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Abstract  23 

The effects of picture manipulations on humans‟ and pigeons‟ performance were 24 

examined in a go/no-go discrimination of two perceptually similar categories, cat and dog faces.  25 

Four types of manipulation were used to modify the images.  Mosaicization and scrambling 26 

were used to produce degraded versions of the training stimuli, whilst morphing and cell 27 

exchange were used to manipulate the relative contribution of positive and negative training 28 

stimuli to test stimuli.  Mosaicization mainly removes information at high spatial frequencies, 29 

whereas scrambling removes information at low spatial frequencies to a greater degree.  30 

Morphing leads to complex transformations of the stimuli that are not concentrated at any 31 

particular spatial frequency band. Cell exchange preserves high spatial frequency details, but 32 

sometimes moves them into the “wrong” stimulus.  The four manipulations also introduce 33 

high-frequency noise to differing degrees. Responses to test stimuli indicated that high and low 34 

spatial frequency information were both sufficient but not necessary to maintain discrimination 35 

performance in both species, but there were also species differences in relative sensitivity to 36 

higher and lower spatial frequency information. 37 

 38 

Keywords: picture perception, spatial frequency, pigeons, humans 39 
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Interpreting the effects of image manipulation on picture perception in pigeons 41 

(Columba livia) and humans (Homo sapiens) 42 

 43 

One of the cognitive capacities that pigeons and other birds share with humans and 44 

other primates is the ability to respond to photographs of natural scenes in a categorical manner.  45 

For example, Herrnstein and Loveland (1964) demonstrated that pigeons could discriminate 46 

between color slide images that contained at least one human being, and those that contained no 47 

human beings.  However, it is not yet known whether the perceptual and cognitive mechanisms 48 

underlying this capacity are the same in different species.   49 

Evidence from the study of simpler, more artificial visual stimuli suggests that there 50 

may be important differences in visual processing between pigeons and humans.  Different 51 

results are obtained in pigeon and human experiments on, for example, „pop-out‟ of features in 52 

visual search (Allan & Blough, 1989), perception of occluded figures (Sekuler, Lee, & 53 

Shettleworth, 1996), geometrical illusions (Nakamura, Fujita, Ushitani, & Miyata, 2006), 54 

identification of rotated patterns (Delius & Hollard, 1995), the effect of a configural context on 55 

orientation discrimination (Donis & Heinemann, 1993), and global versus local advantage in 56 

the processing of hierarchical stimuli (Cavoto & Cook, 2001).  Several of the results cited 57 

above can be accounted for by a generalization that pigeons and humans differ in terms of the 58 

relative importance of configural and elemental information in their pattern recognition of 59 

artificial stimuli.   60 

If it is generally true that elemental processing is relatively more important in pigeon 61 

than human visual cognition, the same principle should account for any species differences in 62 
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the perception of complex, natural images as well as artificial stimuli.  However, despite 63 

considerable experimental effort since the work of Herrnstein and Loveland (1964), the 64 

information underlying pigeons‟ discrimination of photographs has proved difficult to specify 65 

(Fetterman, 1996; Huber 2001), partly because of the polymorphous nature of such stimuli (von 66 

Fersen & Lea, 1990; Lea, Wills & Ryan, 2006).  In general, natural categories such as “human” 67 

cannot be described or discriminated by any single simple property, such as wavelength, 68 

intensity, or spatial frequency (Honig & Urcuioli, 1981; Lubow, 1974).  Nevertheless, if images 69 

can be systematically manipulated in ways that eliminate or reduce some aspects of the 70 

information in the stimuli, it is possible to examine how different aspects of the stimuli 71 

contributed to the discrimination.  Early experiments used simple forms of this strategy; for 72 

example Herrnstein and Loveland (1964) used monochromatic test stimuli after training with 73 

full color images, and found that pigeons‟ discrimination of humans from non-humans was 74 

maintained, showing that the hue components were not essential.  More recent experiments 75 

have used more sophisticated methods of image manipulation.  For example, Huber, Troje and 76 

their colleagues (Troje, Huber, Loidolt, Aust, & Fieder, 1999) examined the types of 77 

information employed by pigeons in discrimination between male and female human faces.  78 

Troje et al. (1999) examined whether pigeons‟ discrimination was predominately based on 79 

“texture”, that is the spatial distribution of color across the stimuli, or “shape”, that is the 80 

components of the stimuli (e.g., the nose).  Three groups of pigeons were trained in a successive 81 

go/no-go discrimination procedure.  The first group was presented with intact faces of males 82 

and females from a face database.  The second group was presented with pictures whose facial 83 

parts were averaged across the entire face database but with the texture of the intact face 84 
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superimposed (texture-only stimuli).  The third group was presented with pictures whose shape 85 

was intact but with texture averaged across the entire face database (shape-only stimuli).  The 86 

pigeons in the intact and texture-only group acquired the discrimination faster and reached 87 

higher asymptotic levels of discrimination than those in the shape-only group, suggesting that 88 

the shape features were less important than texture cues for this discrimination. 89 

The object of the present experiments was to see whether a single principle could be 90 

found that would account for differences between pigeon and human discrimination of a set of 91 

complex photographic stimuli.  One candidate principle is the relative roles of configural and 92 

elemental information, which as noted above seems to differ in pigeon and human 93 

discrimination of simple artificial visual stimuli.  Cerella (1980) first postulated that pigeons‟ 94 

pattern recognition is largely based on elemental information and only to a small extent on 95 

spatial relationship among elements.  In an experiment using line drawings, he found that 96 

pigeons‟ discrimination of cartoon characters was unimpaired by transformation such as 97 

occlusion, deletion of parts and scrambling of parts.  Also using line drawings, Kirkpatrick and 98 

her colleagues conducted a more extensive series of experiments that examined the role of 99 

spatial organization of elements in complex visual pattern recognition; these experiments 100 

demonstrated that the spatial organization of elements does play some part in pigeons‟ pattern 101 

recognition (Kirkpatrick-Steger, Wasserman & Biederman, 1996, 1998).  However even if 102 

pigeons do use configural information, it remains possible that it is generally less important for 103 

them than it is for humans 104 

In addition to this work on line drawings, the relative importance of these two types of 105 

cues for pigeons has been studied in relation to full-color picture perception (e.g., Aust & Huber, 106 
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2001, 2003).  Aust and Huber analyzed the features supporting discrimination of presence and 107 

absence of humans in three studies using various picture scrambling methods.  Scrambling did 108 

not completely disrupt the discrimination though it decreased discrimination accuracy.  Aust 109 

and Huber‟s results thus indicate that both elemental and configural features play a part in 110 

pigeons‟ picture perception.  However, few studies have directly compared pigeons‟ and 111 

humans‟ picture perception, and it is unknown whether the relative importance of configural 112 

and elemental information in picture discrimination differs between pigeons and humans, as it 113 

appears to in discriminations of simple, artificial stimuli. 114 

The distinction made by Aust and Huber (2003) between configural and elemental 115 

information in picture stimuli can be conceptualized in three distinct but overlapping ways.  116 

The most general is to refer to global versus local properties of the stimuli – those pertaining to 117 

the stimulus as a whole and those pertaining to particular regions within it.  Overall brightness, 118 

for example, is a global cue, whereas the shape of a nose is a local cue.  Secondly, one can talk 119 

about configural versus elemental features.  This terminology is probably most appropriately 120 

applied to shape information; for example, the hierarchical stimuli used by Cavoto and Cook 121 

(2001) were composed of different-shaped elements that could be arranged in different 122 

configurations, which might or might not be the same shape as the elements.  Finally, we can 123 

give the configural versus elemental distinction a more psychophysical interpretation by 124 

framing it in terms of high and low spatial frequencies.  Spatial frequency analysis of natural 125 

scenes generally shows that they contain roughly equal amounts of energy per octave across the 126 

range of detectable spatial frequencies (Field, 1987), but different frequency ranges may have 127 

different roles in picture perception for different species.  Configural cues, and most global cues, 128 
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must be specified in terms of the lower spatial frequencies present in a scene, whereas local, 129 

elemental cues must be specified in terms of higher spatial frequencies.  Ghosh, Lea and Noury 130 

(2004) showed that an unexpected difference between human infants and pigeons in behavior 131 

towards artificially modified pictures could be explained by identifying the areas of the 132 

stimulus that had higher concentrations of high spatial frequencies, and assuming that the 133 

pigeons‟ categorizations were more dependent on these areas than the human infants‟ 134 

categorizations. 135 

In the present study, we examined the roles of elemental and configural information in 136 

pigeons‟ and humans‟ recognition of perceptually similar complex images, by comparing the 137 

effects of four distinct image manipulations.  All but cell interchange manipulations have been 138 

used in previous experiments on pigeons concept discrimination, but they have not been 139 

systematically compared.  The objectives were to examine 1) how these manipulations affect 140 

the discrimination of natural photographic images, 2) whether their relative impacts differ 141 

between pigeons and humans, and 3) whether such differences could be interpreted in terms of 142 

the impacts of the manipulations in the spatial frequency domain. Subjects were first trained on 143 

a concept discrimination between the unmodified stimuli, and the effects of the image 144 

manipulations were assessed in test sessions. 145 

The first two manipulations, mosaicization and scrambling, degraded both positive 146 

and negative stimuli but did not introduce information from the positive stimuli into negative 147 

stimuli or vice versa.  They filter the spatial frequency information in each stimulus in opposite 148 

ways, though neither is a pure filtering operation. Both start by dividing the image into tiles.  149 

Mosaicization (Harmon, 1973) averages the color within each tile, and thus removes all 150 
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information whose spatial frequency is higher than the reciprocal of the tile size, while leaving 151 

lower spatial frequency information largely intact.  On the other hand, scrambling randomizes 152 

the location of the tiles, and thus removes all information whose spatial frequency is lower than 153 

the reciprocal of the tile size, while conserving most of the higher spatial frequency information.  154 

Both manipulations also introduce some high spatial frequency noise at tile boundaries, and it is 155 

known that for humans looking at mosaic stimuli, such added information can disrupt 156 

recognition of a stimulus (Gordon & Field, 1978).  For our stimuli and manipulations, the added 157 

frequency content is greater for scrambling than for mosaicization and, in terms of pixel-based 158 

image similarity (as measured by cross-correlation analyses), the scrambling manipulation 159 

distorted the images more than the mosaicization manipulation. These factors have to be taken 160 

into account when interpreting the data. 161 

The other two manipulations, morphing and cell exchange, mix paired positive and 162 

negative stimuli in fixed proportions.  However, they do so in ways that have different effects in 163 

the spatial frequency domain.  Morphing involves specifying corresponding anchor points in a 164 

pair of stimuli, and deriving intermediate stimuli by taking weighted averages of the properties 165 

of the two stimuli (including location) at these points, with interpolation to the remainder of the 166 

picture.  This leads to complex transformations of the stimuli, but these transformations are not 167 

concentrated at any particular spatial frequency band.  In cell exchange, we divided the stimuli 168 

into tiles, and exchanged a given proportion of these between stimuli.  This preserves high 169 

spatial frequency details, but sometimes moves them into the “wrong” stimulus. Cell exchange 170 

also introduces high spatial frequency noise. In terms of pixel-based image similarity, the cell 171 

exchange manipulation distorts the images more than the morphing manipulation. A more 172 
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detailed analysis of the effects of our four manipulations on the spatial frequency energy 173 

spectrum and on the pixel-based similarity of our stimulus sets is provided in the online 174 

supplementary materials. 175 

The effects of the first three of these manipulations have been investigated separately 176 

in pigeon picture perception studies (e.g., mosaicization: Huber, et al. 2000; scrambling: Aust 177 

& Huber, 2001; morphing Ghosh et al., 2004; Makino & Jitsumori, 2001), but cell exchange 178 

appears not to have been used before.  However, the manipulations have not been compared on 179 

the same stimuli.  In this study, the four manipulations were applied to the same stimuli and the 180 

severity of degradation was systematically varied across several levels to examine how the 181 

effect changed according to the manipulation level. 182 

In all the experiments, we used cat and dog faces as stimuli, for two reasons.  First, cat 183 

and dog faces are perceptually similar categories, and it is difficult to give an instant description 184 

of the distinguishing characteristics of these two categories.  They are also allospecific in 185 

context for both pigeons and humans (though it is unlikely that pigeons would relate the images 186 

to real cats or dogs, while humans certainly do).  Second, we had already conducted 187 

experiments using these stimuli, and confirmed that pigeons show transfer to novel category 188 

instances (Ghosh et al., 2004), suggesting that the pictures contained category-diagnostic 189 

features. 190 

The first two experiments examined the effects of mosaicization and scrambling in 191 

pigeons and humans respectively, and the final two experiments examined the effects of 192 

morphing and cell exchange in the two species.  As in the experiments of Ghosh et al. (2004), 193 

discrimination was established using a go/no-go procedure in pigeons: i.e. the subject was 194 
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required to respond to one category but not rewarded for making any response to the other.  In 195 

human experiments, the procedure was made as close as practicable to that used with pigeons. 196 

 197 

Experiment 1a: Mosaic and scrambled stimuli in pigeons 198 

 199 

Experiment 1a examined the effects of mosaicization and scrambling on pigeons‟ 200 

picture perception.  Pigeons first learned to discriminate photographs of cat and dog faces in a 201 

successive discrimination task.  Generalization tests with mosaicized and scrambled cat and 202 

dog faces were then conducted.  Generalization tests to novel cat and dog face images were not 203 

conducted, because Ghosh et al. (2004), using identical stimuli and similar testing apparatus, 204 

had already confirmed that such generalization occurs reliably. 205 

 206 

Method 207 

Subjects. 208 

Twelve racing pigeons (Columba livia) obtained as discards from local fanciers were 209 

used as subjects in this experiment.  There were 3 naïve pigeons, 3 pigeons that had been used 210 

in an unrelated experiment, and 6 pigeons that had been used in a previous experiment using the 211 

same training stimuli but none of the generalization stimuli (Ghosh et al, 2004, Experiment 2).  212 

The pigeons were normally housed in two indoor aviaries, measuring 2.2 m by 3.4 m by 2.4 m.  213 

Each aviary was equipped with pigeonholes in units of 16, and water and crushed oyster shells 214 

were freely available.  The pigeons were maintained on a 12:12 hr light/dark cycle, with 30-min 215 

simulated dawn and dusk periods.  They were moved to individual cages for at least 30 min 216 
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before and after the test sessions.  Each bird was maintained at 85-93% of its free-feeding 217 

weight throughout the experiment by the delivery of hemp and conditioner during the 218 

experimental sessions and by supplements of mixed grain on non-testing days. 219 

 220 

Apparatus. 221 

Four identical three-key operant chambers, 69 cm by 49 cm by 39 cm, were used.  222 

Each consisted of a plywood box, with a 3-key intelligence panel (Campden Instruments Ltd, 223 

London), 33.5 cm by 35 cm, mounted centrally into the front wall.  The three keys had a 224 

diameter of 2.5 cm and were centered 10.5 cm apart and 24.0 cm above the grid floor of the 225 

chamber.  All three keys operated reed switches when struck with a force of 0.035 N.  The two 226 

side keys were translucent, and could be transilluminated by amber lamps.  The center key was 227 

transparent, and a shutter operated by a rotary solenoid was situated behind it so that viewing a 228 

15-inch cathode ray tube monitor (HL-5854B, Hyundai), visible 15 cm behind the center key, 229 

was prevented during the intertrial intervals.  This monitor was controlled by a PC computer 230 

(Pentium II 333MHz, Tiny), running a stimulus selection and display program written in 231 

Borland Delphi, under the Windows 95 operating system.  An aperture in the intelligence panel, 232 

7.0 cm by 7.5 cm, was positioned 15cm below the center key, giving access to a 233 

solenoid-operated food hopper attached to the outside of the box; the hopper contained a 1:2 234 

mixture of hemp and conditioner.  The availability of this food was signaled by a 1.0-W white 235 

light within the hopper tray.  General illumination was given by a 3.5-W yellow-lensed house 236 

light situated 12 cm above the center key.  Masking noise was generated by a ventilation fan and 237 

also provided by white noise relayed via a 35-ohm loudspeaker mounted on the back of the 238 
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intelligence panel.  A separate computer was used to generate the experimental stimuli for each 239 

test chamber.  Both chambers and their stimulus generation computers were housed in a 240 

darkened testing room.  A further PC-compatible computer (Pentium 133 MHz, Opus 241 

Technology PLC) running under the Windows 95 operating system was located outside this 242 

room and controlled all experimental events and recorded responses, using a program written in 243 

Borland Delphi; a network link enabled this computer to instruct the computers attached to 244 

experimental boxes in the testing room to display the stimuli.  The pigeons‟ behavior during 245 

experimental sessions could be regularly monitored via video cameras, fitted with a wide-angle 246 

lens, mounted on the right wall of each chamber.  Each pigeon was assigned to a single test 247 

chamber for all stages of the experiment. 248 

 249 

Stimuli. 250 

Training stimuli were photographic images of 10 faces of dogs and 10 faces of cats, 251 

shown full-face.  These stimuli had been used in previous studies in our laboratory (Ghosh et al., 252 

2004); they were originally scanned from magazines or books and their background was 253 

removed and converted to plain black.  The images were then converted to 8-bit bitmap (256 254 

colors) format.  All the images were 192 pixels square on the monitor including any border, and 255 

subtended 22.5 degrees of visual angle square at the eye of a pigeon in typical pecking position.  256 

There were 200 test stimuli, produced from the 20 training stimuli by manipulating each in two 257 

different ways and at five different levels of distortion.  For the mosaic manipulation, color was 258 

averaged within tiles of size of 4, 8, 12, 16 and 24 pixels square so that fine detail was lost.  For 259 

the scrambling manipulation, the image was fragmented into equal size square tiles, 48, 32, 24, 260 



Goto, Lea, Wills& Milton: Image manipulation in picture perception: page 13 of 50 

16 or 12 pixels square and then the tiles were randomly scrambled.  The levels of the two 261 

manipulations used were chosen as roughly matched in their effect on discriminability by 262 

humans in pilot tests.  Samples of these stimuli are shown in Figure 1. 263 

  264 

Procedure. 265 

The pigeons that had experienced earlier experiments were not given any pretraining 266 

in this experiment.  For the other three pigeons, pecks to the center key were autoshaped by 267 

repeatedly presenting food shortly after the shutter was opened to show the monitor with a plain 268 

white screen.  After the acquisition of center key pecking, a fixed interval (FI) schedule was 269 

introduced and the value of the FI was gradually raised to 12 s.  It was then followed by start 270 

key training, in which pecking to the right side key (start key) was shaped when the start key 271 

was illuminated to open the center shutter.  The start key training was repeated for at least three 272 

sessions to stabilize the birds‟ behavior.  273 

The pigeons were then divided into two groups of 6 each.  Half of the pigeons were 274 

trained with cats as positive and dogs as negative stimuli (Cat+ group; three pigeons were naive 275 

and the other three pigeons had previous experience of an unrelated experiment), and the 276 

contingencies were reversed for the other half (Dog+ group; all the birds that had previous 277 

experience of the stimuli were in this group since they had received Dog+ training previously).  278 

The session started with 3 s of presentation of the food hopper followed by an intertrial interval.  279 

Each trial began with a start key peck which opened the shutter to reveal a stimulus on the 280 

monitor.  Pecks to the center key were counted but not reinforced during the first 10 s of each 281 

trial (fixed time; FT).  Following the completion of the FT 10 s, pecks were reinforced by a 3 s 282 
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presentation of the food hopper on a variable interval 4 s schedule on positive stimulus trials; 283 

negative stimulus trials ended without reinforcement after the same variable interval.  For the 284 

Dog+ group, dogs were presented on positive trials and cats on negative trials, whereas the 285 

contingencies were reversed for Cat+ group.  The trials were separated by an intertrial interval 286 

that varied between 5 and 15 s.  Each session consisted of 80 trials, and was divided into 4 287 

blocks of 20 trials containing 10 positive and 10 negative trials.  The order of stimulus 288 

presentation was chosen pseudorandomly by the computer program, and constrained so that no 289 

more than three positive or negative stimuli were presented consecutively.  Training sessions 290 

were normally given once per day, 6 days per week.  Performance was assessed by the number 291 

of center-key pecks during the FT period, using the ρ statistic of Herrnstein, Loveland and 292 

Cable (1976).  This value is a linear transformation of the Mann-Whitney U-statistic, and it 293 

estimates the probability that any positive stimulus is ranked above any negative stimulus, 294 

using rates of pecking as the measurement.  When discrimination is perfect, ρ is 1.0; when there 295 

is no discrimination, it is 0.5.  When a pigeon reached or exceeded a ρ value of 0.80 in each of 296 

three consecutive sessions, training was ended and generalization tests were begun. 297 

In the generalization tests, 200 test images were presented over five test sessions in 298 

addition to the 20 training stimuli.  These test images had never been shown to the subjects 299 

during the discrimination training.  Each test session consisted of 80 trials including 40 training 300 

stimuli and 40 test stimuli.  The test sessions started with 20 training trials.  In the succeeding 60 301 

trials, two out of three trials were test trials.  The test stimuli were distributed across the 5 test 302 

sessions, controlling for the numbers of dogs or cats, mosaic or scrambled stimuli, and the five 303 

different levels of manipulations.  Reinforcement contingencies were applied to all of the test 304 
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stimuli in the same manner as during training so as not to discourage the pigeons from 305 

responding to test stimuli.  Between the test sessions, training sessions were given until 306 

discrimination performance again reached 0.80 or above as measured by the ρ statistic.  307 

 308 

Results 309 

All twelve pigeons attained the criterion. The pigeons in the Dog+ group had 310 

experienced the same discrimination task before, so they were experiencing reacquisition.  The 311 

number of training and reacquisition sessions required ranged from 3 to 12.  To compare 312 

original acquisition rates, therefore, a comparison was made between the number of sessions 313 

taken to reach the criterion by the Dog+ pigeons in the previous experiment (Ghosh et al., 2004) 314 

and the pigeons in the Cat+ group in the present experiment.  There was no significant 315 

difference of acquisition speed between Cat+ and Dog+ groups (Mann-Whitney U6,6 = 18; all 316 

statistical tests of the data in this paper were evaluated using an alpha level of 0.05).  Although 317 

the group factor was included as a between-subject factor in the subsequent analysis, all the 318 

subsequent analyses showed no significant difference between the two groups.  The data from 319 

the two groups were therefore merged into one in preparing the figures shown below. 320 

Table 1 shows mean response rates to training S+, S- and each type of test stimuli, 321 

together with 95% naïve confidence intervals; in this and all subsequent figures and tables, 322 

confidence intervals are calculated following the recommendations of Masson and Loftus 323 

(2003).  To capture the effect of the stimulus manipulation, relative response rates to the 324 

training positive stimulus were used in the subsequent analyses.  Mean response rates to test 325 

stimuli did not change substantially or consistently over the 5 test sessions.  Accordingly, test 326 
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session number was not included as a factor in the subsequent analyses.  Figure 2 (top) shows 327 

mean response rates, relative to the rate to the positive stimulus under training conditions, 328 

under the five different levels of mosaic and scrambling manipulations (level 0 indicates 329 

mean response rates for training stimuli during test sessions; this level was not included in 330 

the statistical analyses).  The significance of the trends that can be seen in Figure 2 was 331 

assessed via a mixed design ANOVA with three within-subject variables (distortion type 332 

[mosaic vs. scrambled], stimulus valence [positive vs. negative], and distortion level [1 to 5]) 333 

and one between-subjects variable (Dog+ training vs. Cat+ training).  Greenhouse-Geisser 334 

and Fisher LSD corrections were applied where appropriate.  Discrimination was maintained 335 

across the test stimuli overall (significant main effect of stimulus valence overall, F1,10 336 

=82.53,for mosaicization only, F1, 10 = 78.25, and for scrambling only, F1,10 = 51.94), and 337 

performance was worse at higher levels of degradation (significant interaction between 338 

stimulus valence and manipulation level, F4,40 = 14.60).  The simple main effect of valence 339 

was individually significant at all five levels of mosaicization (F1,10 > 12.58), and at levels 1 340 

to 4 of scrambling (F1,10 >  5.79).   341 

Overall the relative response rates were higher under scrambling, especially for 342 

negative stimuli (significant main effect of manipulation type, F1,10 = 37.84; significant 343 

interaction between manipulation and stimulus valence, F4,40 = 36.10).  Since the manipulations 344 

tended to affect response rates to S- more than to S+, with an increment in response to S- as the 345 

manipulation level increased but little change in response to S+, these effects imply that the 346 

disruptive effect of scrambling was greater than that of mosaicization. Furthermore the pattern 347 

of disruption as manipulation level increased was different for the two manipulations 348 
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(significant interaction between manipulation type and manipulation level, F4,40 = 4.08; 349 

significant three-way interaction between manipulation, stimulus valence and manipulation 350 

level, F4,40 = 13.62).  No other main effect or interaction was significant, and in particular no 351 

overall difference was found between the Cat+ and Dog+ groups, nor was there any significant 352 

interaction between group and any factor (Fs < 0.97). 353 

 354 

Discussion 355 

The results of tests with mosaic and scrambled forms of the training stimuli were 356 

qualitatively consistent with previous work on picture perception in pigeons, which has shown 357 

generalization with some decrement following both mosaicization (e.g., Troje et al., 1999) and 358 

scrambling (e.g., Aust & Huber, 2001).  In both manipulations, the changes of mean response 359 

rates were largely confined to negative stimuli, as is commonly the case following go/no-go 360 

discrimination training in pigeons.  However, the patterns of generalization decrement were 361 

different between the two manipulations.  While response rates to negative stimuli increased in 362 

an orderly way according to the level of mosaicization, the increase largely took the form of a 363 

step function with scrambling.  Discrimination was not completely lost, since significant 364 

discrimination was seen at intermediate levels of scrambling.  However, disruption of the 365 

discrimination was severe even at the lowest level of scrambling, whereas effectively no 366 

disruption was observed at the lowest level of mosaicization, though disruption increased 367 

steadily after that point; at the highest levels of mosaicization, discrimination was at about the 368 

same level as at the first level of scrambling. 369 

 In terms of pixel-based similarity, scrambling distorts our stimuli more than does 370 
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mosaicization (see Supplementary Materials). This difference predicts some of the gross 371 

features of the generalization gradients shown in Figure 2.  In particular,  it accounts for the 372 

more severe degradation produced by scrambling   373 

In terms of spatial frequencies, the spatial frequency ranges that can escape disruption 374 

as a result of the mosaicization and scrambling manipulations are illustrated in Figure 3. The 375 

response to mosaicization shown in Figure 2 implies that there was no information critical to 376 

the discrimination at spatial frequencies above around 24 cycles/picture, since the 377 

discrimination was essentially unaffected by the removal of frequencies in that range. Removal 378 

of frequencies in the range 24 down to 4 cycles/picture by increased levels of mosaicization 379 

disrupted discrimination but did not eliminate it, suggesting that information at frequencies in 380 

this range contributed to the discrimination. However, mosaicization also introduces spurious 381 

high frequency information at tile boundaries, and this is known to cause some generalization 382 

decrement in humans (Gordon & Field, 1978).  It is therefore more conservative to focus on the 383 

evidence of sustained discrimination rather than the evidence of disruption, even though such 384 

high frequency noise appears to be small in extent (see Supplementary Materials).  Even on this 385 

basis, however, we can draw the conclusion that the information at spatial frequencies below 4 386 

cycles/picture (mosaicization level 5) was sufficient to maintain the discrimination.  387 

Correspondingly, the response to scrambling demonstrates that spatial frequencies above 12 388 

cycles/picture (scrambling level 4) are also sufficient to maintain the discrimination.  Overall, 389 

these results suggest that pigeons‟ discrimination of these pictorial stimuli is not a simple matter 390 

of dependence on any one spatial frequency range rather than another.  Both higher (above 12 391 

cycles/picture) and lower (below 4 cycles/picture) spatial frequency information were 392 
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sufficient to sustain the pigeons‟ discrimination of these pictures.   393 

 394 

Experiment 1b: Mosaic and scrambled stimuli in humans 395 

 396 

Previous pigeon studies using the scrambling manipulation have not studied human 397 

participants simultaneously, so no corresponding data to that obtained from pigeons has so far 398 

been obtained (Aust & Huber, 2001; Matsukawa, Inoue & Jitsumori, 2004).  Watanabe (2001) 399 

compared the effect of mosaicization on picture discrimination in pigeons and humans.  400 

However, the methodological and procedural differences between the human and pigeon tests 401 

mean that his comparisons are hard to interpret.  For example, discrimination was trained on a 402 

go/no-go discrimination in pigeons, but it was trained on a binary choice task in humans.  403 

Moreover, the stimuli were different in size for the two species, and this is crucial if the absolute 404 

spatial frequencies involved are important (Goto, Wills & Lea, 2004).  In Experiment 1b, 405 

therefore, we tested humans‟ responses to the same stimuli as presented to pigeons in 406 

Experiment 1a, using a go/no-go discrimination procedure analogous to that used with pigeons 407 

with stimuli that subtended the same visual angle as those used with the pigeons.   408 

 409 

Method 410 

Subjects. 411 

Twelve human adults (Homo sapiens) from the University of Exeter were recruited as 412 

subjects.  Their participations were rewarded either by 0.5 credits for their course requirement 413 

or the payment of 2 GBP.  All subjects had normal or corrected-to-normal vision.  All the 414 
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subjects were naïve to the present categorization task. 415 

 416 

Apparatus 417 

Participants were individually tested in a quiet testing room using a PC-compatible 418 

computer (Pentium III 500 MHz, Tiny). E-prime (Psychology Software Tools, Inc.), running 419 

under the Windows 95 operating system, was used to control experimental events and record 420 

participants‟ responses.  The distance between the participant‟s face and the 17-inch cathode ray 421 

tube monitor was approximately 30 cm. 422 

 423 

Stimuli 424 

The stimuli were the same as those used in Experiment 1a.  The size of stimuli was 425 

adjusted to 22.5 degrees square, the same visual angle as used for pigeons in Experiment 1a. 426 

 427 

Procedure 428 

Participants were tested in a single session of three blocks.  The participants were 429 

instructed to learn to press a key only when a category described as “N” appeared on the 430 

monitor (the nature of the category was not specified in the instructions).  For half the 431 

participants, category „N‟ comprised the dog face images; for the other half it comprised the cat 432 

face images.  433 

The session started with a training block, during which the start of each trial was 434 

signaled by presenting a small fixation cross for 500 ms, followed by the presentation of the 435 

stimulus for 2 s.  Participants were asked to press the “n” key on the computer keyboard if they 436 
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thought the stimulus belonged to the category “N”, and not to press anything if they thought the 437 

stimulus did not belong to the category “N”.  The stimulus disappeared after 2 s regardless of 438 

when or whether the participant made a response.  When (and only when) the participants had 439 

made at least one response to a category “N” stimulus, the offset of the stimulus was followed 440 

by the feedback message “Correct”, which was displayed for 500 ms. No feedback was given if 441 

a participant failed to respond to a category “N” stimulus, and no feedback was given if a 442 

participant incorrectly responded to a stimulus not in category “N”.  Therefore, the feedback 443 

situation mirrored closely that of the pigeons in Experiment 1a.  The presentation or omission 444 

of feedback was followed by a 500-ms intertrial interval, and then the next trial was started.  445 

The order of stimulus presentation was chosen randomly with the following constraints: each 446 

training stimulus was presented only once in every 20 trials, and dogs (or cats) were presented 447 

in no more than three consecutive trials.  The training block continued for at least 20 trials, 448 

during which all the training stimuli were exposed to the participant, and was then scheduled to 449 

continue until either the participant had made 10 consecutive correct responses or had 450 

completed 80 training trials in total.  Following the training block, the two test blocks were 451 

started after a break of a few seconds.   452 

The procedure in the test blocks was the same as the training procedure except that no 453 

feedback was given following the participant‟s response.  The 200 test stimuli used in 454 

Experiment 1a were presented across two test blocks.  During test blocks, no more than three 455 

dogs (or cats) were presented consecutively.  No training stimuli were presented during test 456 

blocks.  When the participant had completed 100 test trials, a further short break was given.  457 

The second test block was started by the participant pressing a key.  The procedure for the 458 
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second test block was the same as the first test block.  When the participant had completed the 459 

other 100 trials, the session was ended by the message „Thank you for your participation‟.   460 

 461 

Results 462 

Figure 2 (bottom) shows mean response probability to each type of test stimulus.  The 463 

significance of the differences apparent in the figure was tested via ANOVA, with one 464 

between-subjects factor (Dog+ training vs. Cat+ training) and three within-subject factors 465 

(distortion type [mosaic vs. scrambled], stimulus valence [positive vs. negative], and distortion 466 

level [1 to 5]), using data from test trials only.  Discrimination was maintained across the test 467 

stimuli as a whole (significant main effect of stimulus valence overall, F1,10 = 12.81, for 468 

mosaicization, F1,10 =12.80, and for scrambling, F1,10 = 12.00), but the discrimination 469 

performance was impaired by the manipulations (significant interaction between stimulus 470 

valence and manipulation level, F4,40 = 7.66).  The loss of discrimination mainly took the form 471 

of a fall in response probability to S+ as the manipulation level increased, leading to a 472 

significant main effect of manipulation level (F4,40 = 4.15).  Increasing levels of mosaicization 473 

differentially affected response probability to S+ and S- to a greater extent than did increasing 474 

levels of scrambling (significant three-way interaction between stimulus valence, manipulation 475 

type and manipulation level, F4,40 = 4.13).  The simple main effect of valence was significant at 476 

each of the five levels of mosaicization (F1,10 > 6.34) and scrambling (F1,10 > 10.24).  No other 477 

main effect or interaction was significant (Fs < 3.60).   478 

 479 

Discussion 480 
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The impact of the two manipulations on the human participants did not exactly mirror 481 

their impact on the pigeons in Experiment 1a.  The pigeons showed a greater impact of 482 

scrambling than mosaicization, but the humans showed, if anything, an opposite trend.  Given 483 

that, in terms of pixel-based image similarity, scrambling distorts these images more than 484 

mosaicization, these results suggest that the humans were less affected than the pigeons by 485 

simple pixel-by-pixel similarity.  Nevertheless, for the humans, as for the pigeons, the effects of 486 

mosaicization and scrambling imply that discrimination of these pictorial stimuli is not a simple 487 

matter of dependence on one spatial frequency range rather than another.  Both high and low 488 

spatial frequency information were sufficient to sustain above chance performance to test 489 

stimuli, and therefore played some part in the humans‟ discrimination of these pictures.    490 

Information at spatial frequencies above around 16 cycles/picture (scrambling level 5) is 491 

sufficient but not necessary to sustain some discrimination, and so is information at frequencies 492 

below around 4 cycles/picture (mosaicization level 5).   493 

A possible explanation of these results would be that relative to humans, pigeons are 494 

more affected by the disruption of low spatial frequencies (through scrambling) than by the 495 

disruption of high spatial frequencies (through mosaicization). However, an alternative 496 

explanation is that pigeons may be particularly sensitive to the introduction of greater levels of 497 

high-frequency noise in the scrambling manipulation than in the mosaicization manipulation.  498 

 499 

Experiment 2a: Morph and cell-exchange stimuli in pigeons 500 

 501 

Experiments 2a and 2b examined the effects of stimulus degradation further, by 502 



Goto, Lea, Wills& Milton: Image manipulation in picture perception: page 24 of 50 

considering the impacts of morphing and cell exchange on learned concept discrimination.  503 

Experiment 2a used pigeons and Experiment 2b used human participants.  Like the 504 

manipulations used in Experiments 1a and 1b, morphing and cell exchange affect the stimuli in 505 

different ways.  However, whilst mosaicization and scrambling destroy the information in the 506 

stimuli, morphing and cell exchange dilute the information with conflicting information from 507 

the opposite stimulus class.  In consequence, and unlike the two manipulations used in 508 

Experiments 1a and 1b, morphing and cell exchange are directly comparable: both produce 509 

probabilistic mixtures of the positive and negative stimuli.  Both manipulations exchange 510 

portions of stimuli between a positive stimulus and a negative stimulus (in the present case, cat 511 

and dog faces).  As with mosaicization and scrambling, the two manipulations have different 512 

effects in the spatial frequency domain.  In particular, cell exchange introduces new sharp edges 513 

into the stimuli, and these will contribute some high frequency noise which is unlikely to occur 514 

in morphing.  There are also differences are in terms of the effects on pixel-based similarity.  515 

Cell exchange produces a relatively gradual reduction in pixel-based image similarity, as 516 

material from one stimulus is moved into the other while other material remains in its original 517 

position. In morphing, however, everything is somewhat changed even at the lowest level of 518 

manipulation, so the change in pixel-based similarity is more abrupt. A more detailed analysis 519 

of the effects of morphing and cell exchange on our stimuli is provided in the Supplementary 520 

Materials. 521 

 522 
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Method 523 

Subjects. 524 

Twelve racing pigeons obtained as discards from local fanciers were used as subjects 525 

in this experiment.  One pigeon was naïve and 11 had previously been used in an experiment 526 

involving a go/no-go discrimination procedure.  None had been used in Experiment 1a of the 527 

present paper.  Housing and maintenance were the same as in Experiment 1a. 528 

 529 

Apparatus. 530 

The apparatus consisted of the four identical three-key operant chambers used in 531 

Experiment 1a. The setup of the boxes and the data collection system was the same as in 532 

Experiment 1a.  Each pigeon was assigned to a single test chamber for all stages of the 533 

experiment. 534 

 535 

Stimuli. 536 

The training stimuli were digital photographic images of eight faces of cats and eight 537 

faces of dogs.  They were chosen from the stimuli used in Experiment 2 of Ghosh et al. (2004), 538 

selecting those whose size and color would be most suitable for producing test stimuli of the 539 

kind to be used in the present experiment.  All images were resized to fit into a 6.0-cm square in 540 

order that the cell-exchange stimuli could be readily produced.  Stimuli were presented at a size 541 

of 20.0 degrees square visual angle on the monitor.  In addition to the 16 training stimuli, 144 542 

images were prepared as test stimuli.  Each cat face was paired with the dog face that was most 543 

similar to it  size and overall color, as assessed subjectively by two raters.  Two different sets of 544 
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test stimuli were produced.  In the morph set, the pairs of a cat face and a dog face were 545 

morphed using the program WinMorph 2.01.  Morphing was correspondence-based: Between 546 

80 and 100 marker points were used to establish correspondences between the pictures.  The 547 

marker points were placed on the contour of the face and around the eyes, nose and mouth 548 

regions.  The pictures were morphed progressively from 100% cat (0% dog) to 100% dog (0% 549 

cat), generating nine different levels of morphed pictures (90% cat / 10% dog to 10% cat / 90% 550 

dog, in 10% steps) to be used as test stimuli.  In the cell-exchange set, the pictures were 551 

fragmented into 100 equally sized square tiles, and tiles in equivalent locations were exchanged 552 

between the paired cat and dog face images.  The proportion of tiles exchanged was 553 

progressively increased so as to generate nine different levels of intermediate pictures (from 554 

90% cat / 10% dog to 10% cat / 90% dog at 10% steps), to be used as test stimuli.  Samples of 555 

these stimuli are shown in Figure 4.  556 

 557 

Procedure. 558 

Apart from one pigeon, pretraining was not required as the birds had experience of a 559 

previous discrimination task.  Instead, they were given three sessions of recovery training, 560 

using the same schedule as the start key training used in Experiment 1a, to confirm that they 561 

could be immediately transferred to discrimination training.  The naïve pigeon was pretrained 562 

in the same ways as the naïve pigeons used in Experiment 1a. 563 

Once pretraining and recovery training were complete, the pigeons were arbitrarily 564 

divided into two groups of six.  Half of the subjects were trained with cat faces as positive and 565 

dog faces as negative stimuli (Cat+ group), and the contingencies were reversed for the other 566 
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half (Dog+ group).  The discrimination was trained using a go/no-go discrimination procedure 567 

as in Experiment 1a.  Each session consisted of 80 trials, and was divided into five blocks of 16 568 

trials containing 8 positive and 8 negative trials.  The order of stimulus presentation was chosen 569 

pseudorandomly by the computer program, and constrained so that no more than three positive 570 

or negative stimuli were presented consecutively.  Training sessions were normally given six 571 

times in a week, one per day.  The performance was assessed by the ρ statistic to the positive 572 

stimuli (Herrnstein et al., 1976), based on response rates during the first 10 s of stimulus 573 

exposure in each trial, during which no reinforcement could occur.  When the bird reached a ρ 574 

value of 0.80 in three consecutive sessions, training was ended and generalization tests were 575 

begun. 576 

In generalization tests, the 144 test stimuli were each presented once in the course of 577 

four test sessions; training stimuli were also presented.  Each test session consisted of 80 trials 578 

of which 44 used training stimuli and 36 used test stimuli.  The test sessions started with 20 579 

trials using training stimuli.  In the succeeding 60 trials, 3 out of each 5 trials were test trials, 580 

with the constraint that no more than two test trials occurred consecutively.  Each of the four 581 

test sessions contained equal numbers of stimuli using morph and cell exchange and so far as 582 

possible equal numbers of the nine different levels of manipulation.  The reinforcement 583 

contingencies applied to test stimuli were those appropriate to the manipulation type 584 

contributing the larger proportion of content: thus 60% cat / 40% dog test stimuli, and all those 585 

with a higher cat content, were reinforced for the Cat+ group but not reinforced for the Dog+ 586 

group.  The reinforcement contingencies to test stimuli consisting of 50% cat / 50% dog were 587 

randomly assigned with the constraint that half of them had positive contingencies.  Between 588 
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the test sessions, additional training sessions were given until discrimination performance again 589 

reached 0.80 or above as measured by the ρ statistic. 590 

 591 

Results 592 

All 12 pigeons attained the criterion, requiring between 5 and 9 training sessions.  The 593 

Dog+ group showed some tendency to reach criterion in fewer sessions than the Cat+ group, 594 

but the difference was not significant according to a Mann-Whitney test on number of sessions 595 

to criterion, U6,6 = 7.5. 596 

Table 2 shows mean response rates to training S+, training S- and intermediate forms 597 

between the two produced by both morphing and cell exchange.  To analyze the test session 598 

data, standardized peck rates were calculated by dividing the number of pecks to the test stimuli 599 

by each bird‟s mean number of pecks towards the positive stimuli over the 4 test sessions.  600 

Figure 5 (top) shows the standardized mean numbers of pecks during the first 10 s of exposure 601 

period to each type of test stimulus.  The peck rates decreased as the proportion of the training 602 

S+ stimuli in the test stimuli decreased, but the pattern of generalization decrement was 603 

different between the two manipulations.  An ANOVA with two within-subject variables 604 

(manipulation type [morph vs. cell exchange] and S+ proportion [90% -> 10%]) and one 605 

between-subject factor (Dog+ vs. Cat+) confirmed these effects by the presence of significant 606 

main effects of manipulation type (F1,10 = 10.81), and S+ proportion (F1,10 = 62.09), and a 607 

significant interaction between manipulation type and S+ proportion (F8,80 = 11.91).  The main 608 

effect of group (Cat+ and Dog+) was not significant, and nor was any other interaction (Fs < 609 

3.75). 610 
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 611 

Discussion 612 

The results indicated that pigeons‟ response rate to intermediate forms decreased in an 613 

orderly fashion with progressive reductions of S+ proportion within a picture, whether that 614 

reduction was achieved by morphing or by cell exchange.  Recall that, unlike mosaicization and 615 

scrambling, these two manipulations are directly comparable, because both produce 616 

probabilistic mixtures of positive and negative stimuli.  The patterns of generalization gradients 617 

for morphing were similar to those previously reported (e.g., Ghosh et al., 2004; Makino & 618 

Jitsumori, 2001).  However the generalization gradients under the two manipulations were not 619 

identical.  More responses were evoked to the intermediate forms with the cell exchanges than 620 

to morphs, and examination of Figure 5 shows that the origin of this effect was that, when 621 

stimuli contained more S- than S+, pigeons responded more rapidly to cell-exchange stimuli 622 

than they did to morph stimuli.   623 

Considering our stimuli in terms of pixel-based image similarity contributes little to 624 

the understanding of the results of this experiment. In pixel-by-pixel similarity terms, morphing 625 

distorts our stimuli more rapidly than does cell exchange.  From this, one might predict that 626 

morphing would be more disruptive to the discrimination. In fact, the opposite effect was 627 

found.  628 

. 629 

 630 

Experiment 2b: Morph and cell-exchange stimuli in humans 631 

 632 
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Experiment 2b continued the comparison between pigeon and human performance by testing 633 

human participants with the morph and cell-exchange stimuli used with pigeons.  If the effect of 634 

these stimulus manipulations is similar in the two species, a similar pattern to pigeons in 635 

Experiment 2b should be found in this experiment, with cell exchange leading to greater 636 

degradation of discrimination than morphing.   637 

 638 

Method 639 

Subjects. 640 

Twelve students from the University of Exeter were recruited as subjects.  Their 641 

participations were rewarded either by 0.5 credits for their course requirement or the payment 642 

of 2 GBP.  All subjects had normal or corrected-to-normal vision.  All the participants were 643 

naïve to the present categorization task and none had participated in Experiment 1b. 644 

 645 

Apparatus. 646 

Participants were individually tested in a quiet testing room using a PC-compatible 647 

laptop computer (PCG-505V, Sony).  E-prime (Psychology Software Tools, Inc.), running 648 

under the Windows 98 operating system, was used to control experimental events and record 649 

participants‟ responses.  The distance between the subject‟s face and the monitor was 650 

approximately 30 cm. 651 

 652 

Stimuli. 653 

The stimuli were the same as those used in Experiment 2a.  The size of stimuli was 654 
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adjusted to 20.0 degree square, the same visual angle as used for pigeons in Experiment 2a. 655 

 656 

Procedure. 657 

The procedure was the same as that used in Experiment 1b.  Participants were tested in 658 

a single session of three blocks.  Half of the subjects were allocated to press a key in the 659 

presence of cat face images (Cat+), whereas the other half were assigned to press when dog face 660 

images were presented (Dog+).  The session started with a training block.  The order of 661 

stimulus presentation was chosen randomly, and constrained so that each training stimulus was 662 

presented only once in every 16 trials.  The training block continued for at least 16 trials, during 663 

which all the training stimuli were exposed to the participant, and was then scheduled to 664 

continue until either the participant had made 10 consecutive correct responses or 80 responses 665 

in total.  When performance reached criterion, the two test blocks were started after a short 666 

break.   667 

The procedure in the test blocks was the same as the training procedure except that no 668 

feedback was given following the participant‟s responses.  Each test block consisted of 72 test 669 

trials, during which only the test stimuli were shown.  When the participant completed the first 670 

test block, a further short break was given.  The second test block was started following the 671 

participant pressing the space key.  The procedure for the second test block was the same as for 672 

the first test block.  When the participant had completed the other 72 trials, the session was 673 

ended by the message „Thank you for your participation‟. 674 

 675 

Results 676 
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Figure 5 (bottom) shows response probability to morph and cell-exchange stimuli.  677 

The significance of differences in the probability dependent measure was tested by an ANOVA 678 

with two within-subject variables (manipulation type and S+ proportion), and one 679 

between-subject variable (Dog+ vs Cat+).   Response probability decreased as the S+ 680 

proportion within a picture declined (significant main effect of S+ proportion, F8,80 = 214.37).  681 

However, the decrement began at higher S+ proportions in morph pictures than in 682 

cell-exchange pictures (significant interaction between manipulation and S+ proportion, F8,80 = 683 

3.14).  There was also a significant interaction between manipulation type and group (F1,10 = 684 

8.85), although as this effect was not significantly modulated by proportion of S+ (i.e. no 685 

significant S+ proportion x manipulation type x group interaction) it seems to be of little 686 

consequence to the central questions addressed by this study. No other main effect or interaction 687 

was significant (Fs < 2.39).   688 

 689 

Discussion 690 

The overall effects of morphing and cell exchange were similar to those in pigeons.  691 

Response probability decreased progressively as the proportion S+ within a picture fell.  692 

However, significant differences in the pattern of degradation of discrimination were found for 693 

morphing and cell exchange.   694 

Superficially this result is consistent with the pattern found in pigeons in Experiment 695 

2b, but comparison between pigeon and human performance in Figure 5 shows that the two 696 

results are in fact contradictory.  The pigeons‟ high response rates to cell-exchange stimuli 697 

occurred to stimuli with a high proportion of S-, and therefore represents poor discrimination, 698 
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whereas the humans‟ high response probability occurred to stimuli with a high proportion of S+ 699 

and thus represents sustained discrimination.  To put it another way, under cell exchange but not 700 

under morphing, the pigeons generalized their responding even to stimuli that contained a very 701 

low proportion of S+ material.  Humans showed no such tendency. 702 

The human data are what one might expect from pixel-based image similarity – 703 

morphing degrades this similarity more rapidly than cell exchange, and humans response to the 704 

S+ reduces more rapidly for morphing than for cell exchange. As noted earlier, the pigeon data 705 

with these manipulations cannot be predicted in this way. This contrasts with the conclusion 706 

drawn about pixel-based image similarity in Experiment 1, where pigeon, but not human, 707 

generalization performance could be accounted for with this metric.  708 

 709 

General Discussion 710 

In this study, pigeons and humans were tested to investigate the effects of four types of 711 

image manipulations – mosaicization, scrambling, morphing, and cell exchange. In Experiment 712 

1 we degraded positive and negative stimuli by mosaicization (a fairly pure low-pass spatial 713 

frequency filter) or by scrambling (a high-pass spatial frequency filter, but contaminated by 714 

induced broad spectrum noise).  The results of the mosaicization and scrambling manipulations 715 

suggested that, for both humans and pigeons, both high and low spatial frequency information 716 

were sufficient but not necessary to maintain the discrimination.  717 

In Experiment 2 we examined transfer to stimuli intermediate between the S+ and S-, 718 

with the intermediate forms generated either by morphing, or by cell exchange.  Cell exchange 719 

preserves some of the high frequency detail that morphing damages. As others have previously 720 
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reported, morphing led to an orderly loss of discrimination as the proportion of S+ in the 721 

stimulus declined (see also e.g. Makino & Jitsumori, 2001; Ghosh et al., 2004). Relative to the 722 

morphing manipulation, pigeons were more adversely affected than humans by cell exchange, 723 

with pigeons continuing to respond to stimuli that contained a very low proportion of the S+. 724 

This result is consistent with the idea that pigeons‟ generalization performance is relatively 725 

more under the control of high spatial frequency information than is that of humans.   726 

Hence, whilst Experiment 1 suggests that both high and low spatial frequency 727 

information can be sufficient to maintain discrimination in both species, Experiment 2 suggests 728 

that high-spatial frequency information has greater control over responding in pigeons than in 729 

humans. Such a conclusion is consistent with the view that there are quite general species 730 

differences in visual processing.  For example, Cavoto and Cook (2001), argued that pigeon 731 

visual processing of hierarchical stimuli is more dependent on local than global features, 732 

whereas Navon (1977), using similar hierarchical stimuli, argued for configural feature 733 

dominance in humans.   734 

In terms of pixel-based image similarity (as measured by cross-correlation analyses), 735 

our cell exchange manipulation distorted the images more than our morphing manipulation, and 736 

our scrambling manipulation distorted the images more than our mosaicization manipulation. 737 

These differences did not, however, have any consistent relationship to performance in either 738 

species. Other forms of image analysis (in addition to the spatial frequency and pixel-based 739 

similarity analyses we have performed) might have provided further insights in the behavior of 740 

our participants, but this remains an issue for future research. 741 

Inevitably, the procedures for humans and pigeons were not identical, and even if they 742 
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were, there would be no way of knowing that their impacts on the two species were identical.  743 

However, since the purpose of the experiments was to examine the relative rather than the 744 

absolute impacts of different stimulus manipulations, it is not obvious how the residual 745 

procedural differences could have produced the results we observed.  The procedures used here 746 

were similar to those used in successful pigeon/human comparisons, e.g. Spetch, Friedman and 747 

Vuong (2006).  748 

One limitation of the current studies is the likely difference in expertise with the 749 

stimulus sets in humans and pigeons. Gibson, Wasserman, Gosselin and Schyns (2005) showed 750 

that (after training the pigeons for 60 days), pigeons and humans used similar regions of human 751 

face images to discriminate gender (and emotion). Nevertheless, some differences between 752 

humans and pigeons remained, and Gibson et al. (2005) attributed these to humans‟ greater 753 

expertise with faces. In a similar manner, the human participants in our experiments 754 

presumably had more experience of dog and cat faces than the pigeons. This greater expertise 755 

may have increased the humans‟ tolerance to the picture manipulations, and this may in turn 756 

have contributed to the species difference we observed. It may also be the case that the 757 

relatively small number of stimuli we employed made it difficult for the pigeons to gain much 758 

expertise in these categories during the experiment. In future studies, one might use images that 759 

are matched for expertise. 760 

The image manipulation techniques employed in the current paper, with the exception 761 

of cell exchange, have been employed in previous studies of avian visual cognition (although 762 

they have not been compared on the same stimuli). Our pixel-based similarity and spatial 763 

frequency analyses of these manipulations indicate that their effects are quite complex. These 764 
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complexities may prompt future researchers to consider alternative methods of image 765 

manipulation  - such as purer forms of spatial frequency filtering (cf. Schyns & Oliva, 1994), or 766 

reverse-correlation methods (e.g. Gibson et al., 2005; Martin-Malivel, Mangini, Fagot & 767 

Biederman, 2006) 768 

In summary, the present experiments have produced some evidence that a bias towards 769 

elemental processing in pigeons may cause some species differences in the perception of 770 

naturalistic images, as it does for simple geometrical stimuli. However, our results also show 771 

that the impact of different stimulus manipulations involves an interaction of species and 772 

stimulus factors.  Further research is needed to investigate the complex and subtle differences 773 

between the visual cognition of pigeons and humans.  It does seem clear, however, that such 774 

research needs to compare the two species‟ responses using stimuli and procedures that are as 775 

closely matched as possible, as was done in the present experiments.776 
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Figure captions 876 

 877 

Figure 1. Experiments 1a and 1b: Examples of training and test stimuli.  One stimulus of each 878 

manipulation from cats and dogs are shown above.  Stimuli with no manipulation are 879 

shown on the left of each row (training stimuli).  These upper rows for each stimulus show 880 

the effect of successive levels of the mosaic manipulation and the lower rows show the 881 

effect of scrambling.  In the experiments, the stimuli were shown in full color. 882 

Figure 2. Discrimination performance in mosaic and scrambling tests in pigeons (top) and 883 

humans (bottom).  Pigeons‟ relative mean responses were calculated from the mean 884 

number of responses divided by the mean number of responses to the training positive 885 

stimuli during the test sessions for each subject.  In these figures, the greater the difference 886 

of response rates or response probability between S+ and S-, the better the discrimination. 887 

Error bars are the 95% confidence intervals for this repeated measures design. 888 

Figure 3: Informational effects of spatial frequency filtering.  Bars show the range of spatial 889 

frequencies that can be preserved for each manipulation level. Black bars indicate the 890 

most severe degradation that still produces significant discrimination in pigeons. The 891 

derivation of this figure is provided in the Supplementary Materials, 892 

Figure 4.   Experiments 2a and 2b: Examples of training and test stimuli.  The first and last 893 

columns are training stimuli (100 % cats and 100 % dogs, respectively).  First two rows 894 

are the examples of intermediate forms by morphing at every 10 % step (10 % cat - 90 % 895 

dog to 90 % cat -10 % dog).  The other two rows are the examples of the intermediate 896 

forms by cell exchange at every 10 % step. 897 
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Figure 5.  Discrimination performance in morph and cell-exchange tests in pigeons (left) and 898 

humans (right).  Pigeons‟ relative mean responses were calculated from the mean number 899 

of responses divided by the mean number of responses of the training positive stimuli 900 

during the test sessions for each subject. Error bars are the 95% confidence intervals for 901 

this repeated measures design. 902 

903 
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Table 1.  Mean number of responses in 10-s trials to mosaic and scrambling test stimuli in 904 

pigeons.  Mean response rates to training stimuli were those recorded during the 5 test sessions 905 

in Experiment 1a. The 95% confidence intervals for mosaic and scrambling are ±1.8 and ±1.0 906 

respectively. 907 

 908 

  Level of manipulation 

Manipulation Stimulus Valence 

None 

(training) 1 2 3 4 5 

Mosaic S+ 16.3 15.6 14.8 14.9 13.9 13.1 

 S- 5.6 4.8 5.8 9.1 9.1 9.7 

Scrambling S+ 16.3 14.6 14.5 14.8 13.3 13.8 

 S- 5.6 11.6 10.4 10.1 11.4 11.2 

909 
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 910 

Table 2. Mean number of responses in 10-s trials to morphing and cell-exchange test stimuli in 911 

pigeons.  Mean response rates to training stimuli were those recorded during the 4 test sessions 912 

in Experiment 2a. The 95% confidence intervals for this repeated measures design is ±1.3. 913 

 914 

 915 

 Proportion of S+ stimulus 

100 

(Training) 
90 80 70 60 50 40 30 20 10 

0 

(Training) 

Morph 

15.9 

14.7 15.2 14.1 13.3 11.8 8.4 5.0 5.2 4.5 

4.4 Cell 

exchange 
15.6 14.9 14.0 14.0 12.4 12.5 11.9 9.2 5.7 

 916 
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 918 

Figure1 919 

      920 

      921 

 922 

      923 

      924 
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  926 

Figure 2 927 
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Figure 3. 930 
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 Figure 4 932 
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 Figure 5 935 
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