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Abstract

Background—Some studies have suggested that in stroke patients, spatial inattention on the 

cancellation test is closely related to disorganized visual search. However, methods to assess 

spatial aspects of search organization on cancellation tests have not been well developed. In this 

study the authors design and evaluate new methods to quantify strategies of spatial exploration on 

the cancellation test in stroke patients who showed a broad range of spatial attentional abilities, 

and test whether disorganization and inattention are related.

Methods—Twenty stroke patients were videotaped while they performed a cancellation test. 

Several variables that reflect spatial aspects of search organization were measured through 

subsequent video playback. Two patients with severe neglect were excluded from further analysis 

to avoid constraining the spatial expression of search organization. Spearman correlations were 

used to assess whether severity of spatial inattention correlated with the individual search 

organization measures.

Results—Of the 18 remaining patients, 10 had mild-moderate spatial neglect (pathologic 

inattention), while the other 8 omitted at most one target (normal performance). There were no 

significant correlations between the number of targets omitted and any of the search organization 

measures.

Conclusions—Spatial inattention on cancellation due to neglect following stroke is not closely 

related to the organization of visual search. Instead, search disorganization during cancellation 

may reflect disturbance of an unspecified executive control mechanism.

The cancellation test has long been used in stroke patients to assess spatial inattention or 

neglect (pathologic inattention), partly because it is easy to reproduce and administer. The 

test presents numerous printed images (targets) on a conventionally sized sheet of paper that 

are to be marked once and individually with a pen or pencil; they are thus “canceled” as if 

they are postage stamps. Spatial inattention is measured by the amount of targets left 

unmarked after the patient indicates test completion. Cancellation neglect is highly 
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correlated with other measures of neglect1,2 and has repeatedly been found to predict 

impaired recovery of daily living activities after stroke.2–6

In contrast, the spatial progression of cancellation by stroke patients has not been 

comprehensively examined. Several reports have observed that stroke patients with spatial 

neglect often fail to cancel in a recognizable pattern; they move from target to target 

erratically.7–10 This behavior may appear even if the test consists solely of random letters in 

regular rows,7 thus showing that experimentally attempting to induce a scanning pattern 

akin to normal reading may be confounded in some cases. Nonetheless, the extent of 

disorganization during cancellation, as well as neglect itself, can be influenced by the extent 

to which the targets themselves are spatially organized.8 In contrast, neurologically healthy 

individuals usually mark the page in an organized fashion, moving within sequential rows or 

columns, even when the target arrays themselves are disorganized and do not comprise 

strictly defined rows or columns.8,9,11 These observations have led some investigators to 

conclude that neglect is generally accompanied by disorderly cancellation.9 Others have 

even suggested that such disorganization may contribute to the severity of neglect.8 For 

example, patients might quit searching prematurely because of fatigue that may result from 

inefficient search, leading to neglect of targets.

However, other studies have not supported a close association between neglect and 

disorganized target marking on cancellation tests. Several reports have demonstrated 

columnar target marking strategies coexisting with left neglect.10,12,13 In contrast, another 

study11 found that stroke patients were generally disorganized during cancellation, 

regardless of whether they had spatial neglect. Indeed, patients without neglect were more 

disorganized than were patients with neglect, while healthy subjects were not disorganized.

These observations suggest that disordered search and spatial inattention during cancellation 

may be distinct and dissociated behaviors following stroke. However, studies of target 

marking sequences following stroke until now have had limited value. Either they risked 

observer bias from using direct observation to evaluate or record target marking sequences, 

without quantifying results,7,9,10,12 or they subjectively classified marking sequences 

without validation.8 An alternate approach used computer registration of target marking 

sequences and quantified organization by the number of intersections in the reconstructed 

cancellation path.11 However, this study used an orderly stimulus array with few targets, 

which may have limited the test’s sensitivity to neglect and disorganized search.

We reexamined the relationship between spatial attention and target marking patterns in 

stroke patients by using a primarily objective method to record target marking sequences, a 

large number of targets in an irregular array, and several objective methods to quantify 

organization. We hypothesized that if spatial inattention were closely related to search 

organization, measures of spatial inattention and search organization would be significantly 

correlated.
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Participants and methods

Participants

Adult patients with stroke resulting in nondominant limb hemiparesis were consecutively 

enrolled in this study during their hospitalizations at several rehabilitation facilities. Patients 

were included only if they showed that they could perform the test comfortably on a practice 

cancellation page for a few targets. They were not selected for demonstrating any particular 

pattern during cancellation. Consent to participate was obtained in accordance with the 

various institutions’ research review boards.

We initially evaluated 20 stroke patients on a cancellation test (below). Because severe 

neglect might constrain the expression of search organization, we excluded two patients who 

failed to cancel at least half of the targets. The remaining 18 patients consisted of 12 men 

and 6 women, mean age 69.1 years, SD 11.2 years. Table 1 provides the patients’ 

identifying numbers and radiologic findings; patients are ranked according to the severity of 

inattention (number of target omissions) on the cancellation test. Most stroke patients had 

hemispheric lesions, except Patient 6, who had a brainstem infarct. The patients were 

assessed between 6 days and 8 years after stroke onset; all but three (Patients 1, 7, and 17) 

were within the first 3 months of stroke onset.

A control group of 21 hospitalized rehabilitation patients (9 men, 12 women, mean age 66.1 

years, SD 9.3 years) without known cerebral illness was also given the cancellation test to 

establish cut-off scores for pathologic spatial inattention or neglect. The control group did 

not differ in age from the stroke patients (t = 0.8; p = 0.4).

Cancellation method

Patients were given a modified version of the widely used Star Cancellation Test (SCT).14 

The SCT presents 56 small black target stars (9 mm across) against a white background, 

intermixed with 52 large star non-targets (14 mm across) and 23 isolated words and letters 

(9 mm tall, approximately 36-point font) in a minimally structured arrangement. Prior to this 

study, we had found that some stroke patients failed to distinguish between small and large 

stars despite practice trials. Therefore, we modified the SCT by replacing the large non-

target stars with similar-size large triangles (figures 1 and 2). This modified SCT (mSCT) 

was otherwise identical to the original SCT. We have found that patients distinguish small 

stars from triangles with greater consistency but nonetheless still often show spatial neglect. 

Therefore, we retained this modification for the present study.

The mSCT was reproduced on white photocopy paper that was 216 mm wide by 279 mm 

long and secured to a horizontal table with translucent adhesive tape. The page was centered 

at the midsagittal plane and was approximately level with the inferior costal margin, 

comfortably within arm’s reach. The table was cleared of all other objects. Patients were not 

permitted to reposition the page, but head and trunk movements were not constrained. In 

contrast to the procedure used for the original SCT,14 which requires the examiner to cross 

out the central two targets on the test page as examples, we demonstrated cancellation on a 

separate practice page, to avoid possibly biasing performance from viewing additional 

markings.15 Thus, our test version allowed the patient to mark all 56 targets on the test page. 
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Patients were instructed to draw an individual line through each star once and ignore all 

other symbols. A pen with a 3-mm black felt tip was used to mark targets. Patients were 

instructed to tell the examiner when they had completed crossing out all the stars. They were 

neither told to work quickly nor given a time limit.

Performances were recorded with a small video camera on a tripod. The camera was 

positioned slightly behind and above the shoulder opposite the hand that held the pen to 

clearly show the pen tip during cancellation while minimizing patient distraction. The 

magnification (zoom) was adjusted to show the closest view of the test surface that still 

encompassed the entire page. The examiner discreetly monitored test compliance from 1 to 

2 m behind the patient (or farther away when standing in other locations) to minimize 

distraction. The examiner did not cue or inform patients about their progress. Patients who 

ceased exploring the page for about 30 seconds were asked a neutral question such as 

“Done?” or “Got them all?” Patients were allowed to resume canceling if they restarted 

exploring the page immediately. Otherwise, the test was terminated if the patient did not 

communicate that the test had been completed.

Cancellation measurements

Spatial inattention was quantified by the number of targets that were not marked. The target 

marking sequences from the patients were determined by playing the videotapes frame-by-

frame with a manually operated edit control device. All test stimuli were identified by the 

Cartesian (x, y) coordinates of their geometric centers in reference to a consistent origin at 

page center. We assumed that patients treated individual targets or non-targets as whole 

figures and thus were not concerned with marking a specific part of a stimulus. Accordingly, 

when calculating spatial exploratory measures, we represented the locations of markings on 

targets or non-targets by the designated coordinates of the stimuli rather than by the precise 

points of initial pen contact. In contrast, markings that did not touch test stimuli were to be 

identified by the precise coordinates of initial pen contact.

The measurement of the spatial organization of cancellation has not been standardized. We 

therefore used several different methods to assess different processes in the control of spatial 

exploration: 1) Marking distance. The Euclidean distances between pen markings at 

sequentially different locations were averaged. We presumed that well-organized 

cancellation would involve moving to the nearest unmarked targets in succession, thereby 

minimizing the distances between markings. 2) Number of intersections in the reconstructed 

cancellation path. The cancellation paths were reconstructed from the video recordings by 

drawing them onto new pages. We expected that well-organized search would not likely 

involve re-visiting parts of the page that had already been marked. Thus, well-organized 

search would minimize path intersections. However, rather than simply reporting total 

intersections,11 we divided the total intersections by the total number of markings made at 

sequentially different locations. 3) Best r. We extended a technique for measuring 

cancellation progress that has been described by Richard M. Lazar (personal 

communication, 2000). Because healthy subjects typically cancel by rows or columns,8,9,11 

their movement is generally either horizontal (e.g., left to right) or radial (e.g., far to near) 

across the page. To capture this net orthogonal movement pattern, we calculated the Pearson 
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correlation coefficient (r) from the linear regression of the x-values of all marked locations 

relative to the order in which they were marked. The y-values of marked locations were 

analyzed in the same way. From the two linear regressions calculated for each patient, we 

selected the one with the higher (“best”) r-value to represent the degree to which 

cancellations were pursued orthogonally. For example, starting on the left side of the page 

and marking by columns progressively rightward would yield a higher r-value on the x-

coordinate regression than on the y-coordinate regression, because the cancellation progress 

would be consistently horizontal (left-to-right) but inconsistently radial. In general, a highly 

organized approach would be reflected by a high best r. (Exceptions might occur if targets 

were marked in other, atypical but highly organized manners, such as marking targets in a 

single spiral path encompassing the whole page. This would result in a lower best r than 

when marking by columns or rows. However, we did not observe such exceptions.) Figures 

1 and 2 illustrate examples from our patients of organized and disorganized cancellation.

The above organization measures may be affected by perseveration (repetitious marking) 

during cancellation, which has often been reported among stroke patients15–19 but thus far 

has not been addressed in studies on the spatial progression of target marking. For our study 

we recognized two kinds of perseveration during cancellation18,20 that could have different 

effects on our findings: consecutive perseveration, in which repeated markings at a 

particular stimulus occur without intervening markings at other stimuli, and non-consecutive 

perseveration, in which the repetition of a mark at a particular stimulus occurs only after 

marking a different stimulus. The distinction is important, because in consecutive 

perseveration the distance on the page between successive markings is zero, unlike in non-

consecutive perseveration. Because our study assessed only the spatial (rather than 

temporal) patterns of cancellation progress, we measured only non-consecutive 

perseverations. Therefore, to calculate inter-stimulus marking distances, intersections rate, 

and best r, we included non-consecutive perseverations.

For each of these measures we decided a priori whether to adjust values by the number of 

sequentially different marked locations, based on our expectation for how variances in 

spatial inattention (i.e., failure to mark throughout the page) could affect a particular 

variable. Clearly, the sum of interstimulus marking distances would be affected by 

inattention to targets as well as by disorganized search. Accordingly, we calculated the 

average marking distance for each patient rather than the total cancellation path length. With 

respect to the number of path intersections, the greater the area on the page that is marked, 

the greater would be the potential for the reconstructed cancellation path to intersect itself, 

regardless of how well patients were actually organized. Consequently, the intersections 

total was also divided by the number of sequentially different locations marked. In contrast, 

best r would not be affected by the amount of spatial inattention, except for severe unilateral 

neglect, which was excluded from analysis in this study. Therefore, best r scores were not 

adjusted. Similarly, we did not expect that spatial inattention in principle would affect 

perseveration scores. Thus, patients with even severe inattention could still repeatedly mark 

a small set of stimuli.17 Accordingly, non-consecutive perseverations were not adjusted by 

the number of sequentially different locations marked.
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Results

Table 1 provides the results from the stroke patients. The control patients omitted a mean of 

0.5 targets (SD 1.0). Using the mean number of omissions plus 2 SD, we set the cut-off 

score for the normal number of targets omitted as 2 targets for the mSCT, which is 

consistent with the criterion for neglect on the original SCT.21 Ten stroke patients in our 

sample (Patients 9 through 18) exceeded this score and thus were judged to have neglect. To 

identify unilateral neglect, we used the criterion for the difference between left-sided and 

right-sided omissions to equal or exceed the cut-off score for nonspecific spatial neglect.22 

By this standard, 7 of the 10 neglect patients (i.e., all but Patients 9, 12, and 15) had 

unilateral neglect, which was to the left in each case.

Two patients marked non-targets. Patient 9 marked one non-target and Patient 10 marked 

two non-targets. Otherwise, the patients accurately discriminated targets from non-targets, 

and none marked blank areas. This suggests that patients’ markings were not affected by 

difficulties with viewing or reaching for the targets.19

Because scores on the various measures were not normally distributed, we calculated 

Spearman correlations to assess the associations among spatial inattention (number of 

targets omitted), the various search organization measures, and non-consecutive 

perseverations. The results indicated that the number of targets omitted was not related to 

any of the other cancellation measures (table 2). In addition, the three spatial organization 

measures and nonconsecutive perseverations were highly intercorrelated. Distance, 

intersections, and perseverations were negatively correlated with best r, unlike the other 

significant intercorrelations. Age was not correlated with any of the measures.

Although the search organization measures and perseverations were not significantly 

correlated with neglect severity, spatial neglect might still identify patients with more 

severely impaired search organization.8,19 The patients with neglect (Patients 9 through 18) 

had greater mean interstimulus marking distances than did the non-neglect patients (3.3 cm 

vs 2.8 cm), greater intersections rate (0.2 vs 0.1), lower best r values (0.7 vs 0.8), and more 

non-consecutive perseverations (5.9 vs 1.8). In contrast, the mean age did not appreciably 

differ between stroke patients with or without neglect (68 vs 70 years). However, differences 

between these groups on any of the cancellation organization measures or perseverations 

were not significant (ts < 1.5, ps > 0.16, two-tailed).

Our patient sample was heterogeneous with respect to lesion locations as reported from 

clinically ordered neuroimaging studies (see table 1). There were no consistent relations 

between any of the variables of interest and lesion locations. Lesion volumes or other 

neuroimaging values were not available.

Discussion

Our findings are consistent with previous research indicating that the spatial organization of 

stimulus marking is not closely related to spatial inattention on cancellation tests.11 Indeed, 

as shown by other studies,10,12 spatial neglect may appear despite organized search. Thus, 

from available evidence, neglect on cancellation tasks appears not to be strictly explained by 
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a poorly organized strategy for visuospatial exploration. On the other hand, even though the 

neglect and non-neglect patients did not significantly differ on measures of search 

organization, the data suggested that patients with neglect are more likely to be disorganized 

during cancellation tests than are patients without neglect, which is consistent with other 

studies.8,17,19

Because our patient sample was small, our study lacked power to detect statistical 

significance for small-to-moderate correlations between search organization and spatial 

attention. For example, a small correlation of 0.36 was found between the number of 

omissions and intersections, and further studies using larger stroke patient samples might be 

warranted to examine the relationship between spatial inattention and search organization 

more carefully. However, one report11 observed no relationship between neglect and search 

disorganization in their sample of 68 right-brain injured patients, 28 of whom had neglect. 

The double dissociation between search disorganization and neglect that is reflected by prior 

investigations,10–12 combined with the modest correlations observed in our study, suggest 

that search disorganization and spatial inattention are mostly distinct and separate 

phenomena. Nonetheless, neglect may be a marker for disorganized search.

Until now, search disorganization on cancellation tests has been evaluated among brain-

lesioned patients primarily in regard to whether they had spatial neglect. Although one 

report19 found no correlation between the number of perseverations and the number of 

targets omitted in patients with neglect, right-hemisphere lesioned patients with neglect (n = 

28) made significantly more perseverations during cancellation than did right-hemisphere 

lesioned patients without neglect (n = 60). Therefore, some factor other than neglect, such as 

lesion volume or clinical stroke severity, may correlate with the extent of disorganized 

search on cancellation. Because our study was not designed to evaluate the relationship of 

other candidate variables to search organization, further research will be needed to identify 

neurologic predictors of disorganized search during cancellation.

The significant correlations among the three search organization measures and non-

consecutive perseverations in this study suggest that these measures assess a related process 

in stroke patients. This behavior neither appears to depend on the age of the participant, nor 

does it seem to be a function of neglect severity. At present we are uncertain of the 

explanation for disorganized marking during cancellation. One possibility is that 

disorganized target marking, including perseveration, reflects nonspecific consequences of 

task novelty. For example, if a single unmarked target near the starting point of cancellation 

were not discovered until all of the other targets had been marked, then marking this target 

at the end of the test would likely increase the mean interstimulus marking distance and the 

number of path intersections, in contrast to leaving the target unmarked. Hence, a mostly 

careful patient would in effect be penalized for checking for target omissions. However, this 

would only minimally change the best r calculation, because this measure reflects the linear 

regression through all of the x- or y-coordinates of the markings at once and thus would not 

be sensitive to the changes in the order of one or two markings. Table 3 demonstrates the 

outcomes of two simulated target marking behaviors by careful patients. Case 1 represents a 

target marking sequence that would typify healthy individuals: minimal inter-target marking 

distance, no path intersections or perseverations, and consistent rightward progress across 
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the page. Case 2 represents the discovery of an unmarked target near the starting point after 

all of the other targets have been marked, while otherwise applying the same rules for target 

marking in Case 1. All targets were marked in each case. Table 3 supports the prediction 

that the late discovery of an unmarked target after most other targets were marked would 

proportionally have the least effect on the best r.

We therefore expect that the inclusion of a substantial number of patients with Case 2 

behavior would weaken the intercorrelations among the various cancellation variables. 

Consequently, we suspect that few (if any) of our patients belatedly discovered one or two 

unmarked targets within the array of marked targets as they neared the end of the test. The 

penultimate discovery of more than two unmarked targets within a large marked target array 

would more likely reflect intrinsically aberrant search behavior, in view of the systematic 

cancellation approaches that are typically shown by healthy individuals.8,9,11 Our findings 

suggest that the best r measure may be the most useful among our several measures to 

characterize cancellation strategies. Comparison of cancellation measures with healthy 

control participants is warranted to evaluate this possibility further.

Similarly, perseverated target marking may have resulted from deliberate attempts to “touch 

up” the markings, or perhaps from the failure to recognize previously made markings 

against targets in peripheral vision,23 since a narrow black pen was used to draw through 

black targets. However, our patients’ markings generally extended far past the boundaries of 

the star targets, which would probably have helped to distinguish marked from unmarked 

targets. Because our patients only rarely marked non-target stimuli, it is difficult to posit a 

disturbance of stimulus discrimination to explain perseverated target marking. Furthermore, 

one study that had neglect patients use black ink to cancel red targets nonetheless noted 

frequent perseveration of target marking.15 We cannot exclude the possibility that at least 

some of our patients deliberately re-marked targets for esthetic reasons, but the failure to 

distinguish markings from targets appears unlikely to be the sole reason for perseverated 

cancellation.

Alternatively, disordered cancellation progress may reflect a kind of executive disorder. The 

term “executive function” describes the regulation of processes involved with attention, 

memory, response selection, sequencing, and other fundamental cognitive operations.24,25 

Although they are sometimes considered to be synonymous with “frontal lobe” deficits, 

executive disorders have been shown to follow non-frontal lesions as well.25–28 Cancellation 

generally requires patients not only to serially attend to multiple occurrences of the same 

target across the page, but also to ignore non-targets as well as targets that have already been 

marked. Hence, careful control over diverse cognitive processes is likely required for 

efficient task completion.24 Disordered visuospatial search following brain injury has been 

suggested to result from altered regulatory functions such as impaired spatial working 

memory (the constant awareness of previously attended stimulus locations), deficient 

“inhibition of return” (the automatically delayed reorientation to previously attended 

locations), the loss of an abstract plan to guide spatial search, impaired disengagement of 

visual attention from salient stimuli, or the failure to inhibit stimulus-bound motor 

responses.15,17,23,29,30 Our study was not designed to evaluate these processes, and therefore 

we cannot comment on whether any of these disorders affected cancellation in our patients.
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It should also be noted that only one of our patients with mild-moderate neglect actually 

omitted targets in a directionally consistent manner: Patient 13 showed distinct near left 

neglect (see figure 2). The other nine neglect patients’ target omissions were either 

discontiguous or did not form a consistent (i.e., roughly linear) boundary against the marked 

targets. Although such inconsistent neglect during cancellation has been demonstrated 

previously,31–33 the neurologic differences between such patients and those with 

directionally consistent cancellation neglect have not been evaluated. Directionally 

inconsistent cancellation neglect would appear to suggest disorganized target marking. 

Evaluating the target marking patterns of directionally consistent versus inconsistent 

cancellation neglect would help to clarify the relationship between spatial inattention and the 

organization of visual search in brain illness.

We excluded patients who did not mark at least half the targets to allow us to compare the 

target marking patterns of patients who clearly searched most of the page. Nonetheless, 

some studies have demonstrated marked perseveration during cancellation or visual 

exploration in the presence of severe unilateral neglect,17,23 although severe neglect without 

perseveration may also occur.13 Thus, it would certainly be feasible to evaluate patients with 

severe neglect with our search organization measures. In our two patients with severe 

neglect who were excluded from the study results above, the search organization scores 

differed minimally from the average values for the eight patients without neglect (mean 

cancellation distance = 3.13; mean intersections rate = 0.21, mean best r = 0.92). On the 

other hand, the patients markedly differed in the number of nonconsecutive perseverations 

(one had 2, the other 9). Nonetheless, these results indicate that patients with severe neglect 

may show marking patterns similar to stroke patients without neglect. Thus, these findings 

further support our conclusion that disordered search organization and neglect are distinct 

and different phenomena. However, further studies are needed to characterize the search 

behaviors of patients with severe neglect in general. We suggest that when evaluating spatial 

organization on cancellation, it would be important to control for the severity of neglect, 

which as we indicated may constrain the expression of disorganized target marking, though 

not of perseveration.

Clearly, more work is necessary to identify mechanisms that underlie disorganized search on 

cancellation tests following focal brain injury. Until now, cancellation tests have been used 

primarily to assess spatial inattention and cognitive processing speed. In contrast, few 

studies have evaluated disruptions of search organization, perhaps because methods to 

quantify search have not been well developed. The methods in the present study may help to 

develop measures of search organization that are sensitive to the effects of brain injury, thus 

allowing the cancellation test to have an expanded role in neurobehavioral evaluation. 

Development of touch-sensitive computerized registration of target marking 

sequences11,20,34,35 may facilitate the evaluation of search strategies on cancellation tests. 

Since cancellation tests already have been shown to predict functional outcomes following 

brain illness based on extent of target marking,2–6 as well as time used for task 

completion,36–38 it would be important to determine whether the evaluation of search 

organization during cancellation might have similar predictive value for functional recovery 

following brain illness.
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Figure 1. 
Example of well-organized cancellation (Patient 4). Top: Reconstructed cancellation path 

against the target array. Bottom: plots of x-coordinate and y-coordinate values against target 

marking order, used to determine the “best r” (correlation coefficient) for this patient. Star 

Cancellation Test modified and reproduced with permission of Thames Valley Test 

Company.
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Figure 2. 
Example of poorly organized cancellation (Patient 13). Conventions as shown in figure 1.
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Table 3

Outcomes from two simulated cancellation approaches*

Case Distance Intersections Best r

1 2.53 0 0.98

2 3.06 0.13 0.89

Proportional change 21% increase NA 9% decrease

*
Conventions as in table 1.

NA = not applicable.
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