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Abstract 14 

Recent work has demonstrated there is a power within images to impact our later 15 

memories—an intrinsic stimulus memorability that influences memory behavior consistently 16 

across observers. This memorability is computed as explicitly reported memory performance on 17 

each image, and is significantly correlated from observer to observer. Interestingly, 18 

neuroimaging work has found that memorable versus forgettable images show distinct, early 19 

patterns within the brain even when participants are not performing an explicit memory task. 20 

Thus, a key question is whether memorability effects reflect a more automatic, bottom-up 21 

process, or are the result of top-down attentional processes. Further, how do bottom-up and top-22 

down processes interact with stimulus memorability to influence ultimate memory performance? 23 

The current study explores these questions through the lens of four classical psychological 24 

phenomena shown to influence memory. First, a directed forgetting task shows that cognitive 25 

control is unable to override the effects of stimulus memorability. Second, an experiment 26 

manipulating depth of processing reveals a performance boost for memorable images regardless 27 

of the depth at which they are encoded. Third, results from a visual search experiment show that 28 

memorable images do not trigger automatic attentional capture, or pop-out. Finally, results from 29 

a repetition priming task demonstrate that memorability and priming are independent 30 

phenomena. In sum, memorability is an isolable phenomenon, occurring automatically, and 31 

resilient to top-down influence.  32 
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1. Introduction 33 

One great mystery of the human experience is why our memories often act against our 34 

will – we sometimes remember events that are not particularly important to us, yet may forget 35 

the names and faces of new acquaintances that we try desperately to remember. Recent work has 36 

pinpointed a novel image attribute that can help explain what we ultimately remember – 37 

memorability, defined as the likelihood of a novel stimulus being eventually remembered or 38 

forgotten (Bainbridge, 2019). Surprisingly, despite our diverse unique experiences, we tend to 39 

remember the same scenes (Isola et al. 2011b), faces (Bainbridge et al., 2013; Bainbridge, 2017), 40 

and even visualizations (Borkin et al., 2013) as each other (see Fig 1 for examples). This 41 

consistency across observers allows memorability to be conceptualized as a measurable, stable 42 

property of a stimulus (Bainbridge et al., 2013), in contrast to “memory,” which is a process and 43 

behavior conducted by a single observer. Memorability is simply measured as memory 44 

performance (usually hit rate, HR) across a group, but in spite of its consistency, it is not 45 

predictable by a comprehensive set of other attributes, including aesthetics, emotionality, or the 46 

brightness of an image (Isola et al., 2011a; Bainbridge et al., 2013). Intrinsic stimulus 47 

memorability determines approximately 50% of the variance in memory performance, with the 48 

remaining 50% explained by differences in the observer, their environment, and external noise 49 

(Bainbridge et al., 2013). The memorability of a stimulus also remains consistent over different 50 

time scales (Isola et al., 2013), image contexts (Bylinskii et al., 2015), as well as different 51 

experimental paradigms (Broers et al., 2017; Goetschalckx et al., 2017). Given that the stimulus 52 

is so influential on the memory of an observer, a key question is how the brain processes these 53 

memorable images. When we view a memorable image, does it automatically elicit privileged 54 
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processing in the brain that leads to successful memory encoding? Or, do memorable images 55 

instead elicit different top-down processes that ultimately lead to successful memory?  56 

Neuroimaging research has thus far identified a neural signature for memorability, 57 

suggested to occur during late perception (Bainbridge et al., 2017; Mohsenzadeh et al., 2019). 58 

Specifically, memorable images cause higher activation as well as show memorability-based 59 

representational patterns in late visual areas (inferotemporal cortex, IT) and the memory-related 60 

medial temporal lobe (MTL) and anterior hippocampus (Bainbridge et al., 2017; Bainbridge and 61 

Rissman, 2018). In contrast, early visual areas (V1 to V4) show no difference between 62 

memorable and forgettable stimuli. These differences in the brain for memorable versus 63 

forgettable images emerge just 150 ms after stimulus presentation and after stimuli shown as 64 

quickly as 34 ms (Khaligh-Razavi et al., 2016; Broers et al., 2017; Mohsenzadeh et al., 2019), 65 

providing evidence that stimulus memorability may impact neural processing as part of a feed-66 

forward sweep after early vision (Di Lollo et al., 2000), around the same time as later visual 67 

processing (Liu et al., 2002), but preceding memory encoding (Khaligh-Razavi et al., 2016). 68 

However, the mechanisms that underlie memorability are still largely unknown, and no work has 69 

yet explored how bottom-up and top-down attentional processes influence (or lead to) 70 

memorability effects. Memorability effects in IT have shown stimulus category generality (e.g., 71 

face areas are sensitive to memorability of any stimulus category; Bainbridge et al., 2017), 72 

possibly hinting towards these effects reflecting an attention-driven signal increase. Further, 73 

parietal activations sometimes appear during comparisons of memorable and forgettable stimuli 74 

(Bainbridge et al., 2017), indicating a potential involvement of attentional networks. 75 

A key question is thus whether memorability effects may be a proxy for other cognitive 76 

processes known to affect memory, such as attention or priming. As memorability scores are 77 
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defined through performance on an explicit memory task (i.e., intentionally studying and 78 

retrieving images), is memorability a largely endogenous memory effect and can it be 79 

manipulated with top-down (or feedback-driven) strategies, such as cognitive control or 80 

manipulating the depth of processing? Conversely, perhaps the brain shows early sensitivity to 81 

memorability because memorable images are automatically encoded, through bottom-up 82 

attentional capture or greater priming effects. Examining such questions will give insight into the 83 

nature of why our behavior and our brains are sensitive to the memorability of an image.  84 

The current study explores memorability in the context of four classical psychological 85 

phenomena known to influence memory: directed forgetting, depth of processing, visual search, 86 

and repetition priming. First, given that memorability is defined based on explicit memory 87 

performance, can we override these memorability effects through cognitive control, and does 88 

changing the processing depth of the task eliminate these effects? Experiment 1 explores whether 89 

cognitive control can override memorability effects, and finds it cannot; you cannot make 90 

yourself forget a memorable image. Experiment 2 explores the relationship of task encoding 91 

depth and memorability, and finds memorability effects are preserved regardless of depth of 92 

processing. These experiments lend evidence for memorability as an automatic memory 93 

phenomenon. How does memorability then relate to other phenomena known to automatically 94 

influence memory, namely attentional capture and priming? Experiment 3 explores visual search 95 

for memorable images, to see whether such images evoke bottom-up attentional capture. While 96 

there is faster orienting to memorable targets, there is no evidence for an automatic “pop-out” 97 

effect. Finally, Experiment 4 compares memorability to repetition priming and finds that 98 

memorability effects are independent from priming. The experiments were conducted using 99 

online psychophysics experimental platform PsyToolkit (Stoet, 2010; Stoet, 2017), and across all 100 
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reported experiments, participant performance replicated the original results and effect sizes of 101 

in-lab studies of the same paradigms (Bower & Karlin, 1974; Cooper & Langton, 2006), 102 

supporting the idea that online experiments are effective means to collect large samples of 103 

psychophysical data. Taken together, these results provide powerful evidence that memorability 104 

is an isolable phenomenon, occurring automatically (yet separately from automatic attentional 105 

capture and priming), and resilient to top-down influence.  106 

 107 

 108 

Fig 1. Example forgettable and memorable stimuli. There are no clear intuitive differences between 109 

these highly controlled memorable and forgettable face or scene images, yet 30-40% more people 110 

remember the images on the bottom than those on the top. On the left is the average face shape and 111 

texture across 180 memorable and forgettable faces (created using an Active Appearance Model; Cootes 112 

et al., 2001) and on the right is the average scene texture across 180 memorable and forgettable scenes; 113 

you can see that average images are also highly similar between memorable and forgettable conditions. 114 

The face images used in this figure and all other figures are within the public domain. 115 

 116 

2. Experiment 1: Memorability and Explicit Cognitive Control 117 

2.1 Introduction 118 

Memorability is originally defined in the literature as hit rate (HR), or performance in an 119 

explicit memory task (Bainbridge, 2019). Thus, the memorability effects we observe consistently 120 
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across people and the neural effects we find in the brain may be largely due to the nature of the 121 

images themselves and how they provoke more top-down attention. Memorable images may 122 

contain information that inspires intentional encoding into memory, such as interesting semantic 123 

or visual detail. Indeed, previous work has found that people can intentionally remember or 124 

forget images given a cue (MacLeod, 1989; Basden et al., 1993). Additionally, faces that are 125 

seen as more distinctive are less susceptible to directed forgetting effects than typical faces 126 

(Metzger, 2011). Thus, to what degree can manipulating intentional encoding override 127 

memorability effects; to what degree can someone try to remember a forgettable image, or forget 128 

a memorable image?   129 

A directed forgetting task was conducted with stimuli of differing memorability; 130 

participants were asked to remember or forget stimuli that were preselected to be of low, 131 

medium, or high memorability (unbeknownst to the participant), and then they were tested on 132 

their true memory. Depending on the interaction of cognitive control and memorability, there are 133 

two possible hypotheses. First, it is possible that memorability effects are largely explained by 134 

top-down cognitive control (i.e., a person decides a memorable image is interesting and encodes 135 

it). Similarly, it is possible that cognitive control would have a stronger influence on memory 136 

than memorability does, as cognitive control has a strong effect on explicit memory behavior 137 

(MacLeod, 1989). If either of these are the case, then we should see that cognitive control is the 138 

main determinant of ultimate memory behavior, not the memorability of the original image. An 139 

alternate hypothesis is that memorability is an intrinsic image property that is unaffected by 140 

cognitive control; while people will tend to forget images they try to forget and remember those 141 

they try to remember, memorability will have a stronger and separate effect on what they 142 

eventually remember and forget. 143 
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 144 

2.2 Materials and Methods 145 

2.2.1 Participants 146 

Seventy-two participants were recruited on online crowdsourcing platform Amazon 147 

Mechanical Turk (AMT) and tested using PsyToolkit (Stoet, 2010; Stoet, 2017), an online 148 

platform for running precisely timed psychophysical experiments. For this and all other 149 

experiments, data were collected following the standards of the MIT Institutional Review Board 150 

in accordance with the Declaration of Helsinki, and all participants provided consent for the 151 

study. Only participants with over a 95% AMT approval rating and an IP address in the United 152 

States were recruited for the experiments, so that their exposure to different facial demographics 153 

would most closely match those of the stimulus set (designed to approximate the U.S. 154 

population). All participants were compensated for their time. 155 

 156 

2.2.2 Stimuli 157 

All experiments in the study used stimuli from a set of highly memorable (top 25% of 158 

HR; M=0.73, SD=0.07), medium memorable (middle 25% of HR; M=0.51, SD=0.02) and highly 159 

forgettable face images (bottom 25% of HR; M=0.32, SD=0.05) used previously to test 160 

memorability effects in the brain (Bainbridge et al., 2017). These images are highly controlled 161 

between conditions, to be equalized for other properties that could relate to memorability, 162 

including spatial frequency, color, age, race, gender, emotion, attractiveness, and false alarm rate 163 

(all p > 0.05; controlled using the Natural Image Statistical Toolbox: Bainbridge & Oliva, 2015). 164 

The images were originally taken from the 10k US Adult Faces Database (Bainbridge et al., 165 

2013), which contains a publicly-available set of 2,222 faces labeled with memorability scores 166 
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from a continuous recognition test and various attributes from a large-scale online study. All 167 

faces are naturalistic face images cropped by an oval to diminish background effects, and resized 168 

to 256 pixels in height (with varying width to fit the face). Experiment 1 used 40 stimuli each 169 

from the three tiers of memorability, and also included 120 foil images of medium memorability 170 

with the same matched properties. 171 

 172 

2.2.3 Experimental Methods 173 

The experiment followed the methodology of classical directed forgetting studies 174 

(MacLeod, 1989). There were two phases to the experiment: a study phase and a test phase (Fig 175 

2). During the study phase, there were 20 stimuli each in 6 conditions, varying along two factors: 176 

1) memorability (low, medium, high), and 2) instructions to the participant (remember / forget), 177 

resulting in 120 target stimuli total. For the test phase, there were an additional 120 faces of 178 

medium memorability to act as foil faces, with matched statistics with the target faces. Each 179 

participant saw half of the targets and foils (60 images each) to reduce the length of the 180 

experiment, so each stimulus was seen by 36 participants. Note that while participants completed 181 

a small number of trials, a large number of participants completed the experiment (N=72), 182 

resulting in a large number of samples per condition. Using shorter paradigms with large 183 

participant samples is best for maximizing data quality, as online participants are most attentive 184 

during the first five minutes of a study (Buhrmester et al., 2011), although AMT data has been 185 

shown to be of equal quality and higher demographic diversity than in-lab samples (Buhrmester 186 

et al., 2011; Berinsky et al., 2012). 187 

 188 
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 189 

Fig 2. The experimental methods of the study and test phases of the directed forgetting paradigm 190 

used in Experiment 1. In the study phase, participants saw a stream of face images (of low, medium, or 191 

high memorability) and for each one, were directed to either remember or forget that image, with the 192 

incentive of a monetary bonus. In the test phase, participants were told to instead try and remember all of 193 

the images they saw in the study phase, regardless of memory cue, and rewarded with a monetary bonus 194 

based on performance. 195 

 196 

 In the study phase, participants were told that they were going to see a stream of face 197 

images, and after each image they would get a cue to either “remember” or “forget” the face. 198 

Participants were told they would be tested later on their memory and they would receive bonus 199 

money based on their memory performance. These ambiguous instructions incentivized them to 200 

correctly follow the memory cues, as they were unaware that they would ultimately be tested on 201 

their recognition for all images. During the study phase, participants saw 60 face images, each 202 

one presented for 1000ms, followed by a 2000ms remember or forget cue, and then a 500ms 203 

fixation cross. In total, the study phase took approximately 4 minutes. 204 

For the test phase, participants were then tested for their memory. They were told to try 205 

and recall everything that they saw (counter to their original expectations), and respond based on 206 

Forget
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1000 ms

2000 ms

500 ms

Target stimulus 
of known 

memorability
Memory cue

Target
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whether they had seen the image before, regardless of whether they were originally asked to 207 

remember or forget it. They were given up to 1500ms to respond to each face which was then 208 

followed by a 500ms fixation cross, and they were rewarded with bonus money based on correct 209 

responses. 210 

 211 

2.3 Results and Discussion 212 

A summary of the main results can be seen in Fig 3. A 2-way repeated measures 213 

ANOVA on participant memory performance during the test phase for the different conditions 214 

found a significant main effect of memorability level, F(2 , 426)=33.93, p=9.02×10-13, ηp
2=0.32. 215 

There was also a significant effect of the memory cue, with a lower HR for images participants 216 

were told to forget than those they were told to remember (F(1, 426)=5.76, p=0.019), although a 217 

smaller effect size of ηp
2=0.08. However, there was no significant statistical interaction between 218 

the two factors (F(2, 426)=0.26, p=0.760, Bayesian factor analysis using Bayesian Information 219 

Criteria (BIC) supports the null hypothesis (Wagenmakers, 2007; Jarosz & Wiley, 2014): 220 

BF01=7.19), indicating that directed forgetting does not appear to influence memorability effects 221 

and vice versa; i.e., memorable images do not cause greater directed memory effects. 222 

 223 
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 224 

Fig 3. The hit rates of the different conditions, varying along memorability level (low, medium, or 225 

high) and memory cue (forget or remember). The false alarm rate for the foil images (all of medium 226 

memorability) is also presented as a point of comparison. Error bars indicate standard error of the mean. 227 

While there was an effect of the memory cue (people remembered images they were told to remember 228 

better than those they were told to forget), image memorability had a significant effect on subsequent 229 

memory of larger effect size, with no statistical interaction with directed forgetting. 230 

 231 

Looking at specific effects within memorability using paired t-tests, highly memorable 232 

images were remembered significantly more than moderately memorable images (t(71)=4.26, 233 

p=6.13×10-5), and moderately memorable images were remembered significantly more than low 234 

memorable ones (t(71)=4.59, p=1.88×10-5). In fact, participants significantly better remembered 235 

the memorable images they were told to forget than the forgettable ones they were told to 236 

remember (t(71) = 4.95, p=4.91×10-6). 237 
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In sum, these results indicate that participants still significantly remembered memorable 238 

images over forgettable images, regardless of the memory cue they were presented with at the 239 

study phase and in spite of a monetary bonus incentivizing them to override any effects of the 240 

stimulus. At the same time, the study was able to replicate directed forgetting effects, though 241 

with a weaker effect size than that of memorability. These directed forgetting effects reflect the 242 

influence of cognitive control over memory, but may also capture associative memory processes 243 

in which participants are learning associations between image targets and verbal memory cues 244 

(i.e., “remember” or “forget”). Regardless, these results show that memorability is a relatively 245 

immutable property of an image or entity in the face of directed forgetting, and that memorability 246 

effects cannot be explained by a cognitive control account. Interestingly, just as directed 247 

forgetting does not affect implicit memory measures like priming (Vuilleumier et al., 2005), 248 

directed forgetting does not alter the influence of memorability on memory performance, 249 

providing evidence that memorability could have a more implicit effect on memory. Essentially, 250 

in spite of one’s efforts, you cannot make yourself remember a forgettable image, or make 251 

yourself forget a memorable image. 252 

 253 

3. Experiment 2: Memorability and Depth of Processing 254 

3.1 Introduction 255 

Another top-down phenomenon that could interact with memorability is depth of 256 

encoding, or different levels of processing (Lockhart & Craik, 1990). When stimuli are processed 257 

in terms of their semantics or meaning (i.e., deep encoding), they tend to be remembered better 258 

than when they are processed in terms of their perceptual features alone (i.e., shallow encoding) 259 

(Bower & Karlin, 1974; Sporer, 1991; Innocenti et al., 2010). This is thought to be due to the 260 
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greater amount of attentional load and effort required to engage deeper processes (Lockhart & 261 

Craik, 1990). Memorability effects could thus occur due to deeper encoding or more attentional 262 

resources put into remembering memorable images. Perhaps observers perform more elaborative 263 

semantic processing with memorable images (e.g., perhaps they are more interesting or have 264 

more semantic content), and thus encode the images more deeply. 265 

This issue was addressed using an encoding depth task (Bower & Karlin, 1974), where 266 

participants categorized sets of memorable and forgettable face stimuli using tasks of three 267 

different encoding depths – identifying the color of a fixation cross (shallowest task), the gender 268 

of a face (shallow task), or judging the honesty of the face (deep task). Participants were then 269 

given an unexpected memory test. If memorability effects occur due to deeper encoding, then 270 

controlling for depth of encoding should eliminate a difference between memorable and 271 

forgettable images. Alternatively, if memorability is intrinsic to images and distinct from 272 

encoding depth, we expect to find separate effects of stimulus memorability and task encoding 273 

depth on subsequent memory. 274 

 275 

3.2 Materials and Methods 276 

3.2.1 Participants and Stimuli 277 

Seventy-two AMT participants were recruited. A set of 120 highly controlled face stimuli 278 

of low and high memorability were used as stimuli in this experiment (see Section 2.2). Faces 279 

were used as several encoding depth studies have established paradigms using faces (Bower & 280 

Karlin, 1974; Sporer, 1991). A set of 120 foils of medium memorability was also used in this 281 

experiment (see Section 2). 282 

 283 
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3.2.2 Experimental Methods 284 

The experiment followed the general methodology of previous classical depth of 285 

encoding experiments (Bower & Karlin, 1974), see Fig 4. The experiment comprised four parts 286 

that were unknown to the participants at the start of the experiment. The first three parts 287 

comprised the study phase, using tasks of three different encoding depths where participants had 288 

to make different binary decisions on the face images, and the fourth part was an unexpected test 289 

phase. For the shallowest processing task, participants were asked to identify the color (black or 290 

white) of a fixation cross that appeared on the face image (the “fixation task”). For a deeper task, 291 

participants were asked to identify the gender (male or female) of a face image (the “gender 292 

task”). This task is often used as the shallow processing task in depth of encoding experiments 293 

(Bower & Karlin, 1974), however as gender determination requires holistic face processing, it is 294 

likely that it is “deeper” than the fixation cross task which does not require processing features of 295 

the faces. Lastly, for the deepest task, participants were asked to judge how honest (honest or 296 

dishonest) they thought a face was (the “honesty task”; Bower & Karlin, 1974). All tasks had a 297 

black or white fixation cross on each face (with color distributed evenly over memorable and 298 

forgettable images), so stimuli were visually identical across tasks. Forty target face stimuli were 299 

used in each task, with half being highly memorable images and the other half highly forgettable, 300 

resulting in 120 target stimuli total. Each participant saw half of the stimuli (60 images) to 301 

reduce the length of the experiment, so each stimulus was seen by 36 participants. Each image 302 

was displayed for 1000 ms and was separated by a 500 ms fixation cross, for a total time of 30 s 303 

per phase. The order of these three tasks was counterbalanced across participants, images were 304 

randomly sorted into each task, and participants were asked to focus only on the task at hand and 305 

not think about the other tasks they had completed. 306 
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 307 

 308 

Fig 4. The depth of encoding experimental design of Experiment 2. The experiment consisted of four 309 

phases. The first three were identical in paradigm, but had three different tasks, counterbalanced in order 310 

across participants: 1) the fixation task, 2) the gender task, and 3) the honesty task. Displayed are example 311 

responses that would be indicated based on the task. After the three study phases, participants then 312 

completed an unexpected memory test on all the stimuli that were presented in the three previous parts. 313 

 314 

The fourth part for all participants consisted of an unexpected memory test phase. 315 

Participants were presented with a stream of images and were told to identify which they had 316 

seen earlier in the experiment. Sixty of the images were targets, while 60 were foils, and they 317 

were presented in a randomized order. Participants were given up to 1500 ms to respond to each 318 

face which was then followed by a 500 ms fixation cross. Both reaction time and performance 319 

accuracy were recorded. The experiment took approximately 5 minutes in total. 320 

 321 

3.3 Results and Discussion 322 

A graphical summary of the results can be seen in Fig 5. In a 2-way repeated measures 323 

ANOVA of memorability and encoding depth, there is a significant main effect of memorability 324 

Study Phases: Fixation / Gender / Honesty Task Unexpected Memory Test Phase

1000 ms

500 ms
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Honesty task: Honest

Target
(Correct 
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+

+
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Gender task: Female
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on HR (F(1, 426)=70.73, p=2.91×10-12, ηp
2=0.50). There is also a significant main effect of task 325 

encoding depth on HR (F(2, 426)=36.32, p=1.83×10-13, η2=0.34), with smaller effect size, where 326 

images that were encoded with a deeper task show a higher HR. There was also a significant 327 

statistical interaction between memorability and encoding depth (F(2,426)=4.77, p=0.01). Post-328 

hoc tests were used to investigate specific differences between the conditions and this interaction 329 

effect. Memorable images were remembered significantly more often than forgettable images on 330 

all tasks (fixation: t(71)=6.37, p=1.61×10-8; gender: t(71)=8.12, p=1.02×10-11; honesty: 331 

t(71)=5.23, p=1.61×10-6). Looking at paired t-tests based on the encoding task, for forgettable 332 

images, performance was significantly higher for the gender task than the fixation task 333 

(t(71)=3.98, p=1.62×10-4), and higher for the honesty task than the gender task (t(71)=3.84, 334 

p=2.67×10-4). For memorable images, performance was significantly higher for the gender task 335 

than the fixation task (t(71)=5.63, p = 3.33×10-7), but there was no difference for the honesty 336 

task compared to the gender task (t(71)=0.10, p = 0.923). This is likely due to the fact that 337 

performance for these two tasks for memorable images is essentially at ceiling; when told to 338 

explicitly remember these images (see Experiment 1 with the same image sets), participants have 339 

about the same performance (gender task M=0.76, honesty task M=0.76, explicit memory 340 

M=0.73). This effect also likely explains the statistical interaction between memorability and 341 

encoding depth. 342 

 343 

 344 
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A)  B)  345 

 346 

Fig 5. Performance on the unexpected recognition memory test based on different conditions. (A) 347 

Hit rate by condition. Memorable images had significantly higher hit rates than forgettable images. 348 

Similarly, greater encoding depth also resulted in higher hit rates. The bar for the foil images here reflects 349 

false alarm rate, for a point of comparison. Error bars indicate standard error of the mean. (B) Reaction 350 

time by condition. Memorable images had significantly faster reaction times than forgettable images. 351 

There was also a trending significant effect of task encoding depth, with deeper tasks causing faster 352 

recognition, however there was no statistical interaction between memorability and encoding depth. The 353 

reaction time to respond to foil images was comparable to that of forgettable images. 354 

 355 

Reaction time (RT) results mirror those of memory performance. Based on a 2-way 356 

within-subjects repeated-measures ANOVA (memorability × encoding depth) on RTs, 357 

participants responded significantly faster to memorable images in the memory test than to 358 

forgettable images (F(1, 426)=10.87, p=0.002, ηp
2
 = 0.13). There was no significant main effect 359 

of encoding depth on RT (F(2, 426)=2.98, p=0.061, ηp
2 = 0.04), though there was a trend of 360 

faster reaction times for images that were studied with deeper encoding. There was no significant 361 

statistical interaction between memorability and encoding depth with RT (F(2, 426)=0.94, 362 

p=0.393, BF01=5.30). Based on a paired t-test, RTs during the memory test to memorable images 363 
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were significantly different from those to foil images (t(71)=3.30, p=0.002), however forgettable 364 

image RTs were not different from those of foils (t(71)=0.27, p=0.790, BF01=10.40). Comparing 365 

across tasks, RTs in the memory test were not significantly different between memorable and 366 

forgettable images for the fixation task (t(71)=1.02, p=0.313), however they were for the gender 367 

task (t(71)=2.06, p=0.043) and the honesty task (t(71)=3.24, p=0.002). 368 

Collectively, these results show strong effects of both memorability and encoding depth 369 

on subsequent memory. However, performance was significantly better for memorable than 370 

forgettable images on all tasks, and memorability effects had higher effect sizes than encoding 371 

depth effects for both performance and RT. This indicates that controlling for encoding depth 372 

does not equalize memorability; even if you are encoding a set of images deeply and 373 

semantically, you will still remember memorable images better than forgettable images. Or, 374 

similarly, even when focusing on an irrelevant perceptual item (i.e., fixation crosses overlaid on 375 

the images), you will still remember memorable images better than forgettable images. These 376 

results imply that effort, distribution of attentional resources, or elaboration of encoding are 377 

unlikely to explain the phenomena we find with memorability. 378 

 379 

4. Experiment 3: Memorability and Automatic Attentional 380 

Capture 381 

4.1 Introduction 382 

Memorability effects are resilient to top-down effects (cognitive control or deeper, 383 

elaborative encoding), so instead these effects may mirror bottom-up effects on memory. 384 

Specifically, perhaps memorable images automatically evoke memory encoding because they are 385 

visually salient and automatically capture attention. The higher neural signal for memorable 386 



 20 

images found along the ventral visual stream could be a heightened attentional signal that then 387 

leads to successful encoding (Bainbridge et al., 2017). A visual search paradigm can provide a 388 

nuanced understanding of the interplay of memorability and attention, lending evidence as to 389 

whether memorability is an attention-driven stimulus property. Do memorable targets quickly 390 

capture attention, and are thus easily identified? Do memorable distractors capture attention and 391 

make it harder to zero-in on a target? Previous work has found that it is easier to find distinct 392 

stimuli amongst standard stimuli than vice versa (Treisman & Gormican, 1988; Wolfe, 2001), or 393 

to find an unfamiliar target (И) amongst familiar (N) targets (Wang et al., 1994). As memorable 394 

stimuli (versus forgettable stimuli) have been found to be correlated with subjective ratings of 395 

“distinctiveness” (Bainbridge et al., 2017), it is possible that memorable stimuli may show the 396 

same pattern. 397 

To examine these questions, a face image visual search experiment was conducted, with 398 

targets and distractors of varying memorability. If memorability captures attention, we should 399 

anticipate that memorable targets will be very quick to be identified, but also that memorable 400 

distractors will detract attention from the visual search. However, if memorability does not 401 

capture attention, then we would not see a meaningful effect of target or distractor type. 402 

 403 

4.2 Materials and Methods 404 

4.2.1 Participants and Stimuli 405 

Seventy-four participants were recruited from AMT, and the experiment consisted of the 406 

highly memorable and highly forgettable face images used in Experiment 1. 407 

 408 

4.2.2 Experimental Methods 409 
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The experiment was coded and conducted using PsyToolkit (see Fig 6). The stimuli were 410 

grouped into 32 conditions that varied along four factors: 1) whether the target was present or 411 

absent, 2) whether the target was memorable or forgettable, 3) whether the distractors were 412 

memorable or forgettable, 4) search set sizes of 4, 8, 12, or 16 stimuli. Participants were asked to 413 

respond as quickly and accurately as possible whether a target was present or absent with a key 414 

press. 415 

 416 

 417 

Fig 6. The visual search experimental paradigm for Experiment 3. Participants searched for 418 

memorable or forgettable target face images amongst memorable or forgettable distractor image arrays, 419 

with different search sizes. In half of the trials the target was present, while in the other half the target was 420 

absent. Participants made a response on every trial. 421 

 422 

For each trial, the target to search for was presented above the search display for 1500 423 

ms. Then, a search display as a 4×4 grid (similar to the visual search display of previous studies; 424 
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Golan et al., 2014) appeared below the target. The number of images in the grid was determined 425 

based on the set size of that trial (4, 8, 12, or 16), and were placed in randomized locations (with 426 

unused locations blank). On target present trials, the target was placed in a random location in 427 

the grid amongst distractors, while on target absent trials, only distractors were used. The target 428 

(if present) was either taken from the highly memorable or highly forgettable set, and the 429 

distractors were all taken from either set, based on condition. The specific images used were 430 

selected randomly. 431 

Participants were given 5000 ms to make their response of target present / absent and RT 432 

was measured. They were given feedback for 1000 ms after every response. A noise mask was 433 

displayed for 200 ms, and then there was a rest between trials for 2000 ms. The target cue 434 

appeared before the search grid and remained on for the whole trial to diminish any memory-435 

related effects on performance (e.g., the observer forgetting what the target looked like). 436 

Participants completed 32 trials (one per condition), and the experiment took approximately 3 437 

minutes in total. Only trials where participants responded correctly on the task (target absent / 438 

present) were used in the analyses. Analyses were conducted using two methods. First, 439 

generalized linear mixed models (GLMM; Lo & Andrews, 2015) were conducted on RT as a 440 

dependent variable, to combine both categorical (target presence, target memorability, distractor 441 

memorability) and continuous factors (set size). Target presence, set size, target memorability, 442 

distractor memorability, and their interactions were modeled as fixed-effects repeated measures, 443 

and covariance type was modeled as compound symmetry. A second analysis looked at visual 444 

search slope (the slope of a regression line fit to each participant’s plots of set size by RT, as in 445 

Wolfe, 1998) in repeated-measures ANOVAs with two factors of two levels each (target 446 

memorable / forgettable and distractors memorable / forgettable). Visual slope allows us to 447 
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quantify the degree to which stimulus properties automatically “pop-out” or require a serial 448 

search through the array. A slope close to 0 indicates a pop-out effect, in which the target is 449 

detected at the same speed regardless of the number of images in the set (e.g., a green square 450 

amongst black ones). In contrast, a steep slope indicates a serial search, in which more stimuli in 451 

the set leads to an increase in search times (i.e., participants are searching through each item). 452 

Examining this slope can provide evidence for whether memorability automatically causes visual 453 

pop-out, or is a more complex feature. 454 

 455 

4.3 Results and Discussion 456 

Average RT based on target and distractor memorability can be seen in Fig 7. As 457 

expected from previous visual search studies (Treisman & Gelade, 1980), target absent trials 458 

took significantly longer to identify than target present trials (GLMM: F=127.25, p < 0.001). 459 

Analyses were conducted separately for target present and target absent trials, as the interaction 460 

of memorability and attention could differ between these two different trial types (as there is no 461 

memorable or forgettable target in the target absent trials). 462 

 463 
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C)  465 

Fig 7. Performance on the visual search task, sorted by target and distractor memorability. (A) The 466 

mean reaction times of the conditions averaged by target memorability, at each search size. Dashed lines 467 

indicate target absent trials, while solid lines indicate target present trials. Dark red lines indicate 468 

memorable target trials, while light blue lines indicate forgettable target trials. Error bars indicate standard 469 

error of the mean. As expected, target absent trials take longer to identify than target present trials (i.e., 470 

dashed lines have higher RTs than solid lines). Larger set sizes also result in longer search times. 471 

Importantly, memorable targets are faster to identify than forgettable targets. (B) The mean reaction times 472 

of the conditions averaged by distractor memorability, at each search size. Dashed lines indicate target 473 

absent trials, while solid lines indicate target present trials. Dark red lines indicate memorable distractor 474 

trials, while light blue lines indicate forgettable distractor trials. Error bars indicate standard error of the 475 

mean. Again, target absent trials as well as larger search set sizes result in longer search times. However, 476 

there is no effect of distractor memorability on search times. (C) A chart of the average search slope 477 

(reaction time by set size) for each condition, organized by three factors: memorable (M) / forgettable (M) 478 

distractor (Dist.), memorable/forgettable target, and target present/absent. Error bars indicate standard 479 

error of the mean. Two 2-way ANOVAs were tested on these slope data examining the interaction of 480 

target memorability and distractor memorability, separately for target present and target absent trials. For 481 

target present trials, memorable targets had significantly higher slopes than forgettable targets for target 482 

present trials (* = main effect of target memorability, p = 0.014), while there was no difference based on 483 
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distractor memorability, nor a statistical interaction between targets and distractors. For target absent 484 

trials, no significant differences were found amongst conditions. 485 

 486 

For the target present trials, there was a significant main effect of set size (F=126.98, p < 487 

0.001), with larger set sizes resulting in a longer RT, as expected. There was also a significant 488 

main effect of target memorability (GLMM: F=13.55, p < 0.001; main effect of target 489 

memorability in 2-way ANOVA on slope: F(1, 68)=6.36, p=0.014, ηp
2=0.086), with memorable 490 

targets identified faster than forgettable targets (dark red versus light blue solid lines in Fig. 7A). 491 

However, there was no significant main effect of distractor memorability (GLMM: F=1.90, 492 

p=0.169; ANOVA on slope: F(1, 68)=0.920, p=0.341, ηp
2=0.013; BF01 = 4.17; the dark red 493 

versus light blue solid lines in Fig. 7B). There was also no significant statistical interaction of 494 

distractor memorability and target memorability (GLMM: F=0.16, p=0.685; ANOVA on slope: 495 

F(1, 68)=0.522, p=0.473, ηp
2=0.008), nor distractor memorability and set size (F=1.03, p=0.310). 496 

There was a significant statistical interaction of target memorability and set size (F= 4.73, 497 

p=0.030). Looking at paired t-tests of target memorability at each set size, while there is a 498 

significant effect of target memorability at the lower set sizes of 4 (t(71)=3.11, p=0.003) and 8 499 

(t(71)=2.61, p=0.011), there is no effect at the sizes of 12 (t(63)=1.01, p=0.316, BF01=4.49) and 500 

16 (t(63)=0.572, p=0.569, BF01=6.24). There was no significant 3-way interaction of distractor 501 

memorability, target memorability, and set size (F=0.001, p=0.970). 502 

The target absent trials showed a similar pattern (Fig 7). Based on a three-way GLMM 503 

(target memorability × distractor memorability × set size) for target absent trials there was again, 504 

as expected, a significant main effect of set size (F=331.89, p < 0.001), where it took participants 505 

longer to confirm a target absent trial with more stimuli. There was no significant main effect of 506 

target memorability (GLMM: F=0.03, p=0.864; ANOVA on slope: F(1, 68)=0.40, p=0.530, 507 
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ηp
2=0.006), and no significant main effect of distractor memorability (GLMM: F=0.23, p=0.631; 508 

ANOVA on slope: F(1, 68)=2.33, p=0.131, ηp
2=0.033). There was no statistical interaction of 509 

target memorability and set size (F=2.56, p=0.110), no interaction of distractor memorability and 510 

set size (F=1.38, p=0.240), and no interaction of target memorability and distractor memorability 511 

(F=1.05, p=0.305; ANOVA on slope: F(1, 68)=3.30, p=0.074, ηp
2=0.046). There was also no 512 

significant 3-way statistical interaction of target memorability, distractor memorability, and set 513 

size (F=0.194, p=0.660). Looking at paired t-tests of target memorability at each set size, there is 514 

an effect of target memorability at the set sizes of 4 (t(67)=2.91, p=0.005), 8 (t(67)=2.34, 515 

p=0.022), 16 (t(68)=4.35, p=4.75×10-5), but not at 12 (t(67)=0.15, p=0.881, BF01=10.37). 516 

This visual search task reveals a significant effect of target memorability on visual 517 

search, where memorable targets are identified more quickly than forgettable targets. These 518 

results fit in with previous predictions that more distinctive, as well as unfamiliar, images tend to 519 

be more quickly identified (Treisman & Gormican, 1988; Wang et al., 1994; Wolfe, 2001), and 520 

indicate that memorable items may also capture attention. At the same time, memorability does 521 

not “pop out” of the search display like other features might, as evidenced by the steep (rather 522 

than flat) search slopes. It thus seems likely that memorability may be an image property that 523 

requires deeper processing than more “pop-out” image properties (it similarly does not cause 524 

automatic spatial cueing: see Supplemental Information).  525 

There are also still open questions on the extent to which memorability influences visual 526 

search. An effect of target memorability appears at three set sizes in the target absent trials, 527 

although there is no target in the search display to capture attention. There may thus be a 528 

memory-related (rather than attention-based) effect of the memorability of the target cue on 529 

performance (i.e., it is harder to remember a forgettable target cue, so participants must refer 530 
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back to it more frequently, which slows them down). Second, the effect of target memorability 531 

when the target is present only occurs at the smaller visual search set sizes (4 and 8), indicating 532 

that the effect is dependent on specific testing parameters. Lastly, there was no effect on search 533 

times of distractor memorability – an array of memorable distractors does not automatically 534 

capture attention and slow down search. In sum, these results provide evidence for memorability 535 

as a higher-order visual property that may cause attentional capture in specific cases, but does 536 

not cause automatic “pop-out” or always capture attention. Thus, it seems unlikely that the neural 537 

sensitivity in the ventral visual stream to memorability is solely driven by increased attention for 538 

memorable images. However, could these patterns of memorability instead be explained by 539 

another automatic memory phenomenon: priming?  540 

 541 

5. Experiment 4: Memorability and Priming 542 

5.1 Introduction 543 

As memorability appears to be a nonconscious, automatically processed stimulus 544 

property related to memory that is independent of attentional effects, how is it linked to 545 

perceptual priming, a similarly automatic and nonconscious form of memory (Tulving & 546 

Schacter, 1990)? Like memorability, perceptual priming is unaffected by changes in low-level 547 

visual features (Fiser & Biederman, 2001) and top-down attention (Vuilleumier et al., 2005). 548 

Memorability might thus reflect the “primability” of a stimulus – to what degree behavioral and 549 

neural responses are affected by increasing repetitions of an initially novel stimulus. Memorable 550 

images might be those that cause greater priming effects, while forgettable images show less 551 

priming. 552 
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To test the link between memorability and “primability”, a perceptual priming 553 

experiment was conducted, in which participants had to rapidly categorize scene images for 554 

indoor / outdoor (Experiment 4-A) or natural / manmade (Experiment 4-B). Images were 555 

repeated four times each, but with the repetitions spread across the stimulus presentation stream 556 

in a randomized order. Due to perceptual priming, with increasing repetitions a stimulus will 557 

become easier (and faster) to categorize. If memorability and primability are linked, then 558 

memorable images should show a more pronounced drop in reaction time with each repetition, in 559 

comparison to forgettable images. However, if memorability and primability are separate 560 

phenomena, then the memorability of the stimulus should not affect repetition priming effects. 561 

 562 

5.2 Materials and Methods 563 

5.2.1 Participants and Stimuli 564 

Forty-nine participants recruited from AMT participated in Experiment 4-A, and a 565 

separate set of 48 participants participated in Experiment 4-B. For this experiment, scene images 566 

were used instead of face images, as they can be quickly categorized for multiple category 567 

dichotomies (e.g., indoor / outdoor, natural / manmade), yet do not have the same demographic-568 

based biases as faces (Chiroro & Valentine, 1995; Anastasi & Rhodes, 2005). The scene images 569 

came from a highly controlled stimulus set for both low-level visual features (e.g., color, spatial 570 

frequency) and higher-level attributes (e.g., number of objects, average object size; see Fig 1 for 571 

example images), demonstrated to show different patterns in the brain for high versus low 572 

memorable images (Bainbridge et al., 2017). The original scene images came from the SUN 573 

Database, with over 131,000 images (Xiao et al., 2010; Isola et al., 2013). Images were selected 574 

to fall into two conditions: memorable scenes (top 25% of HR; M=0.98, SD=0.02) and 575 
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forgettable scenes (bottom 25% of HR; M=0.69, SD=0.09). There was no significant difference 576 

between the two sets in false alarm rate (p=0.06). 577 

For Experiment 4-A, the scene images varied along two factors with 4 conditions total, 578 

with 12 stimuli each, or 48 stimuli total: 1) memorable or forgettable, and 2) indoor or outdoor. 579 

Experiment 4-B had the same stimulus condition distributions, except its second factor was 580 

natural or manmade, and all images were outdoor scenes. 581 

 582 

5.2.2 Experimental Methods 583 

Both experiments were conducted using PsyToolkit and followed the same experimental 584 

paradigm (Fig 8). For each trial, a fixation cross was displayed for 300 ms. A scene image was 585 

then presented at central fixation, and participants were given 2000 ms to classify the image as 586 

indoor or outdoor in Experiment 4-A or natural or manmade in Experiment 4-B with a key press, 587 

with reaction time recorded. Each image was repeated four times over the course of the 588 

experiment in a randomized order, although participants were not told in advance that they 589 

would see image repetitions. Participants were informed if they responded incorrectly, or took 590 

too long (over 2000 ms) to respond, to encourage quick and accurate responses. For both 591 

experiments, participants completed 192 randomized order trials, which took approximately 3 592 

minutes in total. Only trials with the correct task responses were used in the analyses. 593 
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 594 

Fig 8. The perceptual repetition priming experimental paradigm for Experiment 4. Half of the 595 

images were highly forgettable, while the other half were highly memorable. Participants responded as 596 

quickly as possible to a perceptual categorization task (indoor / outdoor for Experiment 4-A, natural / 597 

manmade for Experiment 4-B) for a stream of images, where sometimes an image would repeat. On these 598 

repetition trials, we can observe the effects of perceptual repetition priming (reaction time decreasing on 599 

repeated stimuli), and if this differs between memorable and forgettable stimuli. 600 

 601 

5.3 Results and Discussion 602 

5.3.1 Experiment 4-A: Indoor / Outdoor Task 603 

A graphical summary of the results can be seen in Fig 9. A 2-way repeated-measures 604 

ANOVA (memorability × repetition number) was conducted on RT. As expected based on 605 

previous perceptual priming work (Wiggs & Martin, 1998; Turk-Browne et al., 2006), with 606 

increasing repetitions of an image, participants were able to more quickly identify it as 607 

indoor/outdoor (F(3, 184) 29.23, p=2.60×10-12). However, memorable and forgettable images 608 

had no significant difference in how long it took to classify them as indoor/outdoor (F(1, 609 

184)=0.002, p=0.968, BF01=4.89). There was also no significant statistical interaction between 610 
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the two factors for RT (F(3, 184)=1.54, p=0.213, BF01=2.26), indicating that forgettable and 611 

memorable images did not experience different degrees of priming. A GLMM on RT as a 612 

dependent variable and modeling memorability as a categorical factor and repetition number as a 613 

continuous factor shows the same patterns; RT speeds up with more repetitions (F=9.36, 614 

p=0.002), but memorability shows no effect (F=0.17, p=0.679), nor is there a statistical 615 

interaction between memorability and repetition number (F=0.26, p=0.611). Based on paired t-616 

tests, forgettable images and memorable images showed no significant RT differences at any 617 

repetition number (all p > 0.05). Thus, while scene images do show perceptual priming, there 618 

appears to be no differences between memorable and forgettable images. 619 

 620 

A) B)  621 

Fig 9. Mean reaction times for forgettable versus memorable scenes in the two perceptual priming 622 

experiments. (A) Experiment 4-A (indoor / outdoor). Perceptual repetition priming occurred equally for 623 

forgettable and memorable images. (B) Experiment 4-B (natural / manmade). Again, there was no 624 

significant effect of memorability, nor an interaction of perceptual repetition priming effect and 625 

memorability, showing that memorability is unlikely to be equivalent to “primability”. Error bars indicate 626 

standard error of the mean. 627 

 628 

5.3.2 Experiment 4-B: Natural / Manmade Task 629 
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The study was replicated using a different categorization task (natural/manmade), see Fig 630 

9. Again, there was a significant effect of image repetition on classification speed (F(3, 184) 631 

=13.39, p=5.55×10-7) but no effect of memorability (F(1, 184)=4.14, p=0.054), although the 632 

Bayesian Factor analysis provides unclear evidence, BF01 = 0.67. However, importantly there 633 

was no statistical interaction between image repetition and memorability (F(3, 184)=1.27, 634 

p=0.293, BF01=2.58), indicating that the effect of memorability does not change with priming. A 635 

GLMM modeling memorability as a categorical factor and repetition as a continuous factor also 636 

finds a significant effect of repetition (F=5.67, p=0.018), but no effect of memorability (F=0.09, 637 

p=0.767) nor a statistical interaction of memorability and repetition (F=0.43, p=0.514). Looking 638 

at each repetition using paired t-tests, memorable images were significantly faster to classify than 639 

forgettable images at the forth repetition (t(47)=3.31, p=0.002), however there were no 640 

significant differences at the first, second, or third presentations of the image (all p > 0.40). 641 

Again, this study shows no strong evidence for a differential repetition priming effect between 642 

forgettable and memorable images.  643 

Both Experiments 4-A and 4-B replicate the finding that while people become faster at 644 

categorizing scenes (for either indoor/outdoor or natural/manmade) with increasing repetitions of 645 

an image, this speed increase (or “primability” of the stimulus) is not related to memorability. 646 

These current results show evidence that memorability does not resemble other common implicit 647 

memory phenomena, such as repetition priming, despite being a similarly automatic, 648 

unconscious marker of memory. 649 

 650 

6. Discussion 651 
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This set of four experiments elucidates the role of intrinsic stimulus memorability in 652 

memory encoding, and how it relates to other key attentional and memory processes (Tulving, 653 

1985). Namely, this study shows that: 654 

Memorability effects cannot be overridden by cognitive control, as you cannot make 655 

yourself forget a memorable image, or remember a forgettable image (Experiment 1). 656 

Memorability effects are independent from the depth at which images are processed – 657 

whether judging the color of a fixation cross or the honesty of a face, memorable images are 658 

better remembered than forgettable ones (Experiment 2). 659 

Memorability does not cause automatic bottom-up attentional capture, as memorable 660 

images do not pop-out in a visual search task, and the effect of target memorability on search 661 

times is tenuous (Experiment 3). 662 

Memorability is independent from priming – although these are both automatic, 663 

unconscious forms of memory, these are two separate memory phenomena (Experiment 4). 664 

 665 

Stimulus memorability is thus separate from other attentional and priming processes 666 

known to affect memory. This is somewhat surprising, as memorability is originally measured by 667 

aggregated memory performance, yet it does not show the same malleability to cognitive control 668 

and task encoding depths that individuals’ memory performance does. This measure of 669 

memorability thus must be picking up on something intrinsic to the images themselves that then 670 

aids in higher memory performance. The full nature of what makes an image memorable is still 671 

largely a mystery, as both low-level visual saliency accounts (Isola et al., 2011a) as well as mid-672 

level semantic features such as attractiveness and emotion have not successfully fully captured 673 

the variance of memorability (Bainbridge, 2013). Current work is investigating the role of 674 
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second-order attribute interactions in explaining memorability (such as image-space sparseness, 675 

Lukavský & Děchtěrenko, 2017), as well as using convolutional neural networks to learn the 676 

features that make an image memorable (Khosla et al., 2015). Current views suggest that 677 

stimulus memorability is capturing an aspect of the statistical relationship of a stimulus to the 678 

visual world, which can help prioritize distinctive information for memory encoding 679 

(Bainbridge, 2019). The fact that memorability effects are immutable in the face of cognitive 680 

control, task depth, and top-down attention implies that the effects of the stimulus are powerful, 681 

and potentially meaningful for a range of applications. Knowing that certain images are going to 682 

be remembered and certain others will be forgotten regardless of the observer, task, and image 683 

context has resounding implications for education, entertainment, and the design of treatments 684 

for those with memory impairments (Bainbridge et al., 2019). Additionally, this means 685 

memorability may be an important attribute to measure and control for when designing 686 

experiments of vision and memory, as the effects of the stimuli could override the effects of the 687 

task manipulation. Indeed, several image features have been shown to be correlated with 688 

memory distortions (i.e., boundary transformations) of an image (Bainbridge and Baker, 2020). 689 

It will be particularly interesting to observe how top-down attention and memorability processing 690 

interact in the brain, and how they relate to memory encoding and retrieval. Would a directed 691 

forgetting task (as in Experiment 1) show two different networks that influence memory outcome 692 

– one driven by the memorability of the stimuli, and one driven by cognitive control of memory? 693 

Could successful directed forgetting be predicted at the trial-level by the interaction of these two 694 

networks? Additionally, how might this interaction be manipulated by modulating a reward 695 

incentivizing control of memory? 696 
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While these results show that memorability is impervious to top-down memory strategies, 697 

they also show a difference between memorability and other automatic memory phenomena. 698 

Like other markers of implicit memory phenomena like priming, memorability processing is 699 

automatic (Bainbridge et al., 2017) and rapid (Mohsenzadeh et al., 2019), even when participants 700 

are performing an entirely perceptual task during the studying of images (as replicated in 701 

Experiment 2). However, based on the results of the current study, it appears the automaticity of 702 

this processing of memorability is not due to a striking visual salience that causes memorable 703 

images to “pop-out” and capture attentional resources. Indeed, all stimuli used in this study were 704 

highly controlled for low level visual attributes (color and spatial frequency), and neuroimaging 705 

work using this same stimulus set shows no activation or pattern difference between memorable 706 

and forgettable images in early visual cortex (Bainbridge et al., 2017). Memorability also does 707 

not show a relationship to priming in the current study, although sensitivity to memorability has 708 

been identified in the perirhinal cortex (Bainbridge et al., 2017), a region also implicated in 709 

repetition suppression due to priming and familiarity-based recognition (Heusser et al., 2013; 710 

Wang et al., 2014). In contrast with priming and familiarity which depend upon stimulus 711 

repetition, memorability effects manifest at the level of single trials for novel images in the 712 

context of a perceptual task (Bainbridge et al., 2017). Interestingly, we did not find memorability 713 

was affected by image repetitions in the current study, suggesting memorability may not be 714 

directly impacted by familiarity. Thus, a key next question will be to directly compare the neural 715 

effects of memorability and familiarity given that they show a behavioral dissociation: do neural 716 

memorability patterns remain consistent with repetitions of an image, and how do memorability 717 

effects compare to effects of highly familiar images versus novel images? As an initial first step, 718 

Bainbridge & Rissman (2019) found dissociable regions sensitive to stimulus memorability 719 
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(measured by a large-scale crowd-sourced recognition test on the stimuli) versus an individual 720 

subject’s memory performance (measured by hits versus misses), where stimulus memorability 721 

sensitivity occurs in MTL and late visual areas, while individual subject memory performance is 722 

reflected in parietal and frontal cortex. Other work has suggested a triple dissociation of 723 

recollection, familiarity, and novelty in the MTL (Daselaar et al., 2006), and so perhaps looking 724 

at the dissociation of recollection versus familiarity from the angle of the stimuli rather than the 725 

observer (i.e., memorable versus familiarized stimuli) may give greater insight into the steps the 726 

brain takes between perceiving an item and encoding it.  727 

Overall, these results indicate that sensitivity to stimulus memorability is an automatic 728 

process separate from attentional capture and priming. This process is highly resilient to 729 

intentional strategies that influence memory performance, including cognitive control and more 730 

elaborative processing. While previous neuroimaging results had hinted at the automatic and 731 

rapid nature of memorability processing, these results highlight its key differences from other 732 

cognitive phenomena known to influence memory performance. Future work will need to 733 

pinpoint the calculations the brain is making when it is sensitive to the memorability of a 734 

stimulus and understand how this information aids in memory encoding success. Additionally, 735 

there is the broader question of what aspects of an image make it memorable, and how that 736 

relates to the statistics of our surrounding visual world. In sum, memorability is an independent, 737 

intrinsic property to images, occurring as a strong, automatic determinant of what we will 738 

ultimately remember, resilient to outside influence. 739 

 740 
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