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In the course of their daily lives, people selec-
tively attend to available information and render 
judgments about the state of the world. These 

occur in various contexts including judgments con-
cerning one’s own performance (e.g., how well am 
I currently doing at this task?) or the amount of 
risk associated with a given situation. People also 
carry out, sometimes immodestly, general self-
appraisals, evaluating how skillful or capable they 
are in different contexts. People’s perceptions of 
the world and of their own efficacy and ability can 
have important implications concerning their deci-
sion making and consequent behaviors.

From a safety perspective, it is critical to under-
stand situations where people’s perceptions or 
subjective appraisals deviate from objective reality. 
For example, a fatigued driver may elect to con-
tinue driving because he fails to adequately recog-
nize the signs of fatigue or overestimates his ability 
to safely drive. Or an inexperienced driver may be 
overconfident in her driving skills and abilities, and 
travel at a high speed on a slippery surface. Gaps in 
subjective and objective measures have been relat-
ed to calibration, a concept that has been broadly 
studied in many disciplines (Zell & Krizan, 2014). 

This article reviews some extant literature on 
calibration in various domains, and describes a 
conceptual driver-focused framework that depicts 
calibration in the context of human information 
processing (attention) and an array of local and 
global contextual factors. It also describes the im-
plications for organizational applications and the 
role of new automotive technology. Lastly, it dis-
cusses potential inroads for addressing the issues 
of calibration in the work setting.

Calibration
Many studies in diverse domains have re-

vealed that individuals’ subjective impressions or 
self-evaluations are not well-calibrated to more 
objective measurements. That is, people tend to 
view themselves in overly favorable or overly op-
timistic terms (Brown, 1986; DeJoy, 1989; Dun-
ning, Heath & Suls, 2004). This has been referred 
to as optimism bias, self-enhancement bias and 
illusory superiority, among other terms. Dun-
ning, et al. (2004), suggest that such errors in 
calibration can result from incomplete informa-
tion used in rendering a judgment or neglect of 

relevant information that could sway 
a judgment (i.e., a failure to properly 
weigh the evidence).

Alternatively, errors can be realized 
through other biases, decision or se-
lection heuristics, or other top-down 
influences (Slovic, Fischhoff & Lich-
tenstein, 1977). As noted, this positive 
self-enhancement bias has been evident 
in many domains, including academic 
achievement (Bol & Hacker, 2012), 
ethics (Baumhart, 1968), health and 
medicine (Weinstein, 1980), and orga-
nizational settings and workplace per-
formance (Larwood & Whittaker, 1977).

These biased self-appraisals are also 
evident in driving. Many studies have 
revealed the tendency of most driv-
ers to rate themselves more favorably 
than other drivers, or to rate their skills 
as better than average, a statistical im-
possibility (Brown & Groeger, 1988; 
DeJoy, 1989; Horswill, Sullivan, Lurie-
Beck, et al., 2013; McKenna, Stanier & 
Lewis, 1991; Svenson, 1981). Others 
have shown that drivers’ self-ratings are 
much higher than those provided by ex-
pert observers (Amado, Arıkan, Kaça, et 
al., 2014).

In terms of driver distraction, researchers have 
reported discrepancies between subjective mea-
sures, such as performance ratings and rated con-
fidence in dealing with distractions, and actual 
performance while distracted (Horrey, Lesch & 
Garabet, 2008). In some instances, these discrep-
ancies appear to vary with driver characteristics 
(e.g., gender, age) suggesting that some driver 
groups may be more likely than others to engage in 
distracting activities while driving (Lesch & Han-
cock, 2004).

Horrey, Lesch, Mitsopoulos-Rubens, et al. 
(2015), proposed a conceptual framework for 
understanding and studying calibration in the 
context of road safety. The model expands and 
elaborates on earlier models of demand regula-
tion in driving in which drivers actively balance 
their capabilities with the momentary demands of 
the driving task (Davidse, Vlakveld, Doumen, et 
al., 2010; Fuller, 2005).
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In BrIef
•Humans often make 
inflated estimates of their 
own ability or performance, 
which can affect decision 
making, risk taking and 
safety.
•This article describes 
a conceptual framework 
for calibration in driv-
ing, which is grounded in 
attention and a variety of 
contextual factors, along 
with its implications for 
performance, behavior and 
risk perception.
•It discusses implications 
for occupational settings 
and the role and impact of 
new in-vehicle technology 
and automation.
•The article describes 
potential inroads for 
addressing the issues of 
calibration in the work 
setting.
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Driver capabilities are influenced by biological 
factors, knowledge, skills and other factors, while 
driving demands are determined in part by many 
contextual factors. When driving demands exceed a 
driver’s ability to service the demands (i.e., demands 
are greater than capabilities), a driver who is well-
calibrated should recognize the discrepancy and 
take measures to reduce the momentary demands 
(e.g., by reducing speed to ease time pressure and 
difficulties in vehicle control). Errors in calibration 
can lead to failures to take such countermeasures 
to align demands with capabilities, thereby increas-
ing risk (Deery, 1999; Spolander, 1983). The case of 
driver distraction is another example: If a driver is 
unaware of his/her performance decrements while 
distracted, s/he may be less likely to cease secondary 
activities while driving.

A complete accounting of the Horrey, et al. 
(2015), framework is beyond the scope of this arti-
cle; however, a simplified version is presented that 
provides a more thorough elaboration of the con-
textual factors that can affect calibration in driving, 
especially in commercial operations.

Framework
The conceptual framework of calibration in driv-

ing introduced in Figure 1 is complex, but is eas-

ily broken down into simpler subcomponents. The 
true state of the world is at the lower left, which 
can be characterized by some objectively defined 
or mutually agreed on measure of performance. 
While calibration can apply to a wide variety of be-
haviors and/or states, the current focus will be on 
driver performance and the implications of failures 
of calibration for risk perception and decision mak-
ing. The driver (lower right) perceives, processes 
and acts on information gathered from the world. 
This portion of the framework draws from atten-
tion-based models of human information process-
ing (Wickens & Hollands, 1999) as well as the lens 
models of information selection and utilization 
(Brunswik, 1955). 

These processes and actions do not occur in a 
vacuum; the stacked boxes in the top right-hand 
portion provide contextual factors (i.e., situational, 
individual, organizational, political/societal), all 
of which can influence the driver. Following is an 
elaboration on this brief description of the frame-
work that revisits each subcomponent in turn.

Although the means of defining or measuring 
the state of the world can be debated, it represents 
some objectively defined truth about the world. 
The world contains a vast amount of informa-
tion and drivers must perceive, process and inte-

Figure 1
Conceptual Framework of Calibration in Driving

ResponsePerception Cognition
State of 
the world

Memory

Attention
Driver

Information
integrationCalibration

Individual
factors

Situational
factors

Other
individual
differences

Experience Personality
traits

Driving
demands

Other 
factors

Multitasking
(distraction) Fatigue

Age

Safety
climate

Organizational
factors

Other 
factors

Leadership 
styles

Policies and
procedures

Laws and
regulations

Political/societal
factors

Other 
factors

Enforce-
ment

Social
norms



www.asse.org     august 2017      ProfessionalSafety   27

grate this information through cognitive processes 
(Wickens & Hollands, 1999). The driver’s resulting 
actions or responses change the state of the world, 
creating a closed loop.

Unfortunately, the amount of information hu-
mans can process is limited, so people often must 
be selective about what information to attend to. 
Consequently, they often act on incomplete in-
formation (Brunswik, 1955). The processes of per-
ception and information integration (cognition) 
constitute the basis of performance appraisal. More 
generally, information selection and integration 
can form the basis of risk perception.

The correspondence (or lack thereof) between 
the driver’s performance appraisal and actual per-
formance in a given situation is a reflection of the 
driver’s level of calibration. While drivers vary in 
terms of what information they attend to and how 
they weigh available information (Dunning, et al., 
2004), the concern increases in situations where a 
driver’s failures in calibration of performance are 
likely to produce responses that increase associ-
ated risks.

For example, as suggested by Lesch and Han-
cock (2004), drivers may more likely drive distract-
ed if they perceive their own driving performance 
while distracted to be better than their actual per-

formance while distracted (also see Horrey, et al., 
2008). Another example is when drivers underesti-
mate the current degree of risk if they are unaware 
of certain hazards in the local environment, and 
adopt a speed that is unsafe for the given condi-
tions. In essence, failures in calibration of perfor-
mance can result in decisions to act that actually 
increase associated risks.

As the framework further illustrates, perceptual, 
cognitive and response processes all require driver 
attention (orange box). Attention is a core concept 
in the framework and to driving. Attention can be 
regarded as a limited resource that a person must 
allocate and manage (Wickens, 2002). A person 
can allocate attention to different tasks, such as in 
the case of multitasking (e.g., trying to read or send 
a text message while driving), as well as within a 
single task, as in the selective processing of differ-
ent bits of information (e.g., attending to the status 
of a traffic signal while failing to attend to a vehicle 
pulling out in front). 

As the availability of attentional resources is re-
duced, the underlying processes can suffer and, 
consequently, performance deteriorates. It follows, 
too, that calibration is affected by reduced avail-
ability of mental resources to effectively weigh and 
integrate information, that is, resources that would 

Figure 2
elaborated Framework Showing impact of Automation & Telematics
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normally be used in support of situation awareness 
(Wickens, 2001; 2002).

Many factors can influence, either directly or 
indirectly, the availability of attentional resources 
and an individual’s allocation policy. As illustrated 
in the framework, these factors operate at many 
levels, including situational or local, individual, 
organizational, and political/societal level. These 
factors provide the important context in which the 
driver processes information regarding the state 
of the world. The higher levels (political/societal, 
organizational) are more likely to influence how a 
driver will process information (allocation policy) 
and the nature of the responses.

For example, organizational policies and pro-
cedures can impact how an individual prioritizes 
certain information. If productivity is valued in an 
occupational setting (e.g., over safety), an individual 
will likely attend more closely to, weigh more heavily 
and react to information that supports productivity. 
This can lead to the downplay or outright neglect of 
other types of information, even if it is safety-critical.

Individual factors can impact the allocation poli-
cy and the availability of resources (capacity); these 
factors include age, experience and (following from 
the discussion above) propensity toward overcon-
fidence and biased self-evaluation. Situational or 
local factors will more likely affect the availability 
of resources. For example, many local factors may 
be considered forms of impairment.

New Automotive Technologies
The framework can be expanded to illustrate 

how new technological advances can impact driver 

calibration, risk perception and attention. Figure 2 
(p. 27) shows the framework in the context of in-
vehicle automation and telematics devices.

The left side of the framework [upper left (green) 
box] depicts the role and influence of telematics 
and other automated systems that are rapidly be-
coming ubiquitous in today’s vehicles and fleets. 
As with their human (driver) counterpart, these 
systems monitor and gather information regarding 
the state of the world from multiple sources. These 
do not always correspond completely with the in-
formation available to drivers. For example, these 
systems can gather information regarding the 
driver (e.g., making inferences about the driver’s 
state), the driver’s vehicle or other nearby vehicles, 
as well as from the road and traffic infrastructure 
(e.g., downstream traffic conditions).

The major implication is that the system’s ap-
praisal of the state of the world can be quite dif-
ferent from that of the driver. Thus, calibration can 
play an important role in drivers’ understanding, 
agreement and trust in information provided by 
telematics devices or automated systems. Calibra-
tion can also play an important role in the utility 
of such technological innovations, particularly for 
systems that infer whether drivers are impaired 
(e.g., distracted) or for systems where drivers 
need to monitor system function and takeover 
when deemed necessary (e.g., level 3, Society of 
Automotive Engineers levels of automation, SAE 
International, 2014). A discrepancy between the 
driver’s and the system’s estimates of the state of 
the world could result in operator-system con-
flicts, reduced trust in the system and, ultimately, 
system disuse (Lee & See, 2004; Parasuraman & 
Riley, 1997). 

However, depending on system function, the 
feedback provided can enhance or improve a driv-
er’s perception of the world, or it can be directed to 
other parties, such as supervisors or other stake-
holders, so that the effects can be realized indirectly 
(e.g., Horrey, Lesch, Dainoff, et al., 2012). Alter-
natively, more sophisticated systems can actively 
take control of the vehicle (e.g., adaptive cruise 
control, steering assist, auto-pilot), changing the 
state of the world directly or altering the situational 
constraints. For example, more active automation 
in the vehicle would reduce the overall driving 
demands for the driver, likely changing that indi-
vidual’s attentional allocation policy toward other 
activities unrelated to driving. While this would not 
be an issue under routine operations, it carries im-
portant ramifications when automated systems are 
imperfect and subject to failure.

Implications
The conceptual framework articulates the im-

portance of calibration to driving safety, while 
also illustrating the role of attention through the 
various stages of information processing (some of 
which culminate in an appraisal of situational risk). 
Moreover, the model stresses the importance of 
many different factors that can influence both the 
availability of attentional resources, and the man-

Driver capabilities are influenced 
 by biological factors, knowledge, skills  

and other factors, while driving demands  
are determined in part by many  

contextual factors.

k
a

li
9/

E
+

/G
E

tt
y

 im
a

G
E

s



www.asse.org     august 2017      ProfessionalSafety   29

ner that information is integrated and decisions or 
judgments are rendered. Given that errors in cali-
bration can lead to risky behavior or worse, what 
can be done? The topics and strategies discussed 
next can offer some guidance to OSH professionals 
to improve safety outlooks.

Training & Feedback
Given the prominence of feedback loops in the 

framework, it follows that training can have an im-
portant role not only in the development of driving 
skills, but also in calibrating drivers to the appro-
priate level of these skills. Earlier work in driver 
training found that in some conditions the training 
of specialized skills (e.g., skid control) led to worse 
safety outcomes (Elvik, Høye, Vaa, et al., 2009), 
because drivers tended to also become overconfi-
dent (poorly calibrated) over the course of training 
(Mayhew & Simpson, 2002).

In trying to address these unintentional out-
comes, researchers and various agencies advocate 
training approaches that improve calibration skills 
as well, such that drivers do not overestimate their 
skills and, consequently, underestimate driving 
risks (Kuiken & Twisk, 2001). Insight training, in 
which drivers receive direct experience and in-
sight into their own limitations, has been lauded 
as an effective way to reduce errors in calibration 
(Gregersen, 1996). In some ways, insight training 
can also provide more opportunities for pertinent 
feedback; in reality, little feedback exists for drivers 
to gauge how well they are doing, short of being 
involved in a crash or traffic violation.

Practicing OSH professionals should consider 
the type of training and, more specifically, the type 
of feedback that employees receive through formal 
training and other avenues. As noted, approaches 
that try to mitigate overconfidence, such as insight 
training, may lead to better calibration in drivers 
and, consequently, to better and more informed 
driving decisions.

Technology & State Monitoring
The model demonstrates how the introduction 

of technology can change the framework (from 
Figure 1 to Figure 2). Despite these changes, tech-
nology can effectively ameliorate drivers’ calibra-
tion errors. That is, telematics and related platforms 
can become effective means of conveying feedback 
based on actual performance, as well as coaching 
and other training, providing OSH professionals 
another tool for addressing errors in driver calibra-
tion (Horrey, et al., 2012; Lotan & Toledo, 2005). 
Note that it is not enough to simply have the tech-
nology; it must be effectively utilized in a manner 
that is well integrated into company policies, pro-
cedures and overall philosophy.

At the same time, OSH professionals might con-
sider use of on-board sensors that monitor driver 
state (e.g., distracted, fatigued/drowsy), which can 
also offset risky behaviors that arise from poor cali-
bration. This can be in the form of directed feed-
back concerning appropriate and inappropriate 
behaviors to engage in while driving.

For example, targeted feedback and coaching 
can be used to address the issue of drivers using 
smartphones while driving. Alternatively, these 
can alert drivers in real time that their focus should 
be on driving, serving as a reminder that driving is 
a priority and helping drivers adjust their current 
appraisal of risk.

Eventually, these systems could become in-
tegrated with other more advanced automation 
features, where the system can assist drivers who 
place themselves in risky situations, whether due 
to poor calibration or other factors. Again, such 
devices should be integrated into a broader com-
pany program (e.g., training or supervisor model) 
that is consistent with organizational policy and 
day-to-day operations.

As seen in the framework, calibration failures 
(and, potentially, the effectiveness of methods to 
address them) are partially determined by the con-
text (individual and situational) in which they oc-
cur. Older drivers’ calibration may be more greatly 
affected than younger drivers by age-related (in-
dividual context) cognitive changes in vision and 
attention such that they might not have the infor-
mation needed to form accurate judgments; that is, 
they may be more likely to miss details or to be-
come distracted in more complex driving environ-
ments or situations.

A commercial (situational context) driver’s abil-
ity to form accurate judgments might be further 
challenged by the policies held by the employer. 
The delivery driver, whose performance is judged 
primarily on the basis of productivity (e.g., number 
of deliveries made within a given time frame), may 
be more likely to rush or multitask, which may fur-
ther reduce the driver’s capacity to process infor-
mation in the environment. The problem is further 
exacerbated when the driver does not perceive that 
company leadership values safety. OSH profes-
sionals should be aware of these factors and other 
issues surrounding the corporate climate and how 
they influence individual driver or employee per-
ceptions and behaviors.

While commercial drivers face additional stress-
ors that may further negatively affect their calibra-
tion, commercial driving environments typically 
provide greater latitude in implementing technolo-
gies that can help address calibration failures. 
These systems, including those noted, can aug-
ment sensory information, provide feedback de-
signed to change behavior or automate portions of 
the driving task.

Note that to gain the benefits drivers must 
accept the technology and use the devices as 
intended. In a commercial setting, OSH profes-
sionals can use rewards to incentivize technology 
use and consequent behavior change. However, 
organizations should also ensure that feedback 
based on performance is viewed as coaching rath-
er than monitoring (Ghazizadeh & Lee, 2014), 
since performance monitoring has been shown to 
be associated with increased stress levels, which 
can divert attention from task-relevant activities 
(Horrey, et al., 2012).
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Conclusion
In elaborating the proposed framework, the au-

thors hope to make clear the importance of calibra-
tion as it relates to risk perception, attention and 
contextual factors. Knowledge of this construct, as 
well as potential countermeasures, can be a valu-
able tool for road safety, OSH practitioners and 
researchers alike.  PS

References

Amado, S., Arıkan, E., Kaça, G., et al. (2014). How ac-
curately do drivers evaluate their own driving behavior? 
An on-road observational study. Accident Analysis & 
Prevention, 63, 65-73.

Baumhart, R. (1968). Ethics in business: An honest 
profit. New York, NY: Holt, Rinehart & Winston.

Bol, L. & Hacker, D.J. (2012). Calibration research: 
Where do we go from here? Frontiers in Psychology, 3, 
1-6.

Brown, J.D. (1986). Evaluations of self and others: 
Self-enhancement biases in social judgments. Social 
Cognition, 4(4), 353-376.

Brown, I.D. & Groeger, J.A. (1988). Risk percep-
tion and decision taking during the transition between 
novice and experienced driver status. Ergonomics, 31(4), 
585-597.

Brunswik, E. (1955). Representative design and prob-
abilistic theory in a functional psychology. Psychological 
Review, 62(3), 193-217.

Davidse, R.J., Vlakveld, W.P., Doumen, M.J.A., et al. 
(2010). State awareness, risk awareness of and calibra-
tion by road users: A literature study. Leidschendam, 
The Netherlands: SWOV Institute for Road Safety 
Research.

Deery, H.A. (1999). Hazard and risk perception 
among young novice drivers. Journal of Safety Research, 
30(4), 225-236.

DeJoy, D.M. (1989). The optimism bias and traffic 
accident risk perception. Accident Analysis & Prevention, 
21(4), 333-340.

Dunning, D., Heath, C. & Suls, J.M. (2004). Flawed 
self-assessment. Psychological Science in the Public Inter-
est, 5(3), 69-106. 

Elvik, R., Høye, A., Vaa, T., et al. (2009). The handbook 
of road safety measures (2nd ed.). Bingley, U.K.: Emerald.

Fuller, R. (2005). Towards a general theory of driver 
behavior. Accident Analysis & Prevention, 37(3), 461-
472.

Ghazizadeh, M. & Lee, J.D. (2014). Modelling driver 
acceptance: From feedback to monitoring and mentor-
ing systems. In M.A. Regan, T. Horberry and A. Stevens 
(Eds.), Driver acceptance of new technology: Theory, 
measurement and optimization (pp. 51-70). Farnham, 
England: Ashgate.

Gregersen, N.P. (1996). Young drivers’ overestima-
tion of their own skill—An experiment on the relation 
between training strategy and skill. Accident Analysis & 
Prevention, 28(2), 243-250.

Horrey, W.J., Lesch, M.F., Dainoff, M.J., et al. (2012). 
On-board safety monitoring systems for driving: Re-
view, knowledge gaps and framework. Journal of Safety 
Research, 43(1), 49-58.

Horrey, W.J., Lesch, M.F. & Garabet, A. (2008). As-
sessing the awareness of performance decrements in 
distracted drivers. Accident Analysis & Prevention, 40(2), 
675-682.

Horrey, W.J., Lesch, M.F., Mitsopoulos-Rubens, E., et 
al. (2015). Calibration of skill and judgment in driving: 

Development of a conceptual framework and the impli-
cations for road safety. Accident Analysis & Prevention, 
76, 25-33.

Horswill, M.S., Sullivan, K., Lurie-Beck, J.K., et al. 
(2013). How realistic are older drivers’ ratings of their 
driving ability? Accident Analysis & Prevention, 50, 
130-137.

Kuiken, M. & Twisk, D. (2001). Safe driving and the 
training of calibration. Leidschendam, The Netherlands: 
SWOV Institute for Road Safety Research.

Larwood, L. & Whittaker, W. (1977). Managerial 
myopia: Self-serving biases in organizational planning. 
Journal of Applied Psychology, 62(2), 194-198.

Lee, J.D. & See, K.A. (2004). Trust in automation: 
Designing for appropriate reliance. Human Factors, 
46(1), 50-80.

Lesch, M.F. & Hancock, P.A. (2004). Driving perfor-
mance during concurrent cell-phone use: Are driv-
ers aware of their performance decrements? Accident 
Analysis & Prevention, 36(3), 471-480.

Lotan, T. & Toledo, T. (2005). Evaluating the safety 
implications and benefits of an in-vehicle data recorder 
to young drivers. Proceedings of Driving Assessment 
2005: The 3rd International Driving Symposium on Hu-
man Factors in Driver Assessment, Training and Vehicle 
Design, Rockport, ME, USA (pp. 448-455).

Mayhew, D.R. & Simpson, H.M. (2002). The safety 
value of driver education and training. Injury Prevention, 
8(Suppl. 2), ii3-ii8. 

McKenna, F.P., Stanier, R.A. & Lewis, C. (1991). Fac-
tors underlying illusory self-assessment of driving skill 
in males and females. Accident Analysis & Prevention, 
23(1), 45-52.

Parasuraman, R. & Riley, V. (1997). Humans and 
automation: Use, misuse, disuse, abuse. Human Factors, 
39(2), 230-253.

Slovic, P., Fischhoff, B. & Lichtenstein, S. (1977). 
Behavioral decision theory. Annual Review of Psychol-
ogy, 28(1), 1-39.

Society of Automotive Engineers (SAE) International. 
(2014). Automated driving: Levels of driving automation 
are defined in new SAE International standard J3016. 
Retrieved from www.sae.org/misc/pdfs/automated_driv 
ing.pdf

Spolander, K. (1983). Accident risks of drivers: A 
model tested on men and women. Linkoping, Swe-
den: Swedish National Road and Transport Research 
Institute.

Svenson, O. (1981). Are we all less risky and more 
skillful than our fellow drivers? Acta Psychologica, 47(2), 
143-148.

Weinstein, N.D. (1980). Unrealistic optimism about 
future life events. Journal of Personality and Social Psy-
chology, 39(5), 806-820.

Wickens, C.D. (2001). Workload and situation aware-
ness. In P. Hancock & P. Desmond (Eds.), Stress, work-
load and fatigue (pp. 443-454). Mahwah, NJ: Lawrence 
Erlbaum.

Wickens, C.D. (2002). Multiple resources and per-
formance prediction. Theoretical Issues in Ergonomics 
Science, 3(2), 159-177.

Wickens, C.D. & Hollands, J.G. (1999). Engineering 
psychology and human performance (3rd ed.). New York, 
NY: Harper Collins.

Zell, E. & Krizan, Z. (2014). Do people have insight 
into their abilities? A metasynthesis. Perspectives on 
Psychological Science, 9(2), 111-125.


