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1 Abstract

2 A process of interaction between objects and scene is widely investigated but much less

3 attention is paid to the interaction between objects in multiple objects stimuli. In

4 psychophysical experiment, we presented one, two, or three visual objects simultaneously

5 for 100 ms and then asked subjects to answer whether objects belong to the same

6 category (Experiments 1 and 2), or whether afterwards presented probe-word signify an

7 object that was presented (Experiments 3 and 4). Interestingly, performance accuracy and

8 reaction time did not depend on the number of objects if they belonged to the same

9 category, but performance deteriorated when more categories were presented. Filtering

10 out high or low spatial frequencies did not affect performance peculiarities of the objects of

11 the same or different categories. The findings support assumption that visual objects of

12 the same category could be identified simultaneously but the different categories are

13 identified successively.

14

15 Introduction

16

17 We are living in an environment where many objects are seen at the same time. When we are in 

18 unfamiliar environment (town or building) and glance at some direction, it seems for us that we 

19 instantly perceive all environment and all objects there. But this is not true. Conscious perception 

20 of objects is successive process, about 3-5 items per second (Koch, 2004; Del Cul et al., 2007; 

21 Sergent et al., 2005; Madl et al., 2011). In a more controlled situation when objects are presented 

22 sequentially at fixation, the speed of object identification could reach 8 items per second (Potter 

23 1976). Furthermore, objects normally are not recognized in isolation.

24 One kind of interaction is influence of scene as a context on recognition of objects in scene. 

25 There are many studies that demonstrate facilitating context effect on object recognition in 

26 scenes (Biederman et al., 1982; Davenport & Potter, 2004; Joubert et al., 2007). Scene 

27 identification influences recognition of objects in the scene, and on the contrary, recognition of 

28 objects influences identification of scene (Joubert et al., 2007, 2008; Mack & Palmeri, 2010). 

29 Another kind of interaction is object-to-object interaction. Our work addresses namely this 

30 kind of interaction. We are interested in interaction between objects in the process of 
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31 categorization of visual objects when several objects are presented simultaneously. To simplify 

32 the situation, we chose brief 100 s presentation conditions, where all objects should be analyzed 

33 without saccadic eye movement. If the objects are small enough and they fit in an area of central 

34 vision, we can expect two scenarios in respect of simultaneous versus successive analysis of 

35 objects: (i) objects are recognized or categorized successively; (ii) objects are recognized or 

36 categorized in parallel; (iii) hybrid scenario, when objects basically are analyzed in parallel, but 

37 some are recognized faster than others and therefore they could influence categorization of other 

38 objects. Simultaneous categorization supposes independent categorization of objects, as opposite 

39 to successive categorization that permit dependent categorization when recognition of the 

40 particular object influences the recognition of other objects.

41 Some studies demonstrate pre-attentive categorization of objects in a scene (Li et al., 2002; 

42 Evans & Treisman, 2005, Poncet et al., 2012; Rousselet et al., 2002) that could suggest the 

43 parallel categorization of several objects. Rousselet at al. (2002) demonstrate that even complex 

44 scenes presented simultaneously can be processed in parallel. Other authors state that the 

45 scenario could depend on the level of categories. Some studies show that categorization of 

46 objects on basic level require more time than categorization on superordinate level (Mace et al., 

47 2009).  Gronau et al. (2008; see also Aucland et al., 2007) demonstrate importance of semantic 

48 and spatial relations between objects in a study where two semantically related or unrelated 

49 objects were presented in congruent or incongruent spatial relation.

50 Back to our research, we can predict following results of categorization of simultaneously 

51 presented visual objects: in case of scenario (i), there should be direct dependence of reaction 

52 time on the number of objects; in case of scenario (ii), there should be different reaction time of 

53 the categorization of particular objects, depending on the categories or similarity of surrounding 

54 objects.

55

56 Experiment 1

57 The goal of the first experiment was to find whether object categorization depends on diversity 

58 of objects in the stimulus, i.e. whether there is difference when objects belong to the same 

59 category or to the different categories.

60
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61 Material and Methods

62 Subjects

63 Forty three volunteer students from Vilnius University (eleven males and 32 females, 20-23 

64 years of age) took part in this experiment. Each subject had normal or corrected-to-normal vision 

65 and had no prior experience with psychophysical testing of similar nature. They were naive to 

66 the goals of the experiment and signed an informed consent approved by Vilnius Region Ethics 

67 Commitee of Biomedical Research (approval No.158200-13-578-173). All subjects took part in 

68 one experimental session.

69

70 Stimuli

71 We used grayscale version of computer-generated images from TarrLab Object Databank 

72 (stimulus images courtesy of Michael J. Tarr, Center for the Neural Basis of Cognition and 

73 Department of Psychology, Carnegie Mellon University, http://www.tarrlab.org/). Eleven 

74 categories of objects were presented (bottle, brush, chair, sofa, desk, table, clock, cup, telephone, 

75 vase, pot), and there were four objects of each category, i.e. altogether 44 objects. 

76 Stimulus consisted of fixation point and two or three objects located around it. Three 

77 objects were evenly distributed in a square area of 8 x 8  around fixation point. When two 

78 objects were presented, they were distributed in such a manner as if a third object would be 

79 present. There were five types of stimuli (Fig.1): 1) “1-2” stimuli (two different objects of one 

80 category); 2) “1-3” stimuli (three different objects of one category); 3) “2-2” stimuli (two objects 

81 of two categories); 4) “2-3” stimuli (three objects of two categories); 5) “3-3” stimuli (three 

82 objects of three categories). Altogether 330 stimuli (66 of each type) were presented in a random 

83 order. As there were 44 different objects, each object occurred approximately in 20 stimuli. 

84 There were 6-8 different 3D orientations for each object.  Different orientations were randomized 

85 among stimuli. White 8 x 8 stimulus area had no borderlines and was presented on white 

86 screen background.

87

88 <insert Fig.1 about here>

89

90 Procedure

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.26666v1 | CC BY 4.0 Open Access | rec: 13 Mar 2018, publ: 13 Mar 2018

http://www.tarrlab.org/


91 Experiment was performed in a room with natural daylight illumination. Stimulus presentation 

92 and data registration were under control of a computer equipped with 19-inch CRT monitor 

93 (1024 x 768 resolution and 85 Hz frame-rate), standard keyboard and a Stimscope (© R. 

94 Zoontjens 1997) experiment generator running under Windows OS. 

95 Subject’s head was not fixed but they were instructed to hold the same distance, about 65 

96 cm, from display during experiment. 

97 Examples of all eleven categories of objects and the names of categories were presented to 

98 subjects for a few minutes before experiment. Then subjects performed practice block of 15 

99 trials. An event sequence within a trial is shown in Fig. 2. Fixation point was presented at the 

100 center of screen for 300 ms and the subjects were asked to keep their eyes focused on fixation 

101 point during the test stimulus presentation. Fixation point was followed by a 100 ms blank 

102 interval and then a test stimulus was displayed for 100 ms. We used backward masking 

103 procedure, i.e. test stimulus was masked by a 8 x 8 square of chaotic pattern (see Fig .2) for 

104 300 ms. Subjects were instructed to press the [V] key on a keyboard if they guessed that all 

105 objects in the stimulus belonged to the same category, or to press the [N] key, if they belonged to 

106 different categories. Subjects had four seconds to make their decision. The response initialized 

107 the next trial with 100 ms delay. The whole experiment session lasted about 40 minutes.

108

109 <insert Fig.2 about here>

110

111 As there were large individual differences, the response accuracy and RT data were 

112 normalized for statistical analysis. Accuracy data were normalized in respect to 88 %, and the 

113 RT data were normalized in respect to 600 ms. These values were close to grand mean for all 

114 subjects. Normalization formula was Tni = Ti + (600 – Tm) for RT data and Pni = Pi + (88 – Pm) 

115 for accuracy data. Tni and Pni were normalized values, Ti and Pi   –  raw values, Tm and Pm   –   

116 means for given subject. 

117

118 Results.

119 Results of Experiment 1 are presented in Figure 3 under the column “Original”. The data are 

120 presented in a diagram of linear type because of easier visual interpretation. Because of 

121 incomplete block design, the two ANOVA were performed: (i) three-way ANOVA for factors of 
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122 sameness (same vs different categories), categories (one, two, or three categories) and gender; 

123 (ii) two-way ANOVA for factors of categories (one, two, or three categories) and objects (two or 

124 three objects). The only significant factor was the categories: F(2,209) = 16.01, p < 0.0001 for 

125 RT and F(2,209) = 7.35, p < 0.001 for response accuracy. According to Duncan post hoc test, RT 

126 did not differ whether objects belonged to one or to two categories (respectively 604 ms 643 ms, 

127 p = 0.262), but the RT was shorter (564 ms, p < 0.0001) when objects of three categories were 

128 presented. Accuracy was significantly different (p < 0.001 in all cases) for all three cases: it was 

129 highest for the three-category stimuli (92.1 %), middle for one-category stimuli (88.9 %) and 

130 lowest for two-category stimuli (85.0 %). 

131

132 <insert Fig.3 about here>

133

134 There was significant interaction between two factors - categories and objects: F(1,210) = 

135 20.36, p < 0.0001 for RT and F(1,210) = 23.51, p < 0.0001 for accuracy. This interaction is 

136 clearly visible in fig. 3. We can make several conclusions on this: 

137 1) For one-category stimuli, there was no difference in RT whether two or three objects 

138 were presented (“1-2” vs “1-3” stimuli, 605 ms vs 606 ms, p = 0.937), but accuracy was slightly 

139 higher for three-objects stimuli (87.5 % vs 90.3 %, p = 0.031). This result supports the 

140 hypotheses of simultaneous categorization of objects of the same category.

141 2) When two objects were presented, there was no difference in accuracy magnitude 

142 whether they were of the same or different categories (“1-2” vs “2-2” stimuli, 87.5 % and 87.9 

143 %, p = 0.755), but RT was slightly faster for the objects of different categories (605 ms vs 584 

144 ms, p = 0.036). This result more agrees with successive categorization mode of objects, but 

145 simultaneous categorization mode cannot be rejected as there is possibility to correctly answer 

146 “Different” without identifying the second object: e.g. first object is identified as “a chair” and 

147 the second one as “not a chair” which is less demanding task than identifying exact category of 

148 second object.

149 3) When three objects were presented, there was no difference in accuracy magnitude 

150 whether they were of the same or different categories (“1-3” vs “3-3” stimuli, 90.3 %, vs 92.1 %, 

151 p = 0.156), but RT was faster for the objects of different categories (606 ms vs 564 ms, p < 
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152 0.0001).  As there was no need to identify all three objects in case of “3-3” stimuli, the result 

153 more agrees with successive categorization mode of objects. 

154 The “2-3” stimuli was special case: because they consisted of objects of the same category 

155 as well as objects of different categories, the task “same-different” was most difficult in this case 

156 and naturally the RT and accuracy were the worst.

157

158 Experiment 2

159 Results of Experiment 1 let us suppose the possibility of simultaneous categorization of visual 

160 objects that belong to the same category. It is possible that simultaneous categorization could be 

161 based primarily on low spatial frequencies. There are many works in scene perception that 

162 demonstrate that scene perception could be based on low spatial frequencies (or by 

163 magnocellular pathway) (Oliva & Schyns, 1997; Delorme et al., 2000, 2010; Oliva & Torralba, 

164 2006; Bar, 2004; Thorpe, 2011). In Experiment 2, we tried to test the role of high and low spatial 

165 frequencies in categorization of multiple objects. 

166 Experiment 2 was the replica of Experiment 1 with high-pass filtered (i.e. low spatial 

167 frequencies are eliminated) and low-pass filtered stimuli instead of original ones.

168

169 Material and Methods

170 Subjects

171 Twenty volunteer students from Vilnius University (ten males and ten females, 20-28 years of 

172 age) took part in one experimental session of this study. Each subject had normal or corrected-to-

173 normal vision and had no prior experience with psychophysical testing of similar nature. They 

174 were naive to the goals of the experiment. 

175

176 Stimuli

177 The same 330 stimuli from experiment 1 were used in this experiment. They were modified by 

178 filtering low or high spatial frequencies. The filters were applied from ImageJ (Image Processing 

179 and Analysis in Java 2013) image editor. High spatial frequencies were filtered (i.e. applied low-

180 pass filter) with Gaussian Blur filter with sigma = 2 (Fig. 4). Lower spatial frequencies were 

181 filtered with Find Edges filter.
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182 Three hundred thirty low-pass stimuli and 330 high-pass stimuli were presented separately 

183 and the presentation order of two blocks was counterbalanced among subjects. 

184 All other conditions of stimuli presentation and procedures were the same as in Experiment 

185 1.

186

187 <insert Fig.4 about here>

188

189 Results

190 Results of Experiment 2 are presented separately for low-pass (or Low SF) and high-pass (or 

191 High SF) stimuli in Figure 3. Significant main effects of ANOVA are presented in Table 1.

192

193 <insert Table.1 about here>

194

195 The number of categories was a significant factor in all four cases. On the contrary, the 

196 factor of the number of objects was significant only for RT of low-pass stimuli.

197 For low-pass stimuli, interaction between category and object factors was significant for 

198 accuracy data (F(1,95) = 10.46 p < 0.01), but was not significant for RT data ((F(1,95) = 1.489 p 

199 = 0.225). We had similar situation for high-pass stimuli: F(1,95) = 8.911 p < 0.01 for accuracy 

200 and F(1,95) = 2.915, p = 0.091 for RT. It is possible that not significant interaction between two 

201 factors was due to high individual variability of RT data.

202 As in Experiment 1, we should stress some important results:

203  1) For one-category stimuli, there was no difference in RT and response accuracy for low-

204 pass stimuli whether two or three objects were presented (“1-2” vs “1-3” stimuli, 582 ms vs 609 

205 ms, p = 0.057 for RT, and 85.1 % vs 88.1 %, p = 0.141 for accuracy), and the same is true for 

206 high-pass stimuli (“1-2” vs “1-3” stimuli, 598 ms vs 608 ms, p = 0.433 for RT, and 84.7 % vs 

207 87.3 %, p = 0.280 for accuracy). Altogether these findings basically correspond to the findings of 

208 Experiment 1 and support hypotheses of simultaneous categorization of objects of the same 

209 category.

210 2) When two objects were presented, there was no difference in RT whether they were of 

211 the same or different categories (“1-2” vs “2-2” stimuli, 582 ms vs 589 ms, p = 0,588 for low-

212 pass stimuli, and 598 ms vs 590, p = 0.545 for high-pass stimuli) but accuracy was higher for the 
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213 objects of different categories (85.1 % vs 89.7 %, p = 0,030 for low-pass stimuli, and 84.7 % vs 

214 90.7 % p = 0,017 for high-pass stimuli). This corresponds to the findings of Experiment 1: “2-2” 

215 stimuli were classified more effectively as “Different” than “1-2” stimuli as “Same”. 

216 3) When three objects were presented, the RT was faster and accuracy was higher for the 

217 objects of different categories (“1-3” vs “3-3” low-pass stimuli: 609 ms vs 580 ms, p = 0.045 for 

218 RT, and 88.1 % vs 93.6 %, p = 0.011 for accuracy; “1-3” vs “3-3” high-pass stimuli: 608 ms vs 

219 571 ms, p < 0.01 for RT, and 87.3 % vs 94.1 %, p < 0.01 for accuracy). And again, this 

220 corresponds to the findings of Experiment 1: “3-3” stimuli were classified more effectively as 

221 “Different” than “1-3” stimuli as “Same”.

222 In summary, the results of Experiment 2 repeated the results of Experiment 1 and 

223 essentially there was no difference between performance on low-pass and high-pass stimuli.

224

225 Experiment 3

226 Findings of the first two experiments could suggest simultaneous identification of objects of the 

227 same category but the task for subjects, same-different task, did not required identification of all 

228 objects under all five conditions. In case of three objects of two or three categories, it was 

229 possible to answer “Different” after identification of only two objects if they were from different 

230 categories. To further investigate categorization of multiple objects we chose simple 

231 identification task: stimulus with multiple objects is followed by a probe-word and subject 

232 should answer whether a probed object was present in the stimulus. As the subject did not know 

233 what category word would be presented, he should identify all objects in the stimulus.

234

235 Material and Methods

236 Subjects

237 Six volunteer students from Vilnius University (three males and three females, 20-22 years of 

238 age) took part in one experimental session of this study. Each subject had normal or corrected-to-

239 normal vision and had no prior experience with psychophysical testing of similar nature. They 

240 were naive to the goals of the experiment. 

241

242 Stimuli
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243 Stimuli were created from the same set of objects as in Experiment 1. There were six types of 

244 stimuli: 1) “1-1” stimuli (one object); 2) “1-2i” stimuli (two identical objects of one category); 3) 

245 “1-2d” stimuli (two different objects of one category); 4) “2-2” stimuli (two objects of two 

246 categories); 5) “2-3” stimuli (two different objects of one category and third object of other 

247 category); 6) “3-3” stimuli (three object of three categories). An object in “1-1” stimulus was 

248 located not in the center of 8 x 8 stimulus area but near fixation point at random location. One 

249 hundred thirty two stimuli (22 of each type) were repeated four times, thus 528 stimuli were 

250 presented in random order in one experimental session.

251

252 Procedure

253 Experiment was controlled by E-Prime v.2.0 (© Psychology Software Tools Inc.) experiment 

254 generator running under Windows OS. Practice block consisted of 24 trials, i.e. four trials of 

255 each stimulus type. An event sequence within a trial was similar to the procedure in Experiment 

256 1 (Fig. 2), and only difference was a probe-word which was presented after masking pattern. The 

257 probe-word was a name of a category written in lowercase Ariel font, 2 height. Subjects had to 

258 decide whether an object defined by a probe-word was presented or not on a given trial by 

259 pressing the [1] or [2] key on the right side of a keyboard. One half of subjects received the 

260 instruction to press the [1] for “Yes” answer and [2] for “No” answer, whereas another half 

261 received inverse instruction. Other conditions of the experiment were the same as in Experiment 

262 1.

263

264 Results.

265 Results of Experiment 3 are presented in Figure 5 on the left side. There was no statistical 

266 difference between performance results for the “1-2i” and “1-2d” stimuli and we merged these 

267 results into one group “1-2” for further analysis. It was not possible to conduct one ANOVA for 

268 all factors because of incomplete design of experiment, therefore we conducted separate 

269 ANOVA’s for the factors of presence (object presented or not presented), number of objects 

270 (one, two or three), and number of categories (one, two or three). There was significant main 

271 effect of the factor of presence for RT data ((F(1,10) = 14.14, p < 0.01) indicating the faster 

272 response when probed object was presented (645 ms vs 755 ms). Main effect of objects (F(2,33) 

273 = 28.63, p < 0.0001 for RT and F(2,33) = 15.49, p < 0.0001 for accuracy) indicate that the higher 
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274 the number of objects, the slower RT and the lover accuracy was (601 ms vs 654 ms vs 817 ms 

275 and 94.4 % vs 92.6 % vs 83.9 %, respectively for the stimuli of one, two, and three objects). 

276 Main effect of categories (F(2,33) = 190.6, p < 0.0001 for RT and F(2,33) = 48.44, p < 0.0001 

277 for accuracy) indicate that the higher the number of categories, the slower RT and the lover 

278 accuracy was (598 ms vs 785 ms vs 834 ms and 94.9 % vs 87.5 % vs 80.4 %, respectively for the 

279 stimuli of one, two, and three categories). 

280

281 <insert Fig.5 about here>

282

283 It is obvious that the dependence of performance effectiveness is stronger and is more 

284 clearly expressed on the number of categories than on the number of objects (see Fig 5). The 

285 statement “the more categories, the poorer performance” is correct irrespectively of the number 

286 of objects, except one case - insignificant difference between RT on “2-3” and “3-3” stimuli. On 

287 the contrary, the statement “the more objects, the poorer performance” basically is not correct, 

288 because it depends on the number of categories, i.e. we have interaction between the factor of 

289 categories and the factor of objects. This interaction could be demonstrated by the following 

290 results:

291 1) For one-category stimuli, there was no difference in RT and accuracy whether one or 

292 two objects were presented (“1-1” vs “1-2” stimuli, 601 ms vs 587 ms, and 94.4 % vs 95.2 %).

293 2) For two-category stimuli, there was no difference in RT and accuracy whether two or 

294 three objects were presented (“2-2” vs “2-3” stimuli, 770 ms vs 800 ms, and 87.6 % vs 87.4 %).

295 3) For two-object stimuli, RT was faster and accuracy higher when the objects belonged to 

296 the same category (“1-2” vs “2-2” stimuli, p < 0.0001 for RT and p < 0.001 for accuracy on 

297 Duncan post hoc test).

298 4) For three-object stimuli, there was no statistical difference in RT (“2-3” vs “3-3” stimuli, 

299 801 ms vs 804 ms), but accuracy was lower for three-category stimuli (87.4 % vs. 80.4 %, p < 

300 0.001). 

301 Taken together these findings support the hypotheses of simultaneous categorization of 

302 objects of the same category.

303

304
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305 Experiment 4

306

307 Experiment 4 was replica of Experiment 3 with high-pass filtered and low-pass filtered stimuli 

308 instead of original ones. Filtering high and low spatial frequencies did not affect same-different 

309 task performance in Experiment 2 but the task in Experiment 3 was different therefore the role of 

310 high and low spatial frequencies in task performance could differ. 

311 The low-pass stimuli (132 stimuli repeated twice) and high-pass stimuli were presented 

312 separately and presentation order of two blocks was counterbalanced between subjects. Thirty-

313 one subjects (25 males and six females, 20-23 years of age) took part in one experimental 

314 session. All other conditions of stimuli presentation and procedures were the same as in 

315 Experiment 3.

316 Results of Experiment 4 are presented in Figure 3. There were significant effects of: the 

317 number of objects (low-pass stimuli: F(2,183) = 24.67, p < 0.0001 for RT and F(2,183) = 18.26, 

318 p < 0.0001 for accuracy; high-pass stimuli: F(2,183) = 24.33, p < 0.0001 for RT and F(2,183) = 

319 15.61, p < 0.0001 for accuracy); the number of categories (low-pass stimuli: F(2,183) = 189.7, p 

320 < 0.0001 for RT and F(2,183) = 338.1, p < 0.0001 for accuracy; high-pass stimuli: F(2,183) = 

321 224.3, p < 0.0001 for RT and F(2,183) = 339.2, p < 0.0001 for accuracy). Interaction of these 

322 two factors was not significant.   We emphasized four findings in Experiment 3 that characterize 

323 how multiple objects categorization depends on the number of categories and the number of 

324 objects. As these four findings were repeated in Experiment 4 (see Fig.5), there is no need to 

325 describe them again. There was only one small difference which even strengthens the findings of 

326 all experiment: “2-3” stimuli were processed faster than “3-3” stimuli. No differences were 

327 observed between performance on low-pass and high-pass stimuli (spatial frequency factor: 

328 F(1,370) = 0.89, p = 0.346 for RT and F(2,183) = 1.83, p = 0.177 for accuracy).

329

330 General discussion

331

332 The first question we address in our study, is whether processing of several objects presented 

333 simultaneously is running independently or identification of particular object depends on 
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334 identification of other objects. Another aspect of this question is – whether multiple isolated 

335 objects are categorized successively or in parallel.

336 In studies of scene perception, we can see plenty of evidence that two processes, the scene 

337 recognition (gist) and objects recognition in the scene, are running interdependently. In our 

338 study, we had only isolated objects without scene context. Results of all four experiments (each 

339 with four different group of subjects) primarily support an idea of parallel processing of separate 

340 objects presented simultaneously, but this concerns only objects of the same category. This 

341 statement is based on the following findings: 1) there was no difference between task 

342 performance effectiveness of one and two objects if they belong to the same category 

343 (Experiments 3 and 4); 2) there was no difference between task performance effectiveness of two 

344 and three objects if they belong to the same category (Experiments 1 and 2); 3) there was no 

345 difference between task performance effectiveness of two and three objects if they belong to two 

346 categories (Experiments 3 and 4). It looks like this: when we recognize one chair, all other chairs 

347 in the visual field are recognized instantly. Moreover, it does not depend on physical similarity 

348 of objects (objects of the same category differ by global shape, texture, local features, 

349 orientation). In Experiment 2 and 4 there were two types of two-objects-one-category stimuli: 

350 two identical objects (“1-2i” stimuli) and two different objects of the same category (“1-2d” 

351 stimuli). We did not find any difference in performance for these two types of stimuli.

352 On the other hand, results of our experiments support a statement of successive 

353 categorization process of simultaneously presented isolated objects if they belong to different 

354 categories. Response time and accuracy directly depended on the number of categories in 

355 Experiment 3 and 4: the more categories were presented, the lower performance accuracy and 

356 the longer response time was. Basically such results correspond to the scenario (iii) that was 

357 mentioned in Introduction, i.e. hybrid scenario.

358 Our results raise a question - what makes difference between within-category features and 

359 between-category features. We tested the hypothesis that parallel recognition of objects of the 

360 same category could be based on low spatial frequencies and we did not find any essential 

361 differences in task performance for low-pass (blurred) stimuli and high-pass (contour) stimuli. 

362 This could suggest that both low and high spatial frequencies are involved in categorization of 

363 visual objects. On the other hand, we cannot deny a possibility that applied filters of spatial 

364 frequencies in our experiments were not powerful enough. In Collin and McMullen (2005) study 
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365 low-pass filtering impaired categorization on subordinate level but had little effect on basic level 

366 category verification. It should be noted that our finding primarily concerns categories of basic 

367 level and our experiments were not designed to investigate categorization modes (parallel vs 

368 successive) of superordinate or subordinate levels.

369 Could we conclude that the visual objects of the same category are identified 

370 simultaneously in multiple object situation? Our findings (firstly three ones mentioned above) 

371 just support such a statement but do not prove it, because there could be alternative 

372 interpretations. One of them relates to the number of choices under different conditions of 

373 experiment. If there are two objects of different categories and subject identify both categories, 

374 he needs to remember two categories and after probe-word presentation he should search probed 

375 category between two memory items. If there are three objects of different categories and subject 

376 identify all categories, he should search probed category between three memory items. The 

377 bigger memory set size, the longer response time is. This effect was demonstrated in numerous 

378 studies in different situations. Such effect could take place in Experiments 3 and 4, but not in 

379 Experiments 1 and 2, because the short-term memory was unnecessary in the task of these 

380 experiments.  

381 We can hypothesize about existence of a special mechanism of visual system which 

382 enables to recognize objects of “active“ category in parallel mode. Let us imagine situation when 

383 we see an audience of 100 people. You can get two tasks in this situation: (i) to find your 

384 colleague N., i.e. particular person; (ii) to find your colleague, i.e. there is one of your twenty 

385 colleagues of the work, but you do not know who. It is obvious that the first task is much easier 

386 and you will do it more quickly. In this case active category is a representation of particular 

387 person. The same is with well-known priming effect when top-down processes activate detection 

388 or identification of particular features of primed (i.e. activated) object. In experiments presented 

389 in this study, active category could be the category that is identified firstly between multiple 

390 objects. Identified category could enable simultaneous identification of all other objects of this 

391 category. Later we identify another category and this new category become active category. Our 

392 presented investigation does not allow to strictly validate neither existence of such mechanism 

393 nor directly matching of our findings with priming effect in other investigations.

394

395 Conclusions
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396 In psychophysical experiments we investigated identification of visual objects presented 

397 simultaneously. All results of experiments were analyzed seeking to distinguish two visual 

398 processing modes –  simultaneous versus successive identification of objects. Findings of the 

399 same-different task were contradictory. Some of them supported simultaneous identification 

400 mode, others supported successive identification mode. Results of the second task, where 

401 subjects had to detect probed category in stimulus with multiple objects, were more consistent 

402 with simultaneous identification of objects if they belonged to the same category. In case the 

403 objects belonged to different categories, they were identified successively.  
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Figure 1

Examples of stimuli used in Experiment 1 and Experiment 2.

Top row (“Original”) represents Experiment 1, middle and bottom rows – Experiment 2 (Low

SF – low-pass stimuli, High SF – high-pass stimuli). Columns represent five types of stimuli: 1-

2 – one category, two objects; 2-2 – two categories, two objects; 1-3 – one category, three

objects; 2-3 – two categories, three objects; 3-3 – three categories, three objects.
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Figure 2

Stimuli presentation sequences within a trial in Experiments 1 and Experiment 3.
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Figure 3

Dependence of reaction time and accuracy of task performance on the number of

categories, the number of objects, and the spatial frequencies of stimuli.

Left column (“Original”) represents Experiment 1, middle and right columns – Experiment 2

(Low SF – low-pass stimuli, High SF – high-pass stimuli) . Data represent mean values with

95% confidence intervals.
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Figure 4

Characteristics of high-pass (solid line) and low-pass (dashed line) filters used for

stimulus modification in Experiment 2 and Experiment 4.
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Figure 5

Dependence of reaction time and response accuracy on stimulus type and spatial

frequencies of stimuli in Experiment 3 and Experiment 4.

Left column (“Original”) represents Experiment 3, middle and right columns – Experiment 4

(Low SF – low-pass stimuli, High SF – high-pass stimuli). Data represent mean values with

95% confidence intervals.
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Table 1(on next page)

Significant main effects of Category (number of categories), Objects (number of

objects), and their interaction for low-pass and high-pass stimuli on RT and accuracy

data.
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1

Reaction time Accuracy

low-pass stimuli high-pass stimuli low-pass stimuli high-pass stimuli

Factor

F p F p F p F p

Category F(2,94) = 

4,07

   0.020 F(2,94) = 

5.70

  < 0.01 F(2,94) = 

9,88

 < 0.001 F(2,94) = 

8.16

 < 0.01

Objects F(1,92) = 

5,76

  0,018

Category x 

Objects

F(1,95) = 

10.46

 < 0.01 F(1,95) = 

8.91

 < 0.01

2

3
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