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SUPPLEMENTARY MATERIAL 

Mruczek, R.E.B. and Sheinberg, D.L. Context familiarity enhances target processing by 

inferior temporal cortex neurons. 

 

Independent analysis of each monkey’s data 

We verified that each of our monkeys demonstrated the main behavioral and 

neurophysiological effects of distractor familiarity when considered individually. The 

results are shown in Supplementary Figure 1. All of the following analyses were 

performed exactly as those presented in the main text and yielded comparable results (see 

Figures 3, 4 and 7 in the main text). 

Monkey S (11 datasets) had shorter response times (695 vs. 796 ms, t(10) = -3.78, p = 

0.004, paired t-test) and made fewer fixations  (3.7 vs. 4.1, t(10) = -3.20, p = 0.009, paired 

t-test) when searching for the same targets embedded among familiar compared with 

unfamiliar distractors (Supplementary Figure 1A). Performance (7% vs. 6% errors, t(10) = 

0.29, p = 0.78, paired t-test) did not differ across distractor type. Fixation durations were 

significantly shorter when searching among familiar distractors (148 vs. 154 ms, t(10) = -

2.86, p = 0.02, paired t-test), but this difference was very small (mean of 6 ms) and 

opposite that observed for Monkey M (see below). 

For the active exploration analysis (Supplementary Figure 1C), a two-way repeated 

measures analysis of variance (ANOVA; distractor class × distance from fixation to 

target) on the normalized population response for Monkey S revealed an expected main 

effect of distance from fixation to target (F(6,60) = 32.37, p < 0.0001). Additionally, there 

was an overall trend of stronger responses to the effective target in familiar compared to 

unfamiliar contexts (F(1,10) = 6.91, p = 0.025) and this difference was largest when the 

monkey’s fixation was relatively close to the target (F(6,60) = 3.51, p = 0.005). Overall, 

there was a 31% decrease in target-related activity during unfamiliar distractor searches. 

Finally, there was no significant difference in neural modulation across distractor 

condition when the search target was one of the ineffective stimuli (F(1,10) = 0.54, p = 

0.48). 

For the array onset analysis (Supplementary Figure 1E), a two-way repeated measures 

ANOVA (distractor class × target eccentricity) on the normalized population response for 
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Monkey S revealed that neural responses to the effective target decreased with increasing 

target eccentricity (F(4,40) = 9.08, p = 0.00003) and were significantly stronger when the 

surrounding distractors were familiar compared to unfamiliar (F(1,10) = 6.85, p = 0.026). 

Overall, there was a 31% decrease in target-related activity during unfamiliar distractor 

searches. There was also a significant interaction between distractor class and target 

eccentricity (F(4,40) = 3.07, p = 0.027) indicating that the largest differences in firing rate 

across distractor type occurred for mid-range target eccentricities. There was no 

significant difference in neural modulation across distractor conditions when the search 

target was an ineffective stimulus (F(1,10) = 1.21, p = 0.30). 

Monkey M (19 datasets) had shorter response times (555 vs. 641 ms, t(18) = -5.18, p = 

0.00006, paired t-test) and made fewer fixations  (3.1 vs. 3.6, t(18) = -5.92, p = 0.00001, 

paired t-test) when searching for the same targets embedded among familiar compared 

with unfamiliar distractors (Supplementary Figure 1B). Performance (0.5% vs. 0.8% 

errors, t(18) = -1.34, p = 0.20, paired t-test) did not differ across distractor type. Fixation 

durations were significantly longer when searching among familiar distractors (150 vs. 

146 ms, t(18) = 3.49, p = 0.003, paired t-test), but this difference was very small (mean of 

4 ms) and opposite that observed for Monkey S (see above). 

For the active exploration analysis (Supplementary Figure 1D), a two-way repeated 

measures ANOVA (distractor class × distance from fixation to target) on the normalized 

population response for Monkey M revealed an expected main effect of distance from 

fixation to target (F(6,108) = 50.26, p < 0.0001). Additionally, there was an overall trend of 

stronger responses to the effective target in familiar compared to unfamiliar contexts 

(F(1,18) = 8.31,  p = 0.01). The interaction between distractor class and distance from 

fixation to target was marginally significant (F(6,108) = 2.17, p = 0.052). Overall, there was 

a 21% decrease in target-related activity during unfamiliar distractor searches. Finally, 

there was no significant difference in neural modulation across distractor condition when 

the search target was one of the ineffective stimuli (F(1,18) = 0.48, p = 0.50). 

For the array onset analysis (Supplementary Figure 1F), a two-way repeated measures 

ANOVA (distractor class × target eccentricity) on the normalized population response for 

Monkey M revealed that neural responses to the effective target decreased with 

increasing target eccentricity (F(4,72) = 61.22, p < 0.00001) and were significantly stronger 
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when the surrounding distractors were familiar compared to unfamiliar (F(1,18) = 6.59, p = 

0.020). Overall, there was a 26% decrease in target-related activity during unfamiliar 

distractor searches. There was also a significant interaction between distractor class and 

target eccentricity (F(4,72) = 2.52, p = 0.048) indicating that the largest differences in firing 

rate across distractor type occurred for mid-range target eccentricities. There was no 

significant difference in neural modulation across distractor conditions when the search 

target was an ineffective stimulus (F(1,18) = 0.005, p = 0.94). 

 

Comparison with an isolated target condition: array onset 

In the present study monkeys always searched for targets through 30 distractors. This 

allowed us to carefully control the level of distractor familiarity and measure its effect on 

visual search efficiency and on the response of inferior temporal cortex (IT) neurons. We 

found enhanced target sensitivity for IT neurons in the context of familiar distractors; 

target-selective responses fell off more quickly with increasing eccentricity when targets 

were embedded among unfamiliar, compared to familiar, distractors (see Figs. 4 and 7 in 

the main text). Although not central to the main conclusions of the paper, it is useful to 

compare our results with neural responses to isolated targets in order to better judge the 

effects of clutter (30 distractors) on IT response profiles. Whereas some recordings from 

IT neurons have revealed very large receptive fields for isolated objects (Gross et al., 

1972; Op De Beeck and Vogels, 2000), other studies have shown decreased responses 

when multiple objects are presented (Miller et al., 1993; Rolls and Tovee, 1995; Missal et 

al., 1999; Zoccolan et al., 2005) and when objects are embedded in natural scenes (Rolls 

et al., 2003). Presumably, both of our distractor conditions (familiar and unfamiliar) 

significantly affected target-selective responses. 

The present experiment did not include an isolated target condition for three main 

reasons. First, we wanted to maximize the number of distractor search trials for each 

neuron, which was particularly important given the large number of presearch trials 

necessary to assess the stimulus-selectivity of each neuron. Second, based on earlier 

observations (presented in detail below), this condition was not expected to be interesting 

over the range of target eccentricities tested, which were chosen to maximize the effects 

of distractor familiarity. Third, we did not want the “surprise” of distractors to influence 
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the monkey’s behavior (if interleaved with isolated target trials). Thus, to compare our 

results with an isolated-target condition we analyzed a different set of IT neurons 

recorded during a similar visual search task. This second neuron population (50 neurons, 

14 from Monkey S† and 36 from Monkey Q) came from a dataset reported by Sheinberg 

and Logothetis (2001), although the results presented here were not reported in that 

paper.  

During the recording of the Sheinberg and Logothetis (2001) neuron population, 

monkeys performed a visual search using isolated targets on a uniform gray background. 

Targets were presented at a random position on the screen and monkeys were allowed to 

freely saccade to the target and press a button previously associated with that target. 

Detailed methods regarding the task and neural recordings can be found in Sheinberg and 

Logothetis (2001). One difference that should be noted is that they presented targets at 

60% contrast, blended with the gray background. However, this would likely decrease the 

response of the target-selective IT neuron population, and thus, decrease any observed 

differences with our measured responses using full-contrast stimuli. 

We calculated the response of the Sheinberg and Logothetis (2001) IT neuron 

population to the onset of the target as a function of target eccentricity (binned by 2° 

increments) and compared this response profile with our own IT neuron population 

during the array onset epoch. We limited the comparison to this epoch because their 

monkeys consistently located isolated targets with a single saccade making a comparison 

during the active exploration epoch impossible. For each neuron, the response to effective 

and ineffective target presentations was quantified in the same 155 ms time window, 

aligned to the neural onset latency, used in the current study (see Figure 7 in the main 

text). 

Supplementary Figure 2 shows the comparison of the neural response during array 

onset for our dataset and the Sheinberg and Logothetis (2001) dataset. Finally, to better 

compare the 0° target condition, we rescaled our array onset data such that a normalized 

neural response of 1.0 represents the peak firing rate during passive viewing of the 

effective target. During this task (see Materials and Methods in the main text for details), 

                                                
† Note that Monkey S from the current study and Monkey S from the Sheinberg and Logothetis (2001) 
study is not the same animal. We use these labels to maintain consistency with previous reports (Mruczek 
and Sheinberg, 2007; Sheinberg and Logothetis, 2001). 
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the monkeys viewed isolated, central target images.  In contrast to our current neuron 

population, the Sheinberg and Logothetis (2001) IT neuron population responded well to 

isolated targets over a large range of eccentricities. Although the present study included 

trials with a maximum target eccentricity of 8º, it is clear that the response of our IT 

neuron population fell off much more rapidly with increasing target eccentricity. 

Furthermore, the response of our IT neuron population was significantly reduced even for 

targets that appeared at 0° when surrounded by both familiar and unfamiliar distractors. 

Thus, even for familiar contexts, the effect of clutter from the 30 distractors was highly 

significant. 

 



 6 

SUPPLEMENTARY REFERENCE 

Gross CG, Rocha-Miranda CE, Bender DB (1972) Visual properties of neurons in 

inferotemporal cortex of the Macaque. J Neurophysiol 35:96-111. 

Miller EK, Gochin PM, Gross CG (1993) Suppression of visual responses of neurons in 

inferior temporal cortex of the awake macaque by addition of a second stimulus. 

Brain Res 616:25-29. 

Missal M, Vogels R, Li CY, Orban GA (1999) Shape interactions in macaque inferior 

temporal neurons. J Neurophysiol 82:131-142. 

Mruczek REB, Sheinberg DL (2007) Activity of inferior temporal cortical neurons 

predicts recognition choice behavior and recognition time during visual search. 

Journal of Neuroscience 27:2825-2836. 

Op De Beeck H, Vogels R (2000) Spatial sensitivity of macaque inferior temporal 

neurons. J Comp Neurol 426:505-518. 

Rolls ET, Tovee MJ (1995) The responses of single neurons in the temporal visual 

cortical areas of the macaque when more than one stimulus is present in the 

receptive field. Exp Brain Res 103:409-420. 

Rolls ET, Aggelopoulos NC, Zheng F (2003) The receptive fields of inferior temporal 

cortex neurons in natural scenes. J Neurosci 23:339-348. 

Sheinberg DL, Logothetis NK (2001) Noticing familiar objects in real world scenes: the 

role of temporal cortical neurons in natural vision. J Neurosci 21:1340-1350. 

Zoccolan D, Cox DD, DiCarlo JJ (2005) Multiple object response normalization in 

monkey inferotemporal cortex. J Neurosci 25:8150-8164. 

 



 7 

SUPPLEMENTARY FIGURE CAPTIONS 

 

Supplementary Figure 1 

Behavioral and neurophysiological results from the visual search task for Monkey S (A, 

C, E) and Monkey M (B, D, F) individually. The analysis of each monkey’s data yielded 

similar results to the combined analysis. (A, B) Response times were shorter and both 

monkeys made few fixations when searching for targets among familiar compared with 

unfamiliar distractors (p < 0.005 in all cases). Center line denotes mean, box denotes 25th 

to 75th percentile and line denotes 10th to 90th percentile. (C, D) Normalized population 

response (± standard error) during active exploration of the search array. During search 

for the effective target, the neural response magnitude was generally higher when the 

distractors were familiar compared with unfamiliar (p < 0.03 in both cases). There was no 

significant difference across distractor type when the target of the search was an 

ineffective target (p > 0.48 in both cases). (E, F) Normalized population response (± 

standard error) evoked by the search array onset. During search for the effective target, 

the neural response magnitude was generally higher when the distractors were familiar 

compared with unfamiliar (p < 0.03 in both cases). There was no significant difference 

across distractor type when the target of the search was an ineffective target (p > 0.30 in 

both cases). 

 

 

Supplementary Figure 2 

Comparison of array onset activity with isolated target trials from a previous study. For 

the left panel, green and purple lines denote the activity of the IT neuron population (N = 

30) reported in the present study and are rescaled version of Figure 7 in the main text. 

This data has been rescaled such that the normalized response of 1.0 was defined as the 

peak firing rate during passive viewing of the effective target at 0° and in isolation. The 

activity of these target-selective neurons was collected in the presence of 30 distractor 

objects. Responses to the effective target decreased rapidly with increasing target 

eccentricity (for details, see Figure 7 in the main text). In the right panel, gray lines 
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denote the activity of an IT neuron population (N = 50) initially reported by Sheinberg 

and Logothetis  (2001). For these neurons, targets were presented in isolation. Responses 

to the effective target remained robust, even for highly eccentric targets. Thus, for both 

familiar and unfamiliar context, the effect of clutter from the 30 distractors was highly 

significant. For both datasets, neural responses were calculated in a 155 ms time window 

aligned to the onset latency of each neuron. Error bars denote standard error. 


