bioRxiv preprint doi: https://doi.org/10.1101/2021.02.22.432360; this version posted February 23, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

1

Unexpected false feelings of familiarity about faces are

2

associated with increased pupil dilations

3

Kirsten Ziman1 , Jeremy R. Manning1
1

Department of Psychological and Brain Sciences
Dartmouth College, Hanover, NH 03755

4

February 22, 2021

5

Abstract

6

Our subjective sense that something we encounter is familiar to us is reflected by changes in pupil size.

7

Although pupil dilation effects of familiarity have been well documented, familiarity is not the only, or

8

even the strongest, contributing factor to pupil dilation. Changes in pupil dilation also reflect changes

9

in brightness, affective or emotional responses, hormonal release, expected value or utility, and surprise,

10

among others. Because many factors can affect pupil dilation, important questions remain about how pupil

11

dilation changes reflect high-order cognitive processes, like attention and memory. For example, because

12

surprise and familiarity are often difficult to fully distinguish (since new experiences can be surprising or

13

unexpected), it can be difficult to tease apart pupil dilation effects of surprise versus familiarity. To better

14

understand the effects of surprise and familiarity on pupil dilation, we examined pupil responses during

15

a recognition memory task involving photographs of faces and outdoor scenes. When participants rated

16

novel face images as “familiar,” we observed a robust pupil dilation response.

17

Keywords: familiarity, recognition memory, pupillometry, attention

18

Introduction

19

Imagine that you are observing a crowd of people when you suddenly and unexpectedly notice a childhood

20

friend, whom you haven’t seen in many years, milling amongst the group. You call out and wave, walking

21

towards them. However, when you are able to get a better look, you realize that it isn’t your friend at all–

22

it’s a stranger that you’ve never met before. Awkwardly, you withdraw your hand and pretend to melt

23

back into the scenery.
1
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24

Research on false memory has shown that people often “fill in” perceived gaps in their recall by building

25

on the scaffolding of their prior knowledge of the current context or situation (Deese, 1959; Roediger &

26

McDermott, 1995; Gallo, 2006; Loftus, 1997). In essence, we pattern complete missing information based on

27

our expectations. But what leads us to mistakenly identify an unexpected novel face, place, object, experience,

28

or situation as familiar? We hypothesized that some new insights might come from an unexpected data

29

source: pupil dilations.

30

Our pupils constrict when we move from a dark setting into a bright one, and dilate when we move from

31

bright to dark. This serves to protect our retina’s photoreceptors in the presense of excessive light energy,

32

and to increase the available light energy when it is more limited. However, this involuntary response is not

33

solely related to the physical intensity or energy of the light shining on the retina. For example, similar pupil

34

constrictions and dilations may also be observed in response to perceived brightness or darkness (e.g., in

35

brightness illusions), suggesting that pupillary responses are in part driven by subjective experiences (Laeng

36

& Endestad, 2012). Although brightness is perhaps the strongest driver of the pupillary response, a grow-

37

ing body of work has shown that pupil dilation also tracks with a wide variety of higher-order cognitive

38

processes. For example, pupil dilations also reflect changes in affect and emotion (Oliva & Anikin, 2018;

39

Siegle et al., 2003), attention to high-level information (O. E. Kang et al., 2014), the focus of high-level atten-

40

tion (O. Kang & Wheatley, 2015), synchronization between individuals engaged in conversation (O. Kang &

41

Wheatley, 2017), hormonal release (McCorry, 2007), expected value or expected utility (Slooten et al., 2018),

42

surprise (Preuschoff et al., 2011), and familiarity (Võ et al., 2007; Gardner et al., 1974, 1975).

43

When pupillary responses reflect high-order cognitive processes, it can be difficult to specifically identify

44

the underlying causes of those responses, in part because many of these high-order processes are inter-

45

related or otherwise inter-dependent. For example, when we encounter something unfamiliar, it can be

46

surprising; evoke a sense of curiosity, fear, joy, or another affective response; cause us to evaluate its expected

47

utility; and so on. Therefore, even well-studied and relatively stable pupillary response effects, such as the

48

finding that our pupils dilate in response to familiar stimuli or experiences (Gardner et al., 1974; Võ et al.,

49

2007; Heaver & Hutton, 2011; Goldinger & Papesh, 2012; Papesh et al., 2012; Naber et al., 2013; Kafkas &

50

Montaldi, 2015; Mill et al., 2016; Jacoby, 1991; Mandler, 1980; Godden & Baddeley, 1975; Vilberg & Rugg,

51

2008; Yonelinas, 2002) can be difficult to interpret. The recognition memory processes that lead us to feel a

52

sense of familiarity depend in turn on myriad factors and processes that are also associated with changes in

53

pupil dilation (Faber, 2017; Beukema et al., 2019; Zekveld et al., 2018; Kahneman & Beatty, 1966; Kahneman

54

et al., 1967; Ahern & Beatty, 1981; Fiedler & Glöckner, 2012; Einhäuser, 2017).

55

Here we sought to tease apart the pupillary responses associated with the feeling of familiarity from those

56

related to the recognition memory processes that enable us to recognize when a stimulus or experience is
2
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57

truly familiar. We designed two conditions of an eyetracking experiment that first asked participants to

58

attend to a series of locations and stimulus features while unattended stimuli and features also appeared

59

on the screen. The two conditions differed in whether the attention cues were consistent across a series

60

of presentations (Sustained Attention) or whether they varied randomly with each stimulus presentation

61

(Variable Attention). In both conditions, we then asked participants to perform a recognition memory task

62

whereby they rated the “familiarity” of attended, unattended, and novel stimuli. We examined pupillary

63

responses as participants attended different stimuli and as they later made their familiarity judgements. In

64

addition to replicating several previously reported attention-related pupillary response patterns, we also

65

report pupillary responses to novel stimuli (i.e., that participants had not seen before) that they nonetheless

66

identified as familiar.

67

Materials and methods

68

We sought to determine if items that feel familiar elicit unique pupil dilation responses, even if they are

69

not truly stored in memory. To answer this question, we leveraged our previously published data from

70

an experiment designed to test the effects of attention on memory. The full dataset may be downloaded

71

here, and the specific experimental groups and conditions we analyzed in the present manuscript may be

72

downloaded here and here. All of the analysis code used in our manuscript may be downloaded here.

73

Experiment design

74

The experiment comprised a series of presentation blocks and memory blocks. Throughout the presentation

75

and memory blocks, pupillometry data were collected using an Eyetribe eye-tracking system (Eye Tribe, The

76

EyeTribe, Copenhagen, Denmark). Full experimental and methodological details may be found in Ziman

77

et al. (2020).

78

Presentation blocks

79

During presentation blocks, participants viewed a series of composite image pairs (one on the left and one

80

on the right of the screen) while keeping their gaze pointed towards a centrally located fixation cross. Each

81

composite image comprised an equal blend of a contrast and brightness normalized grayscale image of

82

a face and an outdoor scene. Participants also received a visual attention cue (Fig. 1a) prior to viewing

83

the composite image pairs (Fig. 1b), directing them to attend to face or scene component (category) of the

84

left or right image (location). The frequency with which the attention cue was changed varied across two

3
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85

experimental conditions: a Sustained Attention and a Variable Attention condition.

86

Sustained attention. In the Sustained Attention condition of the experiment (n = 30), participants received

87

a single attention cue at the start of each presentation block. In other words, they kept their attention focused

88

on the same image location and category throughout all of the composite image pair presentations. The

89

attention cues were organized across blocks such that location and category were counterbalanced over the

90

course of the experiment.

91

Variable attention. In the Variable Attention condition of the experiment (n = 23), participants received

92

a new attention cue prior to every image pair presentation in the presentation block. In other words, they

93

varied the focus of their attention on an image-by-image basis throughout the duration of the presentation

94

block. The location and category cues within and across blocks were counterbalanced over the course of

95

the experiment.

96

Memory blocks

97

During memory blocks, participants were instructed (Fig. 1c) to rate how “familiar” each of a series of

98

grayscale images seemed on a scale from 1–4. If participants felt unsure about how to respond, they were

99

explicitly instructed to take their best guess. Each image participants judged (Fig. 1d) was drawn either

100

from the set of grayscale face and scene images that they had studied (as part of a composite image pair)

101

during the prior presentation block (old images), or from a separate set of images that the participants had

102

not encountered before (novel images). The set of images judged in each memory block comprised half old

103

images and half novel images. In turn, the set of old images comprised an equal mix of presented images

104

that whose locations were versus were not attended, and whose categories were versus were not attended.

105

Across all memory blocks, participants viewed (and rated) a total of 80 novel face images and 80 novel scene

106

images.

107

Pupillometry data analysis and preparation

108

Our eyetracking system continuously sampled participants’ eye gaze positions (mean accuracy: 0.5◦ visual

109

angle; mean precision: 0.1◦ visual angle root mean squared error) and pupil diameters at 30 Hz. We

110

excerpted three-second windows that began when each new image or composite pair appeared on the

111

participant’s screen. For presentation trials, this window spanned the full duration that composite images

112

displayed on the screen (3s). For memory trials, this window spanned the duration individual images

113

appeared on the screen (2s) in addition to a fixation period after each image disappeared (1s).
4
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a.

b.

c.

d.
Now we're going to test your memory.
Just like the practice round, you will rate single images using the following scale:

>

+

+

(1) I definitely have not seen the image before
(2) I probably have not seen the image before
(3) I probably have seen the image before
(4) I definitely have seen the image before
You will need to make your responses quickly -- you'll have just 2 seconds.
If you aren't sure what to say for a particular image, make your best guess!
Press any key to begin.

1
2
unfamiliar

3

4
familiar

Figure 1. Experimental methods. a. During presentation blocks, participants received cues, like the one
displayed here, directing their attention to the face or scene component of the left or right composite
image. The example cue is directing the participant to attend to the scene component of the left image.
b. An example composite image pair with a central fixation cross. c. Screenshot of instructions shown
to participants prior to each memory block. d. An example image and familiarity rating response scale
displayed during a memory block. Note that the scale of the text and images in all panels have been altered
for illustrative purposes.

114

We excluded samples where any of the following criteria held: the diameter for either pupil was mea-

115

sured as zero; the inter-pupillary difference in pupil diameters was greater than 1.5 times the interquartile

116

range (across all trials); the gaze position was outside of the border of the display screen; the horizontal or

117

vertical position was greater than 1.5 times the interquartile range from the average gaze location (across

118

all trials); or the same sample was redundantly recorded. When the average sampling rate (for the remain-

119

ing samples) dropped below 20 Hz, we removed those trials from our analyses. We estimated the pupil

120

diameter (i.e., the pupil dilation response) at each timepoint by averaging the measured left and right pupil

121

diameters. Finally, we converted these averaged diameters into z-scored (standard deviation) units within

122

each participant.

123

We generated a smooth, regularly sampled, timecourse of the pupil dilation responses to each image

124

by fitting a Piecewise Cubic Hermite Interpolating Polynomial (PCHIP; Fritsch & Carlson, 1980) to the

125

pupil diameters from each trial, and sampling from when the trial began until the moment the last viable

126

pupil dilation measurement in the trial was recorded (rounded down to the nearest of 150 evenly spaced

127

timepoints throughout this interval).

128

Segmenting the pupil response timecourse

129

The pupil response timecourses we observed during different parts of the experiment were often similar

130

across participants. These timecourses often exhibited an initial dilation just after a new image appeared on

131

the participant’s screen, followed by a constriction, and so on. This suggested that different time intervals

132

(relative to the image onset) might reflect different processes of potential interest. For each type of trial we
5
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133

analyzed (presentation trials, memory trial responses to old images, and memory trial responses to new

134

images), we first computed the average pupil response timecourse across all trials and participants. We

135

next computed the average value, m, of the average pupil response timecourse during the time interval

136

of interest. We then segmented the pupil response timecourse into consecutive time bins where the pupil

137

dilations were consistently above or below m. This yielded a set of “cut points” for the pupil response

138

timecourse (i.e., mean crossings). Finally, we examined the pupil responses within each of these segments

139

to identify potential differences in pupil dilations as a function of the familiarity ratings that the participants

140

assigned (or would later assign) to different images.

141

Results

142

To explore pupillary responses under different attention and memory conditions, we computed the av-

143

erage pupil dilation response timecourses across trials and participants (see Pupillometry data analysis and

144

preparation). We first examined pupillary responses as participants attended composite image pairs while

145

keeping their gaze fixed on a central point (Fig. 1b). We reasoned that these pupillary responses might reflect

146

processes related to controlling the focus of feature-based or location-based (spatial) attention, or related

147

to encoding the images into memory. We observed similar response timecourses across both experimental

148

conditions (Sustained Attention, whereby participants were given the same cue for all composite image

149

pairs within in a block; versus Variable Attention, whereby participants were given a new attention cue

150

prior to viewing each image pair; see Fig. 1a for an example attention cue). Figure 2a displays results

151

averaged across both experimental conditions; Figures S1 and S2 display analogous results broken down

152

by condition. The average pupil dilation timecourse we observed when participants viewed the composite

153

image pairs is displayed in Figure 2a. As summarized in Figure 2, participants’ pupil dilation increased

154

when they attended to images that they later recognized (i.e., rated as familiar during the memory phase

155

of the experiment; blue curve in Panel b). When participants attended to images that they would later fail

156

to recognize, their pupils did not dilate as much (red curve in Panel b). This suggests that participants’

157

pupils were dilating when they successfully encoded an image from the attended location and category

158

into memory. When we examined pupil responses to unattended images (i.e., images from the unattended

159

location or category) we observed no reliable differences in participants’ pupil response timecourses as a

160

function of the familiarity ratings they assigned to those images during the memory phase of the experiment

161

(Fig. 2c–e). This suggests that the unattended images may not have been encoded into memory as reliably,

162

or that some other mechanism or process that does not track as closely with pupil dilations might govern

163

the encoding of the unattended images.
6

bioRxiv preprint doi: https://doi.org/10.1101/2021.02.22.432360; this version posted February 23, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Image category
a. All old images
Attended Side
Pupil diameter (z-score)

***

e.

Pupil diameter (z-score)

** * p < 0.001 * p < 0.05
* * p < 0.01 + p < 0.10

2

Attended category Unattended category
c.

d.
Unattended Side

Participant rating

Image location

Time from onset (s)

b.

Time from onset (s)

Time from onset (s)

Figure 2. Pupil dilation response timecourses while attended to composite image pairs. a. Average pupil
dilation timecourse across all trials and experimental conditions. b. Pupil dilation timecourses for trials
corresponding to attended images that participants later rated as familiar (blue curve; familiarity rating =
3 or 4) versus unfamiliar (red curve; familiarity rating = 1 or 2). c. Pupil dilation timecourses for trials
corresponding to images on the attended side (but the unattended category) that participants later rated
as familiar (blue) or unfamiliar (red). d. Pupil dilation timecourses for trials corresponding to images
from the attended category (but on the unattended side) that participants later rated as familiar (blue) or
unfamiliar (red). e. Pupil dilation timecourses for trials corresponding to images on the unattended side,
from the unattended category, that participants later rated as familiar (blue) or unfamiliar (red). All panels:
error ribbons denote 95% confidence intervals across participants. See Supplemental Figures S1 and S2 for
analogous results broken down by experimental condition and numerical familiarity rating. In this figure,
and in subsequent figures, the horizontal line pairs denote reliable separation (quantified using two-tailed
paired t-tests) between the corresponding curves, during the time intervals covered by the lines. Significance
levels are denoted by the symbols shown in the legend.
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164

Next, we examined pupillary responses as participants rated the familiarity of the images that had

165

comprised the composite pairs they had seen during the presentation phase of the experiment. We reasoned

166

that these pupillary responses might reflect processes related to memory retrieval. We observed similar

167

timecourses across both the Sustained Attention and Variable Attention experimental conditions. Figure 3a

168

displays results averaged across both experimental conditions; Figures S3 and S4 display analogous results

169

broken down by condition. The average pupil dilation timecourse we observed when participants viewed

170

previously seen memory cue images is displayed in Figure 3a. As summarized in Figure 3, participants’

171

pupil dilation increased (numerically) when they recognized previously attended images as familiar (blue

172

curve in Panel a) versus when they failed to recognize previously attended images as familiar (red curve

173

in Panel a). We observed a qualitatively similar increase in pupil dilation when participants rated partially

174

attended images as familiar (blue curves in Panels c and d) versus unfamiliar (red curves in Panels c and d).

175

Although the responses displayed in Panels b–d are all qualitatively similar, only the differences in Panel

176

d crossed our threshold for statistical significance. Finally, we saw no consistent familiarity-dependent

177

changes in pupil responses to unattended images (Panel e).

178

Taken together, the above pattern of results could be consistent with several possible interpretations.

179

One possibility is that participants’ pupils dilate during memory retrieval, analogous to the responses we

180

observed during the presentation phase of the experiment that appeared to track with memory encoding.

181

This seems to be supported by the finding that differences in pupil dilation responses to images that were

182

rated as familiar versus unfamiliar appear to fall off monotonically as a function of how much attention

183

participants were instructed to pay to the corresponding images during the presentation phase of the

184

experiment (e.g., compare Panels b–d with Panel e). In this way, our results thus far potentially agree with

185

findings from myriad studies showing that people’s pupils dilate when they are engaged in remembering

186

or recognizing (Goldinger & Papesh, 2012; El Haj et al., 2019; Rijn et al., 2012; Kucewicz et al., 2018; Naber et

187

al., 2013; Mill et al., 2016). However, an alternative explanation is that pupil dilations might instead reflect

188

the feeling of remembering or recognizing as opposed to memory retrieval per se. We hypothesized that

189

participants’ familiarity judgements of novel (never before seen) images might enable us to disentangle

190

these explanations. In particular, if we observed a pupil dilation response during the rare times when

191

participants mistakenly rated novel images as familiar, this would indicate that the pupil response is driven

192

in part by the feeling of familiarity rather than the specific engagement of memory retrieval processes.

193

When we examined participants’ familiarity ratings of novel stimuli, we noticed several behavioral

194

patterns. In the Sustained Attention condition, participants rated novel images as more familiar if they came

195

from the most recently attended category (familiarity ratings of novel stimuli that matched versus conflicted

196

with the most recent attention cue: t(29) = 4.37, p < 0.001). In the Variable Attention condition, participants
8
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Image category
Attended category Unattended category
c.
b.

** * p < 0.001 * p < 0.05
* * p < 0.01 + p < 0.10

Attended Side
Pupil diameter (z-score)
Pupil diameter (z-score)

Participant rating

d.
Unattended Side

Time from onset (s)

Image location

a. All old images

*

+

Time from onset (s)

e.

Time from onset (s)

Figure 3. Pupil dilation response timecourses while rating the familiarities of previously studied images.
a. Average pupil dilation timecourse across all trials and experimental conditions. b. Pupil dilation
timecourses for trials corresponding to previously attended images that participants rated as familiar (blue
curve; familiarity rating = 3 or 4) versus unfamiliar (red curve; familiarity rating = 1 or 2). c. Pupil dilation
timecourses during trials where participants rated images on the attended side (but the unattended category)
as familiar (blue) or unfamiliar (red). d. Pupil dilation timecourses during trials where participants rated
images from the attended category (but the unattended side) as familiar (blue) or unfamiliar (red). e.
Pupil dilation timecourses during trials where participants rated unattended images as familiar (blue) or
unfamiliar (red). All panels: error ribbons denote 95% confidence intervals across participants. The vertical
lines indicate when the images were cleared from the screen. See Supplemental Figures S3 and S4 for
analogous results broken down by experimental condition and numerical familiarity rating.
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197

tended to rate novel scene images as more familiar than face images, regardless of the most recent attention

198

cue, although this tendency did not cross our threshold for statistical significance (t(22) = 1.24, p = 0.23).

199

This suggests that when participants modulate their focus of attention to specific stimuli, the consequences

200

to how they subsequently process images linger beyond the duration that the cues remain relevant. When

201

attention cues were stable (i.e., in the Sustained Attention condition), participants responded in a biased

202

way to novel images that matched the most recent stable cue. However, when the attention cues changed

203

rapidly (i.e., in the Variable Attention condition), participants appeared to “default” to processing scenes

204

and face images slightly differently, regardless of the most recent cued category. This suggests that different

205

image categories may be processed or prioritized (in attention, memory, etc.) differently, independent of the

206

specific experimental task, cues, or instructions. We therefore separated our further analyses of responses

207

to novel stimuli along two dimensions: (1) whether or not the novel stimuli came from the most recently

208

cued category and (2) whether the novel stimuli were scene versus face images.

209

Participants’ pupillary responses to novel stimuli in the Sustained and Variable Attention conditions

210

were similar. Figure 4 displays results averaged across both experimental conditions, and Figures S5 and

211

S6 display analogous results broken down by condition. The average pupil dilation timecourse we observed

212

when participants viewed novel memory cue images is displayed in Figure 4a. Unlike their responses to

213

composite images during the presentation phase of the experiment, or to memory cues for previously seen

214

images during the memory phase of the experiment, participants’ pupillary responses to novel memory

215

cues did not vary reliably as a function of the most recent attention cue (e.g., compare Fig. 4b versus d

216

and c versus e). However, we did observe differences in participants’ pupillary responses as a function of

217

the category (scene versus face) of the novel memory cues. When participants viewed novel scene images,

218

their pupillary responses showed no reliable differences as a function of the familiarity ratings participants

219

assigned to those images (Fig. 4b and d). However, when participants viewed novel face images, their

220

pupils dilated more when they rated the novel images as familiar (Fig. 4c and e).

221

Discussion

222

We examined pupillary responses as participants modulated their attention and rated the familiarity of

223

previously seen and novel images. Whereas familiarity and retrieval are often conflated (e.g., when we

224

recognize something we experienced in the past), examining pupillary responses to novel stimuli enabled

225

us to disambiguate familiarity and retrieval. When participants rated novel faces as familiar, we observed

226

a pupil dilation response that was qualitatively similar to the pupil dilation response we observed when

227

participants correctly recognized previously encountered stimuli as familiar. However, the pupil dilation
10
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Image category
a. All new images

b.

Scenes

c.

Faces

Recently Attended
Pupil diameter (z-score)

e.
+

Pupil diameter (z-score)

Participant rating

**

d.
Recently Unattended

Time from onset (s)

Attention category

+

** * p < 0.001 * p < 0.05
* * p < 0.01 + p < 0.10

Time from onset (s)

*
*
**

*

+

Time from onset (s)

Figure 4. Pupil dilation response timecourses while rating the familiarities of novel images. a. Average
pupil dilation timecourse across all trials and experimental conditions. b. Pupil dilation timecourses (split
by familiarity rating) for trials corresponding to novel scene images, when the most recent attention cue
was also to a scene image. c. Pupil dilation timecourses (split by familiarity rating) for trials corresponding
to novel face images, when the most recent attention cue was also to a face image. d. Pupil dilation
timecourses (split by familiarity rating) for trials corresponding to novel scene images, when the most
recent attention cue was to a face image. e. Pupil dilation timecourses (split by familiarity rating) for
trials corresponding to novel face images, when the most recent attention cue was to a scene image. All
panels: error ribbons denote 95% confidence intervals across participants. The vertical lines indicate when
the images were cleared from the screen. See Supplemental Figures S5 and S6 for analogous results broken
down by experimental condition.
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228

response to novel stimuli could not be explained by pure memory retrieval (since there were no prior

229

memories about the stimuli to retrieve), nor could it be explained by response bias (since participants

230

were biased to rate scenes as slightly more familiar than faces, all else being equal). Taken together, our

231

findings suggest that the pupil dilation responses we observed are due to participants’ feelings of familiarity.

232

Further, this effect seemed specific to participants’ responses to images of faces, in that we did not observe

233

a familiarity-associated pupillary response when participants rated novel scene images.

234

We note several potential limitations of our study. The most substantial limitation we see is that we

235

cannot entirely rule out that novel stimuli might trigger some sort of partial memory retrieval process. For

236

example, a given novel image might remind a participant of other images they had encountered earlier on

237

in the experiment. This could be driven by visual similarity, semantic similarity, or even associations drawn

238

from the participants’ prior experiences. This potential confound means that we cannot completely rule out

239

that the pupil dilations we observed when participants rated novel faces as familiar might be driven in part

240

by memory retrieval processes. However, any such process would need to be category selective, since we

241

did not observe a pupil dilation response to novel scene images (regardless of their familiarity ratings). A

242

second potential limitation of our study is that we cannot distinguish whether the pupil dilation response

243

to familiar-seeming novel faces is specific to faces in particular, or whether it is instead category selective.

244

To distinguish these possible explanations, one would need to collect additional data using images selected

245

from a broader range of categories.

246

Our study contributes to a growing literature on pupillary responses in a wide range of cognitive tasks,

247

particularly those aimed at studying processes underlying attention and memory (Korn & Bach, 2016). Prior

248

work has also shown that our pupils dilate when we identify a target amidst a distracting background (Wang

249

et al., 2020; Martin & Johnson, 2015), or when we detect an unexpected visual change (Kloosterman et al.,

250

2015). Pupillary responses also track with internal belief states (Colizoli et al., 2018) and pre-conscious

251

processes (Laeng et al., 2012). These findings help to contextualize our finding that participants’ pupils

252

dilated when they rated novel faces as familiar, even though they displayed an overall bias to rate novel faces

253

as unfamiliar. The variety of cognitive phenomena that have been tied to pupillary responses also highlight

254

the richness and complexity underlying the pupillary response. That a scalar value (pupil diameter) at a

255

given moment incorporates such complexity also illustrates how difficult it can be to tease apart the many

256

contributing factors. This also limits our ability to fully interpret pupillometry data (e.g., compared with

257

pure behavioral data, or some other biophysiological measurements under appropriate conditions).

258

The false feelings of familiarity our participants occasionally exhibited are also informed by a large

259

literature on false memories (Deese, 1959; Roediger & McDermott, 1995; Gallo, 2006; Loftus, 1997). Faces

260

can be an especially interesting stimulus in these experiments given their special relevance and importance
12
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261

to everyday human life. Prior work on recognition memory for face images has shown that feelings of

262

familiarity versus true memory retrieval-based recognition can be dissociated (e.g., by inverting the images

263

Megreya & Burton, 2007), suggesting that these processes may be supported by different mechanisms. Other

264

work has shown that familiarity can also be influenced by visual properties of the faces themselves (e.g.,

265

their visual distinctiveness Lewis, 2010). Taken together, this work suggests that the feeling that something

266

is familiar can be at least partially dissociated from remembering that something has been encountered

267

before.
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