THE UNIVERSITY OF

7 WAIKATO Research Commons

gty 16 Whare Winanga o Waikato

http://researchcommons.waikato.ac.nz/

Research Commons at the University of Waikato

Copyright Statement:

The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand).

The thesis may be consulted by you, provided you comply with the provisions of the
Act and the following conditions of use:

e Any use you make of these documents or images must be for research or private
study purposes only, and you may not make them available to any other person.

e Authors control the copyright of their thesis. You will recognise the author’s right
to be identified as the author of the thesis, and due acknowledgement will be
made to the author where appropriate.

e You will obtain the author’s permission before publishing any material from the
thesis.


http://researchcommons.waikato.ac.nz/




























































































































































































































































































































Experiments 1 to 4 Results and Discussion

Table 4.2.
Mean Number of Incorrect Responses on Trials Presenting Different Objects, for Experiments 1 to 4.

Object Pairing Mean Number of Mean Number of Mean Number of Mean Number of

and Presentation Incorrect Incorrect Incorrect Incorrect Pixel

Order Responses El Responses E2 Responses E3 Responses E4 Difference

11 then 12 335 2.38 0.79 1.19 6406
12 then 11 2.65 2.04 1.11 1.35 6406
21 then 22 4.57 3.50 1.50 2.12 14151
22 then 21 4.65 3.67 1.39 1.81 14151
31 then 32 4.83 4.92 2.82 2.81 2899
32 then 31 5.04 4.54 3.04 2.54 2899
41 then 42 6.17 6.17 3.57 2.35 5328
42 then 41 5.30 6.08 3.25 2.69 5328
51 then 52 8.83 8.00 4.07 4.73 2419
52 then 51 9.52 8.63 6.61 6.19 2419
61 then 62 3.13 2.00 0.79 0.88 19865
62 then 61 291 1.00 0.68 1.12 19865
Correlation

between number r¢=-0.820* r=-0.876* r¢=-0.864* rs=-0.919*

correct and pixel

difference: p<0.05. p<0.05. p<0.05. p<0.05.

Correlation

between latency to r=0.057 r=0.014 r=-0.410 r=-0.311

responding and

pixel difference: p>0.05. p>0.05. p>0.05. p>0.05.

Note: Pixel difference is not normally distributed (Kolmogorov-Smimov statistic=0.291, p<0.05, Shapiro-Wilkes
statistic=0.813, p<0.05), therefore the non-parametric Spearman’s correlations were conducted.
Correlations significant at alpha=0.05 are asterixed.
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Fatigue Effects

Variation in Amount of
Shadow Across Images

Experiments 1 to 4 Results and Discussion

nificantly influenced by the differences between the initial and comparison
stimuli.

Future experimental methodologies should aim to address the defi-
ciencies of the first four experiments. A problem with the experiments was
the number of trials performed by the participants. Completion of 288 trials
proved to be an arduous task for the participants: error rates for many indi-
viduals increased towards the end of the session (e.g., Figures 1.12,1.13,2.3,
and 2.4 show that having demonstrated a reduction in error rate through the
middle of the experiment, Participants 1.1, 1.3, 1.7, 1.13, 1.14, 1.16, 1.22,
then show a rise in error rate near the end of the experiment, indicating possi-
ble fatigue effects). Many of the participants also commented on the length
and tedium of the task. The simplest way to alleviate these problems would
be to reduce the number of trials each participant must complete.

As discussed above, there was a large variation in the amount of
shadow present in the Shadow-Condition images, when compared to their
corresponding No-Shadow-Condition images (see Table 1.2). Some images
contained such a small amount of shadow, that they could easily have been
incorporated in the No-Shadow Condition. The amount of shadowing in
each of the illumination directions was also analysed (see Table 4.3). This
was calculated by subtracting the No-Shadow Condition grey-scale totals
from the Shadow Condition totals for the images illuminated from the left,
and dividing this by the corresponding difference for the images illuminated
from the right. Thus, if the amount of shadowing was approximately equal
with regard to each illumination direction, the resulting value would be close
to one. The values obtained indicate that there was considerable variability
in the amount of shadowing cast upon each object, dependent upon illumina-
tion direction, e.g., when Object 5 Version 1 was illuminated from the left, it
had over 40 times the amount of shadowing as when it was illuminated from
the right, whereas for Object 1 Version 2, the amount of shadowing was
approximately equal across the two illumination directions.

In future experimentation, the amount of shadow in different images
should be controlled and manipulated. For a single object, a possible way to
do this would be to change the angle of illumination of the object. This

would change the amount of shadow cast by the object, in a similar way to
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Experiments 1 to 4 Results and Discussion

Table 4.3.
Ratio of the Amount of Shadow in the Left Illumination Image Over the
Amount of Shadow in the Right lllumination Image.

Ratio of amount of
shadow when object is
illuminated from the left,
compared to when

illuminated from the

Object Type. right.
11 2.61:1
12 1.10: 1
21 0.48: 1
22 1.32: 1
31 0.49: 1
32 0.64: 1
41 0.77: 1
42 1.68: 1
51 41.18: 1
52 4571
61 0.82: 1
62 0.10: 1

Note: The differences were calculated by subtracting the No-Shadow Condition grey
scale totals from the Shadow Condition grey scale totals for the left illumination
images, and dividing this by the corresponding difference for the right illumination
images. Thus, if the amount of shadowing was approximately equal under the two
illumination conditions, the resulting ratio would be close to 1:1.
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Difficulty of the Matching
Task

Stimuli Presentation
Durations

Experiments 1 to 4 Results and Discussion

changes in the amount of shadow due to the sun shifting over the course of a
day.

The difficulty of the matching task was not controlled in the previous
experiments, with the number of errors for some object pairs being over six
times higher than for other object pairs (see Table 4.2, 61 then 62 versus 52
then 51). This lack of control could decrease the likelihood of finding any
effect of the presence of cast shadows. The interaction of task difficulty with
level of shadowing was assessed by Freeburg (1966). Freeburg (1966) con-
ducted a sequential matching to sample task: matching photos of a model
lunar landscape with views of illuminated sections of the model itself. Free-
burg manipulated the amount of shadow (through the angle of illumination),
and the difficulty of the task through the presence of particulate features.
Based upon his results, Freeburg (1966) suggested that the effects of shad-
ows are apparent in an interaction between amount of shadow and task diffi-
culty: where moderate levels of shadowing may be useful in moderately
difficult discriminations. He concluded that shadows are subordinate cues
for recognition at the extremes of recognisability, where there are either
highly dominant shape cues, or these cues are absent, but, that the addition of
shadowing may aid recognition in the area between these extremes. It fol-
lows that in this series of experiments the utility of having shadows present
could differ according to which object was in a trial (as the difficulty of the
task varied by object), and again by the varying amount of shadow present
across the object types and illumination directions. The lack of control
across these two continuums means that the lack of any effect of shadow
presence is not conclusive evidence that shadows do not play a part in object
recognition.

Experiment 1 employed the same stimulus presentation durations as
Tarr et al. (1998), S1 =200 ms and S2 =200 ms. The stimuli presentation
durations were manipulated across Experiments 1 to 4, to try to improve the
initial low discriminability found in Experiment 1, and to see if varying pres-
entation times would have any impact upon the use of shadow cues for rec-
ognition.

The results from Experiments 1 to 4 suggest that presentation times of
200 and 100 ms (for the initial and comparison stimuli respectively) are

probably too short to produce reasonable levels of discrimination. If a suffi-
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Sequencing Effects:

Experiments 1 to 4 Results and Discussion

cient level of discrimination is not present, the possibility of being able to
manipulate the dependant variables of accuracy, and latency to responding, is
minimal. The highest accuracy was achieved using presentation times of
400 and 300 ms for the initial and comparison stimuli respectively. The
lengthening of presentation times above these did not improve accuracy. As
these display times were also proposed by Biederman and Bar (1999) to be
sufficient for the recognition of rendered images, it would be appropriate to
retain them in future research. When using the 400 and 300 ms presentation
durations, a differential effect of shadow presence was found: a cost in sensi-
tivity for the group with cast shadows present (d’,s=2.31, d’~1.86) (see
Table 1.1). This cost could not be replicated when the presentation times
were extended to 600 and 500 ms.

The possible effects of task difficulty on people’s use of shadows as
cues for recognition have just been discussed. The question arises whether
extending the presentation times made the task too easy, removing the effect
found in Experiment 3. A comparison of the d’ values for Experiments 3 and
4 does not indicate that Experiment 4 was easier than Experiment 3: d’ val-
ues in Experiment 4 were very similar to those for the Shadow Condition in
Experiment 3 (d’s;=1.86; d’s;~=1.93; d’ysz~=1.74) (see Tables 1.1 and 2.1).

It was suggested to the author that the difference between the results of
Experiments 1 to 4 (no difference in response time between the Shadow and
No-Shadow groups) and the results of Tarr et al. (1998) (lower response
times for the Shadow group) could be due to a particular arrangement of the
trial order sequence. That is, the particular trial order used in Experiments 1
to 4 may have accidentally shifted the average response time of one group
(Shadow or No Shadow) in comparison to the other. This would mask any
difference in mean response times that was present in the underlying popula-
tion, and because the same random order was employed for all participants,
this masking would occur across all the participants.

This argument assumes that speed of response on any given trial is
affected by the type of trial or trials that preceeded it. Chance arrangements
of particular trials would affect the speed of response to the trials following
them, and in this manner change the mean response time across the session.
In order to mask a difference in average response time in the underlying pop-

ulations this effect of sequencing would need to: one, operate differentially
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Experiments 1 to 4 Results and Discussion

across the two conditions (Shadow and No Shadow); and two, be of a magni-
tude sufficient to make the difference between the underlying populations
undetectable (but not to reverse the difference). Given that both conditions
used the same sequence, this differential effect would have to be caused by
the trial sequence in conjunction with the physical differences between the
stimuli in the Shadow and No Shadow conditions. That is, a particular ran-
dom sequence would have to interact with the manipulation of shadow pres-
ence to produce the opposite effect to that which is hypothesised to be
present in the underlying populations (based upon Tarr et al.’s (1998) result).

The author does not know of any theoretical model that would predict,
or even suggest, an interaction between a randomly distributed 288-trial
sequence and shadow presence that would result in an effect the same size as
that obtained by Tarr et al. (1998), but in the opposite direction. This aside,
the distribution of trial types in the sequence used in Experiments 1 to 4 was
examined for any irregularities. The distribution of the different initial stim-
uli was assessed using a Kruskal-Wallis non-parametric ANOVA upon the
rank positions. The test found no significant difference in the mean rank
presentation-order of the initial stimuli (x2 =17.9, p > 0.05), and this was
confirmed by graphical inspection (as depicted in Figure 4.7). The likeli-
hood of each stimulus following every other stimulus was assessed graphi-
cally for evidence of abnormalities in clustering and no unusual clusterings
of trials were evident. The results of these two analyses indicated that the
particular sequence of trials employed did not have any abnormal concentra-
tion of trials types, or groups of trial types, in parts of its sequence, nor any
predictable pattern of stimulus presentation. It was concluded that the
sequence used should not have produced shifts in the mean response times of
either the shadow or no-shadow groups in comparison to each other.

A second way that the effect observed by Tarr et al. (1998) could have
been masked is suggested by relations between trial order and response time
that was noted in the data from Experiments 1 to 4: the reaction times for
some individuals tended to reduce across the session. To quantify this, the
degree of relation (between reaction time and trial order) was assessed for
each participant using Pearson’s ». As Tarr et al. only assessed response time
for correct trials, only correct trials were assessed here. The correlations

were significant for a proportion of the participants, typically describing a
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Trial Order

o0 o1 02 o3 04 oS o6 o7

Initial Object

Figure 4.7. Graphical illustration of the distribution of initial stimuli across the trial

order. The difference between mean rank order is not significant.
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reduction in response time across the session. The average correlation in the
Shadow and No-shadow conditions ranged from -0.15 to -0.32 (the average
correlation for each condition is shown in Table 4.4). This raised the ques-
tion that, if there was an order-effect present (i.e., if reaction time reduced
with increasing trial number), could this have masked the effect demon-
strated by Tarr et al. (1998)? Tarr et al. did not report any trial by trial analy-
sis, so their result can be summarised as a significant difference between the
average response time of their two groups (Shadow and No-Shadow), with
this difference being equal over trials (depicted in Figure 4.8) (although note
that the lack of report of a within-session effect does not imply that there was
not one). The possibility that the reduction in response time across trials
could mask a difference in mean response time between the groups was then
assessed. Adding the same degree of reduction in response time over trials
to the data from both experimental conditions would not mask the difference
in mean reaction time between the two conditions. It would simply result in
a change in the slopes of the regression equations fitted to the two groups of
data, but no change in the difference between the means of the groups (illus-
trated in Figure 4.9).

In order to mask a difference in mean response times between the two
groups, the reduction in response times over trials would have to be different
for the two conditions. Given the assumption that there was no reduction in
response times over trials in Tarr et al.’s (1998) two data sets, the slopes of
the regression lines fitted to these two groups must be zero (flat). To mask
the difference in means (i.e., to shift one mean relative to the other, so that
they are equal), the degree the response times reduce over trials must differ
in the two resulting data sets. That is, the regression lines of the two data
sets must have different slopes. Such a situation is depicted in Figure 4.10,
where the mean response times in one group has changed in comparison to
Figure 4.8 but the mean response times in the other group has not. Note that,
if the means are equal (as they are in Experiments 1 to 4, and a necessity to
mask the hypothesised effect of shadow presence), then the slopes must be
different (a necessity to be able to equate the means through response times
reducing over trials), and the intercepts must also differ. To check that such a
situation had not occurred, response times (for correct trials') were regressed

on trial-order for each participant. The slopes and intercepts of the partici-
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Experiments 1 to 4 Results and Discussion

pants' data were averaged over each condition, and are shown in Table 4.4.
When the slopes and intercepts were compared across the Shadow and No-
Shadow conditions, across all the experiments no differences were signifi-
cant (assessed by r-tests, in all cases p > 0.05, shown in Table 4.4). Thus, any
reduction in response time across trial order can be taken to be the same in
both conditions, and therefore, could not mask a difference in means of the
underlying populations.

The finding of a general reduction in response time over trial order
raises one last possibility: that the difference in mean response time observed
by Tarr et al. (1998) could be masked by the data sets containing a greater
degree of variability, making it difficult to detect a real difference between
the means of the underlying populations. Accepting this argument, it would
appear that if the variation in the data due to the reduction in response times
over trials could be removed from the data sets, then the data could be re-
analysed and the effect found by Tarr et al. might be present. The variance in
each individual's data set that is due to his/her reduction in response time
over trials can be calculated using a regression procedure, and once removed
leave a residual data set. The residual values represent the amount of unex-
plained variation around the regression line, and as such, they have a mean of
zero. Without any reference point for each data set, individual's mean
response times cannot be compared. However, it could be argued that each
set of residuals should be referenced against the original mean of the data set,
or that each set of residuals should be referenced against the intercept of the
regression line. This depends upon whether there is any a-priori reason to
presume that the reduction in response time over trials is due to: one, an
effect of both increased response times for early trials and decreased
response times for latter trials; or two, an effect of only a reduction in
response time across trials from the predicted value at the first trial.

In either case, the actual amount of variation present in each individ-
ual's data set (whether the total variation, or the variation amongst the residu-
als) becomes irrelevant when a between groups analysis is performed. For

example, the between groups t-test only uses one value from each individual:

1. Tarr etal. (1998) analysed response times with respect to only correct responses.
The regressions described were also conducted upon the entire data sets for each of
Experiments 1 to 4, but the results did not differ to those for correct trials only.
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Table 4.4.

Average Correlation, Slope, and Intercept, for the Regression of Response
Time on Trial Order, for Each Condition in Experiments 1 to 4. Also shown
is Average Response Time of Correct Trials. Only the Response Times of
Correct Trials Were Considered.

Experiment Average
and Group Pearson’s r Slope Intercept (ms) R.T. (ms)
Experiment 1

No Shadow Group -0.19 -0.58 704 618
Shadow Group -0.23 -0.49 696 622
1(21): =0.46 t=0.33 =-0.15 +=0.10
Experiment 2

No Shadow Group -0.15 -0.36 744 687
Shadow Group -0.23 -0.49 814 742
122): =-0.75 t=-0.38 =0.77 +=0.89
Experiment 3

No Shadow Group -0.32 -1.00 872 722
Shadow Group -0.25 -0.72 810 704
1(26): +=0.86 +=0.88 =-0.86 =-0.39
Experiment 4

No Shadow Group -0.30 -0.93 831 697
Shadow Group -0.30 -0.95 878 738
1(24): +=0.01 =-0.13 =0.49 =0.49

Note: Across correlation, slope, intercept, and average response times, none of the
differences between the mean of the Shadow group and the No Shadow group were
significant (s-test: p > 0.05).
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Figure 4.8. Schematic representation of the result of Tarr et al. (1998). The left

graph shows a higher mean response time than the right graph.
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Figure 4.9. Schematic representation of the result of Tarr et al. (1998) after the
same reduction in response times across trials is added to both plots. The difference
between the means is unchanged. The relation between trial order and response
time is represented by the diagonal line, the mean of the data set is represented by

the solid horizontal line, and the original mean by the dashed line.
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Figure 4.10. Schematic representation of the result of Tarr et al. (1998) after differ-
ent reductions in response time across trials have been added to each data set. To
mask difference in means of the underlying population, the slopes of the regression
lines must be different. Note that when the means are equal and the slopes are dif-
ferent, and the intercepts must differ. The relation between trial order and response
time is represented by the diagonal line, the mean of the data set is represented by

the solid horizontal line, and the original mean by the dashed line.
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that individual’s mean response time. As explained, removing the variance
due to the reduction in response time over trials does not change the mean
response times, and will not change the outcome of the between groups test:
there will still be no significant difference between the mean response times
of the Shadow and No Shadow groups. Ifit is argued that the presence of the
reduction in response time over trials makes it logical to use the predicted
response time at trial number one as the value that best represents each indi-
vidual's data set, then the #-test should be performed using these values. This
analysis was performed, and none of the differences between intercepts (pre-
dicted response times at trial number one) were significant (the results are

displayed in Table 4.4).

The overall finding of Experiments 1 to 4 was that the presence of
shadows in an object-recognition task did not have an effect upon recogni-
tion speed or accuracy. Two aspects of the previous experiments’ methodol-
ogies meant that it was impossible to rule out the possibility that this failure,
to replicate the results of Tarr et al. (1998), was due the procedure itself,
rather than the inability of the visual system to use the extra information pro-
vided by the attached shadows.

First, the experiments employed images created to mimick those used
by Tarr et al. (1998) as accurately as possible. Across these images, the
amount of shadowing was inconsistent to a point where some of the images
from the Shadow Condition were not readily distinguishable from their
equivalents in the No-Shadow Condition (see Table 1.2). Thus, the partici-
pants may not have used the information available from the shadows, given
that it was inconsistent across the different objects, and often provided very
little information in comparison to the physical changes between the objects
themselves.

Second, debriefing of the participants indicated that the presence, or
absence, of individual parts of the comparison objects was a highly salient
cue for matching the sample to the comparison stimulus, i.e., the procedure
may have been more akin to a signal detection task, of “feature present / fea-
ture absent”, than an actual object-recognition task. The statements of the

participants were supported by the analysis of the relationship between
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bounding-contour change within a trial and the number of incorrect
responses. The number of correct responses was highly correlated with the
amount of bounding-contour change within a trial: the greater the change the
fewer incorrect responses. Furthermore, the task did not require the use of
any 3-D shape information, and performance was very highly correlated with
the single measure of amount of change in bounding contour between the ini-
tial and comparison stimuli. Even if shadows are of benefit in 3-D shape res-
olution, it seems likely that they would be redundant in a task such as this
one. Itis not clear why the participants of Tarr et al.’s experiments would not
have also used a similar strategy.

Although Experiments 1 to 4 did not replicate the result of Tarr et al.
(1998), they did raise some practical issues. When using a Shadow Condi-
tion versus No-Shadow Condition manipulation, simply rendering images
with and without shadows does not demonstrate a high level of experimental
control over the amount of shadow present. A method was employed here
where the matching Shadow and No-Shadow images were effectively sub-
tracted from each other, the difference between them returning a quantitative
value based upon shadow presence. Current image processing technology
(e.g., Matlab) allows for the quick and efficient processing of images on a
pixel-by-pixel basis. A simple technique was employed here, comparing the
summed pixel values of the Shadow images with their matching No-Shadow
images, yet the measure successfully quantifies how much darker the
Shadow image is in comparison to its counterpart, a value attributable
entirely to shadow presence. Although a simple measure, the technique does
have some intrinsic finesse. The greater the amount of shadowing, the larger
the final value will be. However, each pixel’s contribution to the final value
is determined by the difference between its value in the No-Shadow image
and its value in the Shadow image. If a shadow falls over a dark surface in
the No-Shadow image, it will have little effect upon the final value, if it falls
over a light surface, it will have a large effect.

A similar technique was employed to investigate whether responding
may be based upon gross display changes between S1 and S2 (shown in Fig-
ure 4.6). Specifically whether responding was based upon changes in the
bounding contour of the objects presented. The technique again used the dif-

ference between two images, but in this case, the images were the silhouettes
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of non-matching S1 and S2 pairs. Each pixel in the silhouettes of S1 and S2
can only take on a value of 0 (black) or 255 (white). Where the images over-
lap the difference between pixel “x” in S1 and the same pixel “x” in S2 will
be zero, where the images do not overlap, the difference between the two
pixels will be 255. The number of non-overlapping pixels (those pairs with a
difference of 255) can then be counted.

A technique similar to this would be valuable for quantifying changes
between different silhouettes either when conducting experiments specifi-
cally into bounding contour (e.g., Hayward, 1998), or when trying to ascer-
tain the effect of bounding contour while investigating other aspects of visual
perception. It may also be useful in evaluating any differences in the results
of procedures using position changes between S1 and S2 compared to proce-
dures that do not change the position of the stimuli (also see: Biederman &

Bar, 1999; Braje, 2003; Nederhouser & Mangini, 2001).
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Experiment 5 Rotation of the angle of illumination.

Rotation of the angle of illumination.

It has been argued here that Experiments 1 to 4 had two methodologi-
cal problems. One, there was no control over the difficulty of the matching
task for the different objects being used, and two, there was no control over
the amount of shadow present in the images during the Shadow Condition.
The analyses of the data from Experiments 1 to 4 indicated that changes in
the global shape of the objects were likely to be the major cues used by the
participants in performing the matching task.

Whether shadows aid the recognition process is an unanswered ques-
tion. Research using attached shadows has produced inconclusive evidence
(e.g., the results of Freeburg, 1966, and Tarr et al., 1998, versus Braje et al.,
1998). Considering cast shadows may help to provide some answers. When
an object is illuminated so that shadows are cast on a flat ground plane, the
shadows provide a deformation of the object’s bounding contour. That is, a
deformation of the object’s silhouette. It makes sense that we can recognise
objects from their silhouettes. We often encounter scenes where cues other
than an object’s bounding contour are degraded or missing, as in Figure 5.1.
Situations such as this occur frequently when the sun is low in the sky, at
dawn, dusk, or when levels of ambient lighting are low, such as at night.

Research into the recognition of silhouettes has demonstrated that
people are quite adept at object recognition from only the external contour of
an object. Lloyd-Jones and Luckhurst (2002) have demonstrated that bound-
ing contour information alone can successfully mediate object recognition
and naming, although decisions based upon silhouettes are slightly slower
and less accurate than those based upon shaded objects (also see: Hayward,
1998; Hayward, Tarr, & Corderoy, 1999). Furthermore, 3-D shape can be
inferred from rotating silhouettes (Norman, Dawson, Raines, & Shane,
2000), suggesting that if 3-D shape is important for object recognition (a
debate not central to this thesis), moving silhouettes or shadows can provide
this information.

It is mathematically possible to extract information from the cast con-
tours of a shadow about the shape of an object’s casting surface, e.g., Knill,
Mamassian, and Kersten (1997), and Shafer and Kanade (1983), but the
degree to which the visual system can do this has not been resolved. The

shape of a shadow has benefited children’s judgements of the shape of an
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Experiment 5 Rotation of the angle of illumination.

Figure 5.1. Illustration of recognition of objects from their silhouettes alone in a

natural setting. We have no difficulty recognising the trees in the image, even -

though all we can see are their bounding contours.
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Experiment 5 Rotation of the angle of illumination.

object viewed in perspective (a sphere versus an ellipse) (Yonas, Goldsmith,
& Hallstrom, 1978), and cast shadows have produced reaction time benefits
in the recognition of familiar objects (Castiello, 2001). In Castiello’s study,
reaction times were faster when familiar objects were presented with a cast

shadow (and the shadow’s shape was congruent with the object’s shape and
illumination direction) than without.

In contrast, research using more naturalistic shadowing situations,
such as attached shadows on faces (Braje et al. 1998), and cast and attached
shadows on fruit and vegetables (Braje et al. 2000), has in general failed to
find any benefit from the presence of shadows. Even in single experiments,
the results are sometimes contradictory. In testing the recognition of digi-
tised images of fruit and vegetables in a verbal naming task, Braje et al.
(2000) did find a reaction time benefit of shadows for some specific objects.
They suggested that faster performance in the presence of shadows was
likely to be a result of enhanced contrast at the edges of the objects, where
the object’s cast shadows produced a darker background against the lighter
coloured foods (Braje et al. 2000). This suggestion parallels that of Cavan-
agh (1991), in which he proposed that an external, or attached, shadow con-
tour could provide cues for recognition (as illustrated in Figure 4.1).

Given that people can readily recognise objects from their silhouette
alone, it is possible that any object recognition benefit derived from the pres-
ence of shadows may be maximal when three conditions are met. One, when
both cast shadows and attached shadows are present, e.g., Castiello’s (2001)
research found quicker recognition of familiar objects when cast shadows
were present (these shadows were congruent in shape to the object and to the
illumination direction), and that these reaction times were faster than the
attached shadow only condition (called the no-shadow). Two, when the cast
shadows are cast upon a flat ground-plain. Although Cavanagh (1991)
relates that cast shadow borders are generally unrelated to object contours,
he is focusing his attention on the cast border of an attached shadow, which
falls upon an uneven surface, resulting in the shape of the cast contour being
a combination of the casting contour and the receiving plane. The cast con-
tour of a cast shadow on a flat ground plane does not suffer from the same
distortion. Three, shadows may be useful when there are few other cues

available for recognition, as suggested by Braje et al. (2000).
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Experiment 5 Rotation of the angle of illumination.

There were several constraints considered for the design of the next
experiments, given the methodological problems associated with the first
experiments, and the robust effects upon recognition found with silhouettes.
Focusing future experimentation on cast shadows looks promising. First,
because a cast shadow is a deformation of an object’s silhouette, and as such,
presents similar cues to a silhouette. Second, because differences in cast
shadows will be reflected in the global outline of the combined stimulus plus
its shadow, whereas changes in attached shadows will only be reflected in
the interior contours of the object itself. Interior contour changes may not be
particularly relevant for recognition, at least when viewing novel objects (see
Rock et al., 1972).

The research mentioned has covered two extremes of context, from
one, where silhouettes have provided the only cues for recognition (e.g.,
Hayward, 1998, Lloyd-Jones & Luckhurst, 2002), to where relatively natu-
ralistic images were used providing attached or cast and attached shadow
cues (e.g., Castiello, 2001). The aim of the next series of experiments was to
investigate the continuum between these two extremes, to assess when
shadow cues are used by the visual system to aid recognition, and when they
are not. To do this, it was first necessary to demonstrate experimental con-
trol over either response times or accuracy/discrimination in an object-recog-
nition task, through the manipulation of the amount of shadow present in an
image. If control could be exerted over the performance of participants in an
object-recognition task, the conditions under which shadows may provide
valuable cues for recognition could then be investigated.

In light of the findings of Freeburg (1966), the difficulty of the task
needed to be controlled, as any affect of shadows may be regulated by the
difficulty of the discrimination. The amount of shadow in the shadow
images also needed to be controlled, so that at least an ordinal manipulation
of amount of shadow could be conducted.

One way to approach the problem of task difficulty is to use only two
different objects. This would result in a constant level of difficulty when dis-
criminating between the objects. Further manipulation of task difficulty
could later be performed by manipulating the number of cues available from
shading or colour. That is, is it the case that shadowing is only useful in the

absence of other cues, as suggested by Braje et al. (2000), or does the use of
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Experiment 5 Rotation of the angle of illumination.

shadows interact with task difficulty in a manner similar to that described by
Freeburg (1966)?

To control the amount of shadow in the images, either a continuum of
intensity of shadow, or a continuum of cues available from the shadows is
necessary. The latter can be achieved by rotating a light source from the
foreshortened axis of an object, to an axis presenting a more informative
viewpoint. That is, when an object is illuminated from behind a foreshort-
ened view, the shadow cast is of that foreshortened view, and it presents no
more shape cues to the viewer than the foreshortened view does itself. When
the object presents the foreshortened view, but the light source is rotated
around the object, the shadow cast by the object will present increasing
amounts of information about the view orthogonal to the foreshortened view.
To minimise the likelihood a ceiling effect in discrimination in a design such
as this, the two objects would have to be very similar in their foreshortened
views, while still sufficiently different that the task could be completed with-
out the use of any shadowing information.

Of the 3-D models available, rifles fitted these requirements. Two
rifles can have very similar ventral silhouettes, while their side profiles
present greater variability. The two objects chosen as stimuli were a Generic
Rifle with a scope, and an Assault Rifle, with pistol grip and a large maga-
zine. Figure 5.2 presents the objects under four rotations, illustrating the dif-
ferences in the particulate features and external contour of the different
views.

While viewing the ventral surface of the rifles, the direction of illumi-
nation can be adjusted so that the shadows cast could provide either essen-
tially the same amount of information as the bounding contour of the ventral
view, or an increasing amount of information about the side profile of the
rifles. This rotation of the illuminant was performed to produce a procedure
that manipulated the amount of information available to the participant pro-
vided by the shadows. As the rifles were selected to be very similar in their
ventral view, it was expected that when the shadows were projections of the
ventral view then discrimination between them would be poor. It was pre-
dicted that as the illuminant was rotated, to produce shadows that contained
more information about the profile of the rifles, discrimination would

improve and reaction times would decrease.
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Experiment 5 Rotation of the angle of illumination.

Figure 5.2. Four rotations of the Assault Rifle, top panel, and four rotations of the
Generic Rifle, bottom panel. These rifles are similar in bounding contour when
viewed from the top or bottom, see the bottom right quadrants, but very different

when viewed from the side, see the bottom left quadrants.
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