategy formulation. The mapping and organizing activities identified
by Ashford involve determining how to handle the environment and what activities need
to take place based on the situation, which are similar to, or at least required in, strategy
formulation.
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At this point Ashford (1986) falls short of identifying all of the activities involved
in adaptive perfonnance. Understanding 'and fonning ideas about the environment is
useless if one does not act upon his or her understanding. As Zaccaro et al. (2004) state,
one must implement identified solutions or strategies. Therefore, enacting change and
monitoring the effects of those change activities is important for responding effectively
and making sure that the response is a functional response.

The adaptive process described here (see Figure 2) is in essence a process of self
regulation, but a context-specific version of self-regulation. When there is an external
environmental change that is significant enough to alter the path toward a goal, the
perfonner must detennine an appropriate response - create a functional change in his or
her cognitive and behavioral activities. Monitoring the environment is an essential part of
perceiving the current state of affairs, analogous to Carver and Scheier's purpose behind
an input function. Diagnosing the meaning ofchanges and interpreting the infonnation
one obtains would occur in the comparison process described by Carver and Scheier's
comparator. The adaptive process of diagnosing meaning and interpreting would have to
consider goals in order to result in accurate diagnosis; thus, the reference value
component of the self-regulation model is not specified in the adaptation process
described by Zaccaro et al. (2004), but it would be utilized in the diagnosing meaning
process of the adaptation process model.

1
Environmental

Scanning
(Monitoring)

1
Diagnosing

Meaning
(Process Information)

1
Strategy

Fonnulation

1
Enacting Change

(Take Action)

I
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Figure 2. Adaptive Perfonnance Process

The third adaptive process is strategy formulation, which is not clearly specified
in the self-regulation model, but would result from the comparator process before
cognitive or behavioral changes were made (the output function). The output function
represents activities being implemented, which corresponds to the enacting change
process. From here, the self-regulation model describes that activities the individual
perfonns will have an impact on the environment, in addition to disturbances or
environmental changes affecting the environment. These effects are then monitored by
perceiving the environment (input function). The adaptive process of monitoring the
effects ofchanges one implements also implies that one's activities will affect the
environment and should be monitored to determine if they are effective or other changes
need to be made. Both models describe an iterative process of seeking infonnation from
the environment, detennining what that infonnation means relative to one's goals, taking
action to make adjustments ifnecessary, and then recognizing that those actions affect the
environment and those effects must be monitored. The two models do not have perfect
overlap in tenns of the factors that are specified, but the two descriptions of the
perfonnance process when environmental changes occur is similar. It should be noted
that neither model describes the cognitive resources or mechanisms that facilitate the
perfonnance process.
Behavior and Cognition in Adaptive Performance

The key to detennining what drives individual differences in adaptive
perfonnance is delineating the behaviors that lead to adaptive perfonnance, and the
cognitive skill requirements associated with those behaviors. Observable behaviors are
the result of cognitive processing; therefore the cognitive component of adaptability is an
important component to explore as well. Some cognitive resources and functions, such as
WMC, mental models, and SA, have already been explored in this paper. These can now
be related to the activities outlined above that describe the process one goes through
when adapting.

Figure 3 provides a model of the hypothesized relationships in this proposal. The
adaptive processes targeted in this research are listed to the left. Given the cognitive
nature of the processes, the outcomes of these processes will be measured. The
hypothesized influence ofWMC on the measurable outcomes of the processes is depicted
on the right side of the figure.
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Environmental Scanning. At the beginning of the adaptive process is monitoring
the environment through scanning. Environmental scanning and perception are also the
first step in building SA and modifying an initial mental model. The behavioral acts of
monitoring and exploring are driven by the cognitive resources one has to direct attention
to these actions, and the decision making that guides the scanning. As explained above,
because WMC involves directing attention to cognitive activities required to monitor and
scan, it is hypothesized that differences in environmental scanning will exist based on
individual differences in WMC.

101



Diagnosing meaning. The second step in the overall adaptive process is
diagnosing the meaning of what is observed in the environment (Zaccaro et al., 2004). In
a situation that requires adaptability, a key part ofdiagnosing is figuring out the meaning
of observed changes in the environment. Perceiving changes means one recognizes new
information is present that must be either integrated into one's mental model of the
situation or deemed irrelevant. In order to do this one has to hold both old and new
information active (attend to both types of information). As Cowan (2005) discusses, in
order to integrate information successfully one must have the WMC to attend to both sets
of information. The result of this sense-making process is situation awareness, an up-to
date or revised version of the mental model one has about the environment. Therefore,
WMC is an important factor to consider in determining individual differences in SA that
emerge during the adaptive performance process. Because I cannot directly measure the
cognitive processing that occurs in developing SA, but theory suggests WMC will
influence this process, I have hypothesized that WMC will moderate the relationship
between environmental scanning and SA.

Strategy Formulation. The next part ofthe adaptive process is to make decisions
regarding what actions to take and then carry out those actions. Cognitive activities like
decision making and strategy formulation, mentioned in Zaccaro et al. (2004), are based
on one's current level of SA and lead to observable behaviors that affect the environment.
Situation awareness, or one's current mental model ofthe situation, allows individuals to
anticipate the possible consequences of taking different courses of action (Johnson-Laird,
1983; Endsley, 1995). This mental model is what one refers to when developing a
strategy. However, it is also important that an individual have the WMC needed to
evaluate the elements of the situation and consider the consequences of taking different
actions in order to choose the most effective strategy. Therefore, it is hypothesized that:

Hypothesis 5: The accuracy ofone's SA will positively influence the effectiveness
ofthe strategyformulated; and this relationship will be moderated by working memory
capacity such that there will be a stronger relationship between accuracy ofSA and
effective performance decisions for those with a greater working memory capacity.

"Metacognition" is a cognitive self-regulatory activity (Keith & Frese, 2005; Ford
et al., 1998) that is likely to be important in the strategy formulation process.
Metacognition is a term that refers to the knowledge of and control one has of one's own
thinking (Flavell, 1979; Brown, 1987). Knowledge of thinking refers to what one knows
about himself and the cognitive strategies he may use in performing a given task
(Veenman, Kok, & Blote, 2005). This knowledge is reflected in certain types of activities
that demonstrate control over the thinking process, which include planning, monitoring,
and evaluation (Veeenman et al., 2005; Keith & Frese, 2005; Brown, 1987). For example,
an individual who is engaging in a problem-solving task may first come up with a plan or
approach for solving the problem (implementing a metacognitive strategy), but as the
individual proceeds he or she gets stuck. At this point the individual may decide to think
through what logic was used and find the errors in thinking that would lead to this point
ofbeing stuck (i.e., monitor and evaluate one's thinking).

There are differences in the extent to which individuals engage in metacognitive
activities. Research shows that differences in the extent to which people engage in
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metacognitive activities results in differences in how well people learn new tasks (Keith
& Frese, 2005; Ford et aI., 1998), solve problems (Volet, 1991), and perform
academically (Veenman, Wilhelm, & Beishuizen, 2004), such that those who engage in
greater amounts of metacognitive activities perform better. Metacognitive skill is
developed over time and has been shown to be independent of intelligence, although
related to it (Veenman et aI., 2005; Stankov, 2000; Berger & Reid, 1989). Individuals can
also be trained to use metacognitive skills when performing a task (Ford et aI., 1998).
However, the extent to which metacognitive skill is applied in performing a task (i.e.,
metacognitive activities are carried out) may be determined, in part, by the cognitive load
that a given task evokes (Veenman et aI., 2005).

During the strategy formulation process individuals are utilizing different pieces
of information and trying to predict what will happen based on what they know. The
more factors that have to be considered and integrated, the more attentional resources are
needed to make a decision. As Keith and Frese (2005) point out, metacognition consumes
processing resources as well. Given that metacognitive activities have been shown to
improve performance, and dynamic complex environments have many factors to consider,
it is likely that individuals who have resources to attend to the data in the environment,
previous knowledge, and their own thinking processes will formulate more effective
strategies for creating appropriate changes in the environment. Thus, because WMC
determines attentional resources available, it is likely that WMC will have a direct
influence on the amount ofmetacognitive activities that are carried out under conditions
of high cognitive load. The extent to which metacognitive activities are carried out should
directly affect the effectiveness of the decisions that result from strategy formulation.

Hypothesis 6: Working memory capacity will positively influence the amount of
metacognitive activity carried out, such that those with greater capacity will exhibit a
greater amount ofmetacognitive activity.

Hypothesis 7: Metacognitive activity will positively influence the strategy
determined, such that those who engage in a greater amount ofmetacognitive activity
will make more effective performance decisions.

Enacting change. In a dynamic environment it is important to monitor the effects
of actions taken and to modify one's strategy and performance process if they are not
working. The amount of attention one has to devote to carrying out necessary behaviors
should affect the amount of attention that is left for keeping track of and monitoring how
well the behaviors are being performed. Therefore, WMC is likely to have an impact on
whether adequate attention is simultaneously devoted to performance behaviors and
monitoring activities. Given the focus ofthis research on the cognitive aspects of
adaptive performance, the task chosen to adequately measure the cognitive activities is
largely a dynamic computer-based decision-making task. Therefore, once decisions are
made there are no significant behavioral implementation activities required. The
computer simulation is influenced by the decisions made, but there are no
implementation activities that the participant has to perform and monitor. Thus, whether
WMC influences how well someone carries out performance behaviors and
simultaneously monitors the effectiveness of these behaviors is not tested in this study.
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Monitoring the effects of changes made (in this case the decisions made) is carried out
through a subsequent period of environmental scanning.
Dimensionality of Adaptive Performance

Thus far the process of adapting has been described, but the dimensionality of the
performance domain should also be addressed. Pulakos et al. (2000) identified an eight
dimension taxonomy of adaptive performance. This research is the only research to date
that has specified the performance domain to this level of detail. The eight dimensions
include: Solving problems creatively; Dealing with uncertain or unpredictable work
situations; Learning new tasks, technologies, andprocedures; Demonstrating
interpersonal adaptability; Demonstrating cultural adaptability; Demonstrating
physically-oriented adaptability; Handling work stress; and Handling emergencies or
crisis situations.

Given the variety in the dimensions, it is important for researchers to specify
which "type" of adaptive performance environment is being studied. This will allow for
more precise prediction as more studies on adaptive performance are conducted.
Furthermore, it would be inappropriate to suggest that variables that are predictive of
physical adaptability are the same, or have the same degree ofprediction, for
interpersonal adaptability or dealing with unpredictable work situations, for example.
Pulakos et al. (2000) suggest that different work environments will require different types
of adaptability, although several types are often represented in one'environment.

The performance domain for the present research is a computer-based game
called SimCity. Based on consensus obtained from graduate students in I/O Psychology
who are experts on the SimCity task and familiar with the adaptive performance literature,
the adaptive performance dimensions being studied are solving problems creatively, and
dealing with uncertain or unpredictable work situations.
Performance Context

In the discussion ofmental workload I mentioned that individuals who are experts
at performing a task experience less mental workload than novices. As experience with a
task is gained, fewer cognitive resources are needed to complete the task (Anderson,
1996). Routine situations provide familiarity and afford more automatic responses than
novel situations. When changes in routine situations are novel and create new problems
the situation becomes non-routine and requires an adaptive response.

The hypotheses involving WMC proposed thus far are all grounded in the
assumption that individual differences in WMC are important for explaining performance
when the task or situation is complex and changing (i.e., when there are greater cognitive
demands). It is likely that there will be smaller discrepancies in performance based on
individual differences in WMC in routine situations. The cognitive demands in a routine
situation are not as high; therefore, individuals with greater capacity may have more
resources "left over," but performance differences will not be as great because resource
requirements are still within the means of those with lower WMC. Empirical evidence for
this exists in research showing that those with high and low WMC perform the same on a
task that requires automatic responses, but when given a similar task that requires more
controlled responses, individuals with greater WMC score significantly higher than those
with less WMC (Kane et aI., 2001).
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It is important to test the assumption that WMC plays an important role in an
adaptive environment by having participants perfonn in routine situations and non
routine (adaptive) situations. LePine et aI. (2000) note that research on adaptability and
individual differences should examine differences in perfonnance "pre-change" (i.e.,
routine perfonnance situations) and perfonnance under conditions of change that require
adaptability (i.e., non-routine perfonnance situations). They suggest that understanding
differences in the relationships among individual differences and different types of
perfonnance will enhance our understanding ofthe larger nomological network that
encompasses both adaptive and routine perfonnance. Therefore, it is hypothesized that:

Hypothesis 8: Type ofperformance scenario moderates the hypothesized
relationships between working memory capacity and the variables ofinterest, such that
the relationships will be stronger in a non-routine scenario than in a routine scenario.
Individual Differences

The research presented here seeks to explore whether WMC, a cognitive
individual difference, is a viable individual difference to consider in predicting adaptive
perfonnance. Other cognitive, motivational, and personality variables have been studied
in the adaptive perfonnance literature, and some may be related to WMC. Therefore, it is
important to measure some of these other predictors to ensure that WMC is useful to
consider beyond other already identified predictors.

Cognitive ability. It is commonly accepted that the best predictor ofjob
perfonnance for any type ofjob is cognitive ability (Drasgow, 2003). Research supports
the significant relationship between cognitive ability and adaptive perfonnance as well
(Pulakos et aI., 2002). The distinction between WMC and cognitive ability has been
questioned to some degree. While the two constructs are correlated, there is evidence that
WMC is distinct (Ackennan, Beier, & Boyle, 2005; Kane, Hambrick, & Conway, 2005;
Conway, Kane, & Engle, 2003). Meta-analytic analyses and latent-variable analyses
(using structural equation modeling) of studies measuring both cognitive ability and
WMC have revealed overall estimates of shared variance between cognitive ability and
WMC ranging from 20% (Ackennan et aI., 2005) to 50% (Kane et aI., 2005). The
differences in estimates are due to differences in the studies included by the two sets of
authors (opinions differed regarding the many measures of fluid intelligence and
reasoning abilities, for example), and different methodologies (meta-analysis vs.
structural equation modeling).

Some of the shared variance may be due to the fact that the tasks used to measure
WMC involve some cognitive requirements beyond the functions ofWMC (Conway et
aI., 2003). The three most common tasks involve verbal, mathematical, or spatial ability
to examine attentional control. The correlation between WMC and cognitive ability
makes intuitive sense if one considers that the ability to direct attention to relevant
infonnation and integrate infonnation are two functions ofWMC. These functions would
likely facilitate acquisition ofknowledge, or at least be involved in responding to
questions on cognitive ability tests, resulting in a significant relationship between the two
constructs. Therefore, cognitive ability will be measured in this study to ensure that any
support found for the hypothesized relationships can be attributed to WMC, rather than
cognitive ability.
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Cognitive complexity. Cognitive complexity is described as an individual's
ability to differentiate and integrate stimuli within a domain, which allows an individual
to develop more conceptual connections between elements (Suedfeld, Tetlock, &
Streufert, 1992; Fletcher, Dani10vics, Fernandez, Peterson, & Reeder, 1986). Individuals
with greater cognitive complexity tend to build more integrated mental models (Banks et
aI., 2001). In addition, Dollinger (1984) suggests that individuals with greater cognitive
complexity engage in more information searching. Banks et aI. (2001) also suggest that
cognitive complexity may be an important predictor for adaptive performance. This
construct may be related to WMC in that those who have high cognitive complexity tend
to engage in greater amounts of information searching and integration (Dollinger, 1984).
However, from the definition of the construct, one could not describe cognitive
complexity as a cognitive resource. Certain cognitive resources, like WMC, may
facilitate what is described as cognitive complexity because WMC allows for an
individual to attend to multiple pieces of information at the same time.

To my knowledge, there are no studies that examine the relationship between
WMC and cognitive complexity, but both appear to be relevant concepts from different
literatures. Therefore, cognitive complexity will be measured and comparisons will be
made between the predictive power ofWMC measures versus cognitive complexity
measures for the hypothesized relationships.

Self-efficacy. Motivational variables are important to consider in any
performance context because cognitive skills may not be fully applied in situations where
performers are not interested in performing the task or believe that they are not capable of
performing well (Schmitt et aI., 2001). LePine et aI. (2000) suggest that motivation is
especially important for adaptive performance. Self-efficacy is a motivational variable
and is described as an individual's confidence in his or her ability to perform a given task
(Bandura, 1998).

Pulakos et aI. (2002) examined self-efficacy as a predictor of adaptive
performance and found that self-efficacy was a strong predictor of supervisor ratings of
adaptive performance. The ambiguity and complexity associated with adaptive
performance environments is something that could easily diminish one's self-efficacy,
either because performing becomes more difficult, or anticipating what will be required is
more challenging. Given the effect that self-efficacy has on performance, it will be
included.

Emotional control. Controlling emotions is a self-regulatory activity that can
affect performance. Frustration and anxiety may distract an individual from concentrating
on the task being performed resulting in poor performance (Keith & Frese, 2005). In
addition, studies show that when a significant amount of attention is directed toward the
self because one is concerned about image or self-concept, an individual will perform
worse, provided the task is complex or novel enough to be resource sensitive (Vancouver
& Tischner, 2004). Other research has shown that expressive suppression and emotional
control hinder memory for witnessed situations and everyday events in which one
participates, in addition to taking cognitive resources away from performing a task
(Richards & Gross, 2000). Therefore, the ability to ignore or minimize emotional and
self-image concerns one might have while performing may be an important self-
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regulatory activity for dynamic, complex task performance situations. Participants'
emotional control while performing will be measured
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