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160 Applied Attention Theory

Conclusion

In cqnclusion, executive control and task management play the dominant
role in multiple-task performance, when parallel processing is no longer
possible and when serial processing predominates. This parallels the rf(;)le
of t}}e resource-allocation policy, discussed in parallel processing in the
previous two chapters. There is some convergence in results describing these
task-management processes when we look at the three domains of research
covered here: (1) basic attention switching; (2) more complex interruption
management; and (3) the complex level of real-world task and interrup-
tion management. However, more research in the third domain is certainly
needefi to better understand task-management strategies here. All three
d(?malns point to the costs of attention switching and interleaving compared
with staying on a single, uninterrupted task. All point to the role of strategies
and working memory in managing these multiple tasks well.

. Also emerging from the literature are findings that certain task- and
display-related factors drive task management in nonoptimal ways, analo-
gous to the nuisance properties of salience and effort in the SEE\; model
discussed in chapter 4, whereas other, more optimal, top-down properties
can be achieved by the well-calibrated task manager. More optimal task
management is possible to the extent that the operator has the information
and knowledge available to know things like calibrated task importance
expected value (risk of failing to do the task), duration, and arrival time’
This knowledge is analogous to the E and V properties of the SEEV model.
In particular, this latter class of top-down knowledge-driven factors in task.
management points to the possible role of attention and task-management
t.rammg nimprovement of multitasking, resource allocation, and interrup-
thl’.l management (Dismukes 2001; Gopher 1992; Hess and Detweiller 1994)
an issue addressed in the next chapter. ’

10

Individual Differences
in Attention

Introduction

It has become somewhat of a cliché that we have entered the information
age, but it is certainly true that that many of us find ourselves in an age of
information overload in which we are bombarded by computer messages,
cell-phone calls, PDA messages, and so forth—in which we are constantly
multitasking. Some have speculated that such constant exposure to multi-
ple electronic channels improves our overall multitasking ability through
practice and experience, and others speculate that younger generations,
growing up within such an environment, may possess an improved ability,
almost as if it is a trait (Lohr 2007; Time 2006). Anecdotal evidence seems to
support this speculation. Everyone has some acquaintances who seem to be
talking, texting, and listening all at once and all the time and others who
have trouble dealing with more than one task at a time.

The current chapter deals with three aspects of these individual differ-
ences in attention. First, consideration is given to how differences are created
through training and experience. What makes the expert seemingly more
proficient at dual tasking than the novice, and can such a skill be explicitly
trained to create a shortcut to this important aspect of expertise? Next is
addressed the differences between people unrelated to practice and, hence,
more attributable to innate individual differences, analogous to verbal and
spatial ability differences. What is the evidence for stable traits in the various
manifestations of attention we have described, how are these traits assessed,
and what differences do these assessments predict? Finally, an examination
is given in detail of one very important form of individual difference con-
tributing to attentional performance: biological age, an issue of increasing
importance as our aging population strives to remain active and indepen-
dent on the road and in their homes (Fisk and Rogers 2007; Fisk et al. 2004).

Attention as a Skill

When observing a skilled operator perform a complex task—whether jug-
gling, taking dictation, flying an aircraft, or inspecting products off an assem-
bly line—the novice is often awed at the ease with which the expert time
shares multiple activities. Such performance differences between novices
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162 Applied Attention Theory

anffl experts coul'd result from any one or more of four bases: (1) single-task
skill level; (2) skill automatization; (3) task-specific time-sharing skills; and

(4) domain general time-sharing skills. We consider evidence for each of
these factors herein.

Single-Task Skill and Automaticity

It is well established that continued practice on a dual task leads to improved
pe.rforrgance (Spelke, Hirst, and Neisser 1976). Naturally, some component of

this gain could result simply from an improvement in the single-task com-
pornent skills. Furthermore, the development of automaticity may improve
dual—tE}sk performance even when no changes in single-task performance

are evident. Within the framework of automaticity discussed in chapters 2
and 7 (Figure 7.4), practice that reduces single-task resource demands will free
resources to be allocated to a secondary task, thus improving dual-task effi-
ciency (Schneider 1985; Schneider and Detweiler 1988). This may not entail an
observable improvement in single-task performance, but only an increase in
the data-limited region of a performance resource function (PRF) that asymp-
toFes at the same level (Figure 74). As noted already, automaticity develops
with extended practice on tasks with consistently mapped components:
repeated perceptual elements, Co-occurring cues, or stimuli or categories thaé
are consistently mapped to response classes and to physical responses.

' Becausse this form of improvement does not reflect the acquisition of a
time-sharing skill but rather a reduction in single-task resource demands, it
canbe a?hieved through single-task practice. Such a mechanism explains t,he
automatic processing of familiar perceptual stimuli such as letters (LaBerge
19?3), consistently mapped targets (Schneider and Fisk 1982; Schneider and
Shiffrin 1977), and repeated sequences of stimuli and events (Bahrick and
Shelley 1958; Bahrick, Noble, and Fitts 1954) as well as the automatic perfor-
mance _of habitual motor acts such as signing one’s own name, tying a shoe
or logging onto e-mail. When discussing response execution, this automatic-,
ity of pe.rformance is referred to as the motor program (Keele 1973; Summers
1989). Differences in time sharing capabilities between flight instructors and
'student pilots (Damos 1978) can easily be explained by the greater automatic-
ity with which the former carry out many aspects of their task.

Specific Time-Sharing Skills

In contrast to automaticity, strong evidence for the existence of time-sharing
skills falls from the following logical arguments:

(1) Single-task au‘tomaticity develops best when full resources are allo-
cated to learning the components (Lintern and Wickens 1991; Nissen
and Bullemer 1980). ’
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(2) If single-task automaticity were the only element underlying the high
time-sharing, or divided-attention, competence following practice, then
single-task practice of components—which in training research is called
part-task training, or fractionation (Wightman and Lintern 1985) —would
be the most efficient way of improving time-sharing performance.

(3) A review of the literature on part-task training suggests that such train-
ing is often no better and sometimes worse than whole-task training on
a dual-task combination (Damos and Wickens 1980; Fabiani et al. 1989;
Lintern and Wickens 1991) in spite of the fact that whole-task condi-
tions hamper the development of automaticity. Hence, the existence of
a learned time-sharing skill is revealed.

The revelation of a time-sharing skill leads to the next question: What does
such a skill consist of? Research has suggested at least four possibilities, all tied
to the general notion that the expert learns to strategically allocate attention.

First, time sharing is facilitated by the development of visual scanning
strategies in multitask situations. For example, expert pilots learn scan-
ning patterns necessary to control all three axes of flight (ie, triple tasking)
(Bellenkes, Wickens, and Kramer 1997). Skilled vehicle drivers learn to
scan farther down the highway (Mourant and Rockwell 1972) and to orient
toward sources of potential hazards (Fisher and Pollatsek 2007). As noted in
chapter 4, many of these aspects of skills can be associated with a selective
attention-scanning strategy that adheres to the expected value component
of the SEEV model—that is, a calibrated mental model (Moray 1986). Thus,
Wickens, McCarley, et al. (2007) found that superior performers in a multitask
flight simulation had scanning strategies that approximated those prescribed
by the optimum expected value model, unlike the participants who fared
more poorly.

Given that scanning differences underlie proficiency differences in dual-
task performance, one can ask if such differences can be explicitly trained.
Here the research of Pollatsek et al. (2006), which was described in chapter 4,
is promising. This work trained novice drivers to better scan to high-risk
areas in the forward field, thus allowing better performance on the dual
tasks of lane keeping and hazard monitoring.

A second source of time-sharing skill can be understood within the
framework of the task-switching and interruption literature described in
the previous chapter. There, mechanisms were discussed that improve task
and interruption management; in particular, an experiment was noted by
Dodhia and Dismukes (2003) and Dismukes and Nowinski (2007), which
demonstrated that resumption of an ongoing task following interruption
was easiest if (1} there was a delay allowed between the interruption and the
suspension of the ongoing task, allowing the performer to choose a conve-
nient leaving place and perhaps to place reminders of where to return to the
ongoing task; and (2) when the interrupting task was completed there was
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some salient reminder existed to return to the ongoing task, perhaps one
planted in (1).

It seems reasonable that such strategies—as well as others (McFarlane 2000;
McFarlane and Latorella 2002) such as being aware of when interruptions are
particularly insidious (McDanie]l and Einstein 2007)—could be taught as a
way to improve task management. To date, little data exist regarding the
value of such explicit training in transfer to new tasks. Nevertheless, at least
one study (Hess and Deitweiler 1994) established the value of mere exposure
to interruptions as a way of developing interr uption-handling skills, whereas
Cades, Trafton, and Boehm-Davis (2005) found that explicit training on the
interruption-resumption interval could produce improved performance
above and beyond simple performance on the tasks themselves. Dismukes
(2001) advocated such interruption management training for pilots.

A third source of evidence for time-sharing skill comes from the success of
training fairly specific resource-allocation strategies, in which resources are
considered in the context of chapters 7 and 8. Strong evidence has supported
the success of what is termed wvariable priority training (Gopher 1992, 2007),
suggesting that attentional flexibility is indeed an important time-sharing
skill. Gopher and Brickner (1980) observed that subjects who were trained
in a time-sharing regime that successively emphasized different resource-
allocation policies became more efficient time sharers in general than did a
group trained only with equal priorities. The former group was also better
able to adjust performance in response to changes in dual-task difficulty.
Fabiani et al. (1989) and Gopher, Weil, and Siegel (1989) found that training
that emphasizes attention contro} leads to better transfer to a complex multi-
task video game, and further evidence suggests that similar training benefits
later performance in the attention-challenging task of flying military aircraft
(Gopher, Weil, and Bareketi 1994), As discussed following, Kramer, Larish,
and Strayer (1995) found that variable priority training could offset some of
the deficits in time sharing shown by older adults and that this skill in learn-
ing how to flexibly allocate resources could transfer between different dual-
task combinations. Schneider and Fisk (1982) found that subjects could time
share automatic and resource-demanding letter-detection tasks with perfect
efficiency if they were instructed to allocate their attention away from the
automatic task. In the absence of this training, subjects allocated resources
in a nonoptimal fashion by providing more resources to the automatic task
than it needed, compromising performance of the resource-limited task.
Thus, clearly, resource allocation can be trained, and such training leads to
better multitasking,.

A fourth indication of what may underlie time-sharing skills comes
from the research of Damos and Wickens (1980), who had subjects prac-
tice extensively on dual-task pairs involving both tracking and discrete
digit processing. Fine-grained analysis of dual-task performance revealed
that practiced subjects engaged in more parallel processing of the stimuli
rather than discrete switching. Thus, it is possible that more proficient time
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sharing involved either developing knowledge that greater EfﬁCl‘encnyt;n
be gained by parallel processing or that the actual capacity, or size of the
00}, increases. ' '
res’?’l‘:;C:u}Zcess that researchers have had in training attentional scanmng
(Fisher and Pollatsek 2007; Pollatsek et al. 2006), visual search (Gramopadi;yf,
Drury, and Prabhu 1997), and task prioritization (Gopher 2007) paralle j
other efforts to inculcate attentional skills. Walker and I':lSk (1995) de51gned
a computer game to train football quarterbacks to reading the dlefensel ant
were successful enough that their technique was adoPted by tl.le'{%t a}I: a
Falcons. A similar intervention that emphasized attenhonall flexibility bals1
been employed with success in training college and professional bai('itl a
players (Gopher 2007). Navarro et al. (2003) developed a tool to help children
divide visual attention between different elements to be Comp.;alred in comci
plex visual scenes (e.g,, “One of these faces is not like. the other”) and foun
that benefits from training on this task transferred to improved performan.ce
on other cognitive tests that depended on attention. Green and Bavshetzr
(2003) observed that habitual video-game playfers performed. better on tes si
of attention measuring the useful field of view (UFOV) (i.e, attentlon;
breadth) than did nonplayers. The investigators then assessed Whether.the;
UFOV could be expanded for nonplayers by having them practice for eig
sessions on the video game, and they found that it could. o |
Evidence for such things as a broadened UFOV or a practlce-mducek
increase of attentional flexibility suggests that some aspect of dual—te??
proficiency may be general in nature, applicable r.lot only in tl}e specific
task-sharing context in which it was acquired but in othgr mult}task com-
binations as well. For example, practicing cell-phone falkmg while c-lrlv%ng
might transfer to a qualitatively different time-sharing tas}( coml;mahog
(e.g., rehearsing a lecture while cooking). To datg, l’_\owe.ver,.ewdence for suc‘_
general time-sharing skill, learned through training, is slight but still post
tive. Thus, Damos and Wickens (1980) found that a transfer‘ from dual—a_x1s
tracking to dual-digit processing—and vice versa—was positive, suggesting
that the earlier dual-task training does, in fact, develop a generahz.able mu}tl-
tasking skill. Kramer, Larish, and Strayer (1995) found that, partlcule.lrly' or
older individuals, variable priority training on one Flua}—task combmapo(;\
led to positive transfer on a very different task combination. A related fltn -
ing is that bilingual children who are raised in a household where atte.n '1011
must often be switched between languages show a pattern of more pr'ofxcxenk
executive control than children raised in a monl'mgual' hou.se-hold (Blalyst(;
1999). These pieces of positive evidence notwifhstanfimg., itis probaPly tthe
case that the greatest component of time-sharing skills lies in lgarmng le(
offective resource-allocation skills and strategies for a specific d}Jal—.tas
pair. Other more enduring and general differences across task combmal‘tlon?
are probably more attributable to stable individual differences—traits o
attention—an issue to which we now turn.
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Attention as an Ability

As distin'cF from a skill, which is the result
Ir)(;lre n(:; 2:;1:2 in a'tfentlon, in wh.ich ability is assumed to be a more innate and
OO r(i,garlutws char.acten'st'i?, akin to the stable differences between
Horal camatitn :n Spatial abilities. Such individual differences in atten-
of workrr o ;/rr re 11:1portant because of their potential role in selection
aircraft o o 2 i)rll ou Con'}plex attention-demanding jobs, like piloting an
be oo Corrila tg an office. For example, if reliable tests of attention can
possible o pcorel elwlth perforrr}ance on the flight deck, then it should be
e pplicants for a highly competitive piloting job on the basis
eir test scores (Caretta and Ree 2003; Hunter and Burke 1995; Pohlman

. of attention abilities, we consider two
grc:;(i :Sle:is:tst ef)rfltsi(t)udies: (1) those that have examined stable individual dif-
differonces o _né;1 Cqmpor}gnts; and (2) those that have examined overall
Clase, fomai time s tarmg ability (Brookings and Damos 1991). Within each
indic,atin e Interests have been focused on correlational measures
& that people who do well on one particular attention test also do

well on another or on some i iri i
(vt ancl L rex or or o8 complex skill requiring heavy attentional support

Attentional Components

A(;fenr:tio;[ sw}iltching has received a fair amount of research as an ability com-
gnd Ka.h nsc of tlhxs research was stimulated by the early findings of Gopher
man (1971), Gopher (1982), and Kahneman, Ben-Ishae, and Lotan

(1973) that measures of audit i
‘ ; ory attention-switchi i
dichotic listening task discusde ir?n et 2 conl T ey om the

from one of these sources alone.”
/ . _ . ne.” The role of
::sngg; lol:;)rnz(;; g; thll: p;ocess is further supported by the research of North
3 » Who found that individual differences i ili
: n the ability to
modulate resources to primary and secondary tasks were both uncorrel:ted
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with single-task performance and independently predictive of success in
flight training. This role of attention control as an ability appears to be closely
related to the capacity of working memory, as discussed later in this chapter.
A somewhat related line of research has focused on an emerging distinc-
tion between two qualitatively different dual-task processing styles, character-
ized as parallel processing versus serial processing. The parallel processor, for
example, might continue steering while performing a discrete task in the auto-
mobile, whereas the serial processor would pause the steering task while deal-
ing with the discrete task or might postpone the discrete task until steering
requirements have stopped. This dichotomy, paralleling the contrast between
chapters 7 and 8 on the one hand and chapter 9 on the other, seems to distin-
guish two different classes of people given a dual-task challenge (Braune and
Wickens 1986; Damos, Smist, and Bittner 1983). Importantly, it is not always the
case that parallel processors show better dual-task performance. As intuition
tells us, sometimes it is better to try to do two tasks sequentially and perfectly
than to attempt to time share them, suffering decrements on one or both. That
is, parallel processing does not necessarily imply perfect performance.
Chapter 5 discussed the UFOV as an important component of visual atten-
tion related to visual search. Here Owsley et al. (1998) found that this com-
ponent can be reliably measured and is predictive of differences in driving
safety. They made a compelling case that its assessment should be included in
tests of driving competence or selective screening for driver’s licenses.

Time-Sharing Ability

An alternative approach to measuring the attention components that often
underlie dual-task performance is to directly assess individual differences in
dual-task decrements and the extent to which these are stable across people.
Of course, here the same care must be exercised as was discussed in the
section on attention training. If one person has a smaller dual-task decre-
ment than another, it may simply be because that person possesses greater
automaticity on one or more of the component tasks, a difference unrelated
to a time-sharing ability. To examine these issues, researchers have tried to
disentangle differences in the resources demanded by a component task (i.e.,
the shape of the PRF) from differences in the resources available (i.e., the
size of the resource pool) for performance of concurrent tasks (Lansman and
Hunt 1982). If some people have more resources than others, then they should
be able to perform better in dual-task circumstances than other people, but
their performance loss in going from single- to dual-task conditions should
be equivalent. This equivalence results because the demand for a particular
task on those resources (i.e., automaticity level) will not differ. Thus, a low or
zero correlation is predicted between dual-task decrement and single-task
performance, and data have supported this lack of relationship (Braune and
Wickens 1986; Lansman and Hunt 1982; Wickens and Weingartner 1985).
Fogarty and Stankov (1982) reported that the degree of independence of the



168
Applied Attention Theory

;grancpc?mﬂf;; (;fl fl;latt.ask performance from single-task skills grows stronger
mplicnt e ask is made secondary, or is deemphasized—a fact that again
Thece o reisourcehcapamty metaphor to represent time-sharing ability.
and Lansman’1a9 8olr'1g Wlt'h others (e.g., Fogarty and Stankov 1982, 1988; Hunt
Wickens, Mo ,C]lenmngs an(;l Chiles 1977; Stankov 1983, 1988; Sverko 1977
in thetr tli " ord, and Sf:}.u:em'er 1981), seem to establish that people differ
me-sharing capabilities in ways that cannot be predicted only from

i Ompono'ent tasks, or automaticity. However, this conclu-
arznglzi f:li tsha furtht?r question regarding the extent to which such abijlities
it du,al-tarla(CteI:IZIHg performance on a wide variety of qualitatively
WO v taSkas Ipalrs rather than SPeCiﬁC to particular types of pairs (e.g,
that disorses .s). ht turns out tl}at this conclusion of generality, paralleling
extremely it let € context of time-sharing skill and attention switching, is
Considerationsl /1; 1(to prove beca\.xse of various statistical and methodological
o e WiCk(e c i:{man, Schneider, and Wickens 1984). Atbest, the evidence
differences e S ns, hou'ntfor(%, ~and Schreiner (1981), for example, examined
taska 1n ni‘ne . fr?e—s aring aplllty of f.ort}f subjects performing four different
tial inclividn, d;}frent pairwise com.bmahons. Although there were substan-
they did oy 1€ i lerenczes in the efﬁcienc.y of time sharing a given task pair,
the sther 1ot ;‘e lz:te highly across the different dual-task combinations. On
data i Cor,lf_ Ckerman, Schneider, a.nd Wickens (1984) examined the same
cvidends for s 1rmatoFy factor gnalysm and concluded that there was some

o general tlm'e—§}}ar1ng ability.

printe to);sil\x?}rll tthe possxblht){ of a general time-sharing skill, it is appro-
themselveg, am a:hlts nature might be. Here at least three possibilities avail
mOtivation;l e tey are not mutuall'y‘ exclusive. One is that it may relate to
arousal (Mot ects, reﬂectlr}g acognitive continuum of low to high energetic
‘ atthews and Davies 2001). High-energy people can better sustain

girl:;ai all;:él;y lsfresiderft in the central executive—as discussed in chapter
Circumstance;ls '['[-»?r ﬂex1bl¥ deploying attention in demanding dual-task
(1989) that Suc-h d‘l?fls consistent with the view of Hunt, Pellegrino, and Yee
A third posein if erﬁnces are c-lue to attention control and coordination.
memory, oo ol y l;s that such differences relate to the capacity of working
ory and ’executi cribed following. These two components—working mem-
At anv; bc:ontrol~are clearly related: Both are necessary for good
intelligencegr’na ’ Otl:l relate to the concept of fluid intelligence and general
comploy multitamk ec'lst in 'IQ, the single ability most predictive of success in
Rew 5003, Cotit S (.)mams (Borman, Hanson, and Hedge 1997; Caretta and
o; Catell 1987 Hunt et al. 1983; Stankov 1987; Ree and Caretta 199¢).

Attention and Working Memory

Another cognitive measy

re cl i i
as individgl difforneoo closely linked to attentional performance as well

is working memory capacity (Baddeley and Hitch
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1974), a concept that can be best understood by comparison to the familiar
notion of short-term memory (STM) (Atkinson and Shiffrin 1968; Miller 1956).
STM, as traditionally conceived, is a cognitive system used to hold informa-
tion over relatively brief periods of time. WM, in contrast, is more complex,
"allowing the temporary storage and manipulation of information necessary
for such complex tasks as comprehension, learning, and reasoning” (Bad-
deley 2000, p. 418). Thus, the WM system comprises not just the STM buffers
needed to hold information but also a set of attentional control mechanisms
used to regulate the flow of information into and out of STM and to trans-
form the information stored. The influential WM model of Baddeley and
Hitch (1974) and Baddeley (1986), for example, comprises a pair of short-term
buffers for holding verbal and visual information, respectively, along with
a central executive mechanism—as discussed in chapter 9—responsible for
controlling the buffers’ activity.

As befits its inclusion in the current chapter, large stable and meaning-
ful individual differences in working memory have been well documented
(Engle 2002). WM capacity can be measured with what is known as a com-
plex span task. Various forms of complex span exist (Conway et al. 2005;
Daneman and Carpenter 1980; Turner and Engle 1989), but all share the
critical characteristic that they require subjects to hold information in STM
while performing some additional information processing task—that is,
under conditions of divided attention. In an operation span task (Turner and
Engle 1989), for example, the subject is presented a series of true or false
mathematical equations (e.g, 8 x 2 ~ 5 = 9), each followed by an unrelated
word. The subject’s task is to judge the truth of each equation while storing
the words for recall at the end of the series. The task therefore demands that
information be maintained in STM while additional information processing
operations, which are needed to solve the equations, are performed. This
can be compared with a traditional simple span task in which information is
stored in STM but no additional task is performed.

Although the STM and WM systems are closely linked (Cowan 1995
Engle et al. 1999), STM and WM span scores differ dramatically in their
relationship to other performance measures. STM capacity, contrary to the
early expectations of many researchers, is at best weakly correlated with
measures of performance on more complex tasks such as reading (Daneman
and Carpenter 1980; Perfetti and Lesgold 1977). WM capacity, on the other
hand, is a good predictor of many high-level cognitive abilities and traits,
including reading comprehension (Daneman and Carpenter 1980), retrieval
of information from long-term memory (Rosen and Engle 1997), and fluid
intelligence (Engle et al. 1999). WM span scores also correlate highly with
measures of various real-world skills, including proficiency in tasks such as

following directions (Engle, Carullo, and Collins 1991), taking lecture notes
(Kiewra and Benton 1988), learning a computer programming language
(Shute 1991), and even judging the safety of a left-hand turn across lanes of
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oncoming traffic

Engle 2002) (Guerrier, Manivannan, and Nair 1999) (

for a review see

in the to-be-ignored ear (Conway,

. Co i ; ;
a high WM span also tend to suffe wag, and Bunting 2001). Subjects with

t less Stroop interference than those with

] 2 i attention control skills wi i
i the st : ' skills will better be able to -
o the rllr;; ?;:]:asslr\l/[ stored in short-term buffers while contending wi?}tatlge
laboratory and ;-eal i cs)Iralzcilnt ;s lé(l good predictor of performance in a variety of

I- 8Ks, moreover, preciselv b
on the same attentional control mec:hanismls:7 (Engley20(e)§;‘use fhose tasks rely
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attentional needs. Fortunately, though, it is possible to compensate, at least
in part, for these changes, through the wise application of attentional and
the appropriate design of displays and tasks (Fisk and Rogers 2007, Fisk
et al. 2004).

Declining Attentional Function

Notably, a number of attentional processes are spared with age. Visual search
slopes for salient feature targets, for example, remain close to zero (Plude and
Doussard-Roosevelt 1989), and the ability to selectively guide visual search on
the basis of stimulus features remains largely or fully intact (Humphrey and
Kramer 1997; Scialfa et al. 2000). Similarly, the ability to exploit both central
and peripheral attentional cues in a spatial cuing task is uncompromised by
healthy aging (Greenwood, Parasuraman, and Haxby 1993; Wiegmann et al.
2006), at least so long as the perceptibility of the cues themselves is matched
across age groups (Gottlob and Madden 1998). Aging also appears to have little
influence on processes that are highly overlearned or automatic (Hasher and
Zacks 1979; Jennings and Jacoby 1993), though older adults may have difficulty
achieving automatization of some new tasks (Fisk and Rogers 1991).

Other forms of attentional processing, however, are less robust across the
lifespan. Some declines in attentional performance are equivalent to what is
expected based on the general slowdown in perceptual and cognitive pro-
cesses that occurs with advancing age (Salthouse 1996; Verhaegen 2000). As
measured by differences in raw RTs, for example, older adults show greater
Stroop interference and larger task-switching costs than young adults. As a
proportion of baseline RTs, however, the effects are roughly the same size
across young and older adult age groups (Verhaegen and Cerella 2002).
In other words, advancing age seems to have no specific effects on these
processes. Performance is apparently degraded only as a consequence of
very broad declines in processing speed.

Other attentional mechanisms are harder hit by age, showing specific age-
related losses. As one example, adults often experience particular difficulty
focusing attention on task-relevant information in the presence of auditory or
visual noise. Tun and Wingfield (1999), for instance, tested older and younger
adults’ ability to listen to and remember a stream of target speech with and
without a distractor voice in the background. Memory for the target speech
was compromised by the distractor for both age groups, but the effects were
substantially greater for the older listeners. Age-related losses were larger
still, moreover, when the distractor speech was meaningful than when it was

. nonmeaningful (Tun, O’Kane, and Wingfield 2002), confirming that the age

difference was not simply a consequence of older listeners’ sensory losses.
Other data suggest similarly that older observers have difficulty processing
visual information embedded among distractor items—whether those dis-
tractors are interspersed with the target spatially (e.g., Carlson et al. 1995) or
temporally (Gazzaley et al. 2005)—and that the effects of visual distractors
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Increasing Attentional Demands

These reviewed findings confirm that aspects of attentional processing become
less effective as we age. Evidence also indicates, unfort unately, that much of our
behavior simultaneously becomes more dependent on attention. More particu-
larly, findings show that age-related losses in sensory and physical function
increase the attentional demands of everyday behavior, bringing about, in the
phrasing of Lindenberger, Marsiske, and Baltes (2000, p. 434), a “permeation
of behavior with cognition.” Although it is common to ridicule the clumsy for
their metaphorical inability to walk and chew gum at the same time, dual-task
studies show that the control of posture and gait is attention demanding, par-
ticularly in the elderly (Woollacot and Shumway-Cook 2002). Thus, for older
- adults even the performance of relatively simple cognitive tasks—judging the
pitch of a tone, detecting the onset of a light, memorizing a list of words, count-
ing backwards by threes—can significantly compromise the ability to maintain
posture and gait, to step over an obstacle, or to recover stability following a dis-
ruption of balance (e.g., Chen et al. 1996). Reciprocally, the resource demands of
maintaining and recovering balance can degrade performance on secondary
cognitive tasks (e.g., Lindenberger, Marsiske, and Baltes 2000). These effects
are sometimes evident in the performance of young adults but are invariably
larger for older adults. Why? Lindenberger et al) speculate that as we age,
“sensory and motor aspects of performance are increasingly in need of cogni-
tive control and supervision because of frailty, sensory losses, and lower level
problems in sensorimotor integration and coordination.” That is, the tasks of
maintaining posture and gait become more difficult as we get older, increasing
their attentional requirements.
A similar phenomenon is seen at work in a connection between hearing
loss and poor short-term memory. Though it is not obvious that the quality
of our hearing and the capacity of our short-term memory should be related,
data reveal that memory span for spoken words lists is smaller for older
listeners with some hearing loss than for those with good hearing, even
when the words are presented loudly enough to be heard by both groups
{McCoy et al. 2005; Rabbitt 1991). The reason, theorists have concluded, is
that listeners with poor hearing have to invest more effort to understand the
spoken words, diverting attentional resources that could otherwise be used
to keep the words active in working memory (Wingfield, Tun, and McCoy
2005). In other words, attentional resources are needed to overcome hearing
losses. Consistent with this interpretation, young adults with normal hear-
ing show lower memory spans for spoken words that are masked by noise
than for words that are presented clearly (Rabbitt 1968).
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Coping with Age-Related Attentional Changes

Happily, data indicate that age-related declines in cognitive performance do
. not translate invariably into functional everyday losses (Park and Gutchess
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simple laboratory measures of cognition. Li et al. (2001, p. 236) concluded,
“Inold age, individuals address declining abilities by prioritizing what
should be preserved, and then maintaining prior performance levels by
using compensatory means.”

The consequences of attentional losses also can be mitigated through
appropriate task design and operator training. In accordance with the predic-
tions of multiple resource theory, research has found that age-related dual-
task losses are attenuated when the paired tasks employ different response
modalities (e.g., manual and vocal) rather than a single modality (e.g., man-
ual alone) (Brouwer et al. 1991; Tsang and Shaner 1998) and, similarly, when
display information is distributed over multiple input modalities. Dingus
et al. (1997), for instance, demonstrated that in-vehicle displays presenting
navigational information aurally rather than visually reduced demands on
the visual resources needed for lane maintenance and roadway monitoring,
and were especially beneficial for older drivers. These findings imply that
older adults’ multitasking difficulty can be reduced to the extent that pro-
cessing demands are distributed across multiple attentional resource pools.
The conclusion that age impairs task-set maintenance, furthermore, implies
that older adults’ multitask performance will be improved by environmental
reminders and attentional cues that signal what tasks are to be performed
and when. Indeed, the ability to exploit such mechanisms of environmental
support appears to be an important component of successful aging in general
(e.g., Baltes and Baltes 1990; Craik and Byrd 1982; Park and Gutchess 2000).

Finally, in accordance with the findings on attentional skill development
discussed already, evidence suggests that older adults can be trained to multi-
task more efficiently, learning to strategically shift attention between tasks
more flexibly (Sit and Fisk 1999; Tsang and Shaner 1998). Varied-priority
training in particular appears to produce large gains in older adults’ multi-
tasking skills, reducing age-related differences in multiple task performance
and encouraging the development of attentional control skills that general-
ize to novel task combinations (Kramer, Larish, and Strayer 1995; Kramer

et al. 1999).

Conclusions

This chapter has considered three sources of individual differences in atten-
tional capabilities: (1) practice, skills, and expertise; (2) traits and stable
abilities; and (3) advancing age. Certainly there are other sources not treated
here, including those due to clinical conditions like attention deficit disorder
(Huang-Pollack and Nigg 2003); those due to young age, such as attention
development across infancy and childhood (Wickens and Benel 1982); and
possibly those due to cross-cultural differences. Such topics, though fasci-
nating, are beyond the scope of the current book.

Three main themes emerge from our treatment herein. First, in under-
standing differences in multitask performance, it is critical to understand
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c!lffer‘enc:es in performance of the single-task components to which atten-
tion is deployed. Second, individual differences observed in multitask
Rerfor.mance are often largely specific to the particular task pair or task
Slt},l.atlon under consideration and are less the result of a generic skill or
abl}lty, applicable across all task combinations. This gives reason to doubt
c.lalms that the multitasking of the electronic generation will lead to substan-
tial cl:tanges in their overall dual-tasking ability. Finally, the amalgamated
combl_n'a.tion of executive control, task management, and attention-switching
Cﬂpﬁblll?l@S—-&S discussed in chapter 9 and as represented so well in tests
of‘workmg Memory—appears to represent the most logical candidate that
might underlie that which is general in attention skill and ability. The final
chapter Fonsiders some of the physiological brain mechanisms that might be
responsible for these and other attentional functions.

11

Cognitive Neurosciences
and Neuroergonomics

Introduction

Having discussed research extending back to the work of William James
(1890), it is useful to close by considering developments that portend the
future of applied attention research: the convergence of human factors and
neuroscience. Applied attention researchers have traditionally employed
behavioral measures of performance as their primary window on mental
processes. How quickly can the operator make a judgment, for example, o1
how much does accuracy suffer when the operator is asked to perform two
tasks simultaneously? This reliance on behavioral data has been in large
part for two practical reasons. First, behavioral data can usually be collected
easily and with little cost, sometimes without even use of a computer. Second,
performance measures such as speed and accuracy are typically the very
phenomena that applied attention researchers wish to predict and control
Behavioral data are of direct and immediate interest to the topics that con-
cern human factors scientists. )
However, human factors researchers have also long held an interest 1n
brain function (e.g., Sem-Jacobson 1959; Sem-Jacobson and Sem-Jacobson
1963). Indeed, much of the earliest research on workload was aimed a‘t
delineating the fundamental relationship between task demand and physi-
ological measures of autonomic nervous system activity (Hockey, Coles,
and Gailliard 1997; Kahneman 1973; Kalsbeek and Sykes 1967; Kramer 1987).
As technological and theoretical advances have allowed cognitive neuro-
science to elucidate the relationship between mental and neural processes
in ever more detail, engineering psychology has gained further insights into
real-world human performance. Recognizing the increasing value of brain
research to applied cognitive psychology, Parasuraman (2003, p. 5) has even
coined the term neuroergonomics to denote “the study of brain and behavior
at work,” the intersection of neuroscience and human factors. Of what value
is neuroscience to applied psychology? Kramer and Parasuraman (2007)

"note possibilities. First, neuroergonomic measures may sometimes be more

valid or reliable indices of psychological phenomena (e.g,, effort and mental
workload level) than more traditional behavioral or subjective measures.
Second, neuroergonomic methods might allow measurement of psycho-
logical processes that are inaccessible to behavioral or subjective measures.



