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A B S T R A C T

Self-directed attention is a central aspect in most psychological models in the clinical, social and personality 
literature. However, precise measures of self-directed attention are lacking. Building on recent methodological 
developments, the present study (N=104) provides an exploratory assessment of the Incidental Mirror Exposure 
(I-ME) paradigm combining reflective screens with eye-tracking devices to measure self-directed attention. 
Personality traits associated with self-directed attention were assessed to evaluate the theoretical validity of basic 
oculometric measures. We additionally suggest a novel measure of self-focus integrating time spent looking at the 
self-reflecting area of the screen and depth of the gaze looking through the screen. Results underline the rele-
vance of eye-tracking paradigms to capture maladaptive self-directed attention such as social anxiety, vulnerable 
narcissism, and self-absorption.

1. Introduction

Directing one’s attention toward the self is an essential feature of 
goal pursuit according to cybernetic models of self-regulation (Carver & 
Scheier, 1981). However, to the extent that self-directed attention is 
associated to a process of self-evaluation, entailing self-to-standards 
comparisons (Duval & Wicklund, 1972), it is often assumed to be an 
aversive activity that one would avoid – especially in failure situations 
(Hull & Young, 1983; Landrault et al., 2020; Monéger et al., 2022, 2023; 
Pyszczynski & Greenberg, 1985). In this paper, ‘self-directed attention’ 
refers to the process of orienting, selecting and/or processing informa-
tion related to oneself. How to accurately measure attention toward the 
self? Self-report scales, and notably the widely used self-consciousness 
scale (Fenigstein et al., 1975), offer the possibility to assess self- 
consciousness, a personality trait defined as the proneness to direct 
one’s attention toward the self. However, as an attentional process, self- 
directed attention differs from – although conceptually overlaps with – 
self-consciousness. Self-reported scales, in addition to being direct and 
controllable (eliciting responses motivated by social demands and social 
desirability), assess stable traits rather than an actual behaviour of 
directing one’s attention toward the self. Because completing scales 
about oneself requires self-directed attention, it is fundamentally 

impossible to use them to measure a state resulting from self-directed 
attention.

Some studies used experimental situations enabling a behavioural 
measure of one’s aversion/preference in self-directed attention (Arndt 
et al., 1998; Lipson et al., 1983; Twenge et al., 2003, study 6). However, 
those measures tack the avoidance of self-directed attention by either 
posing a self-aware vs. not self-aware choice, or assessing time spent 
doing an activity in front of a mirror, rather than an actual attentional 
process.

Modern technological advances might offer new possibilities in 
measuring self-directed attention. In particular, eye-trackers are widely 
used to investigate visual attention orientation and focusing to salient 
elements in the environment (e.g., Armstrong & Olatunji, 2012; Chita- 
Tegmark, 2016), including visual information related to the self. For 
instance, some studies examined self-directed attention by recording eye 
movements while participants viewed photographs of themselves (Bauer 
et al., 2017; Bortolon et al., 2016) or chatted during videocalls (Ariss 
et al., 2023; Lin et al., 2021; Vriends et al., 2017), but the explicit 
presence of one’s image while tracking gaze behaviors could make these 
paradigms explicit. Potthoff and Schienle (2021) used a mirror fixated to 
a screen to assess self-directed attention while recording participants’ 
eye movements. However, this paradigm also lacks discretion and 
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participants are forced to explicitly (i.e., directly) direct their attention 
toward themselves. In order to solve this problem, Monéger et al. (2022)
asked participants to perform a lexical decision task with target words 
appearing on each corner of a reflective dark screen wherein the 
participant could see themselves. They measured the number of saccadic 
eye movements made from outside the region of the screen reflecting the 
face toward the region of the screen reflecting the face and observed 
evidence for self-avoidance in failure situation interacting with guilt- 
proneness. Although this study suggests new possibilities of evaluating 
self-directed attention, the theoretical validity of this paradigm have yet 
to be critically examined.

In the current article, we report a preliminary investigation of the 
theoretical validity of the Incidental Mirror Exposure (I-ME) paradigm 
suggested by Monéger et al. (2022). The study was guided by the 
following questions:

(1) Does the I-ME paradigm can capture self-directed attention effi-
ciently. If so, gaze behaviours using this paradigm should be predicted 
by the disposition to direct one’s attention toward the self (i.e., self- 
consciousness).

(2) Is the type of attentional process assessed in the I-ME paradigm 
related to specific types of personality? Drawing on the fact that self- 
directed attention can indicate both healthy (i.e., high self-esteem, 
grandiose narcissism) and unhealthy (self-absorption, depression, 
vulnerable narcissism) dispositions, we evaluated which personality 
traits was the most important contributor in explaining self-directed 
gaze behaviors using the I-ME paradigm. Selected personality traits 
and rationale for their inclusion are described in Table 1.

Finally, the current study offers a finer-grained measure of self- 
directed attention addressing the shortcomings of basic measures of 
self-directed attention reported in the literature. In particular, although 
time spent on the self might be the most straightforward computation of 
self-directed attention (see Lin et al., 2021; Potthoff & Schienle, 2021; 
Vriends et al., 2017), it could fail to capture self-focus and could be 
indicative of a general strategy in the context of the I-ME paradigm (i.e., 
focusing on the central part of the screen results in an optimal distance to 
the future targets regardless of their location). To obtain a more precise 
account of self-directed attention, it might be necessary to consider the 
interplay between time spent looking at the self, and the depth at which 
one is looking. Indeed, one could spend time on the part of the screen 
reflecting one’s face (increased time spent looking at the centre of the 
screen indicating increased self-directed attention) without actively 
looking at their reflection through the reflective screen. Conversely, one 
could display in-depth gazing at their reflection through the screen but 
actively avoid spending too much time on this part of the screen 
(decreased time spent looking at the centre of the screen indicating 
reduced self-directed attention). It follows that time spent looking at the 
centre of the screen is indicative of self-directed attention only to the 
extent that one is actively gazing toward their self-image (i.e., behind 
the computer screen). Ocular vergence, the angle formed by each eye’s 
gaze, indicates the distance separating the individuals from the point 
they are looking at (Erkelens et al., 1997; Wann et al., 1995; see also 
Supplementary Material).

We thus evaluated the effect of personality traits on self-focus, 
defined in the present study as the association between dwell time (i. 
e., time spent on the area of the screen reflecting the self) and ocular 
vergence (i.e., depth of the visual focus point beyond the reflective 
screen). Personality traits fostering greater self-directed attention should 
increase self-focus such that smaller angle of vergence (indicating gazing 
through the screen) should be associated to longer time spent looking at 
the self. In contrast, personality traits buffering self-directed attention 
should reduce this relationship such that smaller angle of vergence 
should either be unrelated to or predict shorter time spent looking at the 
self.

2. Methods

2.1. Disclosure statement

We report all data exclusions, all manipulations, and all measures in 
the study. The study was evaluated by the ethical committee of the 
universities of Tours and Poitiers (CER-TP n◦2022-12-04). Codes and 
material are available at the OSF webpage of the project (https://osf. 
io/kw7up/).

2.2. Participants

Inclusion criteria required participants to have normal or corrected- 
to-normal (using glasses or contact lenses) vision. Wearing rigid contact 
lenses was specified as an exclusion criterion as it is difficult to accu-
rately calibrate individuals wearing those. Participants were 104 first 
year psychology undergraduates from a medium sized French university 
(Mage = 19.02, SDage = 1.82, with 82 women, 18 men, 1 non-binary, and 
3 unrecorded). They participated in the study in exchange for course 
credit. Statistical power was limited by the available resources. How-
ever, a sensitivity analysis indicated 80 % chance of detecting a corre-
lation of r = 0.27.

2.3. Materials

I-ME paradigm. We used the I-ME paradigm reported by Monéger 
et al. (2022) to capture self-directed attention. We used a Plexiglas 
covered screen (versus a reflexive iMac screen in the original study). The 
reflective properties of a Plexiglas covered screen are better than the one 
of the iMac (i.e., closer to a clean mirror reflection). An Eye-Link 
portable Duo (SR Research) was used with a sampling frequency of 
500 Hz. Saccades were selected using instantaneous velocity and ac-
celeration thresholds of 30◦/s and 8000◦/s, respectively. Samples above 
threshold are determined to be in saccade, and samples below threshold 
are determined to be in fixation. The screen used was a 1920 x 1080 
pixels screen with a refresh rate of 60 Hz. Participants head was placed 
in chinrest with eyes at 720 mm from the upper part of the screen and 
750 mm from the bottom part of the screen. We measured ocular activity 
from their both eyes throughout the session. The periods of interest were 
the intertrial periods separating a decision from the participant and the 
apparition of the next target. During these periods, the screen was a 
blank reflective screen that the participant could freely scan while 
expecting the target to appear in one of the four corners of the screen at 
any moment. At the end of the protocol, participants were instructed to 
stare at their reflection in the screen and slowly gaze at the contour of 
their self-reflected face. We used this contour task to define individual 
area of interest (AOI) corresponding to the part of the screen reflecting 
each screen. We then drew an oval AOI encompassing each individual 
AOI located during the experiment (see SOM for more details on the 
procedure).

During the session, participants performed an unrelated lexical de-
cision task: strings of letters were either words (e.g., TABLE) or non- 
words (e.g., TEBLA) and were randomly displayed in four possible lo-
cations of the screen (upper right, upper left, bottom right and bottom 
left corner of the screen). Target words were the same as the one used in 
Monéger et al. (2022). The shortest word (LA [the]) had a dimension of 
1.11 x 1.43 degrees of visual angle◦ and the longest word (BONSOIR 
[Good evening]) had a dimension of 1.11 x 5.57 degrees of visual angle 
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(see SOM for list of words1). Participants were instructed to indicate as 
quickly as possible and with as few errors as possible whether the dis-
played target was a word by pressing a trigger on the right side of a 
controller (Microsoft SideWinder Controller) or a non-word by pressing 
a trigger on the left side of the controller. After each decision, the delay 
before the apparition of the next target was randomly chosen in a list of 
possible inter-trial intervals spanning from 325 ms (i.e., very short inter- 
trial time) to 8485 ms.2 The aim of this protocol was to solicit the 
attention of the participant and motivate them to scan the screen, 
keeping them in a vigilant state throughout the study. Importantly, the 
experiment was introduced to the participants as a measure of ocular 
processes occurring during reading activities – at no point were the 
participants explicitly informed about the reflective screen (except 
during the final phase of AOI definition), thus making the measure in-
direct. We then derived 4 measures of self-directed attention with 3 of 
them regarded as basic oculometric measures (dwell time spent looking 
at the area of the screen reflecting the participant’s face, saccades to-
ward the area of the screen reflecting the participant’s face, and ocular 
vergence indicating depth of visual focus toward the reflected partici-
pant’s face) and one complex oculometric index (self-focus, corre-
sponding to the association between time looking at the area of the 
screen reflecting the participant’s face, and ocular vergence indicating 
depth of the gaze beyond the screen and toward the reflected face).

Dwell Time. Dwell time was extracted using the DataViewer pro-
gram of SR Research. This score indicates the proportion of time spent 
(in %) supposedly looking at one self (or at least time spent being 
exposed to the possibility of looking at oneself) during the inter-trial 
interval.

Saccades toward the AOI. We designate as saccades toward the AOI 
any fixation captured in the AOI that was preceded by a fixation outside 
the AOI. Any fixation occurring after the target appeared was dis-
counted. This score is indicative of glances toward one’s self reflection.

Vergence. Ocular vergence corresponds to the angle (in degrees of 
angle) formed at the intersection of both eyes gaze vectors,3 the inter-
section point being the point in space that is gazed by the participant. 
Thus, it changes as a direct function of the depth at which participants 
are staring on or through the screen: larger angles of vergence indicate a 
focal point closer to the eyes, whereas smaller angles of vergence indi-
cate more distal focal points (see SOM for details on how angle of ver-
gences indicate depth of vision). We discarded every measure of 
vergence occurring for locations outside the AOI to compute the average 
ocular vergence in the AOI during a trial. We then computed average 
vergence throughout the task. Vergences equalling zero (indicating that 
both eyes are positioned at the same location on one’s head, or that 
participants are having perfectly parallel gaze vectors) and deviating 
plus or minus than 2.5 MAD from the median where discarded because 
they were likely artefacts.

Self-Focus. Finally, we assessed the effect of personality traits on the 
association between vergence and dwell time to define self-focus, as 
presented in introduction. To model self-focus, we conducted mixed 
model analyses, accounting from random variations stemming from the 
time available to look at the AOI and intra-participant variation. In in-
dependent models, we evaluated the moderating effect of personality 
traits on the effect of ocular vergence of dwell time. Increased self-focus 
should be indicated by increased dwell time as ocular vergence de-
creases (i.e., looking through the screen). Traits fostering self-focus 
should strengthen this negative relation (i.e., negative beta associated 
to the interaction), while traits buffering self-focus should reverse it (i.e., 
decreased dwell time as ocular vergence decreases, indicated by a pos-
itive beta in the interaction).

2.4. Personality measures

In order to assess the theoretical validity of this measure of self- 
directed attention, we assessed a plurality of constructs theoretically 
associated to a proneness to direct one’s attention toward (vs away 

Table 1 
Pool of predictors included in the study.

Predictor Measure Description Rationale

Private Self- 
consciousness

Self-Consciousness Scale (
Fenigstein et al., 1975)

Proneness to direct one’s thoughts toward 
thoughts and feelings.

By definition, this measure should predict self-directed attention.

Public Self- 
consciousness

Proneness to direct one’s attention toward 
public aspects of the self

By definition, this measure should predict self-directed attention.

Social Anxiety Proneness to feel negatively affected by 
observer’s presence – a maladaptive facet of 
public self-consciousness

A prediction of this facet of self-consciousness would indicate that the I- 
ME is sensitive to a maladaptive aspect of self-consciousness

Self-Absorption Self-Absorption Scale (
McKenzie & Hoyle, 2008)

Inability to avoid directing one’s attention 
toward the self – maladaptive self-consciousness

By definition, this facet should be associated with self-directed attention, 
especially if the I-ME paradigm is sensitive to maladaptive self-directed 
attention

Self-Esteem Rosenberg Self-Esteem Scale (
Rosenberg, 1965)

Attitude toward the self Individuals with low self-esteem should avoid self-directed attention (
Brockner & Wallnau, 1981; Sedikides, 1992).

Vulnerable 
Narcissism

Hypersensitive Narcissism 
Scale (Hendin & Cheek, 1997)

Hypersensitive, defensive, insecure, introverted 
form of narcissism.

Despite being sometimes defined by increased levels of self- 
consciousness (Miller et al., 2021), vulnerable narcissism is defined by 
negative self-esteem, defensiveness, and heightened sensitivity to self- 
threats (Horvath & Morf, 2009; Jauk & Kanske, 2021). As such it might 
be associated to self avoidance.

Grandiose 
Narcissism

Narcissistic Personality 
Inventory (Raskin & Hall, 
1979)

Grandiose, aggressive, dominant, extroverted 
form of narcissism

Grandiose narcissism is systematically associated to positive self-esteem, 
and excessive self-directed attention (Jauk & Kanske, 2021; Konrath 
et al., 2009; Scalabrini et al., 2017; Watson & Biderman, 1993).

Depression Center of Epidemiology Scale 
– Depression (Radloff, 1977)

Symptoms of clinical depression Depression has been consistently associated to heightened self-directed 
attention (see Mor & Winquist, 2002 for a meta-analysis).

1 Possible words were: BONSOIR (good evening), TEMPS (time), LOI (law), 
Sable (sand), LIVRE (book), TABLE (table), SOIR (evening), VENT (wind), LAIT 
(milk), GRILLE (grid), COULOIR (hallway), TUILE (tile), PINCEAU (paint brush), 
SOUVENT (often), GRUE (Crane), TIROIR (drawer), FEUILLE (leaf), BOIS 
(wood), TOUCHE (button), ROND (round), MURET (low wall), PORTE (door), 
BEURRE (butter), SOL (floor), BANC (bench), TEMPS (time).

2 Possible inter-trial durations were: 325 ms, 236 ms, 378 ms, 432 ms, 454 
ms, 490 ms, 558 ms, 566 ms, 677 ms, 678 ms, 745 ms, 754 ms, 862 ms, 917 ms, 
936 ms, 959 ms, 1040 ms, 1073 ms, 1117 ms, 1131 ms, 1194 ms, 1235 ms, 
1256 ms, 1310 ms, 1399 ms, 1480 ms, 3197 ms, 3272 ms, 3277 ms, 3310 ms, 
3404 ms, 4079 ms, 4237 ms, 4435 ms, 4639 ms, 5527 ms, 5756 ms, 6195 ms, 
6245 ms, 6352 ms, 6452 ms, 6531 ms, 7178 ms, 7204 ms, 7281 ms, 7934 ms, 
8480 ms, 8485 ms.

3 We kindly thank SR research for providing a custom script to compute 
ocular vergence.
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from) the self. These constructs were all measured using conventional 
self-reported measures, and are described in the following sections.

Self-Consciousness. Self-consciousness is defined as a stable 
disposition toward focusing on the self and is thus directly related to self- 
directed attention. This personality trait should theoretically be the 
strongest predictor of self-directed attention. As such, it is regarded as 
the standard predictor of gaze behaviours in the I-ME paradigm. It is 
assessed using the Self-consciousness scale (Fenigstein et al., 1975; 
translated to French by Pelletier & Vallerand, 1990), a scale with three 
sub-scales: private self-consciousness (e.g., “I’m always trying to figure 
myself out”), public self-consciousness (e.g., “I usually worry about making 
a good impression”), and social anxiety (e.g., “It takes me time to overcome 
my shyness in new situations”). Twenty-two Items composing the full scale 
were rated on a scale from 0 (“Not at all like me”) to 5 (“Completely like 
me”).

Self-Absorption. Self-absorption is often defined as the maladaptive 
form of self-consciousness. It is defined as “excessive, sustained, and 
rigid attention to information emanating from internal sources” 
(Ingram, 1990, p. 169). We used the Self Absorption test (McKenzie & 
Hoyle, 2008), a 17-items scale that was translated to French using a 
back-translation process, to measure self-absorption. Two subscales are 
present in the scale: private self-absorption (e.g., “I think about myself 
more than anything else”) corresponding to excessive attention to private 
aspects of the self, and public self-absorption (e.g., “I find myself 
wondering what others think of me even when I don’t want to”) corre-
sponding to excessive attention toward public aspects of the self. Items 
were rated on a scale from from 0 (“Not at all like me”) to 5 (“Completely 
like me”).

Self-Esteem. Trait self-esteem corresponds to the attitude one has 
toward the self. To the extent that self-focused state might elicit anxiety 
among low self-esteem individuals, these individuals might be more 
willing to avoid directing their attention toward the self (e.g., Brockner 
& Wallnau, 1981). In order to measure trait self-esteem, we used the 
estabilished 10-items Rosenberg Self esteem scale (Rosenberg, 1965; 
french version validated by Vallières & Vallerand, 1990). Items such as 
“On the whole, I am satisfied with myself” rated on a scale from 0 (“Not at 
all like me”) to 5 (“Completely like me”).

Depression. Self-focused attention is positively associated to 
depression (for a meta-analysis reporting medium to large correlations 
between self-focus and depression, see Mor & Winquist, 2002). We used 
the Center for Epidemiologic Studies-Depression Scale (French version 
validated in Morin et al., 2011) to measure depression scores. The scale 
is composed of 20 items (“I did not feel like eating; my appetite was poor”) 
that participants have to evaluate using a 6 points scale from “Never” to 
“Permanently”.

Grandiose Narcissism. Narcissism is described as a polyhedral 
concept comprising several forms of narcissistic expressions (Sedikides, 
2021). The most studied form of narcissism being grandiose narcissism 
associated to “extraversion, boasting, dominance, manipulativeness” 
(Sedikides, 2021, Fig. 1). Self-focus has often been used as a charac-
teristic of narcissism, for instance it is used in the description of 
narcissism provided in the Single Item Narcissism Scale (Konrath et al., 
2014). Several studies provided evidence for positive correlations be-
tween grandiose narcissism and increased self-focus (Konrath et al., 
2014; Raskin & Shaw, 1988; but see Carey et al., 2015). To assess 
grandiose narcissism, we used the 16 items version of the Narcissism 
Personality Inventory (French version, Braun et al., 2016), presenting 16 
pairs of statements (e.g., “I really like to be the center of attention” vs “It 
makes me uncomfortable to be the center of attention”) the participants 
have to choose from.

Vulnerable Narcissism. Another well-established form of narcis-
sism is vulnerable narcissism, associated to “introversion, worry, 
defensiveness” (Sedikides, 2021, Fig. 1). This facet of narcissism is 
usually related to heightened sensitivity to self-threats (Besser & Priel, 
2010; Jauk & Kanske, 2021) and as such should be associated to lowered 
self-focused attention. To assess this personality trait, we used the 

Hypersensitive Narcissistic Scale (HSNS; Hendin & Cheek, 1997), a 10- 
item scale (e.g., “I easily become wrapped up in my own interests and forget 
the existence of others”) rated from 0 (“Not at all like me”) to 5 (“Completely 
like me”), that was translated to French using the back-translation 
method.

2.5. Procedure

Participants were greeted in our lab by pairs of two. They were then 
separated with one completing all the scales included in the study in a 
quiet room while the other participant completed eye-tracker measures 
in an experimental room. The experimental room with the eye-tracker 
consisted in two spaces separated by a partition wall with one space 
where the participant was seated to perform the calibration and the test, 
and the other space for the experimenter using the host computer 
associated to the eye-tracker. Hence, the participant was not able to see 
the experimenter and vice-versa. After completion of the experimental 
task, the participant was led to the other quiet room to complete the 
questionnaires and the other participant who started with the ques-
tionnaire completion was led to the experimental room to perform the 
eye-tracker study.4 At the end of the study, both participants were 
debriefed together in the quiet room where they completed the 
questionnaires.

3. Results

3.1. Descriptive analysis of personality and basic oculometric measures

In this section, we evaluate personality measures as well as the basic 
oculometric measures directly derived from the eye-tracker system. All 
personality measures show satisfying reliability with Cronbach Alpha 
(and Guttman Lambda 4 in the case of NPI using binomial scores, see 
Benton, 2015) between 0.72 and 0.88. Except for private self- 
consciousness, public self-consciousness, social anxiety and grandiose 
narcissism, all personality variables were normally distributed as indi-
cated by Shapiro-Wilks tests (see SOM for the distributions). As ex-
pected, personality traits were almost all significantly related with one 
another as shown through Spearman correlations of personality scores at 
the participants’ level (see Table 2). Dwell time and number of saccades 
were also positively correlated, although in a non-linear shape, (see 
SOM). In contrast, vergence was not significantly related to the two 
others main oculometric indexes. Basic oculometric indexes (i.e., dwell 
time, number of saccades toward AOI, and ocular vergence) and per-
sonality traits did not consistently correlate: only dwell time appeared to 
predict Public Self-Consciousness and Vulnerable narcissism. Marginal 
associations were also observed between dwell time and grandiose 
narcissism, dwell time and Social Anxiety, and number of saccades to-
wards the self and grandiose narcissism.

3.2. Machine learning approach

In order to gain understanding in the most influential personality 
variables on the three basic oculometric measures of self-directed 
attention, we performed models using Machine Learning (ML). ML ad-
vantages in the current situation are threefold: 1) it does not suffer from 
collinearity (which might be problematic in this study because of the 
high correlation between all the predictors), 2) it does not assume linear 
relationship between variables, and 3) to the extent that it provides 
insight in how variables explain other variables without relying on null 

4 Because of absent participants, the order sequence of the procedure was not 
equally balanced with 43 participants first completing the eye-tracking mea-
sures before the questionnaire and 61 participants starting with the question-
naire before the eye-tracking measures. However, controlling for the order 
sequence did not influence the statistical decisions reported in the article.
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hypothesis statistical testing, it is particularly recommended for 
exploratory studies such as this one. In contrast to the previous analyses, 
this approach allows the evaluation of the relative contribution of each 
predictor in the models, but not how good they are at predicting the 
outcome independently.

For each of the main oculometric outcomes, we first performed 5- 
fold cross-validation to identify the number of predictors resulting in 
the lowest Root Mean Squared Error (RMSE). Five-fold cross-validation 
splits the data into five parts (i.e., folds), and each part is used iteratively 
as a training set while the rest of the data serves as a validation set. For 
each iteration, the RMSE associated with different numbers of predictors 
is estimated and averaged, providing a general estimation of the optimal 
number of predictors to consider in the model.

Then, we used this number of predictors to select the ones with the 
most influence on the data by looking at the increased node purity in a 
random forest model trained on 70 % of the data with 500 trees. Because 
increased node purity is not a standardized metric, comparisons across 
different models are not possible. Thus, we only describe the variables 
associated with the largest increases in node purity. To sum up, we 
aimed to identify variables contributing to the oculometric outcomes in 
the most parsimonious random forest model. For each model, we report 
the associated RMSE and R2 (indicating the proportion of variance of the 
outcome explained by our predictors in the model) to indicate the fitness 
of the models (for primers on machine learning, see Boehmke & 
Greenwell, 2019; Brownlee, 2016). Analyses were carried out using the 
“caret” package (Kuhn, 2008, see codes and results in SOM).

Dwell time. Regarding time spent looking at the self, 5-fold cross 
validation indicated that using five predictors in the model yielded the 
smallest RMSE (RMSE=.27). The random forest model trained on 70 % 
of the data was associated to a RMSE of 0.26 and R2 = 5.34 % − sug-
gesting a moderate fitness of the model. Public self-consciousness, Pri-
vate self-consciousness, Private self-absorption, and Social anxiety were 
closely competing as the most important variables in the model, fol-
lowed by Self-esteem and Public self-consciousness.

Number of saccades toward the AOI. Considering 2 of the 9 pre-
dictors resulted in the smallest RMSE in a 5-fold cross validation 
(RMSE=0.86). The final random forest model predicting the number of 
saccades in the AOI was associated to a RMSE of 0.72 and R2 = 9.50 % 
suggesting a good fit of the model. The model indicated that Private self- 
absorption was an important predictor in the model. Public self- 
absorption was the second most important predictor in the model.

Vergence. RMSE was reduced for two predictors here again 
(RMSE=.67). The random forest model predicting ocular vergence was 
associated to a RMSE of 0.68 and a R2 = 0.14 %, suggesting a bad fit of 
the model. Analysis of the increased node purity associated to each 
predictor of the model indicated that private self-absorption was the 
most important predictor in the model, followed by Private self- 
consciousness.

3.3. Analyses on self-focus

Independent mixed models (i.e., one model per predictor) predicting 

Fig. 1. Interaction between ocular vergence and social anxiety (A) and vulnerable narcissism (B) on proportion of time spent on the screen zone reflecting the 
participant’s face.

Table 2 
Correlation matrix of personality variables (reliability indexes in diagonal) and ocular measures.

PrSC PubSC SocAnx PrSA PubSA Rosenberg CES-D NPI HSNS Dwell Sacc Verg

PrSC α = 0.73 0.29** 0.09 0.26** 0.10 0.05 0.06 0.13 0.15 –0.02 –0.11 –0.03
PubSC − α = 0.78 0.33** 0.27** 0.55*** –0.17 0.11 –0.04 0.30** 0.21* –0.05 –0.01
SocAnx − − α = 0.83 0.24* 0.45*** –0.34*** 0.37*** –0.35*** 0.49*** 0.20• 0.15 0.06
PrSA − − − α = 0.79 0.52*** –0.23* 0.26* –0.03 0.64*** 0.17 0.10 0.14
PubSA − − − − α = 0.88 –0.42*** 0.38*** –0.14 0.66*** 0.14 0.09 0.10
Rosenberg − − − − − α = 0.88 –0.55*** 0.35*** –0.33*** –0.15 –0.06 0.09
CES-D − − − − − − α = 0.84 –0.23* 0.34*** 0.06 0.10 0.08
NPI − − − − − − − λ4 = 0.84 –0.08 –0.18• –0.19• –0.13
HSNS − − − − − − − − α = 0.77 0.20* 0.10 0.13
Dwell − − − − − − − − − N/A 0.48*** 0.13
Sacc − − − − − − − − − − N/A − 0.02
Verg − − − − − − − − − − − N/A

α: Cronbach alpha; λ4: Guttman Lambda 4; PrSC: Private Self-Consciousness (M=3.58, SD=0.66); PubSC: Public Self-Consciousness (M=3.63, SD=0.77); SocAnx: 
Social Anxiety (M=3.20, SD=1.14); PrSA: Private Self-Absorption (M=1.59, SD=0.81); PubSA: Public Self-Absorption (M=2.46, SD=1.09); Rosenberg: Self-Esteem 
(M=2.86, SD=0.90); CES-D: Depression (M=3.15, SD=0.87); NPI: Grandiose narcissism (M=0.30, SD=0.18); HNSN: Vulnerable narcissism (M=2.18, SD=0.84); 
Dwell: Dwell time (M=27.4 % of the inter-trial interval spent on the AOI, SD=27.2 %); Sacc: Number of saccades toward the AOI (M=1.50 saccades per inter-trial 
interval, SD=0.84); Verg: average vergence on the AOI (M=2.01◦, SD=0.65). ***: p < 0.001, **: p < 0.01; *: p < 0.05, • : < 0.1.
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dwell time using personality traits, ocular vergence, and their interac-
tion as predictors were performed using the lmer function from the lme4 
package in R (Bates et al., 2015; see Table 3). Participant level and inter- 
trial durations were used as random variables in the models. In all 
models, vergence had a main effect on dwell time such that the more 
people looked through the screen, the less time they spent on the area of 
the screen reflecting their face – without accounting for any personality 
trait, B=0.02, SE=0.0049, 95 %CI [0.01, 0.029], p < 0.001.

Of all the pool of predictors, only social anxiety, B=0.016, 
SE=0.0049, 95 %CI [0.0066, 0.026] p < 0.001, and vulnerable narcis-
sism, B=0. 015, SE=0.0049, 95 %CI [0.0051, 0.024], p = 0.003 signif-
icantly predicted self-focus. High scores (+1SD) of social anxiety and 
vulnerable narcissism were associated to strong negative associations 
between dwelling on the self-reflecting area of the screen and looking 
through the screen, respectively t(3991.34) = 5.15, p < 0.0001 and t 
(3970.58) = 4.92, p < 0.0001. On the other hand, low scores (–1 SD) of 
social anxiety and vulnerable narcissism nullified this association, 
respectively t(3977.17) = 1.03, p = 0.30 and t(3987.05) = 1.06, p = 0.29 
(see Fig. 1).5

Intra Class Correlations (ICC) greater than 60 % were observed for 
the individual level random variable in the models. Such high ICC 
suggest an important heterogeneity in the baseline outcome for each 
participant and underline the importance of using mixed models instead 
of analysing self-focus at the participant level through classic Ordinary 
Least Squares models (for details regarding this level of analysis, see 
SOM).

4. Discussion

Despite an important tradition dating back to William James early 
theoretical considerations of the self (James, 1890/1981), it is note-
worthy that studies have consistently relied on self-reported measures of 
one’s proneness to direct their attention toward the self. Such measures 
fail to assess an actual behavior and are inherently biased by the fact that 
they require self-directed attention to be measured. Eye-tracking tech-
nology have been used to promote a more precise measure of self- 
directed attention (Ariss et al., 2023; Bauer et al., 2017; Bortolon 
et al., 2016; Lin et al., 2021; Monéger et al., 2022; Potthoff & Schienle, 
2021; Vriends et al., 2017). Among them, the recent I-ME paradigm 
(Monéger et al., 2022) seemed particularly promising but, to our 
knowledge, no studies assessed the theoretical validity of this paradigm.

To assess I-ME paradigm paradigm ability to capture self-directed 
attention, this study capitalized on existing tools conceptually linked 
to self-focus: a pool of self-reported measures of personality traits that 
have been consistently linked to increased or decreased levels of self- 
directed attention. Among them, facets of self-consciousness – the 
disposition to direct one’s attention toward the self – have been hy-
pothesized to predict self-directed attention.

Do basic eye-tracking indexes can capture self-directed attention? 
Although basic oculometric measures of self-directed attention failed to 
account for private self-consciousness (i.e. proneness to direct one’s 
attention to internal thoughts and feelings), dwell time was significantly 
predicted by public self-consciousness and only marginally so by social 
anxiety. Accordingly, some basic measures might tack concerns with 
public aspects of the self, but not concerns with private aspects of the self 

(e.g., attitudes, thoughts, emotions).
Additional correlations between basic oculometric indices and per-

sonality traits emphasize the type of motives that might be captured in 
the I-ME paradigm. Vulnerable narcissism was associated to longer 
dwell time, and grandiose narcissism marginally predicted shorter dwell 
time and less saccades made toward one’s own self-reflected face (these 
marginal associations became significant when deleting participants 
with low accuracy scores, see Footnote 5).

To further understand the nature of eye-tracked self-directed atten-
tion, we assessed the relative contribution of features in our pool of 
predictors using random forest models, unsensitive to collinearity and 
allowing the modelling of nonlinear relationships. Random forest 
models provided satisfying fit for dwell time and saccades, but not 
ocular vergence – further emphasizing that this outcome fails to capture 
self-directed attention on its own (see correlation matrix). Our models 
consistently indicated that self-absorption was the most influential 
predictors of these basic oculometric measures. Importantly, private 
self-absorption corresponds to the maladaptive excessive focus on the 
self and have been consistently related to various clinical disorders 
(Ingram, 1990 for a review).

These exploratory results might indicate the relevance of eye- 
trackers in capturing maladaptive self-focused attention. Future 
studies might assess how the I-ME paradigm can capture fluctuations in 
self-focus among populations known for their high private self- 
absorption levels, such as individuals suffering from body dysmorphia 
(Neziroglu et al., 2008; Toh et al., 2017; Veale & Riley, 2001), alcohol 
dependence (de Timary et al., 2013; Hull, 1981; for an eye-tracking 
study, see Ariss et al., 2023) social anxiety (Judah et al., 2016; Spurr 
& Stopa, 2002; for eye-tracking studies, see Lin et al., 2021; Vriends 
et al., 2017) or depression (Berry-Blunt et al., 2021; Mor & Winquist, 
2002; Sakamoto, 2000; Takano & Tanno, 2009; Watkins, 2004).

In addition to the evaluation of basic oculometric measures, the 
current investigation proposed a novel measure of self-focus defined as 
the association between ocular vergence and dwell time. This self-focus 
measure accounted for the shortcoming of dwell time – that might be 
increased by a general tendency to focus on the center of the screen – by 
integrating the effect of ocular vergence (depth of the visual focus). In 
mixed models, Dwell time and ocular vergence were correlated, indi-
cating that the more time one spends on the part of the screen reflecting 
at the self, the less they gaze behind the screen. This latter relationship 
might indicate a self-avoidant behavior with people gazing through the 
screen preferring shorter stays on their reflection and individuals 
preferring long stays on the center of the screen avoiding gazing toward 
the self. This pattern was qualified by two personality traits (namely 
Social anxiety and vulnerable narcissism) that both show a relation to 
the clinical sphere (Erkoreka & Navarro, 2017; Huprich et al., 2012; 
Sawaoka et al., 2012), once again underscoring the possible relevance of 
the I-ME paradigm to investigate self-directed attention in at-risk pop-
ulations. Interestingly, this new measure failed to predict public self- 
consciousness, despite this trait predicting dwell time. This discrep-
ancy suggests a nuance between ‘looking at a mirror’ (dwell time) and 
‘looking through a mirror’ (self-focus). Social anxiety predicts increased 
dwell time but reduced self-focus, indicating socially anxious in-
dividuals might be drawn to self-directed attention but averse to self- 
focus. Conversely, public self-consciousness was not associated to 
aversion to self-focus.

However, while those preliminary results regarding the relevance 
and practical interests of eye-tracking systems in monitoring self- 
directed attention are encouraging, some notable limitations are to be 
underlined. First of all, this work constitutes an exploratory investiga-
tion. As such, confirmatory evidences of the paradigm’s strengths are 
required to confirm the current findings. Such confirmatory evidence 
would ideally stem from more clinical investigations, or from studies 
focusing on at-risk populations. Moreover, the current investigation did 
not evaluate the interest of the I-ME paradigm by considering a costs/ 
benefits balance. Using eye-tracking systems to evaluate self-directed 

5 Correcting vergence using the average vergence when looking at targets did 
not change the statistical decisions reported here. Additionnally, we considered 
accuracy rates. Accuracy scores were generally high (M = 93.92%, SD =
8.56%). Sensitivity analyses excluding participants with accuracy scores devi-
ating from more than 2.5MAD from the median (Leys et al., 2017) did not result 
in any change in our statistical decision with the exception of grandiose 
narcissism significantly predicting less dwell time and saccades in our corre-
lational analyses, respectively r = − 0.22, p = 0.038, and r = − 0.22, p = 0.032, 
see SOM.
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attention must be accompanied by weighting the efficiency of the tools 
(yet to be confirmed in future registered studies, although see Monéger 
et al., 2022) against the practical cost of acquiring an eye-tracking 
system and using it. Nevertheless, eye-tracking systems have grown 
increasingly popular over the last decade, and pricing and usability have 
evolved to make these tools more and more widely accessible. 
Furthermore, we acknowledge that the selected pool of predictors offers 
a limited scope of analysis. Future studies might do well expanding the 
spectrum of predictors of self-directed attention by adding variables that 
would either (1) specify more accurately motives behind self-directed 
attention in this paradigm (e.g., appearance self-esteem or appearance 
anxiety) or (2) illustrate competing mechanisms of self-directed atten-
tion (e.g., extraversion or openness to experience that might explain 
attention to the self as mere interest in an engaging stimulus). Finally, it 
can be noted the constraints on generality by emphasizing that our 
participants were undergraduate students in a medium-sized Western 
European university including mostly young white women. Future 
research should identify to what extent our findings would replicate 
outside an academic setting, and/or using a different population. To this 
end, our material is available on the publicly accessible OSF webpage 
associated to the project.

5. Conclusion

We investigated the ability of modern eye-tracking systems to 
monitor actual self-directed attention (instead of self-reported proneness 
to direct attention toward the self) by using a paradigm that demon-
strated its ability to capture variations in self-directed attention conse-
quent to a failure (vs success) manipulation. The study questioned the 
validity of the tool in measuring the construct of self-awareness by 
assessing its ability to capture personality variables that were consis-
tently shown to be associated to self-directed attention. Although results 
are mixed, dwell time on the area of the screen reflecting the partici-
pant’s face did capture a small part of the variance of vulnerable 
narcissism and public self-consciousness. Moreover, a novel and more 
precise indicator of self-focus (or rather self-focus avoidance in our an-
alyses) successfully identified vulnerable narcissism and social anxiety. 
A machine learning approach further emphasized self-absorption as the 
most important underlying predictor of the basic eye-tracking measures. 
Taken together, this preliminary investigation indicates that actual 
behavioral maladaptive self-directed attention could be accurately 
captured by using eye-trackers. These findings suggest exciting future 
directions for experimental psychologists interested in self-awareness.

CRediT authorship contribution statement
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