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Abstract 18 

Repetition suppression, which refers to reduced neural activity for repeated stimuli, is typically explained 19 

by bottom-up or local adaptation mechanisms. However, recent theories have emphasized the role of 20 

top-down processes, suggesting that this response reduction reflects the fulfillment of perceptual 21 

expectations. To support this, an influential human functional magnetic resonance imaging (fMRI) study 22 

showed that the magnitude of suppression is modulated by the probability of a repetition. No such 23 

repetition probability effect was found in macaque inferior temporal (IT) cortex for spiking activity, 24 

despite the presence of repetition suppression. Contrary to the human fMRI studies that showed an 25 

effect of repetition probability, the macaque single unit study employed a large variety of unfamiliar 26 

stimuli and the monkeys were not required to attend the stimuli. Here, as in the human fMRI studies, we 27 

employed faces as stimuli and made the monkeys attend to the stimulus content. We simultaneously 28 

recorded spiking activity and local field potentials (LFPs) in the middle lateral face patch (ML) of one 29 

monkey (male), and a face-responsive region of another (female). While we observed significant 30 

repetition suppression of spiking activity and high gamma band LFPs in both animals, there were no 31 

effects of repetition probability, even when repetitions were task-relevant and repetition probability 32 

affected behavioral decisions. In conclusion, despite the use of face stimuli and a stimulus-related task, 33 

no neural signature of repetition probability was present for faces in a face responsive patch of macaque 34 

IT. This further challenges a general perceptual expectation account of repetition suppression. 35 

Significance statement 36 

Repetition suppression is a reduced brain activity for repeated stimuli commonly observed across 37 

species. In the predictive coding framework, such suppression is thought to reflect fulfilled perceptual 38 

expectations. While this hypothesis is supported by several human fMRI studies reporting an effect of 39 

repetition probability on repetition suppression, this could not be replicated in single-cell recordings in 40 
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monkey IT. Subsequent studies narrowed down the conditions for the effect to (a) requiring attention, 41 

and (b) being limited to particular stimulus categories such as faces. Here, we show that even under 42 

these conditions, repetition suppression in monkey IT neurons is still unaffected by repetition 43 

probability, even in a task with a behavioral effect, challenging the perceptual expectation account of 44 

repetition suppression. 45 

Introduction 46 

Sensory processing in the brain does not only depend on the current input from the senses, but is also 47 

affected by previous sensory experience. A well-known example is the reduced neural activity when 48 

stimuli are repeated, called repetition suppression (Desimone, 1996). Repetition suppression is abundant 49 

in inferior temporal (IT) cortex. Indeed, several studies showed that the responses of macaque single IT 50 

neurons typically decrease with stimulus repetition (Miller et al., 1991; Vogels et al., 1995; Sawamura et 51 

al., 2006; McMahon and Olson, 2007; Liu et al., 2008; De Baene and Vogels, 2010; Kaliukhovich and 52 

Vogels, 2011, 2012, 2014; Kuravi and Vogels, 2017). The repetition suppression seen in single unit 53 

responses and local field potential (LFP) gamma power likely underlies the repetition suppression 54 

observed in fMRI activations in the ventral stream of monkeys (Sawamura et al., 2005) and humans 55 

(Grill-Spector and Malach, 2001; Grill-Spector et al., 2006; Malach, 2012; Barron et al., 2016).  56 

Bottom-up or local adaptation mechanisms (Whitmire and Stanley, 2016) have been proposed to 57 

underlie repetition suppression in the ventral visual stream (Vogels, 2016). However, it has also been 58 

suggested that repetition suppression results from a reduction of responses that encode a prediction 59 

error, through a mechanism involving top-down influences of perceptual expectation (Friston, 2005; 60 

Summerfield et al., 2008). In support of this expectation-based hypothesis, multiple fMRI studies in 61 

humans reported stronger repetition suppression in blocks of trials were a repetition is more frequent, 62 

compared to those where a repetition is infrequent and presumably unexpected (Summerfield et al., 63 
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2008; Kovács et al., 2012, 2013; Larsson and Smith, 2012; Andics et al., 2013; Grotheer and Kovács, 2014; 64 

Grotheer et al., 2014; Mayrhauser et al., 2014; Ewbank et al., 2016). These repetition probability effects 65 

were originally reported using faces in the fusiform face area (FFA; Summerfield et al., 2008) and later in 66 

other face selective regions such as the Occipital Face Area (OFA; Kovács et al., 2012; Larsson and Smith, 67 

2012; Grotheer et al., 2014; Ewbank et al., 2016) and non-face selective regions such as the Lateral 68 

Occipital Complex (Kovács et al., 2012; Larsson and Smith, 2012; Grotheer and Kovács, 2014; Grotheer et 69 

al., 2014). 70 

In contrast to these human fMRI studies, a single-cell study (Kaliukhovich and Vogels, 2011) found no 71 

evidence for an effect of repetition probability on repetition suppression in macaque IT. Subsequent 72 

human fMRI studies narrowed down the conditions under which the repetition probability effect on 73 

repetition suppression was typically observed. First, the repetition probability effect is absent when 74 

attention is not directed to the stimuli (Larsson and Smith, 2012). Second, repetition probability effects 75 

appear to be specific for particular stimulus categories such as faces (Kovács et al., 2013) or letters 76 

(Grotheer and Kovács, 2014), not being present in the same subjects for objects (Grotheer and Kovács, 77 

2014; but see Mayrhauser et al., 2014) and false fonts (Grotheer and Kovács, 2014). Both constraints 78 

could potentially explain the absence of an effect of repetition probability in the single unit study of 79 

Kaliukhovich and Vogels (2011): (a) the monkeys were passively fixating and perhaps paying little to no 80 

attention towards the stimulus content; (b) unfamiliar fractal patterns or object images were used 81 

instead of faces. 82 

In order to reveal a neural correlate in monkey IT of the human fMRI findings on repetition probability, 83 

we employed faces as stimuli while manipulating the probability of trials in which faces were repeated. 84 

During the experiments, we recorded spiking activity and LFPs in the macaque middle lateral face patch 85 

(ML), which might be the homologue of FFA (see Yovel and Freiwald (2013) for discussion). In a first 86 
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experiment the monkeys performed a task that required attention to the stimulus content. Thus, we 87 

mimicked the task and stimulus category of the human fMRI studies that observed a repetition 88 

probability effect. In a second experiment, we went a step further by making face repetitions task-89 

relevant. 90 

Materials and Methods 91 

Subjects 92 

Experiments were conducted with two rhesus monkeys (Macaca mulatta; 1 male G and 1 female D). 93 

Aseptic surgeries under deep isoflurane gas anesthesia were performed to implant a magnetic resonance 94 

imaging (MRI) compatible head post and recording chamber, using procedures similar to those reported 95 

previously (Kaliukhovich and Vogels, 2011). The location of the recording chamber was guided with a 96 

preoperative MRI scan and fMRI activations (see below). Recording locations were verified with 97 

postoperative MRI by extrapolation of the trajectories of tungsten wires. These were fixed within glass 98 

capillaries and inserted into the holes of the recording grid, which was positioned inside the recording 99 

chamber. Animal care and experimental procedures were approved by the KU Leuven Animal Ethics 100 

Committee and in accordance with the national and European guidelines. 101 

Face patch localization 102 

In each monkey, face-selective patches were localized using fMRI as described previously in detail 103 

(Taubert et al., 2015). Briefly, we used the same 80 naturalistic greyscale stimuli as of Tsao et al. (2003), 104 

which included 5 categories (16 images each per category): human faces, human (headless) bodies, 105 

fruits, manmade objects, and hands. The images (size 8°) were presented on a grey background during 106 

continuous fixation, with a red fixation dot superimposed. Blocks of all 16 stimuli of each of the 5 107 

categories were presented in pseudo-random order. Each block duration was 16 s: 16 images presented 108 



 

6 
 

in shuffled order for 1 s each, without inter-stimulus interval. A block in which only the fixation target 109 

was shown (16 s) was presented after every 5th categorical block presentation. Each block was presented 110 

5 times per run of 490 s with the restriction that all blocks needed to be presented once before they 111 

were repeated. 112 

Imaging data were acquired with a 3 Tesla full-body scanner (MAGNETOM Prisma, Siemens), using a 113 

custom-made 8 channel phased-array receive coil and radial transmit-only surface coil (Ekstrom et al., 114 

2008). We used a gradient-echo T2 -weighted echo-planar imaging sequence of 34 horizontal slices 115 

(Monkey G; voxel size = 1.5 mm isotropic, TR = 2 s, TE = 15 ms, flip angle = 90°) or 40 horizontal slices 116 

(Monkey D; voxel size = 1.25 mm isotropic, TR = 2 s, TE = 18 ms, flip angle = 90°). Signal-to-noise ratio 117 

was enhanced with a MION contrast agent (monocrystalline iron oxide nanoparticle, Rienso: Takeda, 8-118 

11 mg/kg) injected intravenously before scanning (Vanduffel et al., 2001). 119 

The functional images were preprocessed separately per day using SPM12 for slice-time correction and 120 

spatial realignment to the first volume of the first run. Next, the mean of the realigned functional scans 121 

was used to compute transformation parameters for co-registration with a skull-stripped anatomical MRI 122 

of the subject (JIP Toolkit v3.1). After co-registration, the images (resliced at 1 mm isotropic voxel size) 123 

were spatially smoothed with an isotropic 3D Gaussian kernel (2 mm full width at half maximum; 124 

SPM12). 125 

For statistical analysis, we used SPM12 to fit a general linear model to the functional images, estimating 126 

regression coefficients per run. Regressors were convolved with the MION response function (Vanduffel 127 

et al., 2001) and included one for each block type (image category) as well as motion and eye movement 128 

regressors of no interest. Face patches were defined with xjView (version 9.0) using a threshold of t-129 

value = 5 (positive activations only) with the contrast faces versus all other categories. 130 
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Repetition probability experiments 131 

For the main experiments, we generated 50,000 images of unique human faces seen from the same 132 

frontal perspective (FaceGen Modeler, version 3.5, https://facegen.com/ ). They were presented in trials 133 

of two stimulus presentations of 250 ms separated by 500 ms. In a repetition trial the same image was 134 

repeated, while two different faces were shown in an alternation trial (Figure 1B). A trial was initiated by 135 

500 ms of maintained fixation and was interrupted whenever fixation was broken. For maintained 136 

fixation the monkey’s gaze had to stay within an area (fixation window) calibrated to be 2 by 2 visual 137 

degrees centered on the fixation dot. Each face (vertical extent 5°) was practically trial unique as a result 138 

of the large number of faces and the restriction that all images had to be used once before they could be 139 

used again. The maximum number of re-uses of a particular face image in our recording sessions was 8 140 

and 4, with on average 65 (SD = 49) and 372 (SD = 217) days between repeats, for Monkey G and D 141 

respectively. To make sure that the faces presented in alternation trials were visually distinct, we 142 

predetermined face pairs as follows. First, we down-sampled the 136 by 136 images to 32 by 32 pixels 143 

and unfolded the resulting image matrices into vectors of length 32 (width) *32 (height) *3 (RGB). Next, 144 

we performed principal component analysis on the full set of 50,000 image vectors, and retained only 145 

the first 50 principal components (98.4% explained variance). Then, we calculated all pair-wise Euclidean 146 

distances between the faces in the 50D space. Finally, we sequentially selected 25,000 face pairs by each 147 

time taking the two faces with the maximum pair-wise distance (face dissimilarity) from the remaining 148 

pool of faces. As a result, the average difference between faces in alternation trials was substantially 149 

larger than it would be in the case of random pairings. See Figure 1A for example face pairs. 150 

The alternation and repetition trials were both presented in blocks of 40, 100, or 120 unaborted trials 151 

(the number was changed between sessions). Aborted trials (i.e. fixation was broken before and 152 

during the presentation of both stimuli ) were not counted and a new trial was started. A block had 153 

either a high or low repetition probability: repetition blocks (75% unaborted repetition trials) and 154 
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alternation blocks (25% unaborted repetition trials). The first 5 trials of a block were always of the same 155 

type (i.e. repetition or alternation) as the block type. Both block types were presented alternatingly and 156 

the type of the first block in a recording session was randomly determined. Between blocks, there were 5 157 

trials with 300 ms presentations of a full screen color (blue, yellow, green, orange, or purple) during 158 

maintained fixation. Except for the task, these procedures were identical to the ones previously 159 

described in detail in Kaliukhovich et al. (2011). 160 

Experiment 1: orthogonal task 161 

Twenty percent of the unaborted trials of each block were target trials where either the first or second 162 

face was inverted (i.e. face presented upside down; Figure 1B). At 100 ms after the end of the 163 

presentation of the second face of a trial, the subject was required to indicate whether it had been a 164 

regular (no face inversion) or target trial by making an eye movement to the left (regular) or right 165 

(target) dot. These dots (eccentricity 6° on the horizontal meridian) were presented 100 ms after the 166 

offset of the second face together with a removal of the fixation dot and lasted for a maximum of 2000 167 

ms until the monkey made a saccade or broke fixation. The monkey received a fluid reward after 168 

maintaining fixation throughout the trial and giving the correct response. A higher reward for target 169 

trials was required to keep the subjects motivated to do the task, because a left response on all trials 170 

would already result in 80% correct. Note that we only analyzed responses to regular trials, which all had 171 

the same reward size for a correct response regardless of being an alternation or repetition trial. See 172 

Figure 1C for an illustration of the composition of the trials in the blocks in this experiment. The average 173 

number of repetition and alternation blocks per single neuron or multi-unit site was 4.9 and 2.5 for 174 

Monkey G and D, respectively. Note that the face inversion manipulation and the proportions of target, 175 

repetition and alternation trials was the same as in the main experiment of Summerfield et al. (2008).  176 

Before the experiment, both monkeys were trained using the same stimuli with a version of the task 177 

which also included trials that contained two inverted faces (which could have the same or a different 178 
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identity). The high proportion of correct responses over the last five training days (Monkey G: 96.6-99%; 179 

Monkey D: 93-100%) for the trials that included two inverted faces suggested that the monkeys were not 180 

performing sequential same versus different face orientation judgements but were discriminating 181 

upright versus inverted faces. This task was also repeated in-between daily recording sessions, with 182 

similar performance on trials with two inverted faces (Monkey G: 96.3-100%; Monkey D: 93.2-95.5%). 183 

Experiment 2: task relevant repetitions 184 

Experiment 2 was identical to Experiment 1, except for the task: the monkey had to indicate whether a 185 

trial was a repetition (or an alternation) by making a saccade to the left or right dot, respectively, after 186 

the offset of the second face of a trial. This same-different task makes the face repetitions task-relevant. 187 

There were no inverted face trials in this experiment and all trials received the same reward for a correct 188 

response.  189 

Electrophysiological recordings 190 

We recorded LFPs simultaneously with single or multi-unit spiking activity using Epoxylite-insulated 191 

tungsten microelectrodes (FHC Inc., impedance of around 1 MΩ in situ). For every recording session, a 192 

single electrode was lowered into the brain with a Narishige microdrive through a stainless steel guide 193 

tube that was fixed in a Crist grid. Spikes of single neurons were isolated online using a window 194 

discriminator. In addition, when no single neuron could be isolated, spikes of multiple neurons were 195 

thresholded online to record multi-unit activity. Stimuli were displayed on a CRT monitor (1024x768 196 

pixels at 75 Hz; Philips Brilliance 202P4) at an eye-distance of about 57 cm. The gaze was continuously 197 

tracked by means of a video-based eye tracker using one eye (SR Research EyeLink; sampling rate 1 kHz). 198 

Spiking activity 199 

While advancing the electrode in search for responsive units, we presented 16 human face images and 200 

16 non-face images in a face category selectivity test as described previously (Taubert et al., 2015). The 201 
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images were taken from the image set used in the fMRI localizer, but with the noise background 202 

removed. The set of 16 non-face images consisted of 4 images per category (bodies, fruits, manmade 203 

objects, and hands), which were selected to be similar to faces in their round shape (Taubert et al., 204 

2015). To initiate a trial, the subject had to fixate (2 by 2 visual degree fixation window) for 300 ms, 205 

followed by 300 ms of stimulus presentation, and an additional 300 ms fixation period before receiving a 206 

fluid reward. The lower bound of the inter-trial interval was set to 500 ms, but it could be longer based 207 

on the behavior of the monkey as they were required to initiate each trial. All 32 stimuli were presented 208 

in random order, with the restriction that all images had to be presented before one could be repeated. 209 

For each stimulus presentation we computed the net response using the firing rate in the 300 ms 210 

window starting 50 ms after stimulus onset, minus that in the 50 ms window before stimulus onset. For 211 

each neuron or multi-unit site, spiking activity was recorded for at least 3 presentations of each image in 212 

order to assess the face category selectivity. We quantified the face category selectivity using the 213 

following index (Tsao et al., 2006; Taubert et al., 2015): 214 

, 215 

with Rface being the mean net response to the 16 faces and Rnonface the mean net response to the 16 non-216 

face images. This face-selectivity index is > 0 for neurons or multi-unit sites that respond more to faces 217 

than non-faces (i.e. they are face category selective). 218 

After the face category selectivity test, we ran the repetition probability experiment for at least 4 blocks 219 

(2 repetition and 2 alternation) per neuron or multi-unit site. We computed for each stimulus 220 

presentation the firing rate in the 250 ms window starting 50 ms after stimulus onset. The data for target 221 

trials and the first 5 unaborted trials of each block were excluded. Per neuron or multi-unit site, the gross 222 

firing rates for the first (S1) and second (S2) face were averaged across unaborted trials for each of the 4 223 
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conditions (repetition and alternations trials in repetition and alternation blocks). These mean firing 224 

rates were used to compute an adaptation index as follows: 225 

 

This number expresses the proportional difference in response strength R between the first (RS1) and 226 

second stimulus (RS2) and is > 0 if the response to the second stimulus is lower (e.g. repetition 227 

suppression), < 0 if it is higher, and = 0 if responses are equal. We computed AIs separately for repetition 228 

and alternation trials in the repetition and alternation blocks. Population peristimulus time histograms 229 

(PSTH) were computed by binning firing rates in bins of 25 ms per neuron followed by averaging the 230 

binned mean firing rates across neurons.  231 

Local field potentials 232 

At most spiking activity recording sites, we also recorded LFPs sampled at 1 kHz. Offline, the signal was 233 

band-passed between .2 and 170 Hz and line noise was removed using a 50 Hz notch filter (48–52 Hz). 234 

We used time-frequency Morlet wavelet decomposition for spectral analysis as described previously 235 

(Kaliukhovich and Vogels, 2011), using FieldTrip (Oostenveld et al., 2011). Frequencies below 10 Hz were 236 

excluded from the wavelet analysis to avoid wavelets overlapping adapter and test stimulus 237 

presentations.  At each frequency we normalized power by division by the average baseline power (200 238 

ms window before stimulus onset). For LFP power responses to S1 and S2 we used the average 239 

normalized power in the 250 ms window starting 50 ms after stimulus onset for 4 frequency bands: 12-240 

25 Hz, 26-60 Hz, 61-100 Hz (i.e. the 3 windows used by Kaliukhovich and Vogels, 2011), and 101-170 Hz. 241 

Like we did for spiking activity, these LFP power responses were then used to calculate AIs. To compute 242 

AIs for the more noisy LFP signals, we averaged the power for S1 across repetition and alternation trials 243 

per block. 244 
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Statistical analysis 245 

SPM t-maps are based on parametric t-tests and visualized in FslView (version 4.0.1) for Figure 2 (t-value 246 

threshold = 5 for faces versus bodies, fruits, manmade objects, and hands contrast and 12 for faces 247 

versus fixation contrast).  248 

For statistical inference we employed bias-corrected accelerated bootstrap confidence intervals (Efron, 249 

1987) and randomization tests, unless indicated otherwise. The bootstrap estimates are based on 250 

random sampling with replacement (10,000 iterations) of the neurons or multi-unit sites. P-values 251 

(uncorrected for multiple comparisons) were calculated using randomization tests (10,000 iterations) to 252 

estimate the distribution of the test statistic under the null hypothesis. Because the precision of these p-253 

values is limited by the number of randomizations, we only report values to up to 3 decimal places 254 

(smaller values are indicated by p < .001). In addition, on several occasions we use the JZS Bayes factor 255 

with the default  scale parameter to quantify evidence for the null hypothesis of one sample t-tests 256 

(Rouder et al., 2009). 257 

Finally, we used a hierarchical regression (i.e. a multi-level or mixed-effect model) to combine the data of 258 

both monkeys while accounting for the variability across animals, as well as across neurons or recording 259 

sites (see Vinken et al., 2017). This model was fit on the average raw firing rates per neuron/site for 6 260 

conditions: S1, S2 alternation trial, and S2 repetition trial in either repetition or alternation blocks. We 261 

assumed a log normal distribution of average firing rates after confirming that it describes our firing rate 262 

distributions well. We estimated fixed effects for an intercept, stimulus order (S1 or S2), trial type 263 

(alternation or repetition), block type (alternation or repetition), the interaction stimulus order x block 264 

type, and the interaction trial type x block type. The model included random effects for each regressor at 265 

the subject and neuron/site levels and full variance-covariance matrices for both levels. Regressors were 266 

coded using dummy variables, with S indicating first (value = 0) or second (1) stimulus (stimulus order), T 267 
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indicating alternation (0) or repetition (1) trials (trial type), and B indicating alternation (0) or repetition 268 

(1) blocks (block type). On the population level, the log-firing rate y for the 6 conditions i can then be 269 

written as: 270 

 

Thus, the estimated coefficients capture the response to S1 (b0), the difference between S2 and S1 for 271 

alternation trials (b1), the difference between repetition trial S2 and alternation trial S2 (b2), the 272 

difference between repetition block S1 and alternation block S1 (b3), the difference between stimulus 273 

order effect for repetition block and alternation block (b4), and the difference between trial type effect 274 

for repetition block and alternation block (b5). Thus, the latter captures the modulation of stimulus-275 

specific adaptation by repetition probability and is expected to be negative if suppression would be 276 

stronger for expected repetitions. All parameters were estimated using the Bayesian regression 277 

modelling package rstanarm (Stan Development Team, 2018), by generating 10,000 samples from the 278 

posterior distribution using default priors. 279 

Results 280 

We recorded spiking activity and LFPs in two monkeys during trials where either two different faces were 281 

shown (alternation trial) or the same face was repeated (repetition trial). In separate blocks, we 282 

manipulated the probability of a repetition trial: 75% repetition trials and 25% alternation trials for 283 

repetition blocks and vice versa for alternation blocks. In two different experiments, we ensured that the 284 

monkeys attended the stimulus content and recorded mainly from face selective neurons (Monkey G: 285 

94% of single and 95.4% of multi-units’ FSI > 0; Monkey D: 84.8% and 53.7%). If repetition suppression 286 

for faces reflects fulfillment of perceptual expectations (Summerfield et al., 2008), it should be stronger 287 
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in repetition blocks where a repetition is expected, compared to alternation blocks where it is 288 

unexpected. 289 

Face category selectivity 290 

We localized face-selective regions using an fMRI block design with images of 5 categories: faces, bodies, 291 

fruits, manmade objects, and hands (Tsao et al., 2003). We collected 13 runs for Monkey G and 31 for 292 

Monkey D. The results show the 6 prototypical face patches (Tsao et al., 2008) in IT cortex of Monkey G: 293 

posterior lateral (PL), middle lateral (ML), middle fundus (MF), and anterior lateral (AL) bilaterally, 294 

anterior fundus (AF) only in the right hemisphere, and anterior medial (AM) only in the left (Figure 2A). 295 

For IT cortex of Monkey D, there was only one face patch (bilaterally), which we identified as AL based 296 

on its location. There were no other face-selective patches defined by the contrast faces versus all other 297 

categories in this monkey, even not at lower thresholds. However, the contrast faces versus fixation did 298 

peak around the expected location of ML, suggesting that this area responds strongly to faces (albeit not 299 

selectively on the level of voxels). We will call this region of Monkey D putative ML from here on (Figure 300 

2B). Although the homology of face category areas in humans and macaques is not firmly established 301 

(Yovel and Freiwald, 2013), the relative locations of face, body, place and color patches (Caspari et al., 302 

2014; Lafer-Sousa et al., 2016), retinotopic mapping (Janssens et al., 2014) and warping of monkey to 303 

human cortex (Tsao et al., 2003; Rajimehr et al., 2009) agree with a correspondence between ML and 304 

FFA. 305 

Both fMRI localized ML of Monkey G and putative ML of Monkey D are the areas we targeted for our 306 

recordings of spiking activity during the repetition probability experiments. First, we ran a face category 307 

selectivity test to confirm the results of the fMRI localizer. Spiking activity recorded in ML (Monkey G) 308 

showed face-selectivity for both single neurons (mean FSI = .69, 95% CI [.62 .74], SD = .38, 168 neurons; 309 

Figure 2A) and multi-unit sites (mean FSI = .71, 95% CI [.66 .76], SD = .35, 219 sites). Spiking activity 310 
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recorded in putative ML (Monkey D) did also show face-selectivity for both single neurons (mean FSI = 311 

.35, 95% CI [.19 .49], SD = .44, 33 neurons; Figure 2B) and multi-unit sites (mean FSI = .06, 95% CI [-.09 312 

.20], SD = .62, 67 sites). Since non-face categories were under-represented (4 stimuli each, versus 16 313 

faces), we also calculated FSI’s using 4 randomly selected faces per unit (10,000 randomizations). This 314 

resulted in slightly lower indices for Monkey G (single neurons: mean FSI = .59, 2.5 and 97.5 percentiles 315 

of 10,000 randomizations = [.53 .64]; multi-unit sites: mean FSI = .66, [.63 .69]) and comparable indices 316 

for Monkey D (single neurons: mean FSI = .33, [.23 .43]; multi-unit sites: mean FSI = .08, [.00 .17]). It 317 

should be noted that our recordings were biased towards higher FSI values because we only recorded 318 

neurons that responded to faces (regardless of their response to non-faces), since faces were the only 319 

stimuli in our main experiment. 320 

The effect of repetition probability on spiking activity and LFP signals 321 

In general, we expected stimulus-specific adaptation: AI repetition trials > 0 and > AI alternation trials. If 322 

there is a repetition probability effect, the difference AI repetition trials - AI alternation trials should be 323 

larger for repetition blocks compared to alternation blocks. In a first experiment, as in human fMRI 324 

studies on repetition probability, the behavioral task was orthogonal to the manipulation of repetition 325 

probability. In a second experiment, face repetitions were task-relevant. Spiking activity was recorded 326 

simultaneously with LFPs in fMRI localized regions: ML of Monkey G (experiment 1: 97 single, 110 multi-327 

units, 76 LFP sites; experiment 2: 20 single, 60 multi-units, and 80 LFP sites), and putative ML for Monkey 328 

D (experiment 1: 34 single, 18 multi-units, and 52 LFP sites; experiment 2: 50 multi-units, and 56 LFP 329 

sites). 330 

Orthogonal task 331 

In our first experiment we implemented the task used in the main experiment of Summerfield et al. 332 

(2008): the monkey had to detect inverted faces, occurring in 20% of all trials. In these target trials, 333 
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either the first or the second face could be inverted. After each trial, the monkey had to indicate with 334 

saccades whether the trial included an inverted face (leftward saccade), or not (rightward saccade). This 335 

task requires the monkey to attend the stimulus content, but is unrelated to face repetitions or 336 

alternations. In the initial 58 recording sessions we used a block length of 40 trials following previous 337 

studies (Kaliukhovich and Vogels, 2011; Kovács et al., 2013), which is twice the 20 trials employed by 338 

Summerfield et al. (2008). Later, we increased the number of trials to 120, reasoning that longer blocks 339 

provide more information about the repetition probabilities and thus may increase expectation-related 340 

effects. Since there was no evidence of an effect of block length, we pooled the data of the different 341 

block lengths. The behavioral performance of both monkeys in the orthogonal task was excellent and, 342 

importantly, independent of trial type and block (Figure 3A).  343 

Spiking activity. For the face-responsive single units recorded in Monkey G (N = 97), we observed 344 

stronger suppression of the activity to S2, relative to S1, for a face repetition than for an alternation, 345 

without any block effect. This is clear from both the population PSTH as well as the AIs computed for 346 

individual neurons (Figure 4A). The response reduction for a repeated stimulus was about 18%, 347 

compared to 8% for an alternation. The presence of suppressed activity in the alternation trials, i.e. 348 

cross-adaptation, is typical in IT when S1 and S2 are similar (De Baene and Vogels, 2010) as is the case for 349 

a homogeneous stimulus category such as faces. The stimulus specific response reduction (AI in 350 

repetition – AI in alternation trials) was 10% for each block (Repetition Block (RB): M = .10, SD = .24, p < 351 

.001; Alternation Block (AB): M = .10, SD = .23, p < .001), with no evidence for a difference between 352 

blocks (M = .00, SD = .26, p = .95). Assuming a normal distribution, the Bayes factor (Rouder et al., 2009) 353 

in favor of no block effect (BF0) is 8.9. Thus, given the data, it is about 9 times more probable that there 354 

is no effect of repetition probability in the population average relative to the alternative hypothesis of a 355 

block effect. We have previously reported a discrepancy between repetition related effects from single 356 

versus multi-unit data in rodent visual cortex, perhaps as a result of a single cell sampling bias (Vinken et 357 
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al., 2017). Thus, we examined also multi-unit activity for potential repetition probability effects. The 358 

results for multi-unit data recorded in Monkey G (N = 110, Figure 4B) were however very similar to the 359 

single unit data, with a stimulus specific response reduction of 9-11% (RB: M = .11, SD = .13, p < .001; AB: 360 

M = .09, SD = .11, p < .001), with no evidence for a difference between blocks (M = .02, SD = .17, p = .22, 361 

BF0 = 4.5).  362 

In Monkey D, for single unit data (N = 34, Figure 4C) the stimulus specific reduction was 5-8% (RB: M = 363 

.05, SD = .22, p = .25; AB: M = .08, SD = .15, p = .004) and 8-10% for multi-unit data (N = 18, Figure 4D; 364 

RB: M = .10, SD = .13, p = .009; AB: M = .08, SD = .12, p = .009). There was no evidence for a difference 365 

between blocks for either single (M = -.03, SD = .23, p = .43, BF0 = 4.0) or multi-unit (M = .01, SD = .15, p = 366 

.73, BF0 = 3.9). Note that in this monkey, several neurons responded to the fixation target as well, 367 

explaining the somewhat higher pre-stimulus baseline firing rates. After removal of the fixation dot (and 368 

the presentation of the two peripheral response dots) the activity reduced to below baseline levels.  369 

LFP signals. To exclude the possibility that electrophysiological repetition probability effects are 370 

restricted to LFPs, we analyzed LFP data recorded together with spiking activity. Figure 5A shows 371 

baseline normalized time-frequency power maps per trial type x block combination for Monkey G (N = 76 372 

sites). Consistent with previous reports (De Baene and Vogels, 2010; Kaliukhovich and Vogels, 2011), 373 

these maps indicate that there is a stimulus-specific adaptation effect only for frequencies of about 70 374 

Hz and higher. This is confirmed by the AIs for the 101-170 Hz window, which show a stimulus specific 375 

power reduction of 8% (RB: M = .08, SD = .12, p < .001; AB: M = .08, SD = .12, p < .001). As with spiking 376 

activity, there was no evidence for a difference between blocks (M = .00, SD = .13, p = .92, BF0 = 7.9). For 377 

lower frequency bands, there was either a stimulus unspecific suppression (26-60 Hz and 61-100 Hz) or 378 

enhancement (10-25 Hz) for S2, without evidence for a block effect in all bands (10-25 Hz: BF0 = 7.9, 26-379 

60 Hz: BF0 = 7.2, 61-100 Hz: BF0 = 6.0). The results for Monkey D (N = 52 sites, Figure 5B) indicate a 380 
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stimulus-specific reduction for both the 61-100 Hz and 101-170 Hz band: 3-4% for the former (RB: M = 381 

.03, SD = .06, p = .004; AB: M = .04, SD = .07, p < .001) and  4% for the latter (RB: M = .04, SD = .07, p < 382 

.001; AB: M = .04, SD = .08, p < .001). Neither showed evidence for an effect of block (61-100 Hz: M = -383 

.01, SD = .09, p = .32, BF0 = 4.0; 101-170 Hz: M = .00, SD = .10, p = .89, BF0 = 6.6). In addition, the lowest 384 

frequency band of 10-25 Hz showed a stimulus-specific enhancement of 5-6% (RB: M = -.06, SD = .13, p = 385 

.003; AB: M = -.05, SD = .13, p = .01), with no evidence for a difference between blocks (M = -.01, SD = 386 

.19, p = .81, BF0 = 6.4). For 26-60 Hz, there was a stimulus unspecific suppression for S2, without 387 

evidence for a block effect (BF0 = 4.5). 388 

Together, these data suggest that neither the use of face stimuli, nor an orthogonal stimulus-related task 389 

are sufficient conditions for an effect of repetition probability on the adaptation of spiking activity or 390 

LFPs. Therefore, in the next experiment we made repetitions task-relevant. 391 

Making repetition task-relevant 392 

In this second experiment, there were no inverted target trials. Instead, at the end of each trial, the 393 

monkey had to indicate whether or not faces were repeated. As in experiment 1, we manipulated 394 

repetition probability across blocks. In this way, the manipulated probability of a repetition became 395 

directly relevant for the task. We conducted this experiment with Monkey G, using block lengths of 40 396 

and 100 trials and in Monkey D, using block lengths of 40 trials. An important advantage of the task is 397 

that we can now assess the effect of repetition probability on behavior in addition to neural activity. 398 

There was a clear interaction between block type and trial type: percentage correct for repetition trials 399 

was higher in repetition blocks compared to alternation blocks, while the reverse was true for 400 

alternation trials (see Figure 3B). Thus, repetition probability has a marked behavioral effect, 401 

demonstrating that the animal was sensitive to repetition probability. Furthermore, the behavioral 402 

effects were in line with those predicted by the assumption that decreasing repetition probability 403 

reduces the expectation of a repetition. 404 
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Despite this behavioral effect, repetition probability still did not affect repetition suppression of neural 405 

activity in ML. In Monkey G, spiking activity showed a stimulus specific response reduction of 20-21% for 406 

single unit data (N = 20, Figure 6A; RB: M = .21, SD = .19, p < .001; AB: M = .20, SD = .11, p < .001) and 11-407 

13% for multi-unit data (N = 60, Figure 6B; RB: M = .13, SD = .11, p < .001; AB: M = .11, SD = .09, p < 408 

.001). There was no evidence for a difference between blocks for either single (M = .01, SD = .20, p = .78, 409 

BF0 = 4.1) or multi-unit (M = .02, SD = .11, p = .15, BF0 = 2.6). In Monkey D, there was a stimulus-specific 410 

reduction of 6% for multi-unit activity (N = 50, Figure 6C; RB: M = .06, SD = .13, p = .003; AB: M = .06, SD 411 

= .10, p < .001), with no evidence for a block effect on repetition suppression (M = .00, SD = .16, p = .91, 412 

BF0 = 6.5). Although there was no block effect on repetition suppression, the overall stimulus-driven 413 

response in Monkey D tended to be lower in repetition compared to alternation blocks (M = -4 Hz, SD = 414 

11, p = .014). In addition, there was no positive correlation across sessions between the behavioral 415 

interaction and block effect in either Monkey G (Spearman R; single units: R = -.34, p = .15; multi-units: R 416 

= -.07, p = .62) or D (multi-units: R = -.23, p = .10).  417 

In Monkey G, LFP power (N = 80, Figure 7A) showed a clear stimulus specific reduction of 11% for the 418 

101-170 Hz band (RB: M = .11, SD = .07, p < .001; AB: M = .11, SD = .06, p < .001), with no evidence for a 419 

difference between blocks (101-170 Hz: M = .00, SD = .08, p = .94, BF0 = 8.0). For lower frequency bands, 420 

there was either a stimulus unspecific suppression (26-60 Hz and 61-100 Hz) or enhancement (10-25 Hz) 421 

for S2, without evidence for a block effect in all bands (10-25 Hz: BF0 = 8.1, 26-60 Hz: BF0 = 4.6, 61-100 422 

Hz: BF0 = 3.2). In Monkey D (N = 56, Figure 7B), there was a stimulus-specific reduction of 4-6% for the 423 

101-170 Hz band (RB: M = .06, SD = .08, p < .001; AB: M = .04, SD = .07, p < .001), with no evidence for a 424 

difference between blocks (M = .01, SD = .10, p = .30, BF0 = 4.1). For 10-25 Hz and 61-100 Hz, there were 425 

stimulus-specific effects of 5-8% for the former (RB: M = -.08, SD = .17, p < .001; AB: M = -.05, SD = .19, p 426 

= .04) and  4-6% for the latter (RB: M = .06, SD = .09, p < .001; AB: M = .04, SD = .09, p = .002). Neither 427 

showed evidence for an effect of block (10-25 Hz: M = -.03, SD = .26, p = .46, BF0 = 5.2; 101-170 Hz: M = 428 
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.03, SD = .12, p = .13, BF0 = 2.3). For 26-60 Hz, there was a stimulus unspecific suppression for S2, with no 429 

evidence for a block effect in (BF0 = 6.6). In conclusion, even when repetition was task relevant and 430 

modulated task performance, it did not affect the repetition suppression for spiking activity or LFP 431 

signals. 432 

Estimating population effects  433 

Finally, we used a multi-level model to combine spiking activity data of both monkeys while still 434 

accounting for the variability across animals. Multi-level models are the recommended approach for 435 

combining nested data where multiple neurons are collected per animal in order to make valid statistical 436 

inference about the population (Aarts et al., 2014). The resulting population level estimates (Figure 8) 437 

indicate clear evidence for stimulus-specific repetition suppression (coefficient b2 for regressor T) 438 

regardless of the task (experiment 1 and 2) and in both single and multi-unit responses. In addition, for 439 

the orthogonal task (experiment 1) but not for the same-different task (experiment 2), there was a 440 

significant suppression for the second stimulus in alternation trials as well (coefficient b1 for regressor S). 441 

Importantly, there was no evidence for increased stimulus-specific adaptation in repetition blocks where 442 

stimulus repetitions would be expected. This would be indicated by a negative value for coefficient b5 for 443 

the interaction regressor T x B. On the contrary, at best there was a non-significant trend towards 444 

positive values for coefficient b5 for single-unit data (experiment 1), which would indicate less 445 

suppression in repetition blocks. Finally, there was no evidence for an effect of block on S1 (coefficient b3 446 

for regressor B) or for an interaction between block and suppression for S2 in alternation trials 447 

(coefficient b1 for regressor S x B). 448 

Discussion 449 

We investigated the effect of face repetition probability on repetition suppression of spiking activity and 450 

LFPs in (putative) ML of macaque IT cortex. The monkeys were required to attend to stimulus content 451 
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while face repetition probability was manipulated. Despite the use of faces and attention to stimulus 452 

content, we found no evidence in any electrophysiological signal in favor of an effect of repetition 453 

probability on repetition suppression and this was consistent in 2 monkeys. Furthermore, even when 454 

repetition was made task-relevant and repetition probability affected the behavior of the animal, no 455 

neural signature of repetition probability was present in (putative) ML. Note that in all experiments, 456 

repetition suppression was present but its size was unaffected by repetition probability. 457 

The results of our electrophysiological data are consistent with Kaliukhovich and Vogels (2011). 458 

Following recent human fMRI studies, here we improved the procedure by including two supposedly 459 

crucial conditions for observing the repetition probability effect: a task directing attention towards the 460 

stimuli (and in experiment 2 the repetition) (Larsson and Smith, 2012) and the use of faces, which might 461 

form a special stimulus category based on prior experience (Grotheer and Kovács, 2014). Thus, neither 462 

attention, nor face stimuli were sufficient conditions for observing a perceptual expectation effect in 463 

electrophysiological responses in face patch ML. 464 

Expectation effects in macaque IT 465 

Kaliukhovich and Vogels (2014) demonstrated that macaque IT neurons show no expectation-related 466 

surprise response to deviants in visual oddball sequences during passive fixation. In contrast, a recent 467 

study did report effects of perceptual expectations on responses of mostly face selective macaque IT 468 

neurons (Bell et al., 2016). The authors claimed their effects were distinct from low-level sensory 469 

adaptation, based on a multivariate regression analysis where they attempted to control for repetition 470 

suppression. They argued that expectation effects might have been absent in previous studies of spiking 471 

activity because of a lack of attentional requirements of the task. However, the present series of 472 

experiments excludes this possibility since our tasks required that the monkeys attended the face 473 

stimuli. Recently (Vinken and Vogels, 2017) we have shown that the analysis of Bell et al. (2016) did not 474 

properly control for repetition suppression. Indeed, we obtained the same putative expectation effects 475 
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in simulated neurons that only included mechanisms of adaptation which, unlike claimed by Bell et al. 476 

(2017), can accumulate across stimulus presentations in the course of several seconds (Sawamura et al., 477 

2006; Kaliukhovich and Vogels, 2014). Hence, we argue that Bell et al.’s (2016) results do not require a 478 

perceptual expectation account, but merely reflect repetition suppression. Although repetition 479 

suppression and expectation effects are viewed as unitary phenomena under a predictive coding 480 

framework, we suggest a cautious approach by distinguishing expectation from repetition suppression or 481 

adaptation. The latter depend on the similarity between successive stimuli (Jiang et al., 2006; Verhoef et 482 

al., 2008; De Baene and Vogels, 2010; Natu et al., 2016), while expectations are independent of the 483 

similarity between the predictive and predicted stimulus and can be generated for arbitrary related 484 

stimuli (Meyer and Olson, 2011; Kumar et al., 2017), even from different sensory modalities (Kok et al., 485 

2012, 2013, 2017). Furthermore, expectation and repetition suppression effects can be dissociated 486 

during the course of the neural response with MEG (Todorovic and de Lange, 2012) and appear to be 487 

additive in human BOLD activations (Grotheer and Kovács, 2015). 488 

Other studies demonstrated expectation effects in macaque IT cortex (Meyer and Olson, 2011; Kumar et 489 

al., 2017), including ML (Schwiedrzik and Freiwald, 2017), which could not be explained by repetition 490 

suppression. In those studies, expectations were induced by exposing the animals to the same fixed 491 

sequence of different stimuli for multiple daily sessions, instead of within-session, relatively brief 492 

manipulations of stimulus repetition as done here, by Kaliukhovich and Vogels (2014) and Bell et al. 493 

(2016). This raises the interesting possibility that expression of neural expectation effects in IT may 494 

require longer, multiple session exposure to stimulus sequences. Note that the monkey’s behavior does 495 

adapt to the within-session changes in repetition probability (Bell et al., 2016; present data: experiment 496 

2), implying that the lack of an effect of repetition probability is not because of a failure of the monkey to 497 

detect the short-term changes in repetition probability. 498 
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Effect of repetition probability and repetition suppression 499 

Olkkonen et al. (2017) failed to find an effect of repetition probability on repetition suppression for faces 500 

in human FFA with fMRI, despite the presence of a behavioral effect of the repetition probability 501 

manipulation in a separate set of subjects. They suggested that a possible explanation for the 502 

discrepancy between their study and other studies that did report an effect of repetition probability 503 

might be the use of computer-generated faces. They argue that these stimuli might not have attracted 504 

sufficient attention compared to real faces during their orthogonal size judgment task. Whatever the 505 

cause of the absence of a repetition probability effect, they did find repetition suppression, showing that 506 

the latter can be independent of repetition probability. Their fMRI results in humans fully agree with the 507 

our monkey IT data. Furthermore, our finding of a behavioral effect of repetition probability for the same 508 

stimulus presentations in the same subjects rules out their attentional explanation. Note that it is 509 

unlikely that the use of human, artificially generated faces can explain the lack of expectation on 510 

repetition suppression in our monkey study. Indeed, perturbation studies suggest that ML plays a causal 511 

role in the perception of artificially generated human faces (Afraz et al., 2015; Moeller et al., 2017) and 512 

“natural” human faces (Sadagopan et al., 2017).  Furthermore, Schwiedrzik and Freiwald (2017) showed 513 

expectation-related effects in ML for artificial human faces generated with the same software as in our 514 

study.  515 

At present it is unclear why some human fMRI and EEG studies (Summerfield et al., 2008, 2011) observe 516 

a modulation of repetition suppression by repetition probability whereas other fMRI studies do not. 517 

Given the publication bias against negative findings, we cannot know how many unpublished studies 518 

failed to replicate the modulation of repetition suppression by repetition probability. Thus, we do not 519 

know how general this effect is. Previous human fMRI studies suggested already that the modulation of 520 

repetition suppression by repetition probability may depend on factors such as attention (Larsson and 521 

Smith, 2012) and stimulus category (Kovács et al., 2013; Grotheer and Kovács, 2014). The present study 522 
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demonstrates that repetition suppression of spiking activity and LFP power is not modulated by 523 

repetition probability in macaque IT even when the subject is attending the stimuli, faces are employed 524 

and the repetition probability modulates behavior. All studies that failed to observe a repetition 525 

probability effect showed nonetheless repetition suppression. If repetition suppression does result from 526 

expectations then such expectation of repetition must be firmly engrained in the system and not easily 527 

modifiable. Such repetition prior may be implemented by bottom-up and local network fatigue-based 528 

adaptation mechanisms, and top-down mechanisms might at best only have a modulatory function. As 529 

such, predictive coding theory does not instruct which specific neural mechanisms underlie adaptation.  530 

Between-monkey variability in face patch network 531 

Typically, six or more patches of face selective cortex can be defined with fMRI in the temporal cortex 532 

(Tsao et al., 2008). These patches form a system for the processing and perception of faces (Moeller et 533 

al., 2008, 2017; Freiwald and Tsao, 2010). However, in Monkey D we could only find one anterior patch 534 

which we presume to be AL based on its location. Also, Tsao et al. (2008) reported that one out of their 535 

10 monkeys did not show evidence of face patches, despite repeated scanning. It has been shown that 536 

the formation of the face patches requires exposure to faces during development (Arcaro et al., 2017). 537 

Yet, Monkey D was not visually deprived during development nor reared in any unusual way. It is unclear 538 

whether the face patch organization of monkey D reflects a natural variation between monkeys of 539 

clustering of face selective neurons and it remains to be investigated whether this has perceptual 540 

consequences. Note that the data of monkey D recorded at the location of her putative ML were entirely 541 

consistent with those from the actual face patch ML of Monkey G, both in terms of clear stimulus-542 

specific adaptation and the absence of an expectation effect. 543 

Conclusion 544 

In sum, we investigated whether repetition probability affects repetition suppression of single neurons in 545 

monkey IT under two supposedly necessary conditions: (a) the use of face stimuli, and (b) a task that 546 
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requires attention for the stimuli (or repetitions). Even under these specific circumstances, we did not 547 

find any effect of repetition probability. The single unit results were confirmed by recordings of LFPs and 548 

multi-unit spiking activity. These results further call into question the importance of repetition-induced 549 

top-down mechanisms in neural adaptation. 550 
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Legends 691 

Figure 1. Stimuli and experimental procedure. (A) Example face pairs that we used for alternation trials, 692 

selected according to percent rank number of face dissimilarity (Euclidean distance in 50D PC space; see 693 

Materials and Methods): from the most similar pair that we used with rank number 0, to the most 694 

dissimilar pair with rank number 100. (B) The different types of trial sequences in experiment 1. Subjects 695 

were required to fixate throughout the entire sequence and give the correct saccade response in order 696 

to receive a fluid reward. Each trial new stimuli were selected until all 50,000 were used (after which the 697 

cycle restarted). For target trials, either the first or the second face could be inverted. Note that there 698 

were no target trials in Experiment 2, where the monkey had to indicate repetition (left) versus 699 

alternation (right). (C) Composition of repetition and alternation blocks in terms of repetition and 700 

alternation trials and regular and target trials. 701 

Figure 2. fMRI localized face patches and single cell face category selectivity. (A) For Monkey G we 702 

were able to identify 6 face-selective patches: PL, ML, MF, and AL bilaterally; AM and AF unilaterally 703 

(faces versus bodies, fruits, manmade objects, and hands contrast; t-value threshold = 5). The locations 704 

are indicated on 4 coronal slices (slices 1-4 selected along the posterior-anterior axis as indicated on the 705 

sagittal view). The heat-map below the images shows the face category selectivity profile of spiking 706 

activity in ML. Each row represents one image (16 faces and 16 non-faces) and each column represents 707 

one neuron (168 cells sorted by FSI). Values are net responses normalized by the maximum. To the right 708 

we show the preferred face and non-face. (B) For Monkey D we were able to identify only 1 face-709 

selective patch: AL. Responses to faces (face versus fixation contrast; t-value threshold = 12) did peak at 710 

the anatomically expected location of ML. We call this region putative ML. The locations are indicated on 711 

2 coronal slices. The heat-map to the right of the images shows the face category selectivity profile in 712 

putative ML (34 cells, same conventions as in A). 713 
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Figure 3. Behavioral performance in experiment 1 and 2. (A) Mean percentage correct (and 95% CI error 714 

bars) during the orthogonal task of experiment 1, where stimulus repetitions were irrelevant. (B) The 715 

same plot for experiment 2, where repetitions were task-relevant. RB = repetition block; AB: alternation 716 

block; RT: repetition trial; AT: alternation trial. 717 

Figure 4. Spiking activity recorded during the orthogonal task. (A-D) First column: population PSTHs 718 

showing the firing rate during the two stimulus presentations (S1 and S2) of repetition trials in repetition 719 

blocks (red) and alternation blocks (blue), as well as alternation trials in repetition blocks (orange) and 720 

alternation blocks (light blue). Second column: AIs for each trial x block combination (positive values 721 

mean suppression for S2), stimulus specific effects (AI repetition trials - AI alternation trials), and block 722 

effects (difference in stimulus specific effect: repetition block - adaptation block). Third column: scatter 723 

plot of AIs for repetition trials in repetition blocks (abscissa) and alternation blocks (ordinate). Triangles 724 

on axes indicate mean values. Fourth column: scatter plot of AIs for alternations trials (see third column). 725 

(A) Monkey G single and (B) multi-unit results. (C) Monkey D single and (D) multi-unit results. Same 726 

conventions as in Figure 3. 727 

Figure 5. Time-frequency power spectra of LFP signals recorded during the orthogonal task. (A) Results 728 

for Monkey G. First row: time-frequency maps of power relative to baseline (-200 - 0 ms). We used a 729 

base 10 logarithmic color scale to give power suppression (values < 1) equal contrast as enhancement 730 

(values > 1). Second row: AIs calculated for separate frequency bands (same conventions as in Figure 4). 731 

(B) Results for Monkey D (same conventions as in A). 732 

Figure 6. Spiking activity recorded during the same-different task. Same conventions as Figure 4. 733 

Figure 7. Time-frequency power spectra of LFP signals recorded during the same-different task. Same 734 

conventions as Figure 5. 735 
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Figure 8. Multi-level model effect estimates at population level (across subjects) for spiking activity. 736 

Black markers indicate point estimates of posterior means and 95% intervals (error bars) on a log-firing 737 

rate scale. Stimulus-specific adaptation (i.e. the difference between RT and AT for S2) is captured by b2 . 738 

Any block effect on stimulus-specific adaptation is captured by b5 (negative values indicate more 739 

suppression in repetition blocks). The intercept b0 captures the response to S1, b1 the difference 740 

between S2 and S1 for alternation trials (i.e. stimulus order effect), b3 the difference between repetition 741 

block and alternation block for S1, and b4 any block effect on the difference between S2 and S1 for 742 

alternation trials. Corresponding subject averages across cells/sites are indicated for Monkey G (red) and 743 

Monkey D (blue). 744 


















