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Abstract

An experiment is reported examining the role of attention and expertise in multiple target tracking. It compares the ability of professional radar operators (experts) and undergraduate students (novices) to acquire and track subsets of randomly moving targets amongst distractors, and respond appropriately to a probe. Participants undertook this tracking task alone then, subsequently, in conjunction with a second, digit categorisation task. For half the participants, the second task commenced prior to the tracking task's target acquisition phase, for the remainder after. Results suggest experts are better than novices across all conditions. Further, a comparison of results between the two dual task conditions indicates that attentional resources make a contribution to target tracking in both novices and experts, but only appear to make a contribution to target acquisition in novices. The results have implications for theories of multiple target tracking; the selection of radar operators; and the monitoring of their training.

Attention and Expertise in Multiple Target Tracking

INTRODUCTION

The dynamic environment within which we move presents moment-by-moment challenges to our perceptual processes (e.g. from transportation, personal interactions, sporting activities etc.). One occupation in which this ability to track objects as they move through the environment is of critical importance is the use of radar to monitor, control and supervise aircraft. Radar operators are required to keep track of multiple objects moving in many different directions.  Therefore, the aim of the present study is to examine the cognitive processes that may underpin the ability to track multiple targets amongst expert radar operators. 

Several theories have been proposed that shed light on the cognitive processes involved in multiple target tracking. One such, described by Pylyshyn and Storm (1988) and supported by a wealth of subsequent research [e.g. Trick & Pylyshyn, 1989/1993; Pylyshyn, 1994; Pylyshyn et al., 1994] proposes that the ability to track moving objects is dependent upon a limited number of preattentive ‘indexes' that may be attracted to objects as they appear in the visual field and, thereafter, continue to point to them as they move, facilitating the allocation of attention to the objects' locations. 

Pylyshyn and Storm's (1988) research involved participants visually tracking a number of targets amongst a group of distractors and responding appropriately to a probe. Accuracy and response times were recorded. Their data showed that participants could successfully track a subset of up to five targets from a set of ten. However, the fact that both accuracy and reaction times declined with increasing numbers of targets did not fully support the notion that such tracking was entirely preattentive or preconceptual (Pylyshyn, 2001) since such a model would predict continuing excellent performance so long as there were indexes available for each object to be tracked (Pylyshyn & Storm, 1988), and immediately no more indexes were available performance should fail catastrophically, rather than degrade gracefully as was observed. They therefore offered two alternative interpretations of their findings. It was possible, they suggested, that targets were being tracked by a strictly parallel, but limited resource, preattentive process (as per certain applications by Townsend, 1974). Alternatively, according to their spatial index theory, tracking involved both "a limited number of parallel components, each with unlimited capacity within the bounds of this [tracking] task" (p.195) and a serial process, for example to check each of the indexed objects in order to determine which had been probed. 

Yantis (1992), using a procedure similar to that reported by Pylyshyn and Storm (1988), offered a slightly different interpretation of how participants tracked multiple moving objects. Although he conceded that preattentive labels such as indexes might be attracted to objects as they appeared in the visual field he claimed that, in order to be tracked, objects had first to be grouped into a single, higher order virtual object to which attention could be directed. As he described it, after target elements have been determined by preattentive indexes, these are grouped into "a perceptual representation of a virtual polygon" (Yantis, 1992, p.301). This internal model is then monitored and updated, a process requiring attentional resources, by comparing it with the stimulus input throughout the object's motion. Thus the points where sides of the perceptual polygon meet define the moment-by-moment locations of the targets being tracked, and as the individual targets move, so the size, shape, orientation, and position of the virtual polygon changes. Typically, such motions produce a virtual polygon "that is nonrigid, undulating, and periodically collapsing as the target elements move about the screen" (Yantis, 1992, p.301).

Both of these theories appear to share a common hypothesis that the task of discriminating between multiple objects as they move about a display can be subdivided into two distinct phases, namely a target acquisition phase, in which targets are initially individuated, and a target tracking phase, during which these separate identities are maintained. However, although both authors agree that targets are indexed preattentively, they appear to differ in the role ascribed to attention. Pylyshyn and Storm (1988) have suggested that attentional processes are activated during target tracking, after a target has been probed. Yantis (1992), on the other hand, has claimed that successful target tracking depends upon the formation of a virtual object before tracking commences, namely during the target acquisition phase, a process that would appear to involve strategic/attentional resources. 

Yantis (1992) found that participants who were presented with targets in a canonical configuration, and so were given visual clues about virtual polygon formation, performed better than participants shown a random display of targets. However, this advantage disappeared after the initial stages when, according to Yantis (1992), the remaining participants discovered the grouping strategy for themselves. This suggests that part of the target acquisition process can be subject to conscious strategic influences and that, in turn, suggests a role for attention.

If, as implied by Yantis' (1992) results, attentional resources may be necessary during target acquisition (i.e. for the formation of a virtual polygon or to discover an appropriate grouping strategy), then it might be predicted that the addition of a second attentionally demanding task during target acquisition would interfere with performance to a greater extent than if the second task was introduced after target acquisition. In addition, it can be predicted that people with extended experience of tracking multiple targets (experts), who might be expected to have discovered appropriate strategies, would outperform novices. Further, extended practice might result in such strategies becoming less attentionally demanding, more automatic, making them more resistant to the interfering effects of the second task. 

Professional radar operators were chosen because the nature of their work, in monitoring display screens for long periods of time; tracking multiple targets and responding appropriately, would qualify them as experts as regards a multiple target tracking task. Undergraduate students were selected as being representative of the non-expert, or novice, population at large. 

The experiment provides potential interference to performance in the form of a secondary task in which participants categorise digits as high or low, something requiring sustained general attention (Baddeley, 1996). Secondary task onset will be either prior to, or after, the target acquisition phase. We hypothesise that, overall, experts will outperform novices, and that this will be particularly so when the secondary task onset commences before the target acquisition (TA) phase.

METHOD

Participants

Thirty-six professional radar operators (experts), twenty-nine males and seven females, and thirty-six undergraduate students of the University of Aberdeen (novices), twenty-three males and thirteen females took part in the experiment. Experts' ages ranged between nineteen and forty-one (mean 27.9, SD 4.9) whilst novice ages ranged between eighteen and forty-three (mean 24.0, SD 5.0). As an indication of their level of experience, experts' mean time actively operating radar over the preceding month was 25 hours (SD 20). All participants had normal or corrected-to-normal vision. Participants were paid a small honorarium. Within their novice/expert category, participants were randomly allocated to either the "secondary task onset before TA" group or the "secondary task onset after TA" group.
Materials

 Six blocks, each of 48 multiple target tracking trials, consisting of monochrome computer-animated sequences of frames, were prepared in advance. Each trial began as a static frame consisting of a centralised solid white fixation square subtending a visual angle of 0.42 deg, on a black background subtending a visual angle of 21.5 deg. After a delay of 2 seconds, twelve static crosses (+) appeared, distributed randomly across the screen, of which a number (1 - 6), designated as targets, were flashing on and off (see figure 1), the remainder were distractors. This was the target acquisition (TA) phase.

--------------------------

Insert figure 1 here

--------------------------

The crosses subtended a visual angle of 0.42 deg. After a further delay of 10 seconds, the targets ceased flashing and all the crosses began to move with velocities and in directions that varied randomly every 300 milliseconds. This was the target tracking (TT) phase. Each cross's velocities ranged between 1.25 and 9.4 deg/s and its direction was selected from eight equal divisions of the compass. A caveat to this was that no two crosses could come closer together than 0.75 deg in order that continuity of identity could be maintained. To achieve this, whilst the trials were being prepared, after each frame, the proximity of crosses was tested. If too close, the preceding few frames were discarded and the animation regenerated with alternative directions and/or velocities. When any cross was likely to go off an edge of the screen its movement was allowed to "bounce off" that edge. 

The duration of the animated portion of each trial varied between 7 and 15 seconds. After the animation had been running for at least 3 seconds, one of the crosses was transformed into a solid white square (the probe), subtending a visual angle of 0.6 deg, for a period of 100 milliseconds. On a random 50% of the trials the probe appeared over a target and for the remainder over a distractor. Whenever the spacebar was depressed it terminated the current animation prematurely and measured the participant's response time from probe onset to key activation.

Trials were displayed using a 350mhz Pentium II PC on a 17-inch monitor set to a resolution of 800 x 600 (SVGA) at a viewing distance of approximately 90 cm. 

Design and Procedure

 All participants undertook the multiple-target tracking task alone (Single task condition) and in combination with a second task (Dual task condition) that commenced either before or after target acquisition. In both conditions, the number of targets (1 - 6), probe onset time (3, 5.7, 8.4 & 11 seconds), and whether or not a target or distractor was probed, were systematically manipulated. There was one block of 48 practice trials under the single task condition followed by two main blocks of 48 trials. Following this, there was one block of 48 practice trials under the dual task condition, again followed by two main blocks of 48 trials. Main block allocation was alternated between the two conditions to counterbalance any order effects. Data from the practice trials were discarded. During each trial of the Dual task condition, random single digit numbers (excluding '5') were flashed at the rate of approximately one/second in the white solid square displayed in the centre of the screen (digit classification task). For half the participants, presentation of these random digits commenced before the targets and distractors were statically displayed for target acquisition, for the remainder, presentation of the random digits commenced when the targets and distractors began to move for the target-tracking phase.

 In order to minimise extraneous visual distractors, participants were tested individually in a darkened room. For the Single task, each participant was instructed that, having initiated a trial by pressing the computer keyboard's spacebar, a white solid square would appear in the centre of the display. It was emphasised that they must keep their eyes fixated upon this square throughout each trial and not allow their eyes to wander across the screen.  After 2 seconds, twelve crosses appeared and participants were told that they were to pay attention to a target subset. Those crosses that were flashing would indicate the target subset. Sometime during each trial, whilst they were maintaining awareness of the crosses’ movement, one of them would be momentarily transformed into a white solid square. If, and only if, this transformation occurred to one of the target subset should they press the keyboard’s spacebar as quickly as possible. 

For the Dual task condition, participants were told that they were to carry out the main task exactly as previously instructed but that, in addition, they were to carry out a second, concurrent task related to numbers that would flash in the centre square. For every number flashed, if it was a 1, 2, 3 or 4 they were to say, out loud, “low”; if a 6, 7, 8 or 9  “high”. All speech was recorded on a Sony TC-520CS stereo cassette-corder via an AVL 1300 unidirectional dynamic microphone. Participants took approximately 2.5 hours to complete the 288 trials. Both accuracy and response times were recorded. 

RESULTS

Trials in which participants responded prior to probe onset were discarded (in total 417 trials of 13,824). For both halves of the experiment, Single and Dual task conditions, the total number of times that participants responded correctly when the probe appeared over either target (press spacebar) or distractor (do nothing) were then calculated. Thereafter, in order to assess performance, two measures derived from signal detection theory (SDT) were computed: detection sensitivity (A') and response bias (B''D). In the present context, the former reflects participants' ability to discriminate between target and distractor trials and the latter reflects the strictness of the criterion used to classify trials as target or distractor trials. Since the number of trials in each condition was less than that recommended for parametric SDT indices, the non-parametric index of sensitivity, A' (Pollack & Norman, 1964) and response bias, B''D (Donaldson, 1992) values were computed in preference (See Figure 2). Note, these latter two measures contain no assumptions about the statistical distributions underlying performance. 

----------------------

Insert Figure 2 here
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These values were then subjected to mixed design ANOVAs with Group (Expert/Novice) and Secondary Task Onset (Before/After target acquisition) as between subjects factors and Number of Targets (1-6) and Task (Single/Dual) as repeated measures. 

Results from the analysis of the A' scores indicated that the frequency with which all participants responded correctly decreased as a function of the increasing number of targets (F(4.004, 264.29) = 69.86, p < 0.01) [based on the Greenhouse-Geisser correction]. Further, participants’ correct performance varied as a function of Task (F(1, 66) = 103.264, p  < 0.01), being poorer during the dual task condition. Expert participants always performed significantly better than Novices (F(1, 66) = 21.035, p < 0.01).  There was also an interaction of Task x Targets (F(3.821, 264.29) = 2.973, p < 0.05) [based on the Greenhouse-Geisser correction], apparent when 6 targets were displayed, by which time performance was at chance. Finally, there was a marginal effect of Expertise x Secondary Task Onset (F(1, 66) = 3.618, p = 0.062). 

To examine whether mean A' scores differed from chance, one-sample t-tests (criterion p < 0.0033) were conducted for novices and experts at each level of target. The results indicated that, for the single task alone, all participants could still significantly distinguish between target and distractor trials right up to individual trials containing 6 targets. The effect of the secondary task was to reduce this level of performance differentially. For experts, irrespective of whether the secondary task began before or after TA, performance was reduced to trials containing 4 targets. For novices, when the secondary task began after TA, it was reduced to trials containing only 2 targets and, when the secondary task began before TA, to trials with just 1 target. This suggests that novices, already cognitively loaded with a secondary task, were less able to develop successful strategies for multiple target tracking than either those novices who were free to form such strategies before either the primary target tracking or secondary tasks commenced, or experts under either condition. Note, however, that this analysis only says something about participants' ability to distinguish between target and distractor trials. It does not specify how many targets they can successfully track.
A measure of participants' ability to track targets was obtained by subtracting the number of false alarms (incorrect responses when a distractor was probed) from the number of hits (correct responses when a target was probed) (as per the high-threshold model of signal detection, e.g. Snodgrass & Corwin, 1988). This value was then compared to the number of misses (failures to respond when a target was probed) using binomial tests. This analysis suggested that, for the single task, experts could track up to 5 targets, significantly above chance (p < 0.01), whilst novices could track no more than 3 (p < 0.01). In the dual task condition, when the second task commenced before TA, experts were reduced to an ability to track 4 targets (p < 0.01) whereas, when the second task commenced after TA, they could track only 3 targets (p < 0.01). For novices, when the second task commenced before TA, they could only successfully track 1 target (p < 0.01) whereas, when the second task commenced after TA, they could track 2 targets (p < 0.01).
Results from the B''D analysis showed a main effect of Task (F(1, 66) = 13.561, p < 0.01), suggesting, overall, that participants became less conservative in their judgements during the dual task condition. In addition, there was a main effect of Target (F(5, 330) = 2.746, p < 0.05), indicating that the number of targets had an effect upon participants' level of  conservatism as well. There was also a main effect of Expertise (F(1, 66) = 6.774, p < 0.05) in that experts were consistently less conservative than novices.

Two significant two-way interactions were also evident. Task x Targets (F(4.238, 279.689) = 9.419, p < 0.01) [based on the Greenhouse-Geisser correction]  indicated, for all participants,  that, whereas the level of conservatism remained relatively high during the single task, during the dual task condition it reduced with increasing numbers of targets.  Targets x Expertise (F(5, 330) = 2.592, p < 0.05) suggested that most of this reduction in conservatism came from the experts. 

Results of the verbal data collected for the secondary task
 (responses to digits displayed) was broken down into three categories, total performance; TA performance; and TT performance. Analysis showed, for expert participants, that their total performance ranged between 73 - 97% correct (mean 89.9, SD 6.8); during target acquisition 63 - 99% correct (mean 91.6, SD 9.0); and during target tracking 75 - 90% correct (mean 88.2, SD 6.2).  For the novice participants, their total performance ranged between 71 - 97% correct (mean 85.7, SD 9.0); during TA 77 - 99% correct (mean 89.5, SD 8.0); and during TT 64 - 96% correct (mean 81.8, SD 10.9). 

There was no significant difference between experts and novices on the secondary task (Total performance, t(26) = 1.416, NS; TA performance, t(26) = 0.658, NS; and TT performance, t(18.356) = 1.863, NS). These results suggest that participants were directing equivalent and adequate attentional resources to the secondary task.

DISCUSSION

As expected, the results indicate that performance on the tracking task was affected by the number of targets to be tracked. As the number of targets increased the ability of participants to track the targets decreased. Again, as anticipated, the professional radar operators were better at tracking multiple targets than were the undergraduates
. Further, this performance differential was maintained across the single and dual task conditions, despite all participants’ performance declining when they performed the tracking task and the digit categorization task concurrently. In addition, the results suggest that when the digit classification task was commenced prior to the identification and acquisition of the targets, performance on the tracking task was impaired more in the undergraduates (novices) than in the radar controllers (experts).

Whilst arguing that the initial assignment of the spatial indexes is pre-attentive, Pylyshyn and colleagues have suggested several roles for attentional processes in the target tracking task. Pylyshyn and Storm (1984) opined that attention might be involved in checking whether or not a target had been probed. Pylyshyn et al (1994) claimed that maintaining an index was an effortful process and might require refreshing periodically, to avoid decay or interference. They also reported on the suggestion by McKeever and Pylyshyn (1993) that attentional processes may facilitate tracking, through anticipation, or act as an error recovery mechanism (see also Sears & Pylyshyn, 2000). Yantis (1992) has claimed that attentional processes are involved in the maintenance of a virtual object during tracking. In all these cases it would be anticipated that the addition of a second, concurrent task that also called on attentional resources would interfere with tracking. The present results are in line with this hypothesis; both experts and novices show a clear decrement in tracking performance when carrying out the tracking task concurrently with the digit categorization task
. 

The results also indicate that the ability of the novices to track the targets was impaired to a greater extent when the digit categorization task commenced prior to the identification and acquisition of the targets than when it commenced after this phase. Tracking performance amongst experts, whilst impaired by the concurrent categorization task was equally impaired whether the digit categorization task commenced before or after target acquisition. An explanation as why novices and experts are affected differently by the onset of the secondary task prior to the target acquisition phase can be found in the results presented by Yantis (1992). 

Yantis (1992) found that those participants who, prior to tracking, had been presented with displays that provided information about grouping targets (i.e. to form a virtual polygon) performed better on a tracking task than participants not given this information. However, this difference in tracking performance by the two groups disappeared after multiple trials. Yantis explained this eventual equivalence in the tracking ability of the two groups by suggesting that the group not provided with the grouping information had discovered it for themselves. This then suggests a reason as to why novices are differentially impaired relative to experts when the digit categorization task commences prior to the target acquisition phase. In order for the participants in Yantis’ study to discover the grouping strategy for themselves it seems reasonable to assume that they were actively seeking a strategy to help in tracking the targets. One interpretation of the results of the present study is thus that the onset of the attentionally demanding digit categorization task during the target acquisition phase either interfered with the process of finding an appropriate strategy or that the strategy being used by the novices required attentional resources made unavailable by the demands of the secondary task. Since the single task condition always preceded the dual task condition, and so participants had ample opportunity to discover an appropriate strategy, it seems more parsimonious to assume that the strategic influences during the target acquisition phase are, for novices attentionally demanding. The lack of any similar differential effect of secondary task prior to or post the target acquisition phase in experts suggests that the strategic influences on target acquisition (perhaps the formation of a virtual polygon) are to some degree automatic and require few attentional resources.

Analysis of the B''D scores also sheds light on the different strategies adopted by the experts and the novices. The B''D scores provide a measure of the response criterion adopted by the participants (Donaldson, 1992). The response criterion can range from conservative (more likely to think a distractor had been probed) to liberal (more likely to think a target had been probed). Whilst the results indicate that all participants were less conservative in their judgements during the dual task phase, and when the secondary task commenced after TA, experts were always less conservative than novices, and became increasingly less so as the number of targets increased, particularly for trials with three or more targets. This increased reduction in conservatism for experts was also evident between single and dual task conditions. That experts adopt a less conservative strategy is plainly the better option, in that they consistently outperform novices. 

In conclusion, in line with the findings presented by Yantis (1992) the results suggest that for novices, target acquisition requires attentional resources. For novices the target acquisition phase makes attentional demands either because novices are actively seeking an appropriate strategy or, as has been argued here, the strategy they adopt places demands on the attentional system. Experts, on the other hand, appear able to mobilise strategies during target acquisition that are resistant to the attentional demands of other tasks carried out simultaneously, perhaps simply due to some inherent ability to perform dual tasks successfully. Whatever the reason, either the mobilisation of the strategies or, as argued here, the strategies themselves appear automated.  In line with the suggestions by Pylyshyn and colleagues and Yantis, for both the experts and novices, maintenance of these strategies during target tracking requires attentional processes and is, thus, vulnerable to cognitive overload.

Because the expert participants had already been trained before they took part in the experiment, it is impossible to unequivocally say whether the reported expertise effects were the result of inherent ability or training. However, given the attentional nature of the pre-tracking processes and the evidence from Yantis (1992) that guiding participants to apply grouping strategies improved performance, the latter seems more likely. One implication of this research might be that the selection of better potential radar operators would accrue from their being tested on such a multiple target tracking task. And, further, such a task might prove an additional way of monitoring their ongoing training, as they progress from novice to expert. 
ACKNOWLEDGEMENT

The authors would like to thank Geoff Underwood and another, unnamed, reviewer for their valuable comments on an earlier version of this manuscript.

REFERENCES
Baddeley A. 1996. Exploring the central executive. Quarterly Journal of Experimental 
Psychology Section a-Human Experimental Psychology 49(1): 5-28.

Donaldson W. 1992. Measuring recognition memory. Journal of Experimental Psychology: General 121(3): 275 - 277.

McKeever P, Pylyshyn ZW. 1993. Nontarget numerosity and identity maintenance with FINSTs: A two component account of multiple target tracking. Centre for Cognitive Science, University of Western Ontario, Technical Report: Cogmem 65.

Pollack I, Norman DA. 1964. A non-parametric analysis of recognition experiments. Psychonomic Science 1: 125 - 126.

Pylyshyn ZW. 1994. Some Primitive Mechanisms of Spatial Attention. Cognition, 50(1-3): 363 - 384

Pylyshyn ZW. 2001. Visual indexes, preconceptual objects, and situated vision. Cognition 80(1 - 2): 127 - 158.

Pylyshyn ZW, Burkell J, Fisher B, Sears C, Schmidt W, Trick L. 1994. Multiple Parallel Access in Visual-Attention. Canadian Journal of Experimental Psychology-Revue Canadienne De Psychologie Experimentale 48(2): 260.

Pylyshyn ZW, Storm RW. 1988. Tracking multiple independent targets: Evidence for a parallel tracking mechanism. Spatial Vision 3(3): 179 - 197.

Sears CR, Pylyshyn ZW. 2000. Multiple object tracking and attentional processing. Canadian Journal of Experimental Psychology-Revue Canadienne De Psychologie Experimentale 54(1): 1 - 14.

Townsend JT. 1974. Issues and models concerning the processing of a finite number of inputs. In Human Information Processing: Tutorials in Performance and Cognition,  Kantowitz BH (Ed.) Lawrence Erlbaum, Hillside New Jersey.

Snodgrass JG, Corwin J. 1988. Pragmatics of measuring recognition memory - applications to dementia and amnesia. Journal of Experimental Psychology-General 117(1): 34-50.

Trick L, Pylyshyn ZW. 1989, Subitizing and the Finst Spatial Index Model. Bulletin of the Psychonomic Society 27(6): 490.

Trick L, Pylyshyn ZW. 1993. What Enumeration Studies Can Show Us About Spatial Attention - Evidence For Limited Capacity Preattentive Processing. Journal of Experimental Psychology-Human Perception and Performance 19(2): 331 - 351.
Yantis S. 1992. Multielement Visual Tracking - Attention and Perceptual Organization. Cognitive Psychology 24(3): 295.

[image: image5.png]








[image: image1.wmf]Single Task, A' values

0

0.25

0.5

0.75

1

1

2

3

4

5

6

No. of Targets

A' values

Experts before TA 

Novices before TA  

Experts after TA 

Novices after TA 



[image: image2.wmf]Dual Task, A' values

0

0.25

0.5

0.75

1

1

2

3

4

5

6

No. of Targets

A' values

Experts before TA 

Novices before TA  

Experts after TA 

Novices after TA 



[image: image3.wmf]Single Task, B''

D

 values

-0.3

0

0.3

0.6

1

2

3

4

5

6

No. of Targets

B''

D

 values

Experts before TA   

Novices before TA    

Experts after TA   

Novices after TA   



[image: image4.wmf]Dual Task, B''

D

 values

-0.3

0

0.3

0.6

1

2

3

4

5

6

No. of Targets

B''

D

 values

Experts before TA 

Novices before TA  

Experts after TA 

Novices after TA 


Figure Captions

Figure 1: Screen Display. As an example, plus signs shown in brackets would be flashed several times to indicate that they were targets for a particular trial.

Figure 2: a) A' values of Experts' and Novices' performance under single task conditions. b) A' values of Experts' and Novices' performance under dual task conditions. c) B''D values of Experts' and Novices' performance under single task conditions. d) B''D values of Experts' and Novices' performance under dual task conditions.
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� A failure in the tape recorder led to verbal data from a number of participants not being recorded.





� It might have been that, despite instructions to the contrary, experts' better performance was due to differences in eye movement activity between them and the novices. One reason a visual secondary task was chosen was to avoid this by requiring participants' attention to be focussed centrally. However, this did only apply to the dual task condition. The use of eye-tracker equipment in any subsequent experiments might provide a more accurate measure of any eye movements and would allow the use of secondary tasks in other modalities.


� It might be, given how long the experiment lasted, that this disparity in performance was due to novices being more affected by a vigilance decrement. However, a Block (1st/2nd) by Expertise (Expert/Novice) Anova revealed no significant interaction between the two.
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