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Abstract 

The current research sought to make three primary contributions to the workplace safety 

literature. First, the research examining motivational influences on workplace safety has 

taken a largely static approach. In the current research a within-person approach was 

taken, drawing on self-regulatory theories of multiple-goal pursuit to make predictions 

about how individuals make trade-offs between safety and productivity while in the 

process of performing a task. Taking a within-person approach is critical, as accidents 

and injuries may be most likely to occur when resources like time are in short supply. 

The workplace safety literature has also largely limited its focus to controlled 

psychological processes. However, many motivational and decision-making processes 

occur automatically, below conscious awareness. A second contribution of the current 

research was the identification of both controlled (i.e., conscious) and automatic (i.e., 

non-conscious) pathways to task- and safety-performance. A third intended contribution 

of the proposed research was to demonstrate how two easily implemented safety 

interventions—regulatory focus framing and safety cues—would influence the multiple 

pathways to safety and productivity. Participants (N = 88) in this study performed an air 

traffic control simulation task. As predicted, individuals behaved more unsafely when 

under high time pressure, as unsafe “corner cutting” was an effective way to meet 

efficiency goals. Also, conscious perceptions of expectancy mediated the relationship 

between time pressure and unsafe behavior. However, no support was found for the 

mediating effects of non-conscious goal processes. The presence of safety cues did 

reduce unsafe behaviors, but only when efficiency goals were framed as opportunities 
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rather than obligations, and only early in the experiment. I conclude by considering the 

theoretical and practical implications of the current research. Specifically, the current 

study demonstrated the importance of considering when unsafe behaviors are most likely 

to emerge and how managers and organizations can mitigate risks of accidents and 

injuries during high time pressure performance episodes. 

 

Keywords: workplace safety; work motivation; time pressure; regulatory focus
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Introduction 

In 2010, there were over three million cases in the United States of an injury 

sustained in the workplace, nearly one million of which resulted in time away from work, 

and there were over 4,000 workplace fatalities in that same year (U.S. Bureau of Labor 

Statistics, 2011). Aside from the severe costs to worker well-being, workplace injuries 

cost billions of dollars in worker’s compensation each year (Liberty Mutual, 2010). Thus, 

workplace safety is a serious issue for all stakeholders, and given their expertise in 

selection, training, and motivation, an issue that I/O psychologists are uniquely suited to 

address (Ilgen, 1990). To this end, the current research will examine the role of 

motivation in workplace safety. Motivation is a primary determinant of workplace safety 

behaviors—beyond having knowledge about safety procedures, workers must actually 

apply the appropriate procedures on the job (e.g., Christian, Bradley, Wallace, & Burke, 

2009). However, the literature integrating workplace safety with motivation has two 

major limitations that the current research is designed to address: a largely static view of 

safety behavior, and the failure to consider automatic (i.e., non-conscious) processes. 

Addressing these limitations may be critical for improving safety in the workplace. If 

unsafe behaviors and outcomes unfold on a moment-by-moment basis, even a very 

cautious and knowledgeable person could be subject to a momentary lapse in safe 

behavior, resulting in an accident. This may be especially true if some unsafe behaviors 

arise because of non-conscious processes. That is, even though an individual may fully 

intend to perform his or her job in a safe manner, under certain circumstances a non-

conscious (and thus unintentional) process may be set in motion that can result in unsafe 
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behavior, accidents, or death. 

Therefore, the first major contribution of the current research is to examine safety 

behavior from a dynamic, within-person perspective. To date, research on motivation and 

safety-performance has taken a largely static approach, identifying individual differences 

and environmental characteristics which are correlated with safety outcomes. However, 

safety outcomes (e.g., supervisor ratings, injuries, accidents) are typically aggregated 

over time (e.g., Hofmann & Mark, 2006; Hofmann & Stetzer, 1996; Wallace & Chen, 

2006). Thus, even when lagged designs are implemented (e.g., Neal & Griffin, 2006), this 

research does little to demonstrate how safety behaviors unfold on a moment-by-moment 

basis. Taking a within-person perspective is important, as safety interventions may be 

most critical when individuals are under high pressure to complete their goals within 

deadlines. In the current research I address this limitation by drawing on self-regulatory 

theories of multiple-goal pursuit (e.g., Lord, Diefendorff, Schmidt, & Hall, 2010) to make 

predictions about when and where safety interventions are likely to impact safety 

performance. 

The second major contribution of the current research is to identify both 

controlled and automatic pathways to safety and task performance. The existing research 

examining motivational antecedents of safety behavior has largely assumed a controlled 

process, whereby individuals make conscious decisions about whether or not to follow 

safety procedures. However, many motivational and decision-making processes occur 

automatically, below conscious awareness (Bargh & Chartrand, 2000; Evans, 2008; 

Fitzsimons & Bargh, 2004; Shah, 2005), and there is reason to believe safety-related 
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behaviors are no exception. Failing to acknowledge automatic processes involved in 

safety behavior may result in an over-emphasis on safety interventions aimed at 

controlled processes. That is, interventions aimed at changing workers’ controlled safety-

related decision-making may have little or no effect on non-conscious antecedents of 

safety behavior (Gawronski & Bodenhausen, 2006). Thus, the third major contribution of 

the current work is to identify safety interventions that affect both controlled and 

automatic pathways to safety/efficiency trade-offs.   

Literature Review 

Workplace Safety 

 Although safety-related behaviors and outcomes are certainly not the most 

common criteria studied by I/O psychologists (e.g., Barling & Frone, 2004; Campbell, 

Daft, & Hulin, 1982; Zacharatos, 2001), they are, nonetheless, important ones. If one 

starts from the assumption that worker well-being is an important outcome in its own 

right (e.g., Korhauser, 1965, cited in Zickar, 2003), then workplace safety is clearly of 

paramount importance. Additionally, accidents and injuries are expensive for 

organizations in terms of lost wages, workers’ compensation claims, and lawsuits 

(Liberty Mutual, 2010), and accidents may lead employees to voluntarily leave the 

organization (Barling, Kelloway, & Iverson, 2003). Thus, safety is often a criterion of 

interest in I/O research. There are two primary antecedents of safety-related outcomes: 

knowledge/skills/abilities (KSAs), and motivation. Safety-relevant KSAs are developed 

via training programs emphasizing both declarative knowledge (e.g., knowing which tool 

to use to perform a task safely) and procedural knowledge (e.g., know how to use the tool 
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in a safe manner) (Burke & Sarpy, 2003). However, to be safe, workers must actually 

apply this knowledge on the job. In other words, transfer of training must occur 

(Campbell & Kuncel, 2001), and motivational processes are primary determinants of 

transfer (Colquitt, LePine, & Noe, 2001). Thus, the central focus of this article is on the 

role of motivation in workplace safety. As such, motivational antecedents of workplace 

safety are elaborated upon further in a subsequent section. 

 Throughout this review I will use the umbrella term “safety-related outcomes.” 

This term includes a wide variety of dependent variables, each with advantages and 

drawbacks for the study of workplace safety. Perhaps the simplest method of measuring 

safety outcomes is via self-report measures; that is, simply asking individuals whether 

they behave in a safe manner at work (e.g., Griffin & Neal, 2000). Although an argument 

could be made that the individual has the most knowledge of his or her own behavior, 

this method is flawed for several important reasons. For one, individuals may under-

report unsafe behaviors for fear of repercussions or punishment (Probst, Brubaker, & 

Barsotti, 2008). Also, if collecting other data from the individual (e.g., safety motivation), 

the researcher must be concerned that relationships will be inflated due to common 

method variance (CMV; Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). To address 

these issues, safety behaviors and performance are often rated by supervisors (e.g., 

Wallace & Chen, 2006). However, as with all supervisor-generated performance ratings, 

safety performance ratings are limited. Supervisors cannot observe employees at all 

times, and thus, some unsafe behaviors may never be seen by the supervisor.  
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 Thus, more objective indicators of safety performance are often studied as well. 

One such outcome is the number of accidents and/or injuries sustained by an individual 

or work group over time (Christian et al., 2009). However, this criterion is limited in that 

accidents/injuries tend to be low base-rate events, making them difficult to observe over 

short-periods of time (such as during the course of a study). Also, the relationships 

between accidents/injuries and predictor variables are limited by low base-rates. To 

circumvent this issue, Zohar (2000) studied “micro-accidents,” which he defined as 

“…minor injuries requiring medical attention…” but that “…do not incur any lost 

workdays” (p. 589). In Zohar’s study, micro-accidents were normally distributed and thus 

were free of the distributional problems associated with lost-days injuries. Other 

objective indicators of workplace safety (or a lack thereof) have included medication 

errors made by hospital staff (Hofmann & Mark, 2006), commercial air travel infractions 

(Smith-Jentsch, Mathieu, & Kraiger, 2005), and traffic violation fines (Lourens, Vissers, 

& Jessurun, 1999). 

 Finally, often unsafe behaviors, such as improper tool use, taking short-cuts, and 

failure to wear protective equipment, are the criteria of interest, rather than the outcomes 

(e.g., accidents) that may results from unsafe behaviors (e.g., Burke, Sarpy, Tesluk, & 

Smith-Crowe, 2002; Komaki, Barwick, & Scott, 1978; Weyman & Clarke, 2003). 

Accidents and injuries do not occur every time an unsafe behavior is exhibited – if they 

did, individuals would likely cease engaging in these behaviors. Rather, often unsafe 

behaviors result in no negative outcomes. Nonetheless, even though an accident or injury 

(or medical mistake, traffic fine, etc.) did not result, the person still behaved in an unsafe 
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manner which could, in the future, lead to negative outcomes. Thus, it is important to 

study the behaviors that lead to negative safety outcomes when designing interventions, 

rather than waiting until a negative outcome has occurred. 

 The role of motivation in workplace safety. Motivation is a primary 

determinant of workplace safety behaviors (e.g., Christian et al., 2009; Komaki et al., 

1978; Wallace & Chen, 2006). While individuals must know the correct procedures in 

order to perform a task safely, they must also make a decision to apply those procedures 

on the job. Thus, whether an individual can exhibit the appropriate behavior is a 

necessary condition for safety behavior, yet whether an individual will exhibit the 

appropriate behavior is equally important. 

 Meta-analytic evidence. In line with predictions, Christian et al. (2009) found a 

strong positive meta-analytic correlation (Mean = .57, LB95%CI  = .36, UB95%CI = .78) 

between safety motivation and safety performance. While informative, this result is 

limited in several ways. First, this correlation is only based on 5 studies (total N = 1,393). 

Second, the studies used in this meta-analysis relied primarily on cross-sectional data 

(c.f., Neal & Griffin, 2006) where both motivation and safety were reported by the same 

individual. Thus, the relationship reported is likely inflated due to CMV, and more 

importantly, cannot capture how safety behaviors emerge over time. Third, the “safety 

performance” variable consisted of a relatively ill-specified amalgam of safety behaviors 

(e.g., following safety rules; engaging in voluntary safety behaviors). Finally, the 

motivation measures used in these studies were not guided by motivational theory, but 

rather were items written to capture the general concept of “motivation” as a whole (e.g., 
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“I feel that it is important to maintain safety at all times,” Neal, Griffin, & Hart, 2000). 

Thus, while the Christian et al. meta-analysis provides support for the role of motivation 

in safety performance, the inferences that can be drawn from this study are limited due to 

methodological weaknesses in the primary work. Also, a lack of theoretical orientation 

makes it difficult to integrate this finding with the literature on work motivation in order 

to make predictions beyond “when individuals think safety is important they will report 

behaving safely.” 

 In another meta-analysis, Nahrgang, Morgeson, and Hofmann (2011) found 

organizational satisfaction and burnout (e.g., anxiety, stress) to be predictive of a variety 

of safety outcomes. Specifically, Nahrgang et al. found small to moderate positive 

correlations among burnout and accidents/injuries (Mean = .13, LB95%CI  = .05, UB95%CI 

= .21) and adverse events like near misses (Mean = .29, LB95%CI  = .18, UB95%CI = .40). 

Likewise, small to moderate negative correlations were observed between organizational 

satisfaction and accidents/injuries (Mean = -.11, LB95%CI  = -.17, UB95%CI = -.05), adverse 

events (Mean = -.29, LB95%CI  = -.36, UB95%CI = -.22), and unsafe behaviors (Mean = -

.20, LB95%CI  = -.37, UB95%CI = -.02). Taken together, the Christian et al. (2009) and 

Nahrgang meta-analyses indicate that motivational factors play an important role in 

workplace safety. However, the strength of synthesizing multiple studies via meta-

analysis is offset by the limitation that the Christian et al. and Nahrgang et al. studies 

provide a relatively “high level” view of the motivation/workplace safety relationship. 

Thus, in the following section primary studies of motivational influences on safety 
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outcomes are reviewed to provide a more nuanced view of the motivation/safety 

relationship. 

 Goal setting and feedback. Goal Setting Theory (GST; e.g., Locke & Latham, 

1990) has been one of the leading theories of work motivation for over 40 years (e.g., 

Locke, 1968; Locke & Latham, 2002). The central premise of GST is that difficult, 

specific goals result in greater performance than easy or vague (e.g., “do your best”) 

goals. This premise was derived inductively and has been repeatedly validated by 

empirical research (e.g., Mento, Steel, & Karen, 1987; Wood, Mento, & Locke, 1987). In 

essence, difficult goals are higher standards than easy goals, thus difficult goals tend to 

elicit more time, effort, and other resources than easy goals, provided the presence of 

ability (Kanfer & Ackerman, 1989), goal commitment (Klein, Wesson, Hollenbeck, & 

Alge, 1999), and information regarding goal progress (e.g., feedback; Erez, 1977). Also, 

specificity is an important element, as specific goals (e.g., “produce 100 widgets”) are 

exact performance standards that are either met or not met; compared to vague goals 

(e.g., “produce as many widgets as you can”) which can introduce uncertainty in this 

regard. Thus, goals and feedback have been shown to be highly effective for directing 

behavior in the workplace, and thus should be useful for influencing safety-related 

behaviors and outcomes.   

Several studies (e.g., Haynes, Pine, & Finch, 1982; Komaki et al., 1978; Reber & 

Wallin, 1984; Reber, Wallin, & Chhokar, 1990) have taken this approach. For example, 

Komaki et al. assigned a difficult and specific goal of performing 90% of all work 

behaviors correctly (e.g., walk around a conveyor instead of climbing over it) in a food 
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manufacturing plant. These authors then provided specific feedback regarding safety 

performance for the plant as a whole via large charts displayed in public. Komaki et al. 

observed that providing goals and feedback brought safety performance up to the goal. 

Furthermore, when feedback was removed, the rate of safety behaviors returned to 

baseline (~ 70%), demonstrating that the positive effect was not simply due to knowing 

what the correct safety behaviors were, but rather to a decision to exhibit them. In a 

similar study, Haynes et al. randomly assigned city bus drivers to either an experimental 

group (who received safety goals and feedback) or a control group. These authors 

demonstrated that before and after the intervention the number of accidents (per operator) 

was statistically equivalent, yet during the intervention phase the drivers given goals and 

feedback were involved in significantly fewer accidents. Finally, in two different studies 

Reber and colleagues (Reber & Wallin, 1984; Reber et al., 1990) showed that safety-

related goals and feedback significantly reduced injury rates in a manufacturing facility. 

Thus, as with other criteria relevant to organizations (e.g., Locke & Latham, 2006), GST 

has been successful in improving safety performance. 

 Safety climate. Another approach to safety motivation that has received 

considerable attention is safety climate – shared perceptions among group (or 

organization) members regarding the importance safety relative to other goals, such as 

productivity (e.g., Zohar, 1980, 2003). Indicators of safety climate often include whether 

safety is rewarded, whether getting the job done quickly regardless of safety is expected, 

and whether supervisors “look the other way” when a task is performed unsafely. There 

are a number of determinants of safety climate. For instance, safety climate perceptions 
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can emerge as a function of broader organizational climates, such as a general climate of 

organizational support and positive relationships among management and employees 

(Wallace, Popp, & Mondore, 2006). Also, leader behaviors, such as setting safety goals 

and providing safety feedback (Zohar, 2002a), leader-member exchange (Zohar, 2002b), 

and actual leader behaviors in the face of safety/productivity trade-offs (Zohar & Luria, 

2004) have been shown to influence safety climate perceptions. Lastly, a strong safety 

climate may emerge in response to workplace accidents (Clarke, 2006).  

 Safety climate has been repeatedly shown to be an important determinant of 

workplace safety outcomes. For one, several meta-analyses have shown that groups with 

stronger safety climates have fewer accidents, injuries, and unsafe behaviors (Christian et 

al., 2009; Clarke, 2006; Nahrgang et al., 2011). Second, the effects of safety climate on 

safety outcomes are more pronounced when there is more agreement regarding safety 

climate among group members (Zohar & Luria, 2004, 2005). Third, safety climate has 

been shown to mitigate the effects of environmental factors, such as work role overload 

(Zohar, 2000) and task complexity (Hofmann & Mark, 2006) on safety outcomes. Many 

of the primary mechanisms through which safety climate affects safety performance are 

motivational, such as compliance with safety rules (Nahrgang et al., 2011), a general 

desire to behave safely (Christian et al., 2009), safety-related organizational citizenship 

behaviors (Hofmann, Morgeson, & Gerras, 2003), and a prevention-oriented regulatory 

focus (Wallace & Chen, 2006). Lastly, there is evidence from studies using lagged panel 

designs that safety climate does in fact precede safety outcomes (Clarke, 2006; Neal & 

Griffin, 2006), and in at least one study (Zohar, 2002a) groups were randomly assigned to 
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safety climate intervention vs. control groups, lending credit to safety climate’s causal 

effects on safety outcomes. Thus, safety climate is an important determinant of workplace 

safety outcomes with many motivational underpinnings.   

Individual differences. There are also individual differences which influence 

safety performance outcomes. While there is some support for ability related constructs 

influencing safety outcomes, such as cognitive ability (e.g., Hansen, 1988) and a rigid 

and narrow attentional focus (Wallace & Vodanovich, 2003a, 2003b), much of the work 

with individual differences and safety behavior has dealt with dispositional variables 

(e.g., Big 5 personality traits). Thus, a review of the effects of individual differences on 

workplace safety is better situated within a review of motivational effects on workplace 

safety, rather KSA effects on workplace safety. Specifically, there is meta-analytic 

evidence that conscientiousness, a Big 5 personality trait characterized by motivational 

behaviors (e.g., persistence, dependability), is correlated with safety outcomes (higher 

conscientiousness, fewer accidents, injuries, etc.) (Christian et al., 2009; Clarke & 

Robertson, 2005). More recently, regulatory focus has been identified as an important 

individual difference for predicting safety related outcomes. 

Regulatory focus theory (Higgins, 1997) has identified two regulatory orientations 

– promotion and prevention – that are central to goal pursuit. Highly promotion-focused 

individuals are guided by a need for nurturance and strive to achieve positive outcomes; 

whereas, highly prevention-focused individuals are guided by a need for security and 

therefore focus their efforts on preventing negative outcomes. Individuals with a strong 

promotion-focus tend to strive toward their goals by maximizing “hits,” working quickly 
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and more efficiently, while individuals with a strong prevention-focus tend to strive 

toward their goals by minimizing “misses,” working more slowly and diligently (Forster, 

Higgins, & Bianco, 2003). As such, a series of studies by Wallace and colleagues 

(Wallace & Chen, 2006; Wallace, Johnson, & Frazier, 2009; Wallace, Little, & Shull, 

2008) showed that a strong prevention-focus was positively related to safety 

performance, and a promotion-focus was negatively related to safety performance, 

especially for complex tasks where a trade-off between safety and performance was 

necessary (Wallace et al., 2008).  

Importantly, regulatory focus can also be influenced by aspects of the situation, 

such as goal framing (e.g., Shah & Higgins, 1997). Thus, even though individuals have 

predispositions toward specific regulatory strategies, these predispositions can be in a 

sense be “overridden” by environmental cues, meaning regulatory focus may be an 

important “lever” or “access point” for influencing safety motivation and behaviors in the 

workplace. However, while the work by Wallace and colleagues may suggest that to 

improve safety performance a prevention-focus should be encouraged, I propose that this 

may not necessarily be the case, and in fact, in some circumstances a prevention-focus 

may lead to increases in unsafe behavior. This point will be elaborated upon in the 

“Integration and Hypotheses” section. 

Limitations of the workplace safety literature. While the research reviewed 

above demonstrates that safety-related outcomes and behaviors have motivational 

determinants, there are two important limitations to this literature. First, virtually no 

attention has been paid to how safety motivation unfolds over time. While some studies 
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have used lagged panel designs (see Clarke, 2006 for a review), these studies typically 

take the approach of measuring safety climate (or other predictors) at one point in time 

and safety outcomes at another point of time. However, motivational processes unfold on 

a moment-by-moment basis (e.g., Dalal & Hulin, 2008; Lord et al., 2010). Most 

importantly, I predict that the resources available to individuals while they are 

performing a task, specifically the amount of time available, will be an important 

determinant of unsafe behavior. Thus, to measure dynamic effects of safety motivation on 

safety-related outcomes, it is necessary to observe individuals while in the process of 

performing a task.  Furthermore, it is necessary to observe individuals under varying 

degrees of time pressure. Thus, in the current study I take a dynamic, within-person 

approach to safety motivation. 

Second, there seems to be an assumption, at least implicitly, that individuals make 

decisions to engage in unsafe behaviors deliberately and consciously. While individuals 

certainly do make some decisions to behave in an unsafe manner consciously, many (if 

not most) human motivation and decision-making processes occur automatically, below 

conscious awareness (e.g., Bargh & Chartrand, 2000; Evans, 2008; Fitzsimons & Bargh, 

2004; Shah, 2005). Thus, in order to influence safety behaviors in the workplace, it is 

important to consider how individuals will respond to dwindling resources, including 

non-conscious processes. For instance, when a performance goal is in danger of not being 

met, safety goals may be suppressed, leading to unsafe behaviors. This may not happen 

consciously or intentionally, but rather automatically as part of a process that has evolved 

to help individuals manage multiple competing demands (Bargh, 2008). Furthermore, 
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interventions designed to influence deliberate safety behaviors may be ineffective for 

influencing non-conscious motivational processes (Gawronski & Bodenhausen, 2006). 

Thus, dual-pathways (i.e., conscious and non-conscious) to safety behaviors likely exist, 

and different interventions may be necessary to influence each pathway. 

 In the remainder of this article I draw more directly from the workplace 

motivation literature to make predictions regarding both conscious and non-conscious 

pathways to safety behaviors and outcomes. I begin by reviewing the work motivation 

literature in more depth in the following section. Specifically, I define work motivation as 

the allocation of finite resources to multiple competing demands over time (Klein, 

Austin, & Cooper, 2008; Schmidt, Beck, & Gillespie, in press). Thus, I review recent 

theoretical and empirical work demonstrating how individuals make such trade-offs. This 

perspective is used to identify multiple pathways to unsafe behaviors that emerge as a 

function resource scarcity. I hypothesize that these pathways occur both consciously and 

non-consciously, and I identify interventions to influence both conscious and non-

conscious pathways.  

Work Motivation 

 The traditional view of work motivation can essentially be summarized as “more 

is better.” That is, more motivated employees outperform their less motivated 

counterparts, and increases in performance can be expected as a result of increases in 

motivation (Campbell, McCloy, Oppler, & Sager, 1993). However, this approach raises 

two specific questions: (1) “What exactly is meant by “motivation?’” and, (2) 
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“Motivation to do what?” As these questions are answered, a much more intricate and 

dynamic view of work motivation emerges. 

 The answer to the first question is that motivation is synonymous with goal-

directed behavior. Contemporary theories of motivation (e.g., Bandura, 1997; Carver & 

Scheier, 1998; Locke & Latham, 1990; Lord & Levy, 1994) have been largely organized 

around goals, typically defined as “…internal representations of desired states…” (Austin 

& Vancouver, 1996, p. 338). Specifically, individuals adopt goals that are associated with 

desired outcomes, and subsequently engage in behaviors to achieve those goals (Johnson, 

Chang, & Lord, 2006). Indeed, the leading motivational theory in the IO/OB literature for 

the past several decades has been Goal Setting Theory (GST; Locke & Latham 1990). 

GST was introduced in a previous section, and thus the basic tenets of GST are only 

briefly reiterated here. That is, difficult, specific goals lead to greater levels of effort, 

persistence, and performance than easy goals or vague (e.g., “do your best”) goals (Locke 

& Latham, 1990), provided the presence of ability, commitment, and feedback (Locke & 

Latham, 2002). This goal-setting effect has been demonstrated at both between- and 

within-person levels of analysis, meaning individuals with more difficult/specific goals 

outperform individuals with less difficult/specific goals, and when an individual has a 

difficult/specific goal his or her performance will be greater than when he or she has an 

easy or vague goal. This finding has been replicated across hundreds of laboratory and 

field studies using different tasks, populations, and time frames (Locke & Latham, 1990). 

Thus, to say that a person is “motivated” means that the person has a goal to pursue and 

is at least somewhat committed to doing so.  
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However, as implied by the second question, individuals pursue many different 

goals, often over the same period of time (e.g., Dalal & Hulin, 2008). Furthermore, these 

goals often draw on a common pool of resources. Thus, motivation may best be described 

as process of decision-making over time. This decision-making process is characterized 

by the allocation of finite resources, such as time, effort, and attention, to multiple, 

competing goals, with the ultimate purpose of efficiently balancing the allocation of 

resources to assure maximum long-term benefit (Schmidt et al., in press).  

Of course, people are not always successful in this regard. For instance, people 

commonly believe tasks require less time to complete than they actually do (e.g., 

Buehler, Peetz, & Griffin, 2010), which contributes to putting off starting tasks for too 

long (Steel, 2007). This inaccuracy arises from the tendency to use heuristics—cognitive 

short-cuts and rules-of-thumb—in decision-making (Tversky & Kahneman, 1974). In 

fact, many (if not most) decision-making processes are handled automatically, below 

conscious awareness (Evans, 2008). This automatic processing has evolved precisely to 

help individuals manage multiple, competing goals efficiently (Bargh, 2008). Thus, while 

individuals are often imperfect in their resource allocation strategies, relying on heuristics 

and automatic processing is likely beneficial overall, otherwise it would have been 

expected to be winnowed from the behavioral repertoire of human beings via natural 

selection (see Nettle, 2006, for a similar argument regarding Big 5 personality traits).  

Nonetheless, for an individual worker in a given instance in a dangerous work 

environment, these resource allocation processes may result in mistakes, accidents, 

injuries, or even death. Therefore, to meaningfully improve workplace safety it is 
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imperative to understand how individuals make these resource allocation decisions. 

Specifically, many jobs involve the pursuit of both efficiency- and safety-goals 

simultaneously. Furthermore, performance goals must often be reached within deadlines, 

and many tasks can be completed more quickly if safety procedures are not followed 

(e.g., Komaki et al., 1978; Smith-Jentsch et al., 2005; Wallace & Chen, 2006; Weyman & 

Clarke, 2003). In other words, many jobs require individuals to balance resources (e.g., 

time) between efficiency and safety. Therefore, the remainder of this review is organized 

around the allocation of resources across multiple, often competing, goals. Following a 

review of recent developments in multiple-goal research, I focus on two primary 

psychological mechanisms through which multiple-goal self-regulation occurs. The first 

mechanism is predictions individuals make about their likelihood of successfully 

completing a goal. Specifically, individuals use these predictions to make resource 

allocation decisions. The second mechanism is the non-conscious activation of competing 

demands during goal pursuit. That is, depending on the circumstances, some thoughts 

easily come to mind while others are inhibited. This process occurs automatically, 

beyond conscious awareness. 

Balancing multiple goals. Because individuals must balance multiple-competing 

demands, one of the key mechanisms through which difficult, specific goals influence 

performance is by guiding resource allocation (e.g., Locke et al., 1994). Stated 

differently, goals provide guidance and direction, causing resources like time and effort 

to be allocated toward one pursuit, and thus away from other pursuits (Austin & 

Vancouver, 1996). Schmidt and Dolis (2009) demonstrated this effect by manipulating 
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dual-goal difficulty. Participants in this study performed two tasks: completing class 

schedules (e.g., for college students) and completing requisition forms (e.g., for a store). 

Participants were either assigned two moderate goals (complete 10 schedules and 10 

requisitions) or two difficult goals (complete 20 schedules and 20 requisitions). These 

authors found that the goal-setting manipulation had no main effect on aggregate 

performance, meaning participants in the difficult goals condition did not complete more 

schedules/requisitions than participants in the moderate goals condition by the end of the 

experiment. Instead, goal difficulty influenced how scheduling and requisition goals were 

prioritized over time. Individuals with two moderate goals tended to switch back and 

forth between the goals, prioritizing the goal that was falling behind at a given moment. 

Conversely, individuals with two difficult goals, understanding the both goals were 

unlikely to be met by the end of the study, prioritized the goal that was closest to being 

achieved, thus trying to assure that they would accomplish at least one of the goals.  

 Thus, when individuals must pursue multiple, competing goals over time, a more 

intricate goal-striving process emerges. For instance, Schmidt and DeShon (2007) 

demonstrated that individuals tended to prioritize goals that were most in need (furthest 

from being completed), as long as the deadline was far off and enough time remained to 

complete both goals. Additionally, as individuals tend to be more sensitive to losses than 

gains (e.g., Kahneman & Tversky, 1984), these authors found stronger goal prioritization 

effects when goals were framed in terms of losses than when goals were framed in terms 

of gains. However, this goal prioritization strategy was not constant over time. Instead, as 

the deadline neared (and time pressure grew), individuals tended to abandon the goal that 
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was farthest from being completed, instead focusing time, effort, and attention on the 

goal with the greatest chance of being met within the deadline.  

Yet another layer of complexity is added when we consider the fact that goals are 

typically not pursued in a vacuum, but instead goal pursuit can be influenced by 

environmental disturbances. For example, Schmidt and DeShon’s (2007) results 

contrasted earlier findings (e.g., Kernan & Lord, 1990) indicating that individuals were 

more attentive to goals that were closer to being achieved. That is, Schmidt and DeShon 

showed that individuals often prioritized goals that were farthest from being achieved, 

yet expectancy theories (e.g., Vroom, 1964) predict that individuals should prioritize 

goals that are closest to being achieved, as those goals have the highest probability of 

“paying off”  (i.e., expectancy). To address this discrepancy, Schmidt, Dolis, and Tolli 

(2009) manipulated environmental volatility—whether performance was a function of 

only the individual’s actions or the individual’s actions plus environmental disturbances. 

Schmidt et al. reason that goal pursuit is often an uncertain process. Individuals cannot 

always predict with certainty whether they will be able to accomplish their goals, as 

disturbances often arise. For example, individuals may allot an extra few minutes for the 

drive to work as one cannot be sure when they will encounter traffic, detours, or other 

delays. In support of this reasoning, Schmidt et al. found that individuals given a stable 

task environment tended to allocate the majority of their time to one goal, essentially 

ignoring the second goal until the first was complete. Yet, individuals given a volatile 

task environment tended to switch between the goals, allocating their time to the goal that 

was furthest from completion at a given point. Thus, in environments with greater 
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uncertainty (as is common is everyday life), individuals tend to “juggle” their goals, 

attempting not to let any one goal fall too far behind, as one cannot be certain what 

obstacles may  inhibit goal pursuit in the future. Yet, when accomplishing one goal 

becomes too unlikely, it may be abandoned for the sake of other goals that are seen as 

more important (Schmidt & DeShon, 2007) or have a greater chance of success (Schmidt 

& Dolis, 2009; Schmidt et al., 2009). 

 Thus, goal pursuit over time is about trade-offs, and GST’s success in predicting 

behavior can largely be attributed to the role assigned goals play in helping individuals 

make these goal prioritization decisions. Also, as stated earlier, feedback has been shown 

to be a critical component of goal pursuit (e.g., Erez, 1977). That is, information such as 

how close one is to completing a goal and which goals are falling behind is needed to 

make resource allocation decisions. Indeed, the multiple-goal literature has demonstrated 

that goals without feedback tend to fall to the wayside, while goals with frequent and 

specific feedback are perceived as more import and receive more resources (DeShon, 

Kozlowski, Schmidt, Milner, & Wiechmann, 2004; Northcraft, Schmidt, & Ashford, 

2011). The next step is to begin identifying mechanisms through which multiple-goal 

prioritization occurs. Several studies (Louro, Pieters, & Zeelenberg, 2007; Northcraft et 

al., 2011; Schmidt & Dolis, 2009; Schmidt et al., 2009) have shown that goal 

prioritization is driven by expectancies, such that individuals tend to allocate by need 

when they believed they can achieve both goals, yet abandoned the goal furthest from 

completion as expectancy drops. Thus, expectancies, along with the related construct 

self-efficacy, are reviewed in the next section. Finally, recent research has begun to 
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reveal a number of automatic (i.e., non-conscious) processes involved in multiple-goal 

pursuit. Thus, my review of the work motivation literature is concluded with a summary 

of the non-conscious processes involved in multiple-goal self-regulation.  

 Predictions about success and resource allocation: Efficacy and expectancy. 

Self-efficacy is an individual’s perceived ability for a given task (Bandura, 1997), and 

expectancy is an individual’s belief about the probability of an outcome occurring 

(Olson, Roese, & Zanna, 1996). In the work motivation literature expectancy typically 

refers to beliefs about the likelihood of reaching a goal (Vroom, 1964). Thus, self-

efficacy and expectancy are conceptually distinct, yet have similar implications for work 

motivation. That is, self-efficacy is a determinant of expectancy (Bandura, 1997), but is 

not the only determinant. Instead, expectancies are formed as a function of the person’s 

perceived ability (i.e., self-efficacy), as well as outside forces, such as the difficulty of the 

task or goal being pursued (Carver & Scheier, 1998). As such, in many (if not most) 

cases, expectancy is likely the driver of resource allocation decisions, such as whether or 

not to pursue a goal, how much time, effort, money, or other resources to allocate to the 

goal, and when to stop pursuing the goal. Thus, self-efficacy effects on these processes 

likely occur through expectancy. However, the relative importance of efficacy and 

expectancy has not been concretely established in the literature (Bandura, 1997; Carver & 

Scheier, 1998), and it is not the purpose of this article to do so. Instead, I review self-

efficacy and expectancy together and simply focus on expectancy in formulating my 

hypotheses. 
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 Individuals with higher self-efficacy tend to outperform individuals with lower 

self-efficacy (Judge, Jackson, Shaw, Scott, & Rich, 2007; Stajkovic & Luthans, 1998). 

This positive effect arises because individuals with higher self-efficacy tend to set more 

difficult goals for themselves (e.g., Locke, Frederick, Lee, & Bobko, 1984; Tolli & 

Schmidt, 2008), are more willing to accept difficult goals set by others (e.g., Latham, 

Erez, & Locke, 1988), and persist in the face of set-backs and challenges (Bandura, 

Reese, & Adams, 1982; Bandura & Wood, 1989). These goal-setting and persistence 

effects likely arise as a function of expectancy. With higher efficacy there is a greater 

perceived chance of success, and individuals are likely to spend their time and effort on 

endeavors they expect to pay off (Van Eerde & Thierry, 1996). 

 However, the pursuit of multiple, competing goals involves making trade-offs in 

how resources are allocated. Thus, when considered from a within-person perspective, 

increases in efficacy/expectancy do not necessarily lead to increased resource allocation 

and performance. Instead, efficacy and expectancies are used to efficiently manage 

resource allocation, which can involve diverting resources from one goal for the sake of 

the other (e.g., Beck, Natali, & Schmidt, 2012; Schmidt & Dolis, 2009). Several recent 

studies have demonstrated the role of efficacy and expectancy is these resource allocation 

processes.  

For instance, Vancouver, More, & Yoder (2008) showed that expectancy was 

positively related to goal-setting, yet negatively related to goal-striving. That is, 

participants would only accept goals that were easy enough to be seen as possible to 

attain. Yet once a goal was accepted, less time was allocated to easier goals than difficult 
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goals. Thus, individuals used expectancy to avoid allocating any time to impossible 

goals, too little time to challenging goals, and too much time to easy goals. Similarly, a 

series of studies by Schmidt and colleagues has demonstrated self-efficacy’s role in 

efficient resource allocation. These authors show that individuals tend to increase 

resource allocation in response to increases in efficacy when a great deal of time and 

effort is required to successfully reach a goal, such as when individuals are performing 

below their self-set goals (Schmidt & DeShon, 2009), pursuing challenging assigned 

goals (Schmidt & Beck, 2011), and/or not very confident in their abilities overall (Beck 

& Schmidt, 2011b). However, under less stringent resource demands (performing above 

self-set goals, pursuing an easy goal, highly confident in abilities overall), increases in 

efficacy tend to lead to a decrease in resource allocation and performance. Likewise, 

Beck and Schmidt (2011a) found that individuals only responded to increases in efficacy 

by reducing resource allocation when resources were scarce and needed to be conserved. 

When resources were abundant the more typical positive efficacy/resource allocation 

relationship was observed. Finally, although only allocating the amount of resources that 

is warranted by the demands of the task is likely an adaptive strategy (Vancouver, 2005), 

Schmidt and DeShon (2010) demonstrated that individuals may sometimes be too quick 

to reduce resource allocation in response to increased efficacy. Specifically, these authors 

showed that under ambiguous feedback conditions increases in efficacy sometimes lead 

individuals to assume they had reached their goal when in fact they had not, leading to a 

premature withdrawal of effort and thus a negative effect of efficacy on performance.  
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To summarize, individuals use predictions about likelihood of success to 

efficiently allocate resources. Individuals use these predictions to avoid allocating 

resources to “lost causes,” too many resources to “sure things,” and too few resources to 

challenging endeavors. More importantly, at least to some extent, this resource allocation 

process occurs consciously. In the studies reported above, individuals were either given 

concrete information about their odds of success or were asked to come up with such an 

estimation on his or her own. While non-conscious processes may have influenced this 

estimation, it was none-the-less reported consciously, and this report subsequently 

predicted resource allocation behavior. That is, individuals can and do form conscious 

predictions about their likelihood of achieving their goals and subsequently use this 

information to efficiently divide finite resources among them. Furthermore, given the 

ubiquity of using such predictions to allocate resources among competing goals, it is 

reasonable to expect that individuals will use expectancies to balance efficiency-and 

safety-goals. 

Automatic goal pursuit processes. Lastly, many goal prioritization decisions are 

made automatically, below conscious awareness (Evans, 2008). As stated above, these 

automatic processes have evolved out of necessity (Bargh, 2008; Lord & Levy, 1994) — 

people have many goals to pursue at any one time, yet cognitive resources are limited 

(e.g., Kanfer & Ackerman, 1989). Thus, many goal processes occur outside conscious 

awareness, obviating the need for conscious cognitive resources (e.g., Fitzsimons & 

Bargh, 2004; Shah, 2005). Specifically, goals vary in their level of non-conscious 

activation over time. In essence, goal activation is the level of accessibility of the goal 
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and related concepts in working memory (e.g., Dijksterhuis & Aarts, 2010; Forster, 

Liberman, & Friedman, 2007; Shah, 2005). Three specific automatic goal processes are 

especially relevant to multiple-goal pursuit over time: (1) activations of means-goals, (2) 

inhibition of competing goals, and (3) deactivation of completed goals. 

Given the limits of human information processing capacity, Lord and Levy (1994) 

proposed that many goal-performance discrepancy reduction processes must occur 

automatically without the use of conscious resources. The authors suggested that as 

individuals strive to accomplish their goals, a number of non-conscious processes likely 

arise to facilitate goal pursuit. Specifically, Lord and Levy predicted that individuals 

would be faster and more likely to retrieve information relevant to current goals, such as 

means of achieving those goals. Likewise, Lord and Levy predicted that goals in 

competition for resources with current goals would be suppressed, such that they would 

actually be less likely to be activated compared to baseline. Also, these authors predicted 

that once a goal was achieved, it would be inhibited, making individuals more likely to 

attend to other goals which had yet to be accomplished. To evaluate these propositions, 

Johnson et al. (2006) reviewed and quantitatively summarized the goal activation 

literature. In line with Lord and Levy’s predictions, Johnson et al. found: (1) goal 

activation increased the likelihood that goal-relevant information would be retrieved from 

memory, as well as the speed with which this information was retrieved, (2) goal 

activation inhibited the activation of competing goals, and (3) goal activation was 

reduced after goals were achieved. 
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The Johnson et al. (2006) meta-analysis provides a great deal of evidence that 

resource allocation decisions can and do often occur below conscious awareness. 

However, before leaving this section it is important to point out that many of the primary 

studies demonstrating such effects go one step further, demonstrating not only that non-

conscious processes influence behavior, but also that conscious processing is not required 

for decision-making. For example, in a study conducted by Holland, Hendriks, and Aarts 

(2005), participants were given a biscuit to eat. Half of the participants had previously 

been exposed to the scent of all-purpose cleaner, while half had not been exposed to any 

scent. Holland et al. found that participants who had been exposed to the scent of the 

cleaner left fewer crumbs than participants in the control condition. More importantly for 

my point, only one of the 22 participants reported noticing the scent, and removing this 

individual from the analyses did not change the results. Thus, the scent seemed to activate 

“cleanliness” goals non-consciously, subsequently influencing cleanliness behavior, 

without any conscious awareness. In similar studies, participants primed with the concept 

of “rudeness” were more likely to interrupt the experimenter than participants in the 

control condition, and participants primed with concept of “elderly” walked more slowly 

following the experiment than participants in the control condition, and no participant 

reported any awareness of the prime or suspicion about the experimental hypothesis 

(Bargh, Chen, & Burrows, 1996). Thus, it is clear that at least some decisions are made 

outside of conscious awareness. This is extremely germane to the topic of workplace 

safety, as even though individuals may have every (conscious) intention of behaving 

safely, non-conscious processes can nonetheless lead to unsafe behaviors.  
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Summary. At any given point in time, individuals must pursue multiple goals. 

More importantly, different goals often draw from a common pool of limited resources, 

such as time, effort, and attention. Thus, motivation can be described as a series of 

decisions, such as which goals to pursue and the amount of resources that should be 

allocated to any one goal (Klein et al., 2008; Schmidt et al., in press). The level of 

conscious awareness in these decision-making processes is variable. At the one extreme, 

these decisions may be made completely consciously, based on concrete predictions 

about expected outcomes. At the other extreme, these decisions may be made completely 

automatically as a function of non-conscious goal activation and inhibition. Most likely, 

resource allocation decisions emerge as a mix of conscious and non-conscious processes. 

That is, individuals may have a vague sense of their abilities, translating into an 

approximate prediction of success. Likewise, goal activation may cause thoughts and 

concepts to come in and out of conscious awareness. In any event, there are clearly both 

conscious and non-conscious pathways to resource allocation decisions, even if it is not 

always clear whether a particular decision was made consciously or automatically. 

In the remainder of this article I consider a specific resource allocation decision 

common in many work environments: the trade-off between performing a task as quickly 

and efficiently as possible and performing a task as safely as possible. Although a 

number of resources may be implicated in such a trade-off (e.g., an organization may 

invest money in safety guards for machines instead of buying raw materials), in this study 

time is the focal resource. Specifically, the remainder of this article will focus on how the 

amount of time available to complete a task influences safety-related behaviors. Time 
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was chosen as the resource of interest because many jobs involve completing tasks within 

specific time parameters, time can often be saved by sacrificing safety (e.g., Komaki et 

al., 1978), and employees are often responsible for managing their time in order to meet 

deadlines (Mitchell, Harman, Lee, & Lee, 2008). Thus, the current study was designed to 

demonstrate how time pressure leads to unsafe behaviors via both automatic and 

controlled pathways, as well as to test interventions designed to influence both pathways 

and improve safety conditions in the workplace. 

Integration and Hypotheses 

My theoretical model is summarized in Figure 1. Briefly, when an individual 

experiences an increase in time pressure, he or she is expected to increase the amount of 

unsafe behaviors he or she exhibits. This is because many tasks, including the one used in 

the current research, can be completed more efficiently if safety is sacrificed. In other 

words, individuals in the current study will need to balance efficiency- and safety-goals. 

Multiple pathways between time pressure and unsafe behaviors are proposed. To some 

extent individuals are expected to make the decision to behave in an unsafe manner in 

order to deal with time pressure consciously. That is, when time is in short supply, 

expectancy is expected to decrease, leading to an increase in unsafe behaviors to 

compensate. On the other hand, to some extent this process is expected to unfold non-

consciously, via the degree to which efficiency- and safety-goals are activated. The 

relative non-conscious activation of these competing goals is expected to influence how 

unsafely an individual behaves. Finally, interventions are proposed to influence these 

pathways. Specifically, I draw on the literature regarding safety climate, as well as 
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Regulatory Focus Theory, to identify means of influencing how resources, in this case, 

time, are allocated among efficiency- and safety-goals.  

Unsafe Behaviors in Response to Time Pressure 

As stated above, time is key resource individuals must divvy amongst competing 

goals in the workplace. That is, for many jobs, there are tasks that must be completed 

within specific timelines. Thus, when time is in short supply, individuals likely look for 

ways to conserve this valuable resource (e.g., Vancouver et al., 2008). One way this may 

be done is by taking short-cuts or “cutting corners,” an unsafe behavior. For example, in 

the Komaki et al. (1978) study reviewed above, factory workers could take a number of 

short-cuts on the job, such as carrying too many items at once, lifting too much weight, 

and leaving debris on the floor, in order to perform their tasks quicker. Likewise, 

Weyman and Clarke (2003) studied a number of risk-taking behaviors in miners, such as 

standing on conveyor belts, changing tooling without turning off electrical power, and 

walking under unsupported areas of the mine, all of which could be seen as time-saving 

behaviors. Finally, time pressure is related to speeding violations while driving, no doubt 

because exceeding posted speed limits is a way to reduce travel time and thus complete 

driving tasks more quickly (Adams-Guppy & Guppy, 1995).  

Therefore, I expect time pressure to be positively related to the amount of unsafe 

behaviors in which individuals engage. When time is in short supply, people are likely to 

look for ways to complete their work tasks more quickly. Furthermore, in situations 

where work tasks can be completed more quickly by taking short-cuts, I expect 
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individuals to use this strategy to save time, increasing the chances of meeting efficiency 

goals within deadlines. 

H1: Time pressure will be positively related to unsafe behavior. 

Conscious and Non-conscious Pathways to Unsafe Behaviors 

Next, I predict that the effects of time pressure on unsafe behaviors will emerge 

via both controlled and automatic pathways. Stated differently, I expect unsafe behaviors 

to emerge both as a function of conscious, deliberate decision-making, as well as non-

conscious, non-deliberate decision-making. That is, sometimes individuals make 

deliberate decisions to cut corners. For instance, based on the distance to be travelled and 

the amount of time until the delivery is due, a semi tractor-trailer driver may decide that 

he or she will maintain an average speed above the legal limit; otherwise he or she may 

fail to meet the deadline. This is a calculated risk, a decision made consciously based on 

the information available regarding the likelihood of meeting the goal. If a great distance 

must be travelled in a relatively short period of time, a decision may be made to conserve 

time by increasing speed, a potentially unsafe behavior. However, such a high time 

pressure situation may also elicit non-conscious pathways to unsafe behavior. That is, 

time pressure may be a cue which non-consciously activates performance goals and 

inhibits safety goals. For instance, a semi driver who is under considerable time pressure 

may be more attentive to his or her odometer and less attentive to speed limit signs. Thus, 

this driver may exceed the speed limit, not intentionally, but via non-conscious processes. 

I make a more detailed case for both conscious and non-conscious pathways to safety 

performance in the following sections. 
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  Conscious pathway. Given the central role of expectancy in resource allocation 

(e.g., Schmidt & Dolis, 2009; Vancouver et al., 2008), individuals’ perceived likelihood 

of successfully completing efficiency-goals in the time allotted is predicted to be a 

primary mechanism involved in conscious decisions to engage in unsafe behaviors. I 

predict that individuals will use expectancies to determine the degree of unsafe behavior 

in which to engage. When expectancy is high, such that individuals believe that they are 

very likely to complete their efficiency-goal within the time allotted, a minimal amount 

of unsafe behaviors are expected. That is, there is little reason to engage in unsafe 

behaviors if one feels they will be able to reach their goals without taking short-cuts. 

Also, if it is assumed that there is at least some reason not to engage in unsafe behaviors 

(e.g., possibility of an accident, being reprimanded by supervisor, etc.), then individuals 

should be expected to avoid these behaviors when expectancy for completing an effieicy-

goal is high, as the costs of unsafe behaviors would outweigh the benefits.   

On the other hand, when expectancy is low, individuals are expected to look for 

ways to increase their chances of increasing efficiency. For tasks that can be completed 

more quickly when short-cuts are taken, low expectancy is expected to lead to unsafe 

behaviors. That is, individuals are expected to divert resources (in this case, time) from 

their one goal in order to ensure the completion of other goals (e.g., Schmidt & Dolis, 

2009; Vancouver et al., 2008). Of course, the goal that is neglected for the sake of the 

other is a function of a variety of factors, most salient of which may be the relative value 

of each goal (Schmidt & DeShon, 2007; Vancouver, Weinhardt, & Schmidt, 2010). In 

many case, I expect safety-goals to be subordinate to efficiency-goals in this regard, as 
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efficiency is often emphasized as important in the workplace (via goals, feedback, 

climate, etc.), yet the emphasis on safety is more variable across organizations and 

workgroups (e.g., Probst et al., 2008; Zohar & Luria, 2004). Thus, overall I expect a 

negative relationship between expectancy and unsafe behaviors. Nonetheless, the 

expectancy/unsafe behavior relationship is likely variable, an issue I return to in the 

“Interventions” section. 

When all else is equal (e.g., efficiency-goal level), time pressure is expected to be 

negatively related to expectancy. Consider a simple example: vacuuming a house. 

Holding the number of rooms to be vacuumed constant (goal level), the more time 

available (e.g., before party guests arrive) the higher one’s expectancy should be for 

getting the whole house vacuumed. To take this example on step further, one may also be 

more likely to “cut corners” when their expectancy is low, for instance, vacuuming 

around furniture instead of moving it and vacuuming underneath. Putting these notions 

together, that is, the predicted negative relationship between time pressure and 

expectancy, and the predicted negative relationship between expectancy and unsafe 

behaviors, I arrive at the following hypothesis: 

H2a: The effect of time pressure on unsafe behaviors will be mediated by 

expectancy. 

 Non-conscious pathways.  

Activation. While time pressure is expected to influence expectancies, and thus 

conscious decisions to engage in unsafe behaviors, time pressure is also expected to 

influence non-conscious process as well. First, time pressure is expected to lead to 

increased efficiency goal activation. Specifically, time pressure is likely seen as an 
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impediment to goal pursuit. That is, when all else is equal, it is easier to reach a goal 

when one has plenty of time compared to when time is in short supply. Thus, high time 

pressure situations are likely to be perceived as threatening (Zur & Breznitz, 1981). 

Moreover, threatening situations have repeatedly been shown to restrict attentional focus 

(Friedman & Forster, 2010). Also, high time pressure is characteristic of two common 

goal striving situations—when deadlines approach and when tasks become unexpectedly 

more difficult—both of which have been shown to shift focus away from global concerns 

(e.g., “Why am I pursuing this goal?”) toward more local, task-centered concerns (e.g., 

“How will I pursue this goal?”) (e.g., Liberman & Trope, 2008; Vallacher & Wegner, 

1987). This narrowed focus is expected to be manifest in how easily and quickly 

performance goal relevant information is retrieved from working memory, or in other 

words, performance goal activation. 

 Performance goal activation is in turn expected to be positively related to unsafe 

behaviors. As reviewed above, goal activation results in increased activation of means of 

achieving those goals (Johnson et al., 2006). Because unsafe behaviors are often a means 

of completing tasks more quickly, this option is likely to be more apparent when 

efficiency-goals are highly activated. Similarly, individuals tend to evaluate means to 

goal achievement (e.g., a library) more positively when goals are highly activated (e.g., 

earning an A on an exam) (Ferguson, 2008). Thus, when efficiency-goals are highly 

activated, individuals may perceive “cutting-corners” to be a more attractive option for 

pursuing their goals than the otherwise might. By putting these predictions together—that 

time pressure will be positively related to efficiency-goal activation and that efficiency-
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goal activation will be positively related to unsafe behaviors—I arrive at the following 

hypothesis: 

H2b: The effect of time pressure on unsafe behaviors will be mediated by 

efficiency-goal activation.    

 Inhibition. Given that time pressure is expected to increase efficiency-goal 

activation, time pressure is also expected to decrease (or inhibit) safety-goal activation. 

Inhibition of safety-goals is expected because when a focal goal is activated, other goals 

that compete with the focal goal for resources are inhibited (Forster et al., 2007; Johnson 

et al., 2006; Shah, Friedman, & Kruglanski, 2002). Because safety-goals compete with 

efficiency-goals for resources – in this case, time – increased activation of efficiency-

goals is predicted to cause inhibition of safety goals. The opposite is also true; that is, 

increased activation of safety-goals is predicted to cause inhibition of efficiency-goals. 

Thus, a mediated model (e.g., time pressure  efficiency-goal activation  safety-goal 

activation) is not predicted, as there is no specific causal relationship predicted among 

efficiency-goal activation and safety-goal activation. Instead, a better representation of 

the non-conscious pathway to unsafe behaviors may be via relative goal activation. 

Nonetheless, I include both efficiency-goal activation and safety-goal activation in my 

theoretical model for two reasons. First, creating a “relative goal activation” variable 

involves creating a difference score (or some related computation, such as a proportion). 

While often intuitive, difference scores introduce a number of ambiguities and 

interpretational difficulties when used in inferential statistics, most notably being the 

inability to determine which component of the difference score is actually driving the 

observed effects (e.g., Edwards, 1994). Second, I predict that interventions introduced to 
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influence safety will have different effects from efficiency-goal activation and safety-goal 

activation. I return to this issue in the following section. Given these reasons, both 

efficiency-goal activation and safety-goal activation are included independently in my 

theoretical model. 

 Lastly, safety-goal activation is expected to be negatively related to the number of 

unsafe behaviors an individual exhibits. When safety-goals are inhibited, individuals are 

expected to be less sensitive to safety-goal discrepancies (Johnson et al., 2006). That is, 

when time pressure is high and safety-goal activation is low, individuals are expected to 

be less attentive to their safety-goals and less likely to evaluate unsafe behaviors 

negatively (Ferguson, 2008; Johnson et al., 2006). As such, when safety-goals are 

inhibited, individuals are more likely to engage in unsafe “corner-cutting” behaviors. 

Therefore, I present the following hypothesis: 

H2c: The effect of time pressure on unsafe behaviors will be mediated by safety-

goal activation.    

Interventions to Reduce Unsafe Behaviors 

 In the previous section a case was made for both conscious and non-conscious 

pathways to unsafe behaviors. Given that interventions targeted at conscious processes 

may have little or no effect on non-conscious processes (Gawronski & Bodenhausen, 

2006), it is imperative to design safety interventions to influence both conscious and non-

conscious pathways. Thus, in the following sections I indentify two specific interventions 

– safety cues and regulatory focus framing – designed to influence both conscious and 

non-conscious pathways from time pressure to unsafe behaviors. 
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 Conscious pathway: Cues indicating the important of safety. As reviewed 

above, safety climate is an important predictor of unsafe behaviors (e.g., Clarke, 2006; 

Christian et al., 2009; Narghang et al., 2009). Essentially, the safety climate of an 

organization or work group refers to shared perceptions among members regarding the 

perceived importance of safety, especially relative to other goals, such as performance 

(e.g., Zohar, 2003). That is, workers who belong to groups with strong safety climates, 

compared to workers who belong to groups with weaker safety climates, are exposed to a 

greater number of cues indicating that safety is important, and with greater frequency. 

For instance, organizations and groups with strong safety climates are characterized by 

supervisors taking time to discuss safety behaviors and procedures (e.g., Hofmann & 

Mark, 2006; Neal et al., 2000; Zohar, 2000), feedback regarding safety performance (e.g., 

Griffin & Neal, 2000; Zohar & Luria, 2005), promotions and job performance ratings 

being determined by safety performance as well as task performance (e.g., Hofmann et 

al., 2003; Zohar & Luria, 2005), and safety given priority even when time and other 

resources are in short supply (e.g., Hofmann & Stetzer, 1996; Zohar, 2000; Zohar & 

Luria, 2004). Thus, there may be a number of sources driving the effect of safety climate 

on safety related outcomes. In the current study I isolate one such effect – cues reminding 

individuals about the importance of safety. That is, it could be that several indicators of 

safety climate, such as open communication about safety, safety feedback, and safety-

performance based incentives, are acting to simply remind individuals that safety is one 

of their goals, and an important on at that. Thus, in the current study I vary the presence 

of such reminders. 
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 Specifically, I expect safety reminder cues to influence the conscious pathway to 

unsafe behaviors. In Hypothesis 2a it was predicted that the effects of time pressure on 

unsafe behaviors would be mediated by expectancy. That is, when time pressure is high 

individuals are expected to be less confident that they will be able to reach their safety 

goals, and as a result, look for ways to conserve time, including unsafe “corner-cutting” 

behaviors. However, if at the time an individual is in the process of making the decision 

to engage in unsafe behaviors he or she is presented with a reminder of the importance of 

behaving safely, the negative effect of expectancy on unsafe behaviors is likely to be 

attenuated. That is, the presence of a cue reminding individuals of the importance of 

safety should bring one’s safety goals into conscious awareness. Furthermore, when 

individuals are more aware of a goal, they are more likely to engage in behaviors to 

reduce goal-performance discrepancies (e.g., DeShon et al., 2004; Northcraft et al., 

2011), and as a corollary, are less likely to engage in behaviors that would increase goal-

performance discrepancies. In other words, individuals who are highly aware of their 

safety goals due to the presence of a reminder of the importance of safety are less likely 

to engage in unsafe behaviors, even when expectancy for completing a competing 

performance goal is low.  

H3: The presence of safety cues will moderate the relationship between 

expectancy and unsafe behaviors, such that the negative effect of expectancy on 

unsafe behaviors will be attenuated when a safety cue is present. 

 Non-conscious pathway: Regulatory focus framing. Recall from above, 

regulatory focus is an umbrella term which describes two related, yet distinct, individual 

differences describing how goals are pursued. A strong promotion-focus is characterized 

by emphasizing speed and maximizing “hits,” while a strong prevention focus is 
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characterized by emphasizing accuracy and minimizing “misses” (e.g., Forster et al., 

2003). Like many motivational constructs (e.g., goal orientations, Yeo, Loft, Xiao, & 

Kiewitz, 2009; Big 5 personality traits, Fleeson & Gallagher, 2009; self-efficacy, 

Vancouver & Kendall, 2006), both promotion- and prevention-focus have between- and 

within-person sources of variance. That is, many studies (e.g., Forster, Higgins, & Idson, 

1998; Shah & Higgins, 1997; Shah, Higgins, & Friedman, 1998) have demonstrated that 

both regulatory focuses can be reliably measured as individual differences, as well as 

manipulated via goal framing, leading to similar outcomes (such as a preference for speed 

vs. accuracy). With regard to the latter, this manipulation is often done by framing the 

goal as either an opportunity to reach some “ideal” level of performance (characteristic of 

a promotion-focus), or as an obligation to reach some level of performance that he or she 

“ought” to achieve (characteristic of a prevention-focus). There is also evidence that the 

characteristics of the situation, such as a strong safety climate, can lead to the emergence 

of specific regularity focuses across domains (Wallace & Chen, 2006).  

Given the malleability of the construct, and the clear implications for how work is 

done (e.g., quickly vs. accurately), regulatory focus has been identified as an important 

mechanism through which to influence safety behaviors. Specifically, this research has 

identified prevention focus as predictor of safety behaviors (Wallace & Chen, 2006; 

Wallace et al., 2009; Wallace et al., 2008). Understandably, this finding may lead to the 

conclusion that to improve safety performance, organizations and managers should 

emphasize a prevention-focus in the workplace. However, this may not necessarily be the 

case. Specifically, when considering safety and efficiency as multiple, competing goals 
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which are pursued over time, different predictions regarding the effects of regulatory 

focus on unsafe behaviors may emerge. That is, it may depend on which goal – efficiency 

vs. safety – is framed as a obligation vs. opportunity, as well as the resources (e.g., time) 

available at the moment. Thus, I consider the moderating effects of framing efficiency-

goals in terms of a obligation or an opportunity on the relationship between time pressure 

and both performance and safety goal activation. 

Specifically, a study by Shah et al. (2002, Study 5) showed that goals framed as 

obligations were more likely to be shielded from competing demands than goals framed 

as opportunities. That is, when a focal goal is framed as something that a person “ought 

to do,” cognitions regarding competing goals are inhibited, and this inhibition occurs 

even more so than when focal goals are framed as “ideals” or “opportunities.” Thus, if an 

efficiency-goal is framed as an obligation, this goal may be more likely to be shielded 

from safety-goals. This is especially likely when resources like time are in short supply, 

as resource scarcity leads to greater competition among the two goals. That is, when time 

is abundant, there is much less need to prioritize among safety- and efficiency-goals. This 

reasoning is in line with findings from a series of studies conducted by Scholer, Zou, 

Fujita, Stroessner, & Higgins (2010) which showed that for individuals performing below 

their goals, prevention-focus (and not promotion-focus) was related to more risky 

behaviors, especially when the risky behavior was the only way to bring one’s 

performance up to the goal. In other words, individuals were willing to take risks to 

achieve goals framed as obligations, but not for goals framed as opportunities.    
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Thus, I expect the way efficiency-goals are framed, either as an obligation or as 

an opportunity, will influence the non-conscious pathway from time pressure to unsafe 

behaviors. Specifically, regulatory focus framing is expected to moderate the relationship 

between time pressure and efficiency-goal activation, as well as the relationship between 

time pressure and safety goal-activation. Because obligation-goals are more likely to be 

shielded than opportunity-goals (Shah et al., 2002), a stronger positive relationship 

between time pressure and efficiency-goal activation is expected when efficiency-goals 

are framed as an obligation (compared to an opportunity), and a stronger negative 

relationship between time pressure and safety-goal activation is expected when 

efficiency-goals are framed as an obligation (compared to an opportunity). In other 

words, when time is scarce, goal shielding effects, manifested as a positive effect of time 

pressure on efficiency-goal activation and a negative effect of time pressure on safety-

goal activation, are expected to be more pronounced when the efficiency-goal is framed 

as an opportunity (i.e., prevention-focused), rather than an opportunity (i.e., promotion-

focused). Thus, I offer the following hypotheses: 

H4: Regulatory focus will moderate the relationship between time pressure and 

efficiency-goal activation, such that there will be a stronger positive effect of time 

pressure on efficiency-goal activation when the efficiency-goal is framed as an 

obligation and a there will be a weaker positive effect of time pressure on 

efficiency-goal activation when the efficiency-goal is framed as an opportunity.   

H5: Regulatory focus will moderate the relationship between time pressure and 

safety goal activation, such that there will be a stronger negative effect of time 

pressure of safety-goal activation when the efficiency-goal is framed as an 

obligation and a there will be a weaker negative effect of time pressure on safety-

goal activation when the efficiency-goal is framed as an opportunity.   
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Summary  

 To conclude, individuals are expected to “cut corners,” sacrificing safety, when 

under pressure to complete a task within a short time-frame. The relationship between 

time pressure and unsafe behavior is expected to be mediated by a conscious process 

whereby the expectancy of completing the task is used to make decisions about the 

degree of “corner cutting” that is warranted, as well as a non-conscious process, whereby 

activation of efficiency- and safety-goals influence behavior without the individual’s 

awareness. These different pathways between time pressure and unsafe behaviors suggest 

different interventions. Specifically, I predict that whether safety is made salient via a 

reminder will influence the extent to which individuals “cut corners” when expectancy is 

low, and whether the efficiency-goal is framed as an opportunity or an obligation will 

influence the degree to which time pressure will lead to the activation/inhibition of 

efficiency/safety-goals. Combining the predictions made in the first five hypothesis 

results in a sixth and final hypothesis, stated below: 

H6: There will be a three-way interaction among time pressure, the presence vs. 

absence of safety cues, and regulatory focus on unsafe behaviors. The effect of 

time pressure on unsafe behavior will be strongest for individuals for whom the 

efficiency-goal is framed as an obligation when there is no safety reminder cue 

present.  

Method 

Participants 

 Participants were 88 undergraduate students from the University of Minnesota’s 

psychology subject pool. Because of the repeated measures design, a sample size of 88 

yielded 704 observations and a power of .789 to detect a three-way interaction with a 

small incremental effect (R
2
 = .02), such as was hypothesized in H6. The statistical power 



42 
 

associated with the other hypotheses tests (and small effects) was above .840. The sample 

was 52% female, 74% white, 20% Asian, and 6% other races, and had a mean age of 

20.29 (SD = 2.23). Participants were compensated with extra credit and the possibility to 

win a cash prize based on his or her performance (described below). 

Procedure 

 This study used a 2 (time pressure: high vs. low) × 2 (safety cue: present vs. 

absent) × 2 (regulatory focus: promotion vs. prevention) design. Time pressure and safety 

cues were within-subjects manipulations, meaning all participants were exposed to all 

combinations of high vs. low time pressure and the presence vs. absence of safety cues. 

Thus, there were four “types” of trials. Furthermore, all participants were exposed to each 

“type” of trial twice, resulting in eight total experimental trials. Conversely, regulatory 

focus was a between-subjects factor, meaning half of the participants were randomly 

assigned to a condition where they were given goals framed with a promotion-focus and 

half were randomly assigned to a condition where they were given goals framed with a 

prevention-focus. That is, regulatory focus framing did not vary across experimental 

trials. 

 Participants completed the study individually on lab computers. Upon arrival and 

after giving informed consent, individuals completed demographics (age, sex, race, year 

in school) and biographical data (ACT score, work experience) measures. Next 

participants were introduced to the cover story, given their assigned goals, and given their 

first exposure to the regulatory focus manipulation (all covered in more detail below). 

Before beginning the experimental trials, there were several training trials designed to 
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familiarize the participants with the task. Specifically, participants were given 

instructions about specific aspects of the task and were then given a chance to practice 

those specific skills.  

Next participants began the eight repeated experimental blocks. During the 

experimental trials, participants were first told how much time would be available during 

the upcoming trial, followed by the measurement of expectancy, performance goal 

activation, and safety goal activation. Next, participants were shown a brief reminder of 

the amount of time available. After the reminders, participants saw the safety cue (in half 

the trials) or the neutral cue (in half the trials). Finally, participants performed the task, 

followed by performance feedback.  The sequence of events during the experimental 

blocks is summarized in Figure 2.  

Cover story. Participants were told that they would perform an air traffic control 

simulator similar to those used to train actual air traffic control personnel, and as such 

that they would have two primary jobs: (1) to ensure that aircraft use efficient routes to 

remain on schedule, and (2) to ensure the safe operation of the aircraft. Specifically, 

participants were told that for each trial they would have two proximal goals: efficiency-

performance and safety-performance.  

Efficiency-performance goal. Participants were assigned both proximal and distal 

efficiency goals. The proximal efficiency goal was to land at least 4 out of 5 aircraft 

during each experimental trial. Participants were told that that they would earn $1.25 for 

each trial in which they successfully landed at least 4 aircraft. Because there were 8 trials, 

participants could earn a maximum of $10.00 by meeting the proximal goal for each trial. 
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Participants were also given distal efficiency goals. Specifically, if participants were told 

that if they were able to land between 32 and 35 aircraft total (i.e., summed across all 

experimental trials) they would be paid an additional $2.00. Likewise, participants were 

told that if they were able to land between 36 and 39 aircraft they would be paid an 

additional $5.00, and if participants were able to land all 40 aircraft they would be paid 

an additional $10.00. Thus, the maximum payment possible was $20.00 (for reaching all 

proximal goals and the highest distal goal). A summary of this incentive structure was 

visible to participants at all times, and participants were required to correctly respond to 

knowledge checks, assuring that the incentive structure was understood. Also, 

participants were given colored poker chips that could be used to keep track of how much 

money they had earned up to that point in the experiment. 

Safety-performance goal. Participants were also given the goal to be as safe as 

possible while routing aircraft. As with actual air traffic (FAA, 2010), the simulated 

airspace in this study had “flight paths,” specific “lanes” in the airspace in which aircraft 

predominantly traveled. Participants were told that aircraft could travel outside these 

paths if necessary, and that doing so would save time, thus increasing their odds of 

meeting the efficiency goals. However, participants were told that because in real air 

traffic control situations accidents and near misses are more common when aircraft travel 

outside the flight paths, the more time they spent routing aircraft off the flight paths the 

greater the chances that an “accident” would occur. Specifically, participants were shown 

Figure 3, which shows that the more time participants spent routing aircraft outside the 

flight paths (summed across all experimental trials), the greater the odds of an accident 
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occurring. Participants were told that at the end of the experiment a computer program 

would simulate whether or not an accident had occurred, based on the amount of time the 

participant spent routing aircraft outside of the flight paths. The computer program 

worked by computing the odds of an accident (based on the time spent outside the flight 

paths and the equation plotted in Figure 3), then generating a random number between 1 

and 100. If the random number was greater than the odds of an accident, no accident 

occurred. Likewise, if the number was less than or equal to the odds, an accident did 

occur. More importantly, if no accident occurred, participants were paid the money they 

had earned based on their efficiency performance. On the other hand, if an accident did 

occur, participants were not paid any money. Again, participants could see a reminder of 

this payment structure throughout the experiment and were required to complete several 

knowledge checks to make sure they understood how their safety performance would be 

linked to their cash payment.  

Task description. Participants performed the ATC-lab air traffic control 

simulator (Loft, Hill, Neal, Humphreys, & Yeo, 2004). This task involves issuing 

commands to various aircraft that are visible on a simulated radar screen. ATC-lab was 

designed to model actual air traffic control scenarios, and thus the experimenter can 

control the number of aircraft present, the types of aircraft present, the pre-determined 

flight paths of aircraft, and the presence or absence of weather (e.g., storms). For high 

fidelity simulations, such as those used with actual air traffic control personnel, 

participants can issue commands to aircraft regarding speed, altitude, rate-of-climb, and 

directional vectors. For the current study, a low fidelity version of the task was designed. 
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That is, only one type of aircraft was present, reducing variability due to aircraft 

capabilities (e.g., maximum speed). Also, participants were not be required to assign 

speed or altitude information to aircraft. Instead, all aircraft traveled at the same speed 

(with no acceleration or deceleration), and aircraft moved throughout a two-dimensional 

coordinate plane rather than three-dimensional space. Yet, participants needed to assign 

directional vectors to aircraft. 

A diagram of the ACT-lab task is shown in Figure 4. In the example shown in 

Figure 4, the aircraft (the circle with the “X”) will follow its predetermined route to its 

destination, Airport A. That is, in the absence of intervention from the participants, this 

aircraft will follow the predetermined route (the solid line). To minimize flight times and 

assure the aircraft will reach its destination in the time available, participants could send 

aircraft on alternative routes. Participants could decide whether the aircraft would stay on 

the flight paths when undertaking these alternative routes, or to “cut-corners,” flying off 

of flight paths and saving even more time. For instance, in Figure 4, the short-dashed line 

represents a safe alternative route, as even though the aircraft would deviate from its 

predetermined route, it would still remain on the flight paths. Alternatively, the long-

dashed line represents an unsafe alternative route. That is, the aircraft would deviate from 

its predetermined route by leaving the flight paths. 

Five aircraft were present at the onset of each trial. The aircraft followed their 

predetermined routes based on one of four flight configurations (unless the flight path 

was altered by the participant). To minimize the effects of practice on performance, four 

different flight configurations were used to give the sense of novel trials while holding 
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travel time and difficulty constant. The four configurations were symmetrical, meaning 

they were equivalent in aircraft travel time as well as difficulty. An example of these 

symmetrical flight configurations is shown in Figure 5.  

Manipulations. There were three manipulations, all of which are described in 

detail below. The order that participants were exposed to the within-person manipulations 

was counterbalanced and equated across regulatory focus conditions (
2

(3) = .09, p = 

.993). The sample sizes across regulatory focus conditions and the order in which the 

within-person manipulations were presented are shown in Table 2.  

 Time pressure. Time pressure was manipulated via the amount of time available 

to land the aircraft during a trial. Because the goal was to land 4 out of 5 aircraft a 

decrease in time available corresponds to an increase in time pressure. The “low time 

pressure” trials lasted 120 seconds and the “high time pressure” trials lasted 75 seconds. 

Trial length alternated each trial. For half the participants the first trial was 120 seconds, 

and for half the participants the first trial was 75 seconds. 

As shown in Figure 6, no aircraft would land in 120 seconds without intervention, 

yet it was still possible for each aircraft to land safely (without leaving the flight paths) in 

75 seconds. However, the average reduction in flight time in order to land an aircraft in 

the low time pressure trials was 6.62% (SD = 5.51%), while the average reduction in 

flight time in order to land an aircraft in the high time pressure trials was 41.64% (SD = 

3.44%). Thus, participants had to work more quickly during the high time pressure trials. 

Although it may appear that there was not much benefit to taking the shortest possible 

alternative route (compared to staying on the flight paths), Figure 6 actually presents an 
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extreme scenario. That is, while participants were issuing alternative routes to one 

aircraft, the other four aircraft were moving along their predetermined routes. This means 

these aircraft were moving away from their starting points (which are what the flight 

times shown in Figure 6 are based on), thereby increasing the difference between safe 

and unsafe alternative routes. In other words, “cutting corners” was an effective strategy 

for saving time, even more so than Figure 6 may convey. 

 Before each trial (as well as each measurement period) participants were told how 

much time would be available in the upcoming trial (either 120 seconds or 75 seconds). 

Participants also needed to correctly respond to a question asking them how long the 

upcoming trial would be. This was done to assure that individuals did not miss the 

manipulation. If the participant responded incorrectly, he or she was told the length of the 

upcoming trial and given another chance to answer correctly. 

 Safety cue. The presence or absence of the safety cue was manipulated via a 

reminder message shown to participants immediately before beginning a trial. For “safety 

cue present” trials, participants were told “Remember: Safety is an important aspect of 

performance,” and for the “safety cue absent” trials participants were told “Remember: 

Do not change aircraft speed or altitude.” The two sets of reminders are equivalent in 

length (8 words), and the “safety cue absent” reminder is neutral with regard to both 

safety- and efficiency-performance. Thus, any effects of the safety cue likely cannot be 

attributed to simply the presence of a reminder (regardless of content) or latency (i.e., the 

time it takes to read the message). Half of the participants saw the safety cue message 
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before trials 1 through 4 and half the participants saw the safety cue manipulation before 

trials 5 through 8.  

 Regulatory focus. Regulatory focus was manipulated via the framing of the 

assigned efficiency-performance goal. Specifically, the performance goal was either 

framed as an opportunity or an obligation, which is in line with Higgins (1997) definition 

of the construct. Higgins describes promotion-focused goals as ideals, goals that a person 

has the opportunity to achieve. Conversely, prevention-focus goals are describes as 

oughts, goals that a person has an obligation to achieve. Thus, during the initial 

instructions and cover story, participants in the promotion-focus condition were told: 

As an air traffic controller, you have an opportunity to make sure at least 80% of 

the aircraft reach their destinations on schedule. 

 

You should take this opportunity seriously, as it will influence how much money 

you are able to earn by the end of the experiment. 

Participants in the prevention-focus condition were given the same instructions, but the 

word “obligation” was used instead of the word “opportunity.” The same regulatory 

focus message was also given before each measurement period.  

Measures 

 Manipulation check. Perceptions of time pressure were measured before each 

trial as a manipulation check. Three items (“During the upcoming trial I will be working 

under excessive time pressure;” If given more time I could do better on the upcoming 

trial;” “I will have sufficient time during the upcoming trial”) developed by Durham, 

Locke, Poon, & McLeod (2000) were used. Participants responded on a scale from 1 

(Strongly Disagree) to 5 (Strongly Agree). The average alpha reliability for this scale was 

.65 (SD = .08).  
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Substantive variables. 

Expectancy. Expectancy was measured before each trial with two items. First, 

participants were asked: “During the upcoming trial, how many aircraft do you expect to 

land?” Participants will respond on a scale from 0 (“I will not land any aircraft.”) to 5 (“I 

will land 5 aircraft.”). Next participants were asked “What are the odds that you will land 

4 out of 5 aircraft during the upcoming trial?” Participants responded on a scale from 1 (0 

to 9%) to 10 (90 to 99%). The average correlation between these two items was .76 (SD = 

.04). Because these items were on different scales each item was transformed to a z-score 

before averaging the items to compute the expectancy variable. 

 Efficiency- and safety-goal activation. Performance- and safety-goal activation 

were measured using a lexical decision task (LDT). Participants were shown letter strings 

and asked to identify if the string was a word or a non-word as quickly as possible. LDTs 

are commonly used to measure goal activation (e.g., Leroy, 2009; Orehek, Bessarabova, 

Chen, & Kruglanski, 2011; Shah & Kruglanski, 2003), because individuals respond more 

quickly to words related to goals that are active and more slowly to words related to goals 

that are inhibited, relative to neutral words (Johnson et al., 2006). However, one 

limitation of reaction times (RT) is that RTs tend to be positively skewed. That is, while 

there is an absolute minimum RT (a person cannot respond in less than 0 ms), there is no 

absolute maximum (a person may never respond). Thus, following Bargh and 

Chartrand’s (2000) rules of thumb, I took several steps to improve the distributional 

properties of the RTs. Specifically, observations were removed if: (1) the participant gave 
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the incorrect response (i.e., indicating that a word is a non-word or vice versa)
1
, (2) the 

participant responded in under 300 ms (which is considered to be too fast to be a valid 

response), and (3) the participant’s response fell outside +/- 3 SDs. Finally, the remaining 

observations were natural log transformed. 

 The letter strings used in the current study are shown in Table 1. There were five 

words related to the safety goal, and five words related to the performance goal. These 

words were taken from the cover story where the safety- and efficiency-goals were 

assigned. The safety- and efficiency-goal words were equated on length (average length 

is 8 letters). Also, each safety- and efficiency-goal word was matched to a neutral word 

(e.g., arrive  rather). The matching neutral words were equivalent to the target words in 

terms of length and frequency of use in the English language (Francis & Kucera, 1982). 

Finally, for each word there was a matching non-word, which were created by switching 

the first and fifth letters of each word (e.g., arrive  vrriae).  

 Thus, participants made 40 judgments (word vs. non-word) during each 

measurement period. The order in which the letter strings were presented was 

randomized, both within- and between-participants. Three average RTs were computed 

for each participant for each trial: safety word RTs (average = .76 [SD = .04]), 

efficiency word RTs (average  = .76 [SD = .03]), and neutral word RTs (average  = .87 

[SD = .01]). Because there are individual differences in RTs (e.g., due to general mental 

ability, Jensen, 1979), the average neutral word RT served as the baseline. Thus, the 

safety- and efficiency-goal RTs were centered around the neutral word RTs, therefore 

                                                           
1
 The accuracy rate was 93%. 



52 
 

equating participants in terms of their baseline RTs. Stated more formally, safety-goal 

activation was computed using Equation 1, and efficiency-goal activation was computed 

using Equation 2. The multiplication by -1 in each equation rescales the RTs (which 

indicate goal inhibition) into goal activation
2
. 

                           (
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∑                

  
) (1) 

                               (
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∑                

  
) (2) 

 Unsafe behavior. Unsafe behavior was operationalized as the amount of time 

aircraft spend outside the flight paths. Specifically, ATC-Lab automatically created a 

record of each aircraft’s location on the x-y coordinate grid at each second of the 

simulation. For example, if at given second the aircraft were at an x-y coordinate that is 

within a flight path, a “0” would be recorded for an “unsafe location” variable. 

Conversely, if at given second the aircraft were at an x-y coordinate that is outside a 

flight path, a “1” would be recorded for an “unsafe location” variable. The sum of these 

observations was used to determine the amount of unsafe behavior during the trial. 

Specifically, unsafe behavior was expressed as the proportion of the total time available 

for the trial that the participant spent routing aircraft off the flight paths. However, this 

variable was highly skewed (Skew = 1.09, SE = .09, z = 11.83, p < .001). A square root 

transformation (Tabachnick & Fidell, 2007) was used to derive a normally distributed 

unsafe behavior variable (Skew = .08, SE = .09, z = .86, p = .390). Also, the transformed 

                                                           
2
 The interpretations of the results involving reaction times do not change when the individual log-

transformed efficiency and safety RTs are used (with neutral word RTs are used as control variables) 

instead of using the centered values shown in Equations 1 and 2. 
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safety behavior variable was correlated .92 with the original variable. Thus, the unsafe 

behavior variable was calculated using Equation 3. 

                √
∑               

                                 
   (3)  

 Efficiency performance. Efficiency performance was operationalized as the 

number of aircraft landed during a trial. This variable was recorded automatically by the 

computer program. Although there were no hypotheses pertaining to efficiency 

performance, there several were auxiliary analyses involving efficiency performance.  

Analysis Plan 

Because observations were nested within individuals, multi-level modeling 

(MLM; Raudenbush & Bryk, 2002) was implemented via SAS Proc Mixed (Singer, 

1998). All effect sizes reported in this manuscript were estimated by correlating the 

predicted values derived from the MLM equations with the actual values and squaring the 

result. To disambiguate between- and within-person effects of the mediator variables 

(expectancy, efficiency goal activation, safety goal activation) on unsafe behavior, 

between- and within-person versions of these variables were computed via within-person 

centering (Hoffman & Stawski, 2009; Hofmann & Gavin, 1998; Kreft, de Leeuw, & 

Aiken, 1995). Specifically, these variables were first averaged (i.e., aggregated) for each 

person to create the between-person variable, and this aggregated variable was then 

subtracted from the raw scores to create the within-person variable.  

Mediation was tested using MacKinnon, Fritz, Williams, and Lockwood’s (2007) 

distribution of the products confidence limits for indirect effects (PRODCLIN) method. 

PRODCLIN involves computing an indirect effect by multiplying the regression weight 
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derived when the mediator is regressed on the independent variable (which is labeled ) 

and the regression weight derived when the dependent variable is regressed on the 

mediator, controlling for the independent variable (which is labeled ) and estimating a 

confidence interval around the indirect effect using the standard errors associated with the 

regression weights (or in this case multi-level regression weights). In this way 

PRODCLIN is similar to traditional tests of the significance of mediated effects, such as 

the Sobel test. However, whereas traditional methods assume indirect effects are 

normally distributed and thus compute a symmetrical confidence interval, MacKinnon et 

al. demonstrated that the distributions of indirect effects are actually skewed. Thus, 

PRODCLIN provides a more accurate estimate of the significance of an indirect effect by 

producing asymmetric confidence intervals. 

Results 

Pilot Study 

A small pilot study (N = 14) was conducted to ensure the experimental parameters 

were functioning as intended. Although there were only 14 participants in this pilot study, 

the repeated nature of the study yielded 112 observations (8 trials × 14 participants) 

which gave me a sufficient sample size to evaluate whether or not the critical within-

person aspects of the experiment were functioning as expected. There were two notable 

differences between the pilot study and the focal study. First, in the pilot study the 

efficiency goals were “do your best” goals (i.e., “land as many aircraft as possible’), as 

opposed to the specific goals (“land 4 out of 5 aircraft” and “land 32 out of 40 aircraft 

total”) used in the focal study. Second, the equation used to calculate the odds of an 
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accident occurring in the pilot study was less stringent than the equation used in the focal 

study. Specifically, in the pilot study the spot on the curve corresponding to a 50% 

chance of an accident was 360 seconds spent unsafely, whereas in the focal study the spot 

corresponding to a 50% chance of an accident was only 240 seconds (see Figure 3).  

The changes to the efficiency goals and the odds-of-accident equation were made 

to increase the trade-off between safety and efficiency in the experiment. Specifically, the 

participants in the pilot study behaved more cautiously than expected. The average odds 

of an accident for these participants (which is based on unsafe behavior) was only 25% 

(SD = 26%), compared to 57% (SD = 36%) in the focal study.  Also, the time pressure 

manipulation did not have the intended effect on unsafe behavior in the pilot study ( = 

.010, SE = .015, p = .491) and unsafe behaviors were actually negatively related to 

efficiency performance ( = -2.171, SE = .883, p < .05). Thus, the changes to the 

efficiency goals and the consequences of unsafe behavior were made to ensure that the 

situation participants faced in this experiment matched the types of situations described in 

formulating the hypotheses; that is, where safety and efficiency are competing goals. As I 

demonstrate below, these issues were resolved as a result of the changes made in the 

focal study.  

Identification of Control Variables 

At the onset of the experiment (i.e., before exposure to any instructions or 

manipulations) several individual differences measures were administered. This was done 

to control for the effects of individual differences on unsafe behavior. However, as shown 

in Table 3, no individual differences variables predicted unsafe behavior (which was 
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aggregated to the between-person level for these analyses). Thus, no individual 

differences were included as control variables. However, I return to the issue of 

individual differences in the Discussion section. 

I also examined the effect of trial number on unsafe behavior. When trial is 

treated as a continuous variable, there is a positive linear trend ( = .005, SE = .002, p < 

.001), indicating that unsafe behavior increased as the experiment progressed. Yet, this 

linear trend was qualified by a significant negative curvilinear effect ( = -.003, SE = 

.001, p < .001), such that the initial increases in unsafe behavior during early trials 

tapered off toward the later trials. I examined this effect by plotting the relationship 

between trial and unsafe behavior, but treating trial as an eight-level categorical variable 

instead of a continuous variable. Using this method, the effect of trial on unsafe behavior 

remains significant (F(7, 608) = 5.35, p < .001), and each trial can be plotted independently 

of the other trials (i.e., not forced to follow the “best-fitting” line). As shown in Figure 7, 

unsafe behaviors increased in a fairly consistent manner over the first three trials before 

stabilizing near the mean. Therefore, I controlled for trial number when testing my 

hypotheses and did so by treating trial number as a discrete (as opposed to continuous) 

variable. However, treating trial as a continuous variable and controlling for the linear 

and quadratic terms instead of treating trial as a discrete variable had no influence on the 

interpretation of the results. 

Manipulation Check 

Perceptions of time pressure were regressed on the time pressure manipulation 

variable as a manipulation check. Participants reported experiencing more time pressure 
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before the 75 second trials (i.e., high time pressure) than before the 120 second (i.e., low 

time pressure) trials ( = .591, SE = .049, p < .001, R
2
 = .124). This is an increase of .88 

standard deviations. Also, the effect of the manipulation on time pressure does not 

change when trial number is included as a control variable, although trial did have a 

significant effect on perceptions of time pressure (F(7, 606) = 4.58, p < .001), and there was 

no interaction between the time pressure manipulation variable and time (F(7, 599) = 1.34, 

p = .227). Therefore, the time pressure manipulation worked as intended. 

Descriptive Statistics 

Table 4 contains means, standard deviations, and intraclass correlations (ICC(1)) 

for all study variables. With the exception of unsafe behavior (ICC(1) = .605), the 

majority of variance in the variables occurred at the within-person level of analysis, and 

still nearly 40% of the variance in unsafe behavior occurred within-individuals over time. 

These results were to be expected given that the study was designed to study within-

person variance in safety motivation.  

The intercorrelations among the study variables are shown in Tables 5 and 6. 

Between-person correlations are shown in Table 5, and within-person correlations are 

shown in Table 6. Given the limited variance at the between-person level of analysis, it is 

not surprising that the correlations reported in Table 6 are small. Table 5 provides some 

initial support for several of the hypotheses. Specifically, the time pressure manipulation 

is positively related to unsafe behavior and negatively related to expectancy. Also, 

expectancy is negatively related to unsafe behavior. However, an unexpected finding is 

that efficiency- and safety-goal activation were positively correlated, yet a negative 
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correlation was expected. At the between-person level, this means that an individual who 

experienced a high (low) level of efficiency goal activation on average (across trials) also 

experienced a high (low) level of safety goal activation on average across trials. At the 

within-person level, this means that when an individual experienced an increase 

(decrease) in efficiency goal activation, he or she also experienced an increase (dcrease) 

in efficiency goal activation. This finding is counter to the logic presented in the 

Introduction, specifically, that efficiency goals would be “shielded” from safety goals, 

which would be indicated by a negative within-person correction. Nonetheless, these 

bivariate correlations are preliminary, and more detailed multivariate tests of my 

hypotheses are presented below. 

Hypothesis Tests 

 H1: Time pressure  unsafe behavior. Hypothesis 1 predicted that time 

pressure would be positively related to unsafe behavior. To test this hypothesis, unsafe 

behavior was regressed on the time pressure manipulation variable (0 = low time 

pressure, 1 = high time pressure), controlling for the effect of trial. As expected, 

participants behaved more unsafely during the high time pressure trials than during the 

low time pressure trials ( = .040, SE = .007, p < .001). The trial variable accounted for 

1.87% of the variance in unsafe behavior, and adding the time pressure variable resulted 

in an additional 1.83% variance explained (3.71% total). Stated differently, this result 

means that on average participants behaved unsafely for 5.88% of the time during the low 

time pressure trials and 7.96% of the time during the high time pressure trials, which 
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amounts to a 35% increase in unsafe behavior exhibited during the high time pressure 

trials compared to the low time pressure trials. Thus, Hypothesis 1 was supported. 

 H2: Mediation hypotheses. Hypothesis 2 predicted that the effects of time 

pressure on unsafe behavior would be mediated by both conscious and non-conscious 

processes. Specifically, H2a predicted that the time pressure/unsafe behavior relationship 

would be mediated by expectancy; H2b predicted that this relationship would be 

mediated by efficiency goal activation; and H2c predicted that this relationship would be 

mediated by safety goal activation. These hypotheses were tested in three parts. First, 

three MLMs were fit in which the mediators (expectancy, efficiency goal activation, and 

safety goal activation) were regressed on the time pressure manipulation variable, 

controlling for trial
3
. As expected, time pressure was negatively related to expectancy ( 

= -.580, SE = .045, p < .001, R
2
 = .095), meaning participants were less likely to believe 

they would be able to meet their goal when time pressure was high. However, contrary to 

expectations, time pressure was not related to efficiency goal activation ( = .001, SE = 

.007, p = .842, R
2
 = .000) nor safety goal activation ( = -.001, SE = .007, p = .924, R

2
 

= .000).  

 Second, unsafe behavior was regressed on the three mediators simultaneously, 

controlling for trial and the time pressure manipulation variable. Each mediator is 

actually represented by two variables in the equation: (1) the aggregated variable which 

accounts for between-person variance and (2) the within-person centered variable which 

                                                           
3
 Trial accounted for a significant amount of variance in each mediator: Expectancy (F(7, 607) = 12.61, p < 

.001, R
2
 = .065), Efficiency Goal Activation (F(7, 594)  = 3.81, p < .001, R

2
 = .035), Safety Goal Activation 

(F(7, 594) = 2.21, p < .05, R
2
 = .022). All three mediators had a generally negative trend (i.e., decreasing over 

time), yet the trial effect was more pronounced earlier in the experiment (i.e., a positively accelerating 

curvilinear effect). 
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accounts for within-person variance. Because the time pressure manipulation only varied 

at the within-person level of analysis, this manipulation could only account for within-

person variance. Thus, the effects of the centered mediator variables (i.e., within-person 

effects) on unsafe behavior were used to test Hypothesis 2. The results of this analysis are 

summarized in Table 7. As a group, the mediators accounted for 2.77% of the variance in 

unsafe behavior above and beyond the trial and time pressure manipulation variables. 

However, expectancy was the only mediator that was significantly related to unsafe 

behavior. As expected, individuals engaged in more unsafe behavior when their 

expectancy for reaching their efficiency goals was low. Yet, counter to expectations, 

efficiency and safety goal activation were not related to unsafe behavior. 

 Finally, the regression weights and standard errors derived from the first two steps 

(time pressure  mediators, mediators  unsafe behavior) were entered into MacKinnon 

et al.’s (2007) PRODCLIN program to test for mediation. These results are summarized 

in Table 8. In line with Hypothesis 2a, the relationship between time pressure and unsafe 

behavior was mediated by expectancy. However, Hypothesis 2b and Hypothesis 2c were 

not supported. That is, there was no significant indirect effect of time pressure on unsafe 

behavior via efficiency goal activation or safety goal activation. The results from 

Hypothesis 2 are summarized in Figure 8.  

 H3: Expectancy × safety cues  unsafe behavior. Hypothesis 3 predicted that 

the presence of safety reminder cues would moderate the relationship between 

expectancy and unsafe behavior. Because efficiency and safety goal activation were not 

related to unsafe behavior, these variables were not included in the model as control 



61 
 

variables in testing Hypothesis 3 (although doing so does not change the interpretation of 

the results). First, unsafe behavior was regressed on trial, the time pressure manipulation, 

and the between-person (i.e., aggregated) expectancy variable. Second, the main effects 

of the within-person expectancy (i.e., centered) and the safety cue variable (0 = no cue, 1 

= cue) were added to the model. Finally, unsafe behavior was regressed on the interaction 

of within-person expectancy and safety cue. These results are summarized in Table 9. As 

shown in Table 9, there was a significant and negative main effect of within-person 

expectancy on unsafe behavior (as was reported above) and there was a significant (with 

a one-tailed test) main effect of safety cue on unsafe behavior in the expected direction 

(i.e., safer when cue is present). However, contrary to Hypothesis 3, the presence a safety 

reminder cue did not moderate the effect of expectancy on unsafe behavior. In other 

words, individuals were more unsafe when they had lower expectations than usual of 

meeting their efficiency goals, regardless of whether or not a safety reminder cue was 

present. Thus, Hypothesis 3 was not supported, yet the main effects of expectancy and 

safety cues were in the expected directions. 

 H4: Time pressure × regulatory focus  efficiency goal activation. 

Hypothesis 4 predicted that regulatory focus framing would moderate the relationship 

between time pressure and efficiency goal activation. Although no main effect of time 

pressure on efficiency goal activation was found in the test of Hypothesis 2, a moderated 

relationship could still be present (i.e., a dis-ordinal interaction), and thus I tested for the 

presence of an interaction between time pressure and regulatory focus on efficiency goal 

activation. However, as shown in the top half of Table 10, there were no main effects of 
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time pressure or regulatory focus on efficiency goal activation, nor was there a time 

pressure × regulatory focus interaction on efficiency goal activation. Thus, Hypothesis 4 

was not supported. 

H5: Time pressure × regulatory focus  safety goal activation. Hypothesis 5 

predicted that regulatory focus framing would moderate the relationship between time 

pressure and safety goal activation. Again, although no main effect of time pressure on 

efficiency goal activation was found in the test of Hypothesis 2, I tested for the presence 

of an interaction between time pressure and regulatory focus on safety goal activation. 

These results are summarized in the bottom half of Table 10. Similar to efficiency goal 

activation, there were no main effects of time pressure or regulatory focus on safety goal 

activation, nor was there a time pressure × regulatory focus interaction. Thus, Hypothesis 

5 was not supported. 

H6: Time pressure × regulatory focus × safety cue  unsafe behavior. 

Hypothesis 6 predicted that there would be a three-way interaction between time 

pressure, regulatory focus framing, and the presence vs. absence of safety reminder cues 

on unsafe behavior. Specifically, it was predicted that the effect of time pressure on 

unsafe behavior would be strongest for individuals for whom the efficiency goal was 

framed as an obligation and when there was no cue present reminding the participant of 

the importance of safety. However, as shown in Table 11, there was no significant three-

way interaction among time pressure, regulatory focus, and safety cues on unsafe 

behavior, meaning Hypothesis 6 was not supported. Nonetheless, there was a marginally 

significant 2-way interaction between regulatory focus and safety cues, which I explore 



63 
 

in more detail in the Auxiliary Analyses section. The results of all six Hypothesis tests 

are summarized in Table 12.  

Auxiliary Analyses 

Perceptions of time pressure. The first set of auxiliary analyses involved using 

the self-reported perceptions of time pressure as a predictor of unsafe behavior and the 

mediating variables instead of the time pressure manipulation variable. Replicating the 

findings reported above using the self-reported time pressure variable lends additional 

support to the argument that time pressure drives unsafe behaviors. Also, using the self-

report perceptions of time pressure in the analyses allows testing for curvilinear 

relationships between time pressure and unsafe behavior (and the mediators), whereas 

this was not possible using the time pressure manipulation variable as manipulated time 

pressure had only two levels. That is, it may be possible that only very high levels of time 

pressure lead to unsafe behaviors (an exponential increase), or that beyond a certain point 

increased time pressure has little or no effect on unsafe behavior (diminishing returns). It 

is difficult to predict the nature of the curvilinear effect (if any) a priori, and thus this is 

treated as a supplemental and exploratory analysis. The effects of trial number and 

between-person perceptions of time pressure were controlled for in all of the analyses 

reported below. 

First, I was able to replicate the results from the test of Hypothesis 1 using the 

perceived time pressure variable: within-person perceptions of time pressure were 

positively related to unsafe behaviors ( = .026, SE = .005, p < .001, R
2
 = .045), and the 

effect of the time pressure manipulation on unsafe behaviors was mediated by time 
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pressure perceptions (indirect effect = .009, p < .01, LB95% CI = .003, UB95% CI = .016). 

Furthermore, there was a significant curvilinear effect of time pressure on unsafe 

behaviors ( = .013, SE = .006, p < .05, R
2
 = .009). As shown in Figure 9, the effect of 

time pressure on unsafe behavior increased exponentially, such that low levels of time 

pressure had little effect on unsafe behaviors, but the influence of time pressure on unsafe 

behaviors increased dramatically at higher levels
4
.  

Next, I replicated the effects of Hypothesis 2a using perceptions of time pressure 

instead of the time pressure manipulation. Specifically, time pressure was negatively 

related to expectancy ( = -.488, SE = .033, p < .001, R
2
 = .189), and the effect of the time 

pressure manipulation on expectancy was mediated by perceptions of time pressure 

(indirect effect = -.214, p < .001, LB95% CI = -.269, UB95% CI = -.163). In line with H2a, the 

indirect effect of time pressure perceptions on unsafe behaviors via expectancy was 

significant (indirect effect = .007, p < .05, LB95% CI = .001, UB95% CI = .013). Lastly, 

similar to the effect of time pressure on unsafe behavior, the negative relationship of time 

pressure with expectancy become exponentially stronger, as indicated by a significant 

curvilinear relationship between time pressure and expectancy ( = -.121, SE = .038, p < 

.01, R
2
 = .000)

5
. This curvilinear effect is shown in Figure 10. 

Lastly, using perceptions of time pressure instead of the time pressure 

manipulation variable did not change the interpretation of the results with regard to the 

non-conscious processes. Specifically, there were no linear or curvilinear effects of 

perceived time pressure on efficiency or safety goal activation. Also, regulatory focus did 

                                                           
4
 The cubed time pressure effect on unsafe behavior was non-significant ( = -.002, SE = .005, p = .621).  

5
 The cubed time pressure effect on expectancy was non-significant ( = .030, SE = .030, p = .319). 
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not moderate the linear or curvilinear relationships. Similarly, there was no three-way 

interaction among perceived time pressure, regulatory focus, and safety cues on unsafe 

behavior, nor was the squared time pressure effect on unsafe behavior moderated by 

regulatory focus and/or safety cues. 

These results help to validate the claim that time pressure was a critical 

determinant of unsafe behaviors in the current research. Also, these results demonstrated 

that the relationship of time pressure with expectancy and unsafe behaviors may not be 

simply linear, but instead exponential. These results indicate that individuals in the 

current study could tolerate small increases in time pressure, but very large increase lead 

to increased unsafe behavior. Nonetheless, in some circumstances it may be that the 

effect of time pressure on unsafe behavior reaches a point of diminishing returns. These 

supplemental results highlight the need for additional research to identify environmental 

features and individual differences that influence the complex relationship between time 

pressure and unsafe behaviors. 

Efficiency performance. The focus of the study up to this point has been on 

unsafe behaviors as the primary dependent variable, instead of efficiency performance. 

This is intentional, as the study was designed such that safety and efficiency would be in 

conflict. In other words, it was my intention to design a study in which participants 

achieved efficiency performance via unsafe behaviors. Indeed, this was the case: unsafe 

behaviors were positively related to efficiency performance at the between-person level 

of analysis ( = 1.845, SE = .569, p < .01, R
2
 = .025), meaning participants who were less 

safe overall achieved higher efficiency performance. Also, unsafe behaviors were 
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positively related to efficiency performance at the within-person level of analysis, yet 

only up to a point (i.e., a significant curvilinear effect, Linear = .441, SE = .374, p = .238, 


2
 = -5.867, SE = 2.589, p < .05, R

2
 = .373)

6
. As shown in Figure 11, at very high within-

person levels of unsafe behaviors efficiency performance actually declines. This may be 

due to participants making a desperate attempt to reach efficiency goals by drastically 

increasing unsafe behaviors.  

Whereas other behaviors (e.g., learning task strategies, seeking help from others) 

are likely to be useful for improving efficiency performance (especially for different tasks 

and for different environments), the intended contributions of the current study were 

specifically related to demonstrating the conditions under which individuals engage in 

unsafe behaviors to improve efficiency performance. Nonetheless, it may still be useful 

to consider efficiency performance as a dependent variable in the current study. At the 

very least, such results are expected to mirror the results of the hypothesis tests. In other 

words, finding that time pressure negatively influenced efficiency performance would 

add support to the notion that time pressure drove increases in unsafe behaviors when 

efficiency performance was in jeopardy. 

As expected, the time pressure manipulation had a negative effect on efficiency 

performance, above and beyond the effect of trial ( = -1.731, SE = .061, p < .001, R
2
 = 

.387). This means that participants were able to land near 1 and ¾ more aircraft during 

the 120 second trials compared to the 75 second trials. Thus, the limited time available in 

                                                           
6
 The effects of trial, time pressure manipulation, and between-person unsafe behavior were controlled for 

in these analyses. In general, participants’ efficiency performance improved over the course of the study (a 

positive effect of trial). The effects of the time pressure manipulation are detailed below. The cubed unsafe 

behavior effect on efficiency performance was non-significant ( = -1.977, SE = 13.186, p = .881). 
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the high time pressure trials put efficiency performance at risk. I also regressed efficiency 

performance on the mediators. As shown in Table 13, only expectancy was predictive of 

efficiency performance. The within-person effect of expectancy on efficiency 

performance was marginally significant, but this effect was in the expected direction ( = 

-.096, SE = .056, p = .086). Interestingly, between-person expectancy was positively 

related to efficiency performance ( = .589, SE = .092, p < .001). I suspect this may be 

due to between-person expectancy acting as an indicator of ability. That is, highly skilled 

participants would be expected to have high efficiency performance scores, and these 

participants would also be expected to have high expectancies. However, ACT score and 

videogame experience, which were more distal indicators of ability, were not related to 

expectancy (ACT r = .047, p = .697; videogame experience r = .152, p = .161) or 

efficiency performance (ACT r = .084, p = .491; videogame experience r = .098, p = 

.371). Finally, there were no significant 2- or 3-way interaction effects of time pressure, 

regulatory focus, or safety reminder cues on efficiency performance.  

Lastly, I considered the reciprocal effects of efficiency performance on unsafe 

behaviors. First, there was an interaction between efficiency performance on the previous 

trial (i.e., number of aircraft landed) and time pressure on expectancy ( = -.205, SE = 

.044, p < .001). As shown in Figure 12, efficiency performance during the previous trial 

was positively related to expectancy on the subsequent trial, but only when the 

subsequent trial was a low time pressure trial. For the high time pressure trials, 

participants experienced low expectancy, regardless of how well they had done on the 

previous trial. Downstream, expectancy predicted unsafe behavior (as was shown in the 
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Hypothesis Test section), yet a marginally significant moderating effect of regulatory 

focus emerged ( = -.019, SE = .011, p = .083). As shown in Figure 13, expectancy was 

only negatively related to unsafe behaviors for individuals for whom efficiency was 

framed as an opportunity. For participants in the prevention-focus (efficiency as an 

obligation) condition, unsafe behaviors were maintained at (relatively) high levels, even 

when they were much more confident than usual that they would be able to meet the 

efficiency goal. This finding is in line with the theoretical arguments put forth in this 

article. That is, participants for whom the efficiency goal was framed as an obligation 

were less willing to reduce their unsafe behaviors, even when expectancy was very high, 

as unsafe behaviors were an effective method of assuring the efficiency goal would be 

met. However, the presence vs. absence of the safety reminder cue did not moderate this 

effect ( = -.007, SE = .023, p = .762), which is counter to the overall predictions outlined 

above. 

Efficiency and safety goal activation. As mentioned in the Descriptive Statistics 

section, the positive correlation between efficiency goal activation and safety goal 

activation was unexpected. One explanation for this positive correlation could be that 

both efficiency and safety goal activations followed similar trends over time (see Figure 

14). However, efficiency activation was still positively predicted safety activation at both 

between- and within-person levels of analysis, even after controlling for trial (B = .271, 

SE = .092, p < .01, W = .351, SE = .040, p < .001, R
2
 = .129). Similar results were 

obtained when safety activation was used to predict efficiency activation (B = .323, SE = 
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.112, p < 01, W = .321, SE = .037, p < .001, R
2
 = .141). Thus, the positive relationship 

among efficiency and safety goal activation does not seem to be an artifact of time.  

However, there is evidence that safety and efficiency were in conflict in the 

current study (as was intended). For one, unsafe behaviors were positively related to 

efficiency performance, meaning participants could increase efficiency by sacrificing 

safety. Also, a sample of participants (N = 30) were asked to respond to several self-

report items assessing the degree of conflict they experienced between efficiency and 

safety. These items and the results are shown in Table 14. The averages for all of the 

items were greater than 3 (the scale midpoint), and for each item between 67% and 97% 

of the participants indicated that they either agreed or strongly agreed that the two goals 

were in conflict. Thus, it seems unlikely that the positive relationship observed between 

efficiency and safety goal activation was due to little or no conflict between these goals. 

On the contrary, the conflict between the two appears to have been quite strong, and 

achieving the efficiency goals came at the expense of safety (and vice versa). 

Thus, the positive relationship between efficiency goal activation and safety goal 

activation may have arisen because both goals served the same higher order goal (general 

task performance). Yet, given that efficiency and safety were in greater conflict in the 

high time pressure trials compared to the low time pressure trials, it may be the case that 

this relationship would be attenuated (or even negative) in the high time pressure trials. 

Therefore, I considered time pressure as a moderator of the relationship between safety 

goal activation and efficiency goal activation. Indeed, the time pressure manipulation 

variable did moderate the relationship between safety goal activation and efficiency goal 
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activation ( = -.183, SE = .078, p < .05). As shown in Figure 15, time pressure did 

attenuate the positive relationship among the goal activation variables, but the 

relationship was still positive in the high time pressure trials. 

Finally, there are indications that the goal activation measures did not function as 

anticipated. Specifically, I used confirmatory factor analysis to compare how well three 

factor structures fit the data at each trial. The first, a one-factor model, tested the fit when 

all word types (neutral, efficiency, and safety) were forced to load onto a single “LDT” 

factor (i.e., a method factor). The second, a two-factor model, tested the fit when the 10 

neutral words were forced onto one factor and the five efficiency words and five safety 

words were forced onto a “task-relevant” factor. Finally, I tested a three-factor model in 

which the neutral words loaded onto a “neutral factor,” the efficiency words loaded onto 

an “efficiency factor,” and the safety words loaded onto a “safety factor.” As shown in 

Table 15, none of these measurement models fit the data particularly well, and more 

importantly, no single model stood out as fitting the data better or worse than the others. 

However, the scree plots from the eight trials, shown in Figure 16, tell a different story. 

This figure demonstrates that rather than three factors emerging, a single “LDT” factor 

emerges. Nonetheless, the correlation between efficiency and safety-goal activation was 

small to moderate (r = .268 at the between-person level and r = .355 at the within-person 

level). This indicates that when variance due to general speed of responding (indicated by 

neutral word RTs) is removed, RTs for efficiency words are not redundant with RTs for 

safety words.  
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Given the results of these auxiliary analyses, it is difficult to interpret the null 

results regarding the non-conscious efficiency and safety goals. Specifically, the results 

of the factor analyses suggest a problem with construct validity. Without this criterion 

met, it is impossible to observe relationships between goal activation and other constructs 

(e.g., unsafe behaviors), even if such relationships exist. In other words, to assess the 

relationship between two constructs, it is a prerequisite that both constructs be measured 

reliably and validly. Yet, whereas the construct validity of the LDT used in this study 

appears questionable, there are indications from other authors regarding the validity of 

LDT for measuring non-conscious goal processes. In particular, although construct 

validity evidence is rarely directly reported in tests of non-conscious goal processes, it 

can be inferred in previous work, as these non-conscious goal processes can be reliably 

manipulated (e.g., via priming) and reliably predict a number of outcomes (e.g., Johnson 

et al., 2006). Thus, additional work is needed to assure that non-conscious goal processes 

are being measured reliably and validly.  

Regulatory focus × safety cue  unsafe behavior. Although the three-way 

interaction among time pressure, regulatory focus, and the safety reminder cue (H6) was 

non-significant, the two-way interaction among regulatory focus and safety reminder cue 

did reach marginal statistical significance. Because the effects of time pressure were 

partially mediated by expectancy (H2a), I computed the interaction of regulatory focus 

and safety cues on unsafe behaviors, this time controlling for expectancy as well as the 

time pressure manipulation variable and trial. When the variance attributable to 

expectancy was removed from the equation, this interaction reached conventional levels 
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of statistical significance ( = -.027, SE = .013, p < .05, R
2
 = .060, R

2
 = .002). The 

interaction is plotted in Figure 17. In line with the logic presented in this article, the 

presence of safety cues reduced unsafe behaviors when efficiency goals were framed as 

an opportunity ( = -.026, SE = .009, p < .01), but safety reminder cues had no significant 

effect on safety behaviors when efficiency was framed as an obligation ( = .002, SE = 

.009, p = .822). That is, given that behaving unsafely was a useful strategy for reaching 

efficiency goals, participants for whom efficiency was seen as an obligation engaged in 

these behaviors even when explicitly reminded that safety was important. However, 

contrary to expectations, this effect did not vary across low and high time pressure trials. 

Instead, individuals with a prevention focus seemed to behave unsafely (relative to 

participants with a promotion focus when there was a safety cue present) during all trials. 

Influence of safety cues after repeated exposure. Finally, I assessed whether 

seeing the safety reminder cue had the same impact on safety performance for each 

exposure (e.g., Is seeing the safety cue for the fourth time as effective as it was the first 

time?). First, I found that the order of exposure to the safety cue did have a significant 

effect on unsafe behaviors (F(4, 347) = 2.98, p < .05), such that safety cues reduced unsafe 

behaviors after the first exposure ( = -.036, SE = .011, p < .01), but seeing the cue had 

no statistically significant effect on unsafe behaviors during the second, third, or fourth 

exposures (all ps > .240). Next, I found that the order of exposure effect was moderated 

by whether the participant saw the safety reminder cues before trials 1-4 or before trials 

5-8 (F(4, 607) = 4.47, p < .01). This interaction is plotted in Figure 18. For participants who 

saw the cue before trials 1-4, the safety cue reduced unsafe behaviors during trial 1 ( = -
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.062, SE = .014, p < .001) and trial 2 ( = -.024, SE = .013, p = .081), but not during trials 

3 or 4 (ps > .390). For participants who saw the safety reminder cue before trials 5-8, the 

safety cue did not reduce safety performance during any of the trials (all ps > .540).  

Additional research is needed to understand why this effect of exposure is 

emerging. One hypothesis is that participants become habituated to the safety cues. In 

other words, participants may cease to process the information presented in the cue after 

repeated exposure. However, if habituation to the safety cue were the only process 

involved, similar effects of order-of-presentation would be expected regardless of 

whether the participant saw the cue curing the first four trials or the last four trials. Thus, 

another hypothesis is that by the fifth trial, participants had learned what amount of 

unsafe behavior was likely to be needed to achieve the efficiency goals within the time 

constraints of the trial.  

Discussion 

The current research had three primary objectives. First, the workplace safety 

literature has provided a relatively static view of safety motivation. This study was 

designed to take a within-person approach to safety motivation. Specifically, I tested the 

hypothesis that unsafe behaviors would be more likely to arise when time to meet 

efficiency goals was in short supply. Second, the workplace safety literature has not 

considered non-conscious processes as antecedents of unsafe behaviors. Thus, in this 

study I sought to identify both conscious and non-conscious pathways to trade-offs 

between efficiency and safety. That is, I tested the hypotheses that the influence of time 

pressure on unsafe behavior would be mediated by expectancy for achieving one’s 
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efficiency goals, as well as non-conscious activation of efficiency and safety goals. 

Finally, the current research was intended to identify and evaluate interventions designed 

to influence both conscious and non-conscious pathways to unsafe behaviors. To evaluate 

these hypotheses, a laboratory study was designed in which participants performed an air 

traffic control simulation. This design allowed me to systematically vary time pressure, as 

well as regulatory focus framing and the presence of safety reminder cues, the two 

interventions under investigation.  

In the sections that follow I will review the major empirical findings from this 

research as well as their implications for theory and practice. I will also review the 

limitations and strengths of the study design and their implications for the interpretation 

of the results. Following the limitation and strengths sections I will identify several areas 

that I believe would most benefit from additional research, before concluding the 

discussion with some parting thoughts on the topic of trade-offs between efficiency and 

safety in the workplace. 

Summary of Results 

 The primary finding from this research was that individuals were more likely to 

sacrifice safety for efficiency when their key resource, the amount of time available, was 

in short supply. This was done because efficiency could be increased by cutting corners 

(i.e., behaving unsafely). This trade-off was driven by perceptions of time pressure, and 

the relationship between time pressure and unsafe behavior was mediated by expectancy. 

That is, individuals were more likely to “cut corners” when their expectancy for meeting 

efficiency goals was relatively low. However, this negative effect of expectancy on 
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unsafe behaviors was only observed for participants for whom efficiency goals were seen 

as opportunities to perform. For participants for whom efficiency goals were seen as 

obligations, high levels of unsafe behavior were maintained, even when expectancy for 

achieving efficiency goals was relatively high. Similar results emerged for the presence 

vs. absence of cues reminding participants of the importance of safety. That is, these cues 

reduced unsafe behavior for individuals in the opportunity condition, yet had no effect for 

individuals in the obligation condition. Nonetheless, such cues were only effective early 

in the experiment.  

 Results regarding the non-conscious activation of efficiency and safety goals, and 

the subsequent effects of this non-conscious activation on unsafe behavior, were less 

encouraging. Specifically, I was unable to observe any effects of time pressure, 

regulatory focus, or their interaction on efficiency or safety goal activation. Likewise, 

there were no significant effects of non-conscious goal activation on unsafe behavior. 

Although a negative correlation between safety- and efficiency-goal activations was 

expected, supplemental analyses revealed that these variables were positively correlated, 

and that this positive relationship was stronger when time pressure was low. However, 

the results of several factor analytic models indicated that the reaction time measures 

used in the current research may not have captured the goal constructs they were intended 

to measure.  

It is not clear why the goal activation measures did not work as intended. 

Specifically, Bargh and Chartrand’s (2000) guidelines were followed, all safety and 

efficiency words were equated on length, and the neutral words were matched to the 
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safety and efficiency words by length and frequency of use (Francis & Kucera, 1982). 

Given that there was evidence that the efficiency and safety goals were in conflict, the 

positive relationship between efficiency- and safety-goal activation may have indicated 

the presence of attention residue (Leroy, 2009, 2010). That is, participants may not have 

been able to shield efficiency goals, even though efficiency goals were in conflict with 

safety goals. However, if this were the case, the two-factor model, with one task-relevant 

factor and one neutral-word factor, should have provided the best fit to the data. Thus, it 

is difficult to know how to interpret the LDT results from the current study. In subsequent 

sections I consider the potential theoretical implications of these results and make 

suggestions for how to proceed with future research in this area. 

Theoretical Implications 

 A dynamic approach to workplace safety. This study integrated the safety 

motivation literature with the broader motivational literature. Most importantly, the 

current study approached the issue of workplace safety from a dynamic, within-person 

motivational perspective. Such perspectives are characterized by a series of decisions 

made over time about how to allocate finite resources among multiple, often competing, 

goals (e.g., Lord et al., 2010; Vancouver et al., 2010). Whereas previous workplace safety 

research has focused on individual differences and group-level antecedents of safety-

related outcomes (e.g., Christian et al., 2009), the current research tracked individuals 

over time in order to identify when unsafe behaviors were most likely to emerge. In line 

with predictions, individuals were more likely to behave unsafely when time was in short 

supply, when expectancy for completing efficiency goals was relatively low, when no 
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safety reminder cues were present, and when efficiency goals were framed as obligations. 

The variance within-individuals over time in safety behaviors indicates that personnel 

selection and training interventions can only account for a limited amount of variance in 

safety behaviors, and a more dynamic and “in-the-moment” approach to managing 

workplace safety is needed.  I strongly recommend that future work on safety motivation 

take a dynamic, within-person perspective. This is not to say that between-person and 

between-group designs do not hold value for studying workplace safety – on the contrary, 

we have learned a great deal about the individual and group characteristics that are 

important for improving workplace safety (Christian et al., 2009). However, until 

theoretical accounts of workplace safety begin to consider when unsafe behaviors are 

likely to emerge (as opposed to only considering “who makes unsafe decisions”) a non-

trivial portion of the variance in unsafe behaviors (~40% in the current study) will be left 

unexplained.  

 New findings regarding regulatory focus and safety behaviors. In a series of 

studies, Wallace and colleagues (Wallace & Chen, 2006; Wallace et al., 2009; Wallace et 

al., 2008) observed a positive relationship between a prevention-oriented regulatory focus 

and safety performance (higher prevention focus  safer performance). The explanation 

of these results is that a strong prevention focus is characterized by working cautiously 

and deliberately. This cautiousness is born out of a sense of obligation to perform tasks as 

accurately as possible. Thus, it is not surprising that Wallace and colleagues recommend 

that managers attempt to frame potentially dangerous situations with a prevention focus. 
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On the surface this is a reasonable suggestion, yet current research identified an important 

caveat. 

Specifically, this research demonstrated that when efficiency goals were framed as 

obligations (characteristic of a prevention focus), a higher incidence of unsafe behaviors 

resulted. This means that the target of regulatory focus framing matters. Whether a 

particular goal is approached with a promotion focus or a prevention focus will depend 

on individual differences in regulatory preference, as well as situational cues (e.g.. from 

leaders, Kark & Van Dijk, 2007). This means that a manager who encourages a general 

prevention-focused climate in an attempt to improve safety-related outcomes could 

actually act to increase unsafe behavior if such climates lead employees to take a more 

prevention-focused approach to efficiency goals. Future research on regulatory focus in 

work settings, especially as it applies to safety vs. efficiency trade-offs, must take into 

account how each individual goal is framed. Failure to do so may result in safety 

interventions that actually make the workplace less safe. 

 Non-conscious safety motivation. One interpretation of the null results regarding 

non-conscious safety and efficiency goals in the current research may be that non-

conscious processes do not influence safety/productivity trade-offs. However, I believe 

that such an interpretation would be premature, and is be likely to be incorrect. I base this 

belief on the large body of evidence demonstrating that non-conscious goal processes are 

a critical part of multiple-goal self-regulation (Johnson et al., 2006). Of the two 

possibilities for the null results observed in this study—one being that non-conscious goal 

processes do not play a role in this particular goal trade-off and the other being that the 
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results from this study are a deviation from the norm—I believe the latter to be much 

more probable. Thus, I contend that future theorizing regarding safety/productivity trade-

offs in the workplace will benefit from consideration of non-conscious goal processes and 

that future research should strive to address the methodological difficulties of measuring 

non-conscious processes, rather than abandoning the constructs altogether.  

 Individual differences. Individual differences did not predict unsafe behaviors in 

the current study. Specifically, regulatory focus (Wallace & Chen, 2006; Wallace et al., 

2009; Wallace et al., 2008) and conscientiousness (Christian et al., 2009; Clarke & 

Robertson, 2005) have now been shown to be important predictors of safety-related 

outcomes. I suspect the reason for this finding (or lack thereof) can be attributed to the 

nature of the experiment; specifically, that the experimental paradigm used in this study 

created a “strong situation.” Stated differently, the study was designed such that the 

influence of situational differences (the amount of time available and the 

presence/absence of safety cues) on unsafe behaviors could be observed. To do so, a low 

fidelity task was used in which the range of possible behaviors was restricted. It is in 

precisely such environments where individual differences are expected to have less of an 

influence on behavior (Meyer, Dalal, & Hermida, 2010). Thus, the lack of relationships 

among individual differences and unsafe behaviors in the current study do not imply that 

individual differences are not important for predicting safety-related outcomes. Rather, in 

actual work settings where there is more variance in the types of situations individuals 

face, individual differences are likely to be more influential. 



80 
 

Practical Implications 

On the continuum from “basic research” to “applied research,” the current study 

arguably lands closer to the “basic” side of the spectrum. In other words, the goal of this 

study was to begin to identify the dynamic within-person processes that lead individuals 

to behave unsafely when faced with limited resources and competing demands, rather 

than to evaluate safety interventions in the workplace. Therefore, I am inclined to take a 

conservative approach to highlighting the practical implications of this research. With 

that said, I believe there are lessons to be learned from this study that are immediately 

applicable to a range of tasks and environments. 

For one, this research shows that individuals are more likely to cut corners when 

they are under high time pressure and when they believe their efficiency goals may not be 

met. This finding is important, as it provides insights into when unsafe behaviors are 

most likely to occur, and thus, when accidents may be more likely to occur. Knowledge 

of this fact may help managers and team leaders to help their workgroups improve safety. 

Managers may be able to reduce unsafe behaviors and accident by reducing perceptions 

of time pressure, for instance, by loosening deadlines or allowing more time for work to 

be done. Also, in situations where time pressure cannot be avoided, managers may wish 

to take extra care to emphasize the importance of safety.  

Also, this research shows that providing reminders of the importance of safety is 

effective way to reduce unsafe behaviors. However, this effect was small (accounting for 

less that 1% of the variance in unsafe behaviors), and safety cues were ineffective for 

individuals for whom efficiency was framed as an obligation. Also, safety cues had most 
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influence early in the experiment, with their influence tapering off in later trials. It is 

common to see safety reminder cues in industrial settings, and although this research 

indicates that such cues may be moderately effective, there is likely to be a great deal of 

room for improvement. Surely some efficiency goals will be perceived as obligations in 

the workplace. Workers who do not meet production standards may be in danger of 

missing promotions, being demoted, or even being fired. Also, workers likely see the 

same safety reminder signs repeatedly and may become habituated to them. To make 

effective use of safety reminder cues, organizations will likely need to address these facts 

of organizational life. For instance, cues may need to convey that although efficiency is 

important for the company and the individual worker, it is not more important than 

safety. Additional research is needed to identify what characteristics of safety reminder 

cues are most effective. I suspect that safety reminder cues that explicitly identify the 

safety/efficiency trade-off and articulate the relative importance of the two goals will 

more effective than safety cues that only mention safety. Yet, this is an empirical 

question that cannot be answered without future research. 

Limitations 

 The laboratory design of this study introduced limitations to the interpretation of 

the results. However, as reviewed in the following section, the laboratory setting 

provided a number of strengths which given the central focus of the research were 

considered to outweigh the limitations. Nonetheless, it is important to understand the 

limitations of the research design and to interpret the results of this research accordingly. 
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 A key limitation of this research was the lack of consequences for failing to meet 

the efficiency goals and safety goals. In an organizational setting, failing to meet 

efficiency goals can result in a number of negative outcomes, including losing one’s job. 

In the current study, participants were paid less award money for failing to meet the 

efficiency goals. Likewise, in an actual workplace setting the negative valence of having 

an accident is much greater than the negative valence of having an accident in the current 

study, which involved losing the award money one had earned. The use of the poker 

chips for keeping track of the money participants had earned up to that point in the 

experiment was intended to mitigate these limitations. That is, having the poker chips in 

hand was intended to create a sense of immediate ownership. If a participant did not meet 

efficiency goals for a trial, he or she could actually see the poker chips representing 

actual money that he or she had failed to earn. Likewise, having the poker chips in hand 

that represented the money that the participant had earned up to that point allowed the 

participant to experience what he or she would lose if he or she behaved too unsafely and 

had an accident.  However, in actuality, if a participant did not reach his or her efficiency 

goals, or an accident occurred, this participant was no worse off than when the study 

began. This is in stark contrast to an actual employee who would be significantly worse 

off if he or she lost his or her job for failing to reach efficiency goals or who actually had 

an accident on the job.  

 Therefore, the valences associated with the goals in this experiment were arguably 

much lower than the valences involved in the workplace phenomenon the experiment was 

meant to model. This lack of valence could be one reason for the failure to observe non-
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conscious goal processes in this research. That is, goal valence is positively related to 

goal activation (Forster et al., 2007). In a setting where efficiency and safety goals have 

higher valences it may be easier to observe non-conscious goal processes (assuming they 

are indeed at play). However, it could be that the lower valences associated with this 

research make the results presented in this article a conservative test of the phenomenon. 

In other words, the trade-offs participants in this research made between efficiency and 

safety may have been muted compared to the trade-offs that would be observed in a more 

naturalistic setting. Of course, this is an empirical question regarding additional research 

to address. A fruitful avenue for such research would be to vary the valences associated 

with efficiency and safety goals.  

Strengths 

 As stated above, the laboratory setting used for this research was deemed to be 

most appropriate for testing the study hypotheses. That is, although testing the hypotheses 

in the lab introduced limitations, these limitations were thought to be outweighed by the 

strength of the design. Below I review some of the key strengths, including the ability to 

draw causal inferences and the ability to take repeated measurements. 

 Causality. A key strength of the design of the current research is the manipulation 

of key variables, as manipulating variables strengthens the inferences regarding causality 

that can be gleaned from results. With regard to time pressure, a much stronger case can 

be made for time pressure having causal influences on unsafe behavior than those that 

could have been made using a correlational design. That is, a passively observed 

correlation between perceptions of time pressure and unsafe behaviors could be due to a 
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variety of third-variable causes. For instance, a case could be made that individuals with 

low conscientiousness may experience high time pressure (e.g., as a result of 

procrastinating; Steel, 2007) and also are likely to engage in more unsafe behaviors 

(Christian et al., 2009). By manipulating the amount of time available to perform the task 

I was able to rule out these third variable explanations for the relationship between time 

pressure and unsafe behaviors.  

Likewise, causal inference can be made from the effects of safety reminder cues 

on unsafe behaviors, and the interaction of safety reminder cues with regulatory focus. 

Specifically, the results of this study show that introducing short reminders about the 

importance of safety can in fact lead individuals to behave more safely. However, my 

results show that the beneficial effects of safety cues may only emerge when efficiency 

goals are framed as opportunities. When efficiency goals are seen as obligations, cues 

reminding workers to be safe may have no influence on safety behavior at all.  

To date, the majority of the research examining workplace safety has been 

conducted in the field. In many ways this is a strength, as examining phenomenon in 

naturalistic settings increases ecological validity. However, few of these studies have 

included manipulated variables. Notable exceptions include Zohar’s (2002a) study of 

safety climate and several studies of goal setting and feedback effects on safety 

performance (Haynes et al., 1982; Komaki et al., 1978; Reber & Wallin, 1984; Reber et 

al., 1990). Yet these studies represent the exceptions rather than the rule, and truly 

experimental designs are typically infeasible in organizational settings (e.g., Komaki et 

al. had no control group and used a pre/post manipulation design). As a result, workplace 
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safety is an area where causal inferences are difficult to come by. Thus, the high degree 

of control over study parameters was a key strength of the research design, and given the 

paucity of data regarding the causes of unsafe behaviors, a strength that is worth the 

limitations inherent to a laboratory design. 

Repeated measurement. Another strength of the current research was the ability 

to measure the presumed antecedents of unsafe behaviors repeatedly. The use of repeated 

measures is necessary to examine within-person effects. In other words, it is not possible 

to study when individuals behave unsafely without observing the same person over time. 

A repeated measures approach is possible to carry out in an organizational setting, but is 

much more difficult given the demands repeated measurement places on the participant. 

A repeated measurement approach could potentially even alter the results observed in an 

applied setting. For instance, measurement periods could be perceived to increase time 

pressure, especially if the participant is interrupted from his or her work to complete the 

measurement. Thus, a key strength of this study was the ability to measure these 

processes repeatedly over time. Also, because measurement and performance were 

separated (and did not draw on a common pool of time), measurement was not likely to 

have greatly influenced the results of the current study.   

Directions for Future Research 

 Continue to study non-conscious antecedents of unsafe behavior. A goal of 

future research in this domain should be to better assess the non-conscious aspects of 

unsafe behavior. As stated above, I do not believe the lack of support for the hypotheses 

regarding non-conscious processes indicates that there are no non-conscious processes 
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involved in efficiency vs. safety trade-offs. On the contrary, I suspect there may be very 

important non-conscious antecedents of unsafe behavior, but they were not adequately 

measured in the current study. Future research could take a number of steps to evaluate 

this claim. For one, different methods of measurement could be used to assess non-

conscious processes. This may involve using the same LDT but using different “target” 

words than the words used in the current study. Other methods could be employed, such 

as the Implicit Association Test (IAT; e.g., Greenwald, Poehlman, Uhlmann, & Banaji, 

2009), the Stroop Task (Stroop, 1935), or word/sentence completion tasks. However, it is 

not clear that simply changing the method of administration would change the results. 

That is, all four of these methods share an underlying logic (ease of word recognition  

greater goal activation). Thus, a different research strategy may be necessary for 

observing non-conscious processes influencing efficiency vs. safety trade-offs. 

Priming safety- vs. efficiency-related concepts may be a useful strategy for 

studying non-conscious processes involved in safety vs. efficiency trade-offs. This 

priming may be subliminal (i.e., below conscious awareness) or supraliminal (i.e., 

participants are consciously aware of the prime) (Bargh & Chartrand, 2000). However, 

this method would require researchers to demonstrate that that the prime did indeed have 

a non-conscious effect (rather than a conscious effect). A common method for doing so is 

to: (1) administer a prime, (2) observe a difference in behavior (between primed and 

control groups), and (3) observe no difference between groups on a self-report measure of 

the construct (e.g., Bargh et al., 1996; Holland et al., 2005). 
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However, it may be difficult to study these non-conscious processes in the 

workplace. For instance, the LDT used in this research required access to computers, as 

well as specialized software (E-Prime was used in the current study) capable of 

administering stimuli and measuring reaction times within milliseconds. The same is true 

of other common methods of measuring non-conscious processes, such as the IAT and 

Stroop Task. Yet, there are alternative methods to measuring non-conscious processes 

that may be more amenable to organizational settings. For instance, Johnson and Saboe 

(2011) developed a measure of implicit self-concept (individualistic vs. interdependent) 

using word fragments and having individuals fill in the blanks as quickly as possible. For 

instance, the word fragment “O __ __” could be filled in as “own,” an individualistic 

word, “our,” an interdependent word, or “out,” a neutral word. This measure could be 

adapted to measure different non-conscious processes, such as safety goal activation. 

Three word fragments that could possibly be used to measure safety goal activation are 

shown in Table 16.  

How is the variance in safety performance distributed? In a recent article, I 

argued that it is critically important for I/O psychologists to consider how the variance in 

constructs is distributed across between- and within-person levels of analysis, as the way 

variance is distributed will determine the relative utility of different interventions (Beck, 

in press). For example, if the majority of the variance in unsafe behavior lies at the 

between-person level of analysis, then a personnel selection strategy (e.g., selecting 

highly conscientious employees) will be most useful for improving safety in the 

workplace. Yet, personnel selection strategies will be less useful for increasing safety in 
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the workplace if the majority of the variance in unsafe behaviors lies at the within-person 

level of analysis. In some ways this is similar to the distinction between maximal and 

typical performance (Sackett, Zedeck, & Fogli, 1988). However, I also point out that it is 

important to consider how constructs like safety performance vary within-individuals 

over time. For instance, if the frequency of unsafe behaviors changes systematically over 

time, for example, decreasing as individuals learn safer techniques, then safety training 

may be the best option for reducing unsafe behaviors (e.g., Burke & Sarpy, 2003). 

However, if safety behaviors vary stochastically within-individuals (i.e., varying around a 

set-point, not systematically with time), then motivational interventions, like improving 

safety climate (e.g., Zohar, 2003), are like to be most beneficial.  

In the current research, 61% of the variance in unsafe behaviors occurred at the 

between-person level of analysis, and 39% of the variance occurred at the within-person 

level of analysis. The majority (95%) of the within-person variance (i.e., 37% of the total 

variance) was stochastic, meaning it could not be explained by the effect of time (i.e., 

trial). The breakdown of variance by level of analysis and type is shown in Figure 19. 

The point here is not to say that this pattern of variance partitioning is the “true” state of 

affairs regarding unsafe behavior; this experiment was designed to elicit within-person 

variance in this variable. Rather, my purpose is to illustrate how safety behaviors can 

vary in different ways, and that the nature of this variance is itself an important issue to 

be addressed by future research. One potentially fruitful area for future research along 

these lines would be to identify situational determinants that influence how variance in 
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safety related outcomes is distributed. Doing so would help guide safety intervention 

efforts across jobs, industries, and environments. 

Environmental monitoring. The way individuals monitor their environment may 

be an important area for future safety research. Individuals are more attentive to stimuli 

relevant to goal pursuit, and tend to inhibit irrelevant information (e.g., Vogt, De 

Houwer, Moors, Van Damme, & Corbez, 2010). When under high time pressure, a 

worker may be more attuned to efficiency goals (e.g., how much work remains to be 

done) and less attuned to aspects of the environment that might signal danger. For 

example, when operating a milling machine, the sound of the cutter on the material, the 

smell of coolant evaporating, and the feel of resistance on the handles of the machine are 

all subtle indications of whether the particular operation (e.g., milling a surface, drilling a 

hole) is going as planned. A mill-hand who is preoccupied with finishing the task on time 

may be less attentive to these subtle cues that could indicate that something is awry and 

potentially dangerous, such as an improperly clamped work piece. Future research should 

explore the influence of environmental monitoring on safety-related behaviors and 

outcomes. Implementation intentions (Gollwitzer, 1999) may be a fruitful avenue to 

explore. Specifically, implementation intentions are if-then rules that individuals can use 

to effective regulate habit-driven behaviors. For example, a worker may be taught to stop 

and apply an implementation intention, such as “if I feel I am under a great deal of time 

pressure to complete a task, then I will take a moment to remember the importance of 

safety.” Over time and with practice these cue-behavior sequences can become 

automatic. Implementation intentions have repeatedly been shown to have positive 
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effects on a variety of goal-related processes, including actual goal attainment 

(Gollwitzer & Sheeran, 2006). By using implementation intentions, workers may be able 

to more effectively monitor their environments for signs of danger, especially when 

under constraints to finish tasks within tight deadlines. 

How much weight do accidents get in dynamic decision-making? Steel and 

Konig’s (2006) Temporal Motivation Theory (TMT) may be useful for identifying future 

avenues of research with regard to dynamic, within-person safety motivation. In line with 

expectancy-value theories (e.g. Vroom, 1964), TMT predicts that the utility of an action, 

for instance, cutting a corner while performing a work task, is determined by the 

expectancy and valence of all the positive outcomes associated with the action (e.g., Will 

cutting this corner get my work done quicker? How much is that worth to me?), 

subtracted by all the negative outcomes associated with the action (e.g., Will cutting this 

corner cause an accident? How bad would it be to have an accident?). TMT also predicts 

that negative outcomes (losses) will get more weight than positive outcomes (gains) 

(Kahneman & Tversky, 1984) and that outcomes occurring in the distant future are 

weighted less heavily than outcomes occurring nearer the present time (i.e., hyperbolic 

discounting; Ainslie & Haslam, 1992). TMT can be expressed mathematically via the 

formula shown in Equation 4. 

         (
     

    (   )
)
 

  (
     

    (   )
)
 

 (4) 

In this equation, E = expectancy, V = valence, T – t = the amount of time into the future 

that the event occurs,  = sensitivity to this time delay, Z = a constant to avoid dividing 
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by zero in the event of immediate outcomes, and superscripted +/- indicates gains vs. 

losses.  

 To apply this equation to safety motivation, I will make a number of simplifying 

assumptions. First, I will assume that the benefits of corner cutting happen immediately, 

and that people are often certain that they will be able to successfully perform the corner 

cutting behaviors. Stated more formally, on the positive (i.e., gains) side of the equation I 

will set E = 1 and T – t = 0. To further simplify the equation, I will assume that the 

objective value of cutting corners is equivalent across gains and losses. In other words, I 

will set V = 1 on each side of the equation. In reality, the costs of an accident may be far 

higher than the savings attributable to cutting corners, so this assumption would need to 

be validated. However, for my purpose here, this simplification will be sufficient. I will 

also set the constant Z = 1 for simplicity’s sake. By substituting these values into 

Equation 4, we are left with Equation 5. 

             (
 

   (   )
) (5) 

 In this equation, the superscripts indicating gains and losses have been replaced 

with W, indicating the weight given to losses (relative to gains). According to this 

equation, the utility of corner-cutting behavior would be determined by the odds that an 

accident would occur if the behavior was undertaken, how far into the future the accident 

occurs (e.g., Could cutting corners now results in a mechanical failure today or 10 years 

from today?), and how sensitive the person is to events occurring in the future. There are 

several noteworthy aspects of this equation. If there is no chance of an accident occurring 

because of the corner-cutting behavior (E = 0), then the behavior will have positive 
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utility. However, if the expectancy of an accident occurring is greater than 0, then utility 

of the behavior begins to decline. This effect is exacerbated by how soon the accident 

will occur and how heavily weighted losses are. If an accident is nearly certain to occur, 

and/or losses are weighted heavily, and/or the accident will occur very soon, unsafe 

behavior will have a negative utility. 

 Future research should begin to identify influences on these parameters. For 

instance, how do people form expectancies about whether an accident will occur? Do 

they tend to be overconfident in this regard? Are accidents perceived as occurring in 

some ill-specified future time? If so, are the consequences of accidents discounted? Are 

there individual differences that attenuate or exacerbate sensitivity to these parameters? 

This is just a sample of the large number of research questions that TMT raises.  

Concluding Remarks 

On January 28, 1986 the Space Shuttle Challenger exploded. Flight control was 

warned that it was too cold to safely launch that morning, but the flight had already been 

delayed several times over the past week. Seven people died in the explosion. On March 

24, 1989 the tanker Exxon Valdez struck a reef and spilled over 11 million gallons of oil 

off the coast of Alaska. The crew was over-worked and critical equipment (e.g., radar, 

iceberg monitors) was either not maintained or missing altogether. The company was in a 

rush to deliver the shipment, and maintenance procedures were put on hold. Over 

100,000 non-human animals died as a result of the spill. On May 11, 1996 ValuJet Flight 

592 crashed in the Florida Everglades. Procedures to store hazardous materials (including 

pure oxygen) were not followed. To save time, Duct Tape was used instead of the proper 
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covers. Shortly after take-off the oxygen ignited, the aircraft crashed, and 110 people 

were killed. Finally, on April 20, 2010, the deep sea oil rig Deepwater Horizon exploded 

in the Gulf of Mexico. The project had been running behind schedule. To speed things 

up, BP ordered a short-cut (using seawater to keep pressure down, instead of mud, the 

industry standard). As a result, 11 people died in the explosion, and it is estimated that 

the spill was nearly 20 times larger than that of the Exxon Valdez. 

When I look at these four disasters I see a theme emerge: The sacrifice of safety 

for the sake of efficiency. I do not mean to imply that one can look at large scale, 

organization-level failures like these and point to a single cause. But organization-level 

decisions originate at the individual level of analysis. In each case it is a safe bet that 

individuals within these organizations experienced time pressure, and there is evidence of 

the short-cuts that were taken and their consequences. The current research was designed 

in an effort to understand the moment at which these types of corner-cutting decisions 

occur. I sought to answer several questions. What situational factors lead to corner-

cutting? What are the relevant psychological processes involved? How can we help 

individuals avoid dangerous decisions? I have taken a small step toward answering these 

questions, but there remains much to do. I believe a within-person self-regulatory 

approach to studying safety in the workplace holds a great deal of promise. It is my hope 

that workplace safety research continuous to elucidate when dangerous short-cut 

behaviors emerge. I look forward to continuing to contribute to this line of inquiry in the 

future.
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Table 1 

Letter Strings Used to Measure Safety- and Performance-Goal Activation via a Lexical Decision Task 

Word Non-word Word Non-word

unsafe fnsaue raisin iaisrn

dangerous eangdrous mechanism aechmnism

riskier iiskrer recline ieclrne

hazardous razahdous geography reoggaphy

accidents dcciaents genuinely ienugnely

landed eandld center eentcr

arrive vrriae rather eathrr

destination iestdnation interpreter rnteipreter

schedule dchesule complain lompcain

efficient cffieient assistant sssiatant

S
a
fe

ty
-G

o
a
l 

A
ct

iv
a
ti

o
n

E
ff

ic
ie

n
cy

-G
o
a
l 

A
ct
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a
ti

o
n

Target Neutral 
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Table 2 

Sample Sizes by Regulatory Focus Condition and Order of Presentation of Trial Length 

and Safety Cue Manipulations 

Prevention Promotion

First trial length: 120 sec.

Cue Presented Trials 1-4 11 12

Cue Presented Trials 5-8 10 10

First trial length: 75 sec.

Cue Presented Trials 1-4 12 12

Cue Presented Trials 5-8 11 10
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Table 3 

Correlations of Various Individual Difference Variables with Average Unsafe Behavior 

 
Note: k = number of items in scale. Correlations that are emphasized are significant at p < .05. However, the Bonferroni corrected alpha level is p = .002. No 

correlations reported in this table met this level of statistical significance.

Variable Source k  Mean SD r

Age N/A 1 N/A 20.29 2.23 .17

Gender (0 = female, 1 = male) N/A 1 N/A .48 .50 -.23

ACT Score N/A 1 N/A 27.40 3.30 -.14

Prevention Focus Wallace, Johnson, and Frazier (2009) 6 .80 4.11 .43 .01

Promotion Focus Wallace, Johnson, and Frazier (2009) 6 .80 3.78 .58 .14

Conscientiousness Goldberg et al. (2006) 18 .84 3.82 .40 .10

Openness to Experience Donnellan, Oswald, Baird, and Lucas (2006) 4 .84 3.75 .84 -.14

Extraversion Donnellan, Oswald, Baird, and Lucas (2006) 4 .86 3.45 .82 .10

Agreeableness Donnellan, Oswald, Baird, and Lucas (2006) 4 .77 4.11 .59 .05

Neuroticism Donnellan, Oswald, Baird, and Lucas (2006) 4 .75 2.58 .78 .05

Mastery-Approach Goal Orientation Elliot and McGregor (2001) 3 .78 3.52 .77 .03

Performance-Approach Goal Orientation Elliot and McGregor (2001) 3 .86 3.26 .91 -.13

Mastery-Avoid Goal Orientation Elliot and McGregor (2001) 3 .77 2.68 .75 -.04

Performance-Avoid Goal Orientation Elliot and McGregor (2001) 3 .64 3.17 .79 .16

Behavioral Inhibition System Carver & White (1994) 7 .81 3.50 .65 .14

Behavioral Activation System - Reward Carver & White (1994) 5 .83 4.30 .48 .09

Behavioral Activation System - Fun Carver & White (1994) 4 .72 3.69 .62 .14

Behavioral Activation System - Drive Carver & White (1994) 4 .86 3.40 .73 .07

General Self-efficacy Chen, Gully, & Eden (2001) 8 .91 3.97 .56 .03

Risk-taking Propensity Weber, Blais, & Betz (2002) 3 .46 3.40 .83 -.01

Videogame Experience Current research 3 .80 2.16 .99 -.20

Computer Experience Current research 3 .34 4.22 .61 .02
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Table 4 

Intraclass Correlations, Means, and Standard Deviations  

ICC(1) Mean SD Mean SD Mean SD

Time Pressure Perceptions .272 3.876 .839 .000 .670 3.876 .506

Expectancy .416 .013 .937 .000 .669 .012 .655

Efficiency Goal Activation .062 .014 .097 .000 .088 .013 .042

Safety Goal Activation .020 -.009 .099 .000 .091 -.009 .039

Unsafe Behavior .605 .263 .148 .000 .087 .262 .120

Efficiency Performance .128 3.172 1.391 .000 1.215 3.172 .677

Within-PersonRaw Score Between-Person
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Table 5 

Between-person Correlations among Study Variables 

 
Note: Correlations that are emphasized are significant at p < .05. Degrees of freedom based on the number of participants (n = 88). Regulatory focus 

manipulation is coded: prevention-focus = 0 and promotion-focus = 1.

1 2 3 4 5 6 7

1. Regulatory Focus Manipulation 1.000

2. Time Pressure Perceptions -.053 1.000

3. Expectancy .061 -.127 1.000

4. Efficiency Goal Activation -.053 .194 .233 1.000

5. Safety Goal Activation -.056 -.029 -.042 .268 1.000

6. Unsafe Behavior -.003 -.140 .167 -.042 -.142 1.000

7. Efficiency Performance .141 -.099 .510 .024 -.090 .327 1.000
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Table 6 

Within-person Correlations among Study Variables 

 
Note: Correlations that are emphasized are significant at p < .05. Degrees of freedom based on the number of observations (n = 704). Time pressure manipulation 

is coded: low time pressure = 0 and high time pressure = 1.

1 2 3 4 5 6 7 8 9

1. Trial Number 1.000

2. Time Pressure Manipulation -.005 1.000

3. Safety Cue -.060 .000 1.000

4. Time Pressure Perceptions .130 .441 .028 1.000

5. Expectancy -.296 -.433 .007 -.535 1.000

6. Efficiency Goal Activation -.144 .009 .012 -.050 .026 1.000

7. Safety Goal Activation -.109 -.004 -.085 -.032 .029 .355 1.000

8. Unsafe Behavior .149 .227 -.071 .238 -.239 -.093 -.058 1.000

9. Efficiency Performance .297 -.713 -.027 -.222 .171 -.081 -.053 -.064 1.000
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Table 7 

Effects of Time Pressure, Expectancy, Efficiency Goal Activation, and Safety Goal Activation on Unsafe Behavior 

 
Notes: A subscripted “B” denotes a between-person (i.e., aggregated) variable, and a subscripted “W” denotes a within-person (i.e., centered) variable. 

Regression weights for the trial number dummy variables are purposely omitted and are available upon request.

 SE Num df Den df F p

Step 1 (R
2
 = .019, R

2
 = .019)

Trial ― ― 7 608 5.35 <.001

Step 2  (R
2
 = .037, R

2
 = .018)

Trial ― ― 7 607 5.69 <.001

Time Pressure Manipulation .040 .007 1 607 35.80 <.001

Step 3 (R
2 

= .065, R
2
 = .028)

Trial ― ― 7 588 3.01 .004

Time Pressure Manipulation .033 .008 1 588 19.10  <.001

ExpectancyB .029 .020 1 84 2.09 .152

Efficiency Goal ActivationB -.204 .327 1 84 .39 .535

Safety Goal ActivationB -.306 .342 1 84 .80 .373

ExpectancyW -.012 .006 1 588 4.33 .038

Efficiency Goal ActivationW -.057 .042 1 588 1.83 .177

Safety Goal ActivationW -.007 .039 1 588 .03 .866
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Table 8 

Mediated Effects of Time Pressure on Unsafe Behavior via Expectancy, Efficiency Goal 

Activation, and Safety Goal Activation 

 
Note: Indirect effects that are emphasized are significant at p < .05.

Mediator
Indirect 

Effect

Lower 

Bound

Upper 

Bound

Expectancy .0072 .0004 .0143

Efficiency Goal Activation -.0001 -.0010 .0007

Safety Goal Activation .0000 -.0001 .0001

95% CI
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Table 9 

Test of Hypothesis 3: The Interaction of Expectancy and Safety Cues on Unsafe Behaviors 

 
Notes: A subscripted “B” denotes a between-person (i.e., aggregated) variable, and a subscripted “W” denotes a within-person (i.e., centered) variable. 

Regression weights for the trial number dummy variables are purposely omitted and are available upon request.

 SE Num df Den df F p

Step 1 (R
2
 = .055, R

2
 = .055)

Trial ― ― 7 607 5.69 <.001

Time Pressure Manipulation .040 .007 1 607 35.79 <.001

ExpectancyB .031 .019 1 86 2.54 .114

Step 2  (R
2
 = .058, R

2
 = .003)

Trial ― ― 7 603 4.02 .000

Time Pressure Manipulation .033 .007 1 603 19.42  <.001

ExpectancyB .031 .019 1 86 2.56 .113

ExpectancyW -.012 .006 1 603 3.92 .048

Safety Cue -.011 .007 1 603 3.01 .083

Step 3 (R
2 

= .058, R
2
 = .000)

Trial ― ― 7 602 3.98 .000

Time Pressure Manipulation .033 .007 1 602 19.64  <.001

ExpectancyB .031 .019 1 86 2.52 .116

ExpectancyW -.009 .009 1 602 1.04 .309

Safety Cue -.011 .007 1 602 3.01 .083

ExpectancyW × Safety Cue -.005 .011 1 602 .23 .633
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Table 10 

Tests of Hypotheses 4 and 5: The Interaction of Time Pressure and Regulatory Focus on Efficiency and Safety Goal Activation 

 
Notes: TP = Time pressure (0 = low time pressure, 1 = high time pressure). RF = Regulatory focus (0 = prevention focus, 1 = promotion focus). Regression 

weights for the trial number dummy variables are purposely omitted and are available upon request.

 SE Num df Den df F p

DV: Efficiency Goal Activation

Step 1 (R
2
 = .035,R

2
 = .035)

Trial ― ― 7 593 3.81 .001

Time Pressure Manipulation .001 .007 1 593 .04 .841

Regulatory Focus Manipulation -.003 .009 1 86 .13 .724

Step 2  (R
2
 = .038, R

2
 = .003)

Trial ― ― 7 592 3.80 .001

Time Pressure Manipulation .012 .010 1 592 1.48 .224

Regulatory Focus Manipulation .008 .011 1 86 .46 .499

TP × RF -.022 .014 1 592 2.35 .126

DV: Safety Goal Activation

Step 1 (R
2
 = .022, R

2
 = .022)

Trial ― ― 7 593 2.22 .031

Time Pressure Manipulation -.001 .008 1 593 .00 .948

Regulatory Focus Manipulation -.005 .008 1 86 .34 .559

Step 2 (R
2
 = .023, R

2
 = .001)

Trial ― ― 7 592 2.21 .032

Time Pressure Manipulation .004 .011 1 592 .15 .702

Regulatory Focus Manipulation -.001 .010 1 86 .00 .959

TP × RF -.010 .016 1 592 .37 .542
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Table 11 

Test of Hypothesis 6: Three-way Interaction of Time Pressure, Regulatory Focus, and Safety Cues on Unsafe Behavior 

 
Notes: TP = Time pressure (0 = low time pressure, 1 = high time pressure). RF = Regulatory focus (0 = prevention focus, 1 = promotion focus). Cue = Safety 

reminder cue (0 = absent, 1 = present). Regression weights for the trial number dummy variables are purposely omitted and are available upon request.

 SE Num df Den df F p

Step 1 (R
2
 = .038,R

2
 = .038)

Trial ― ― 7 606 5.64  <.001

TP .040 .007 1 606 35.94  <.001

RF -.001 .026 1 86 .00 .974

Cue -.011 .007 1 606 2.95 .087

Step 2  (R
2
 = .041, R

2
 = .003)

Trial ― ― 7 603 5.66  <.001

TP .039 .011 1 603 11.64 .001

RF .007 .027 1 86 .07 .797

Cue .005 .011 1 603 .23 .630

TP × RF .010 .013 1 603 .54 .461

TP x Cue -.008 .013 1 603 .40 .529

RF x Cue -.026 .013 1 603 3.75 .053

Step 3 (R
2
 = .041, R

2
 = .000)

Trial ― ― 7 602 5.66    <.001

TP .039 .013 1 602 8.95 .003

RF .007 .028 1 86 .07 .790

Cue .006 .013 1 602 .20 .651

TP × RF .009 .019 1 602 .22 .637

TP x Cue -.009 .019 1 602 .25 .620

RF x Cue -.026 .019 1 602 2.01 .156

TP × RF x Cue .002 .026 1 602 .00 .944
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Table 12 

Summary of Hypothesis Test Results 

Hypothesis Summary Result

H1 Time Pressure → Unsafe Behavior Supported

H2a Time Pressure → Expectancy → Unsafe Behavior Supported

H2b Time Pressure → Efficiency Goal Activation → Unsafe Behavior Not Supported

H2c Time Pressure → Safety Goal Activation → Unsafe Behavior Not Supported

H3 Expectancy × Safety Cue → Unsafe Behavior Not Supported

Main Effects in Expected Directions

H4 Time Pressure × Regulatory Focus → Efficiency Goal Activation Not Supported

H5 Time Pressure × Regulatory Focus → Safety Goal Activation Not Supported

H6 Time Pressure × Regulatory Focus × Safety Cue → Unsafe Behavior Not Supported

Significant Two-way Interaction of 

Safety Cues and Regulatory Focus 
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Table 13 

Effects of Time Pressure, Expectancy, Efficiency Goal Activation, and Safety Goal Activation on Efficiency Performance 

 
Notes: A subscripted “B” denotes a between-person (i.e., aggregated) variable, and a subscripted “W” denotes a within-person (i.e., centered) variable. 

Regression weights for the trial number dummy variables are purposely omitted and are available upon request.

 SE Num df Den df F p

Step 1 (R
2
 = .076, R

2
 = .076)

Trial ― ― 7 608 9.73 <.001

Step 2  (R
2
 = .463, R

2
 = .387)

Trial ― ― 7 607 22.15 <.001

Time Pressure Manipulation -1.731 .061 1 607 797.12 <.001

Step 3 (R
2 

= .547, R
2
 = .084)

Trial ― ― 7 588 13.94 <.001

Time Pressure Manipulation -1.806 .070 1 588 663.50 <.001

ExpectancyB .589 .092 1 84 41.03 <.001

Efficiency Goal ActivationB -.689 1.506 1 84 .21 .649

Safety Goal ActivationB -1.878 1.586 1 84 1.40 .240

ExpectancyW -.096 .056 1 588 2.96 .086

Efficiency Goal ActivationW -.178 .388 1 588 .21 .647

Safety Goal ActivationW -.184 .365 1 588 .25 .615
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Table 14 

Self-report Measure of Efficiency vs. Safety Goal Conflict 

1 2 3 4 5

Mean SD
Strongly 

Disagree
Disagree Neutral Agree

Strongly 

Agree

%  Agree 

(4 or 5)

I could have easily achieved the 

safety goal if I ignored efficiency.
4.17 .95 1 1 2 14 12 87%

My safety goal and efficiency goal 

were in conflict.
4.40 .67 0 1 0 15 14 97%

I had to sacrifice safety to meet my 

efficiency goal.
4.17 1.02 0 3 4 8 15 77%

I thought about safety while 

performing the ATC task.
3.90 1.24 1 6 0 11 12 77%

I had to sacrifice efficiency to meet 

my safety goal.
3.63 1.25 2 5 3 12 8 67%

It was difficult to meet both the 

safety goal and  the efficiency goal.
4.77 .63 0 1 0 4 25 97%

I could have easily achieved the 

efficiency goal if I ignored safety.
4.33 1.09 1 2 2 6 19 83%

I thought about efficiency while 

performing the ATC task.
4.13 .90 0 3 1 15 11 87%

Frequencies
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Table 15 

Confirmatory Factor Analysis of Goal Activation Word Reaction Times 

 
Note: All 

2
 statistics are significant at p < .001.


2 CFI TLI RMSEA SRMR

1 Factor 357.334 .809 .787 .112 .068

2 Factors 351.294 .814 .791 .111 .068

3 Factors 347.378 .816 .791 .111 .067

1 Factor 363.857 .806 .783 .114 .067

2 Factors 359.757 .809 .786 .113 .066

3 Factors 359.721 .807 .781 .115 .067

1 Factor 341.229 .824 .803 .107 .064

2 Factors 337.254 .827 .806 .106 .065

3 Factors 335.912 .827 .803 .107 .065

1 Factor 251.990 .890 .877 .074 .064

2 Factors 251.925 .888 .874 .075 .064

3 Factors 246.047 .894 .879 .073 .065

1 Factor 265.554 .878 .864 .080 .067

2 Factors 265.279 .877 .862 .080 .067

3 Factors 264.747 .875 .858 .082 .067

1 Factor 395.143 .723 .690 .123 .081

2 Factors 394.803 .722 .687 .123 .081

3 Factors 394.613 .720 .681 .124 .081

1 Factor 259.937 .874 .859 .078 .063

2 Factors 258.089 .875 .860 .077 .063

3 Factors 254.452 .877 .861 .077 .063

1 Factor 268.283 .872 .857 .081 .066

2 Factors 268.280 .870 .854 .082 .066

3 Factors 267.617 .869 .851 .083 .066

Trial 1

Trial 2

Trial 3

Trial 4

Trial 5

Trial 6

Trial 7

Trial 8
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Table 16 

Potential Word Fragments for Measuring Non-conscious Safety Goal Activation 

Word Fragment Safety Neutral

__  __  N  G  E  R Danger Longer

__  __  S  K Risk Mask

__  __  __  A  R  D Hazard Lizard

Possible Responses
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Figure 1. Summary of research model and hypotheses. 

Notes: Variables in boxes are measured. Variables without boxes are manipulated. An italic font indicates that the variable is 

manipulated within-subjects, and a bold font indicates that the variable is manipulated between-subjects.
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Figure 2. Summary of sequencing of events during experimental trials.
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Figure 3. Relationship between time spent outside flight paths and the odds of an 

accident occurring.
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Figure 4. Diagram of ATC-lab task. 

Notes: A circle with an “X” represents and aircraft. The solid line is the predetermined flight path. The short-dashed line is the safe alternative route. The long-

dashed line is an unsafe alternative route.

X
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Figure 5. Example of symmetrical aircraft route configurations.



127 
 

 

Figure 6. Aircraft flight times.
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Figure 7. Effect of trial number on unsafe behavior.
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Figure 8. Effects of time pressure on unsafe behavior via conscious and non-conscious pathways. 

 

Notes: *p < .05, ***p < .001
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Figure 9. Curvilinear relationship of perceptions of time pressure with unsafe behaviors 

at the within-person level of analysis.

4.0%

5.0%

6.0%

7.0%

8.0%

9.0%

10.0%

11.0%

-2 SD -1 SD Mean +1 SD +2 SD

P
e

rc
e

n
ta

g
e
 o

f 
T

ri
a

l 
S

p
e
n

t 
B

e
h

a
v
in

g
 U

n
s
a

fe
ly

Within-person Perceptions of Time Pressure



131 
 

 
Figure 10. Curvilinear relationship of perceptions of time pressure with expectancy at the 

within-person level of analysis.
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Figure 11. Curvilinear relationship of unsafe behavior with efficiency performance at the 

within-person level of analysis.
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Figure 12. Moderating effect of time pressure on the relationship between efficiency 

performance on the previous trial and expectancy.
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Figure 13. Moderating effect of regulatory focus on the within-person relationship 

between expectancy and unsafe behavior.
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Figure 14. Effect of trial number of efficiency and safety goal activation.
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Figure 15. Moderating effect of time pressure on the within-person relationship between 

safety goal activation and efficiency goal activation.
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Figure 16. Scree plots from the factor analyses of LDT reaction times for each 

experimental trial.

0

1

2

3

4

5

6

7

8

9

10

11

12

13

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

E
ig

e
n

v
a
lu

e

Trial 1

0

1

2

3

4

5

6

7

8

9

10

11

12

13

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

E
ig

e
n

v
a
lu

e

Trial 2

0

1

2

3

4

5

6

7

8

9

10

11

12

13

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

E
ig

e
n

v
a
lu

e

Trial 3

0

1

2

3

4

5

6

7

8

9

10

11

12

13

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

E
ig

e
n

v
a
lu

e

Trial 4

0

1

2

3

4

5

6

7

8

9

10

11

12

13

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

E
ig

e
n

v
a
lu

e

Trial 5

0

1

2

3

4

5

6

7

8

9

10

11

12

13

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

E
ig

e
n

v
a
lu

e

Trial 6

0

1

2

3

4

5

6

7

8

9

10

11

12

13

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

E
ig

e
n

v
a
lu

e

Trial 7

0

1

2

3

4

5

6

7

8

9

10

11

12

13

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

E
ig

e
n

v
a
lu

e

Trial 8



138 
 

 
 

Figure 17. Moderating effect of regulatory focus on the influence of safety cues on 

unsafe behavior.
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Figure 18. Effects of safety reminder cue presentation order on unsafe behavior. 
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Figure 19. Breakdown of variance in unsafe behaviors across level of analysis and by 

type of within-person variance.  
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