W) Check for updates

At the Forefront of HF/E

SPIDER: A Framework for Understanding Driver

Distraction

David L. Strayer, University of Utah, Salt Lake City, and Donald L. Fisher,

University of Massachusetts, Amherst

Objective: The objective was to identify key cog-
nitive processes that are impaired when drivers divert
attention from driving.

Background: Driver distraction is increasingly
recognized as a significant source of injuries and fatali-
ties on the roadway.

Method/Results: A “SPIDER” model is developed
that identifies key cognitive processes that are impaired
when drivers divert attention from driving. SPIDER is
an acronym standing for scanning, predicting, identifying,
decision making, and executing a response.

Conclusion: When drivers engage in secondary
activities unrelated to the task of driving, SPIDER-
related processes are impaired, situation awareness
is degraded, and the ability to safely operate a motor
vehicle may be compromised.

Application: The pattern of interference helps to
illuminate the sources of driver distraction and may
help guide the integration of new technology into the
automobile.
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INTRODUCTION

A driver’s situation awareness reflects the
dynamic mental model of the driving environ-
ment, including, but not limited to, the current
driving conditions; the location of other vehi-
cles, pedestrians, and objects along the roadway;
the status of any traffic lights; and the relative
position along the navigated route (e.g., Durso,
Rawson, & Girotto, 2007; Endsley, 1995, 2015;
Horrey, Wickens, & Consalus, 2006; Kass,
Cole, & Stanny, 2007). Driving is dependent
upon several cognitive processes, including
visual scanning of the driving environment for
indications of threats, predicting and anticipat-
ing where potential threats might materialize
if they are not visible, identifying threats and
objects in the driving environment when they
are in the field of view, deciding whether an
action is necessary and what action is necessary,
and executing appropriate responses—SPIDER
for short (Fisher & Strayer, 2014; Strayer, in
press). When drivers engage in secondary-task
activities that are unrelated to the safe opera-
tion of the vehicle, attention is often diverted
from driving, impairing performance on these
SPIDER-related processes (Regan, Hallett, &
Gordon, 2011; Regan & Strayer, 2014). Con-
sequently, activities that divert attention from
the task of driving degrade the driver’s situation
awareness and may compromise the ability of
the driver to safely operate their vehicle.

In this article, we focus on cognitive sources
of distraction (i.e., associated with the diversion
of attention from driving), which are distinct
from visual/structural sources of distraction
(e.g., taking the eyes off the roadway); however,
as discussed later, the diversion of attention can
and often does alter the visual processing of the
driving scene. In the following paragraphs, the
effects of divided attention on driving are briefly
reviewed with a particular focus on these SPI-
DER-related processes and how the diversion of
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attention degrades a driver’s situation aware-
ness. We also consider how self-regulatory pro-
cesses may potentially complicate the relation-
ship between driver distraction and crash risk.

Visual Scanning

Several studies have demonstrated that as
secondary-task workload increases, drivers fix-
ate more on objects immediately in front of their
vehicle and less on dashboard instrumentation,
side or rearview mirrors, and objects in the
periphery (Cooper, Medeiros-Ward, & Strayer,
2013; Engstrom, Johansson, & Ostlund, 2005;
Harbluk, Noy, Trbovich, & Eizenman, 2007,
He, Becic, Lee, & McCarley, 2011; McCarley
et al., 2004; Recarte & Nunes, 2000; Reimer,
2009; Reimer, Mehler, Wang, & Coughlin,
2012; Tsai, Viirre, Strychacz, Chase, & Jung,
2007; Victor, Harbluk, & Engstrém, 2005). The
tendency for drivers engaged in a secondary,
nonvisual task to concentrate their gaze on the
center of the roadway may also influence lateral
lane position variation (Readinger, Chatziastros,
Cunningham, Biilthoff, & Cutting 2002; Rog-
ers, Kadar, & Costall, 2005; Wilson, Chatting-
ton, & Marple-Horvat, 2008; but see Cooper,
Medeiros-Ward, & Strayer, 2013, for a different
interpretation of this effect). This pattern of gaze
concentration can have adverse effects on driv-
ers’ situation awareness because they may fail to
scan the periphery and side mirrors for potential
threats. Obviously, peripheral vision is impor-
tant to safe driving, so neglecting this critical
source of information is likely to increase the
crash risk.

Predicting Hazards

Performing secondary tasks that are not
related to the safe operation of a vehicle can
also degrade the anticipation and prediction of
hazards in the driving scene. For example, a
simulator-based study by Taylor et al. (2015)
examined anticipatory glances in locations
where a potential hazard might present itself
(e.g., a truck parked on the side of the street
that obscured the view of a crosswalk where a
pedestrian could appear). Drivers who were not
distracted by secondary tasks were 50% more
likely to make anticipatory glances toward the
location of a potential hazard than drivers who

were talking on a cell phone. This is an example
where expectancy-driven search of the driv-
ing environment is impaired. In this respect,
Taylor et al. suggested that dividing attention
makes an experienced driver perform more like
a novice driver. Similarly, an on-road study by
Biondi, Turrill, Coleman, Cooper, and Strayer
(2015) found that increases in secondary-task
workload systematically impaired a driver’s
anticipatory glances for pedestrians, bicycles,
and other vehicles as they approached intersec-
tions and crosswalks near a school zone. For
example, anticipatory lateral glances decreased
by 11% when drivers were talking on a cell
phone and 15% when drivers interacted with a
reliable voice-messaging system. This deficit in
anticipatory glances was observed even when
the drivers had navigated the route on several
prior occasions.

The impaired visual scanning at peripheral
locations and the degraded prediction of hazards
at safety-critical locations are examples of
bottom-up and top-down effects on driving,
respectively (e.g., Bundesen, 1990). In the for-
mer case, drivers under secondary-task load tend
to concentrate their gaze on the forward road-
way, neglecting even salient objects in the
periphery when they appear, a restriction of bot-
tom-up visual attention. In the latter case, the
diversion of attention degrades expectancy-
driven top-down processing, and this degrada-
tion occurs even when there is no object in the
driving environment. These two patterns of
impairment document the critical role that visual
attention plays in driving and how performing
an attention-demanding secondary task affects
both bottom-up and top-down processing of the
driving environment. It is worth noting that the
most frequent cause of intersection crashes is
inadequate surveillance by the driver (National
Highway Traffic Safety Administration, 2010).
Secondary-task activities that degrade both
bottom-up and top-down processing will exacer-
bate this source of crashes.

Identification

When drivers perform a secondary task that
diverts attention from driving, the identification
of objects in the line of sight can be impaired,
resulting in a form of inattentional blindness
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(Mack & Rock, 1998; Simons & Chabris, 1999;
Strayer & Drews, 2007b; Strayer & Johnston,
2001). For example, Strayer, Drews, and John-
ston (2003) found that recognition memory for
objects in the driving environment was reduced
by 50% when the driver was talking on a hands-
free cell phone. The authors of this study used
an eye tracker to determine what drivers were
looking at and tested only the memory for
objects upon which drivers fixated. Neverthe-
less, the use of a cell phone cut by half what
the driver noticed in the driving scene. This
“look-but-fail-to-see” impairment is an obvi-
ous detriment to traffic safety (e.g., Herslund &
Jorgensen, 2003).

Evidence for inattentional blindness also comes
from event-related brain potentials (ERPs)
obtained while participants are driving. Compared
to a single-task baseline driving condition, the
ERPs sensitive to contextual updating were
suppressed by 50% if participants were also con-
versing on a cell phone (e.g., Strayer et al., 2013;
Strayer, Cooper, & Drews, 2004; Strayer &
Drews, 2007b). The ERP data provide direct
evidence for impaired identification of events in
the driving environment. Further experiments
varied the safety relevance of objects in the
driving scene (e.g., pedestrians, other traffic,
parked cars, billboards, etc.) to see if more
safety-relevant objects were prioritized; how-
ever, there was no relationship between safety
relevance and susceptibility to inattention blind-
ness (Strayer et al., 2004; see also Strayer &
Drews, 2007c). While multitasking, drivers do
not prioritize the processing of safety-critical
information in the driving scene over the cell
phone conversation. This issue is considered in
greater detail when we address the role of reac-
tive self-regulatory processes when driving
under distraction.

Decision Making

Drivers must evaluate several sources of
information when making a driving maneuver.
When motorists divert attention from driving,
they often fail to fully evaluate the alternative
sources of information in the driving environ-
ment. For example, Cooper, Vladisavljevic,
Medeiros-Ward, Martin, and Strayer (2009)
examined the decisions when drivers changed

lanes in low-, medium-, and high-density traf-
fic. Compared to conditions of undivided atten-
tion, when drivers were talking on a cell phone,
they were 11% more likely to make unsafe lane
changes (e.g., cutting off the driver in the adja-
cent lane or failing to use their turn signal), and
this impairment grew as the driving demands
(e.g., traffic density) increased. Similarly, Coo-
per and Zheng (2002) used a gap acceptance
task to study decision making when drivers
were making left-turn maneuvers with oncom-
ing traffic. When motorists were listening and
responding to verbal messages, they misjudged
the gap separating oncoming vehicles and their
speed, and this finding was most apparent on
wet roadways. Horswill and Mckenna (1999)
also found that secondary-task distractions
impaired dynamic decision making. In these
studies, divided attention led to unsafe decision
making that increased the risk of a crash.

Execution of a Response

A hallmark signature of divided attention is
the slowing of reaction time to imperative events
in the driving environment. In this context, when
something in the driving environment requires a
response (e.g., initiating a braking response to
a child in the street), those reactions are often
delayed (for a meta-analysis, see Caird, Will-
ness, Steel, & Scialfa, 2008; Horrey & Wickens,
2006). Moreover, the effect of secondary-task
load on brake reaction time is magnified as
the perceptual load in the driving environment
increases, as is the case when traffic density
increases (Strayer, Drews, & Johnston, 2003).
Secondary tasks, such as a cell phone conversa-
tion, tend to positively skew the reaction time
distributions, so that the late responses are
particularly delayed (Ratcliff & Strayer, 2014).
These changes in the reaction time distribution
have been modeled using a continuous form of
the random walk (i.e., a diffusion process) and
are indicative of a reduction in the accumula-
tion of evidence supporting a corrective action
to avoid a crash. As such, the delayed reactions
under secondary-task load are thought to reflect
the combined effects of impaired scanning,
predicting, identification, and decision making.
The magnitude of the delay in reaction time
varies with the complexity of the secondary
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task and ranges from 10% to 20% for cell phone
conversations (e.g., Strayer et al., 2003) to 40%
for more complex interactions, such as sending
short message service or text messages using
voice commands (e.g., Strayer, Cooper, Turrill,
Coleman, & Hopman, 2015). Delayed reactions
caused by secondary-task interactions increase
both the likelihood and severity of crashes
(Brown, Lee, & McGehee, 2001).

Situation Awareness

A driver’s situation awareness reflects the
mental model of the driving environment (e.g.,
Durso et al., 2007; Endsley, 1995, 2015; Horrey
et al., 2006; Kass et al., 2007). In this context,
working memory has been shown to play a criti-
cal role in the driver’s situation awareness, and
secondary tasks (e.g., cell phone conversations)
that place demands on working memory also
degrade the driver’s situation awareness (e.g.,
Johannsdottir & Herdman, 2010; Heenan, Herd-
man, Brown, & Robert, 2014). Situation aware-
ness is informed and updated by the SPIDER-
related processes (i.e., scanning, predicting, and
identifying) and facilitates expectancy-based
processing of the driving scene. Among other
things, drivers need to be aware of other vehi-
cles, pedestrians, bicycles, and objects in their
vicinity and to update that information over time
as they change their relative positions. When the
SPIDER-related processes are impaired by the
performance of a secondary task that is unre-
lated to driving, the awareness of this impor-
tant information in the driving environment
begins to degrade over time. For example, has
a bicyclist changed position since the driver last
attended to him or her, and if so, what corrective
actions need to be taken by the driver to avoid a
crash? What is the current speed limit and how
fast is the driver going relative to the posted
speed? What is the status of the traffic light, and
can the driver make it through the intersection
without stopping?

SPIDER uses an information-processing
approach to help us understand driver distrac-
tion and is consistent with the 70-year literature
on attention that establishes that performance is
degraded when attention is diverted to an unre-
lated secondary task (Strayer & Drews, 2007a).
It is noteworthy that the first three processing

operations in SPIDER (i.e., scanning, predict-
ing, and identification) are similar to Endsley’s
(1995) three levels of situation awareness. Scan-
ning is related to Level 1 situation awareness
(i.e., perception of the elements in the current
situation), predicting is related to Level 3 situation
awareness (i.e., prediction of future status), and
identification is related to Level 2 situation aware-
ness (i.e., comprehension of current situation).
Impaired situation awareness plays a causal role in
making good decisions and responses quickly and
accurately. Fisher and Strayer (2014) found that
even a small decrease in the likelihood that a
driver successfully completes one of the SPI-
DER-related activities cascades throughout the
system to compromise the driver’s situation
awareness. In essence, the modeling showed
that a distracted driver is a less situationally
aware driver. In this context, even small lapses
in situation awareness can lead to poor perfor-
mance (Endsley, 1995).

Self-Regulation

The relationship between driver distraction
and crash risk is complicated by how and
when drivers choose to engage in a second-
ary nondriving activity. All other things being
equal, it is reasonable to assume that activities
that degrade a driver’s situation awareness will
increase the risk of a crash. But drivers may
attempt to self-regulate their nondriving activi-
ties to periods when they perceive the risks to
be lower. Following Braver, Gray, and Burgess
(2007), we suggest that there are two forms of
self-regulation in driving: proactive and reac-
tive. An example of the proactive self-regulation
is when a driver decides to place a call or send
a text when stopped at a traffic light. Even
with proactive self-regulation, the degraded
situation awareness often persists after the
interaction has terminated (e.g., Strayer et al.,
2015). By contrast, reactive self-regulation
refers to situations when a driver moderates
his or her usage in real time based upon driv-
ing difficulty or perception of driving errors.
An example of reactive self-regulation is when
the driver terminates his or her call when the
demands of driving increase.

Reactive self-regulation depends upon driv-
ers being aware of their driving errors and
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adjusting their behavior accordingly. As men-
tioned earlier, Strayer et al. (2004) found no
relationship between safety relevance of
objects in the driving environment and suscep-
tibility to inattention blindness, casting doubt
on reactive self-regulation based on this source
of information. More recently, Sanbonmatsu,
Strayer, Biondi, Behrends, and Moore (in press)
found that a driver’s ability to reactively self-
regulate his or her multitasking behavior was
limited by the same factors that caused the driver
to be distracted in the first place. In their study,
they found a positive correlation between the
self-awareness of driving errors and actual driv-
ing errors when drivers were not talking on a cell
phone. By contrast, a negative correlation was
found between the self-awareness of driving
errors and actual driving errors when drivers
were talking on a cell phone. Alarmingly, the
cell phone drivers who made the most errors
were blithely unaware of their driving impair-
ments; hence any reactive self-regulatory behav-
ior would appear to be minimal at best (see also
Horrey, Lesch, & Gabaret, 2009).

Finally, it is often difficult to establish when a
behavior is a form of adaptive self-regulation or,
instead, a by-product of the diversion of atten-
tion from driving. This distinction has been a
cause of some confusion in the literature. For
example, as mentioned earlier, drivers maintain
lane position better when they are engaged in an
attention-demanding secondary task, such as
talking on a cell phone. Are these drivers self-
regulating by working harder to stay in their
lane? We think that this is an unlikely interpreta-
tion of the data. Instead, Medeiros-Ward, Coo-
per, and Strayer (2014) suggested that complex
skilled behaviors, like driving an automobile,
are supported by a hierarchical control network
that coordinates the interaction between auto-
matic encapsulated routines and limited capacity
attention (see also Logan & Crump, 2011).
These authors found that when participants
drove on a predictable section of roadway,
diverting attention from driving improved lane
maintenance, whereas attending to driving
degraded lane maintenance. By contrast, when
unpredictable gusts of wind were added to the
scenario, diverting attention from driving
degraded lane maintenance, whereas attending

to driving improved lane maintenance. Inter-
preting the lane maintenance data using hierar-
chical control theory provides a framework for
determining when a behavior is a form of self-
regulation and when it is a by-product of the
diversion of attention from driving. In the cur-
rent case, the improvement in lane maintenance
behavior appears to be a by-product of the diver-
sion of attention rather than an increase in self-
regulation.

Driver Distraction and Crash Risk

It is notoriously difficult to determine the
crash risk associated with driver distraction.
There are a variety of methods for studying
driver behavior, each with strengths and weak-
nesses. Some are used primarily in experimental
research (e.g., test track, instrumented vehicle,
and driving simulation) whereby the primary
goal is to understand basic mechanisms under-
lying driving behavior. Other methods are used
in a nonexperimental context (e.g., epidemio-
logical, observational, naturalistic) whereby a
primary goal is to gain a better understanding
of the determinants of crash risk. There is good
agreement in the research using the experimen-
tal approach; however, there appears to be less
agreement with the correlational approach (e.g.,
epidemiological studies report that the odds
ratio for a crash is 4 times higher when driv-
ers are using a cell phone [e.g., Redelmeier &
Tibshirani, 1997; McEvoy et al., 2005], whereas
estimates from naturalistic studies suggest that
the odds ratio for talking on a cell phone is often
not different from and sometimes below 1.0
[e.g., Klauer et al., 2014]). However, the valid-
ity of these naturalistic studies has recently been
called into question (Knipling, 2015).

Future Research

Cognitive control has emerged as an impor-
tant individual difference in the attention lit-
erature (Engle & Kane, 2015). For example,
Sanbonmatsu, Strayer, Medeiros-Ward, and
Watson (2013) found that individuals scoring
lower in working-memory capacity and higher
in sensation seeking and impulsivity were more
likely to engage in multitasking activities. This
relationship accounted for 25% of the variance
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between individuals. Future research will bene-
fit from incorporating the individual-differences
approach to better understanding how the SPI-
DER-related processes affect driving behavior.

Another line of future work would use the
SPIDER framework to derive quantitative pre-
dictions concerning the impact of different
sources of distraction. In particular, different
sources of distraction may have unique signa-
tures of impairment in the SPIDER framework.
Research to dissociate the differential effects is
ongoing (e.g., Strayer et al., 2013, 2015; Strayer,
Turrill, Coleman, Ortiz, & Cooper, 2014) and
may help guide the integration of new technol-
ogy into the automobile.

CONCLUSIONS

Driver distraction is caused by the diversion
of attention away from activities critical for safe
driving toward activities that are either less criti-
cal or unrelated to driving. We developed a SPI-
DER model of driver distraction that describes
how several cognitive processes are impaired
when drivers perform a concurrent secondary
task that is unrelated to driving. Drivers who are
distracted tend to fixate on the forward roadway
more often and scan the periphery less often,
are less likely to anticipate and predict potential
hazards in the driving environment, often fail
to identify objects in their line of sight, make
poorer decisions, and are slower to take evasive
action when it is needed. The SPIDER-related
processes are an important source of informa-
tion supporting the driver’s situation awareness.

Concurrent performance of activities unre-
lated to driving that degrade the driver’s situa-
tion awareness are likely to increase crash risk.
However, the relationship is complicated by
how and when drivers choose to engage in these
secondary-task activities. With proactive self-
regulation, drivers decide in advance if and
when to engage in an activity (e.g., dial or text at
a traffic light). But there is little evidence that
drivers can effectively self-regulate based on the
real-time demands of driving—in fact, the more
that a driver is distracted, the less capable he or
she is of engaging in this self-regulatory behavior.
Additional research on drivers’ self-regulation
will be important in understanding the risks

associated with secondary-task interactions in
the vehicle.

KEY POINTS

e The objective was to identify key cognitive pro-
cesses that are impaired when drivers divert atten-
tion from driving.

e A “SPIDER” model is developed that identifies
key cognitive processes that are impaired when
drivers divert attention from driving. SPIDER is
an acronym standing for scanning, predicting,
identifying, decision making, and executing a
response.

e When drivers engage in secondary activities
unrelated to the task of driving, SPIDER-related
processes are impaired, situation awareness is
degraded, and the ability to safely operate a motor
vehicle may be compromised.
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