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Efeitos de Autorreferéncia no Reconhecimento de Palavras Visuais Emocionais e Nao Emocionais:

Evidéncia de uma Tarefa de Decisao Lexical com Priming Mascarado

Resumo

Informacao autorreferenciada tem sido demonstrada como tendo vantagem de processamento em
relacdo a informacao sobre outras pessoas. Este efeito foi chamado de self-reference effect (SRE) e tem
sido investigado em varias areas do funcionamento cognitivo, tal como o processamento de palavras
visuais. Alguns estudos tentaram identificar em que fase do acesso lexical acontece o SRE, mas os
resultados tém sido mistos. Neste estudo procuramos observar se informacéo autorreferenciada afeta
fases iniciais do reconhecimento de palavras visuais, através de uma tarefade decisdo lexical combinado
com um paradigma de priming mascarado. Foi pedido as participantes para identificar se os estimulos
apresentados eram palavras ou ndo palavras, com palavras alvo positivas (e.g., “atrativa”), negativas
(e.g., “inutil”) ou neutras (e.g., “regular”). Para explorar o efeito da autorreferencia, as palavras alvo
foram precedidas por um prime breve (50 ms) que podia ser self-related (“Eu sou”), other-related (“Ela
é") ou controlo (“%%%%%"). Os resultados mostraram uma vantagem de processamento de palavras
precedidas por primes self-related em comparacdo com primes other-related, demonstrado o SRE.
Contudo, comparacdes post-hoc revelaram que este efeito foi especifico para palavras negativas. Palavras
precedidas por primes de controlo resultaram em respostas mais rapidas do que primes other-related, o
gue sugere um custo de processamento para informacao referente a outros. Isto foi particularmente
evidente para palavras neutras. Estes resultados sugerem que informacao autorreferenciada tem impacto

em fases iniciais do reconhecimento de palavras visuais.

Palavras-Chave: Efeito de autorreferéncia, palavras emocionais, palavras neutras, processamento de

palavras visuais, tarefa de decisao lexical



Selfreference Effects in Visual Word Recognition of Emotional and Non-emotional Words: Evidence

From a Masked Priming Lexical Decision Task

Abstract

Self-referential information has been shown to have a processing advantage over information relating to
others. This effect was termed the self-reference effect (SRE) and has been investigated across various
fields of cognitive function, such as visual word processing. Some studies have attempted to identify at
which stage of lexical access the SRE occurs, although findings have been mixed. In this study we aimed
to observe if self-referential information affects early stages of visual word recognition, with the use of a
lexical decision task combined with a priming paradigm. Participants were asked to identify whether the
presented stimuli were words or non-words, with target words that could be either positive (e.g.,
“attractive”), negative (e.g., “useless”) or neutral (e.g., “regular”). To explore the role of self-reference,
target words were preceded by a brief prime (50 ms) that could be self-related (“Eu sou”[| am]), other-
related (“Ela é"[She is]) or a control prime (“%%%%%"). Results showed a processing advantage of words
preceded by self-related primes over other-related primes, demonstrating a SRE. However, post-hoc
comparisons revealed that this effect was specific of negative words. Words preceded by control primes
resulted in faster responses than other-related primes, suggesting a processing cost for other-referential
information, which was especially true for neutral words. Our findings confirm that self-referential

information has an impact on early stages of visual word recognition.

Keywords: Self-reference effect, visual word processing, lexical decision task, emotional words, neutral

words

Vi



Contents

Ja el 1o (Yol 1 1T 11 (oL P PP TR PP iv
RESUMIO ...ttt e ettt e ettt et et e et e et e et e e e neeean v
ADSEFACT . ... vi
IMEFOAUCTION ... ettt ettt ettt e e et e e et e e ent e e anaeeeaneee s 8
MELROD. ...ttt 12

F a1 o] L) K 12

IBLEITALS. ...ttt e e e e et e e et e e e et e e et e e e e e e e e 12

PUOCEAUIE. ...ttt 15
RESUILS ... ettt 15
DISCUSSION ...ttt ekttt ekttt 20
RETEIEICES. ...ttt et 24

Vil



Introduction
The self-reference effect (SRE) refers to an advantage of recalling information when it relates to
the self than to others. This effect was coined by Rogers, Kuiper, and Kirker (1997), in a seminal study

in which the authors asked participants to rate adjectives on four different tasks: structural (i.e., “is the

previous knowledge, participants were then confronted with a surprise recall task in which they were
asked to write down in a piece of paper all the words they remembered from the previous task. Results
showed that participants revealed a better performance for the words presented in the self-reference task
when compared to all the other tasks, hence suggesting that information encoded in a self-related manner

produces a memory advantage over information encoded in other ways.

Since then, the effect of self-referential information has been studied across different stimuli such
as faces (e.g., Klein et al., 2015; Wang et al., 2011), subjects’ handwriting (e.g., Chen et. al., 2008),
subject’s own voice (e.g., Pinheiro et al., 2016, 2017) and sentences (e.g., Fields & Kuperberg, 2012,
2015). Moreover, recent studies have used neuroimaging techniques to explore the neural correlates of
the SRE. For instance, Craik et al. (1999) conducted a study using a self-reference paradigm with positron
emission tomography (PET) in which participants were assigned to one of four judgement tasks about
different personality trait adjectives (positive and negative). In one task, participants were asked how well
they thought the trait adjective described them (self-related task); in a second task, participants were
asked how well they thought the trait adjective described a former known prime-minister (other-related
task); in a third task, participants judged how socially desirable the trait adjective was (semantic task);
and, in a fourth task, participants were asked to judge the number of syllables in the trait adjective (syllable
task). Each task was performed twice by every participant with an ABCDDCBA design (counterbalanced
across participants), and ten minutes after the last task, participants were requested to perform an
unexpected yes/no recognition test for each trait adjective shown during the experiment. Results showed
that, adjectives in the self-reference task were better recognized than those in the other tasks,
demonstrating a SRE in line with previous work. Furthermore, the results revealed frontal activations
specific to self-reference condition. Succeeding studies have identified increased activity in the medial
prefrontal cortex (mPFC), anterior and posterior cingulate in response to self- vs. other-referential
information (e.g., Johnson et al., 2002; Kelley et al., 2002; Yoshimura et al, 2009). In order to determine
which brain regions are associated with self-referential processing of emotional stimuli, and how the

emotional valence of stimuli affects the self-referential processing, Yoshimura and colleagues (2009)



selected 80 positive and 80 negative personality-trait words and presented participants with four judgment
tasks: self-reference (i.e. “does the word describe you?”), other-reference (i.e., “does the word describe
the Prime Minister?”), semantic (i.e. “is it difficult to define the word?"”) and letter-processing (i.e., “does
the word contain the letter ‘a’?”). Participants’ brain activity was measured using functional magnetic
resonance imaging (fMRI) while they performed the judgment tasks. After completing all the trials,
participants were given an unexpected recognition task where all the previously presented words were
shown in random order, along with some words which were not presented during the experiment.
Behavioral results showed better recognition accuracy for words judged in the self-reference task than in
the other tasks, which the authors attributed to the SRE. In addition, the fMRI results suggest that during
self-referential processing of emotional stimuli, different brain regions are involved depending on stimulus
valence. While self-referential processing of positive words was associated with activity in the left
amygdala, self-referential processing of negative words was associated with activity in the right amygdala

and the right ventral anterior cingulate gyrus.

As in previous studies, the self-referential task in Yoshimura's experiment had participants engage
in conscious self-reflections. Because participants were explicitly asked to focus their attention on the self
during those tasks, the degree to which the self-referential information is automatically activated remained
unclear. In order to explore this question, Herbert, Pauli, and Herbert (2011) designed an experiment
with a more implicit mode of self-reference processing, while measuring electrophysiological brain
responses to determine the stage at which emotional word processing is affected by self-referential
information. For this, event-related potentials (ERPs) were registered during the task, in which participants
were asked to silently read short sentences consisting of either the pronoun “my” (self-reference
condition) or the article “the” (control condition) followed by pleasant, unpleasant or neutral nouns. After
performing the task, participants were unexpectedly asked to write down as many sentences as they
remembered. Results from the free-recall task showed that emotional (pleasant and unpleasant) nouns
were better recalled than neutral nouns. More importantly, participants recalled more nouns in the self-
reference condition than in the control condition, in line with previous studies using explicit instructions
for self-referential processing. However, ERP data showed self-reference modulations only in the N400O
(~300-450 ms after noun onset) and in the late positive potential (LPP, ~450-600 ms after noun onset)
components, suggesting that the SRE emergesonly at later stages of processing. Subsequent research
has presented mixed results, with some studies showing modulations of the SRE reflected in ERP
components usually associated with primary sensory/perceptual processing. For instance, the study by

Fields and Kuperberg (2012) independently manipulated self-relevance and emotion, by using two-
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sentence social vignettes with pleasant, unpleasant, or neutral critical words referring to either the
participants or to a third person (e.g., A man knocks on Sandra's/your hotel room door. She/You see(s)
that he has a gift/tray/gun in his hand.). Participants were asked to read the sentences and verbally
produce a sentence to continue the narrative, to ensure that they were reading for comprehension. The
analysis of ERPs time-locked to the critical words showed effects of self-reference on the early P1 (peaking
at approximately 80 ms), N1 (peaking at approximately 130 ms), and P2 (peaking at approximately 250
ms) components. The authors noted the differences in results compared to previous research and
attributed them to the self-referential information being established in the first sentence, prior to the

sentence containing the critical word.

Most SRE studies have utilized emotional stimuli exclusively, although some studies in memory
have also used neutral stimuli and found SRE across all stimulus types (e.g., Durbin et al., 2017; Yang
etal., 2012). Nonetheless, it is unclear whether the same could be found in different cognitive processes,
such as visual word processing. In an experiment conducted by Weis and Herbert (2017), participants
were asked to spontaneously judge short sentences as quickly as possible, according to the subjective
pleasure/displeasure (i.e., “is this word eliciting a positive, negative, or neutral feeling?”), followed by
ratings of intensity of the experienced feeling (i.e., “how intense is the feeling elicited by the word?"”). The
short sentences included a pronoun (“my” for self-reference condition, “his” for other-reference condition,
and “no” for control condition) and a noun that could be negative (e.g., “fear”), neutral (e.g., “book”), or
positive (e.g., “happiness”). Behavioural results showed that participants responded faster and more
accurately to self-related positive words than to all other conditions. Importantly, reaction times were
significantly shorter for positive and negative words than for neutral words, and there were no significant
differences between self-related neutral words and other-related neutral words. Although in this
experiment the positive and negative nouns were controlled for in arousal, arousal of neutral words
differed significantly compared to emotional words, which might help explain the apparent inconsistency

in results. Therefore, control of arousal levels for all types of words must be ensured when studying the
SRE.

Chen and colleagues (2014) used an affective priming paradigm while ERPs were registered to
explore if the self-positivity bias could be found at implicit levels of self-processing. The self-positivity bias
refers to the tendency of individuals to evaluate positive traits as being more self-related than negative
traits (e.g., Watson et al., 2007; Weis & Herbert, 2017). Participants were asked to judge the emotional

content of personality-trait adjectives (“positive” or “negative”). The adjectives were preceded by 150 ms
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primes that could be either self-related (“I”) or other-related (“He”/"She”). Results showed faster
responses to self-positive word pairs than self-negative word pairs, consistent with the self-positivity bias.
Furthermore, the ERP data showed interaction of prime and emotion in the P300 ERP component, with
larger amplitudes for self-related positive words and other-related negative words. The N40O also revealed
an interaction effect, with larger amplitudes for self-related negative words and other-related positive

words.

Although this study used a priming paradigm to examine how the processing of self-referential
information affects the affective judgment of positive and negative words, the use of 150 ms primes does
not prevent the processing to be influenced by other strategic factors. To address this issue, Soares et al.
(2019) conducted a study using an affective categorization task combined with a masked prime paradigm.
Only female participants were tested to account for differences in emotional processing (see Soares et
al., 2012, 2015). In this paradigm, 51 positive and 51 negative valenced trait-adjectives selected from
the female norms of the Portuguese adaptation of the Affective Norms for English Words (ANEW-PT,
Soares et al., 2012) were preceded by briefly (50 ms) presented primes that could be either self-related
(“Eu sod’ [I am]), other-related (“£/a €" [She is]) or a control (%%%%). The use of this ‘extra’ control
condition was implemented to allow the researchers to further examine if the effects of self-related
information and of other-related information was facilitative or inhibitory relative to the baseline (control)
condition. Results indicated that participants were faster at categorizing positive words than negative
words, and faster at categorizing positive words in the self-related condition than in the other-related
condition, in line with previous studies showing a self-positivity bias in emotional word processing (e.g.,
Chen etal., 2014; Watson et al., 2007; Weis & Herbert, 2017). For negative words, significant differences
were only observed between the other-related condition and the control condition, with faster responses
for negative words preceded by control primes than other-related primes. The authors interpreted these
results as evidence that, at early stages of processing, taking the ‘other’ perspective entails a processing
cost both for positive and negative words. Moreover, the absence of statistically significant differences
between the self-reference condition and the control condition both for positive and negative words, led
the authors to suggest that the processing of self-related primes does not entail any processing cost on
emotional word processing. That is, that the cognitive system might assume a self-referential or self-

centred processing perspective by default.

Although this study brought interesting results with a careful control of stimuli and gender

differences, it opens venues of inquire such as knowing to what extent similar findings can be observed
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using non-emotional (neutral) words, and if the SRE can be observed in tasks that do not require
participants to focus their attention on the emotional content (valence) of the words, which are shown to
boost both affective (e.g., Ferré, 2003; Ferré et al., 2015) and SRE effects (see Soares etal., 2019). The
present study aimed to directly address these questions by testing the effect of self-referential information
on visual word recognition using a task aimed to test lexical access without focusing on the emotional
content of the words, i.e. a lexical decision task combined with a masked priming paradigm as in Soares
et al. (2019) study. The use of this task allowed us both to use non emotional words, hence contributing
to further examine if the effects observed by Soares et al. (2019) can be extended to neutral words, and
also to determine if SRE effects can be observed at early stages of lexical access, which might have
important implications for current computational models of visual word recognition that do not attribute
any role to this variable (e.g., Coltheart et al., 2001; Davis, 2010; Norris, 2006; Rumelhart & McClelland,
1982). If self-referential information does indeed affect lexical access at early processing stages, we
expect that words in the self-reference condition will be recognized faster and with higher accuracy than
words in the other-reference, especially for positive words, reflecting the positivity bias previously
mentioned in the SRE literature. Importantly, we also expect to find the self-reference effect in neutral
words. If our cognitive system naturally assumes a self-referential perspective by default, as Soares et. al
(2019) claims, and if that effectcan be seen with not only emotional but also neutral words, it will indicate
that words preceded by self-referential information (i.e., “l am”) have a processing advantage regardless

of stimulus valence, which will require amendments in current models of visual word recognition.

Method

Participants

Forty-five participants were recruited from the University of Minho (M. = 20.8, SD = 3.37).
Participants were native speakers of European Portuguese (EP) and reported normal or corrected-to-
normal vision. Only female participants were included in the experiment to control for gender differences
in the processing of emotional stimuli as in previous studies (e.g., Kret & De Gelder, 2012; Lithari et al.,
2009; Pinheiro et al 2017; Soares et al., 2012, 2013, 2015, 2019). Online informed consent was
obtained from all the participants prior to the participation in the study (SECSH 057/2016).

Materials
One hundred and sixty-two target words (adjectives) were selected from the female norms of the
Portuguese adaptation of the Affective Norms for English Word database (ANEW-PT; Soares etal., 2012)

and also from another study (Soares etal., in prep.) conducted to enlarge the number of adjectives with
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emotional ratings in the ANEW-PT database. The ANEW is a dataset developed by Bradley and Lang
(1999) that provides normative ratings of valence, arousal, and dominance for 1,034 words emotional
evocative words. These ratings were obtained with a nonverbal pictographic self-report measure, the Self-
Assessment Manikin (SAM - see Fig. 1), that assesses each word using a 9-point Likert scale on the
valence (i.e., how pleasant a word is, ranging from unpleasant to pleasant), arousal (i.e., the degree of
excitement or activation a given word evokes, ranging from calm to exciting) and dominance (i.e., the
degree of control a subject feels over a specific word, ranging from “out of control” to “in control”) affective

scales (see Soares et al., 2012, 2014 or 2015 for further details).

Figure 1
Self-Assessment Manikin (SAM; Bradley & Lang, 1994)

1 2

1 2 3 4 5 6 7 8 9

&

5

Fifty-four of the targets had negative valence (M. = 2.87, SD=1.31; range: 1.47 - 3.93), 54

had neutral valence (M. = 5.07, SD= 1.24; range: 4. 35 - 5.74), and 54 had positive valence (Maere
=7.21, 8D=1.24;range: 6.20 — 8.23). Negative, neutral, and positive words were matched for arousal
as well as on several psycholinguistic variables known to affect word processing (see Soares etal., 2015,
2019) as per million word frequency, word length both in number of letters, and number of syllables,
neighbourhood size, and Normalized Levenshtein Distance as obtained from the Procura-PALavras (P-
PAL) lexical database (Soares et al., 2014, 2018). The psycholinguistic characteristics of the negative,

neutral, and positive words selected as targets are presented in Table 1.
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Table 1
Mean and Standard Deviations (in Brackets) for the Psycholinguistic Characteristics of the Negative,

Neutral, and Positive Words Selected as Targets

Psycholinguistic

Characteristics Negative Neutral Positive pvalue
Valence 2.9 (1.31) 5.1(1.24) 7.2 (1.24) .001
Arousal 5.4 (.75) 5(.83) 5.2 (1.18) 132
Per Million Word Frequency 5.4 (8.99) 4.9 (6.33) 6.4 (6.87) .590
Number of Letters 9.1(2.28) 9.5 (2.13) 8.7 (2.27) 203
Number of Syllables 3.9 (1.04) 4.1 (.95) 3.8 (.95) 172
Neighborhood Size 4 (.84) 37 (.9) 7 (.91) .196
Normalized Levenshtein
2.7 (.52) 2.7 (.57) 2.6 (.62) .362

Distance

Additionally, as in Soares et al. (2019) study, three types of primes were used for the self-
reference manipulation: £u sou [| am] (self-reference condition); £/a € [She is] (other-related condition);
and %%%%% (control condition). This control condition was chosen as in Soares et al. (2019) because in
EP there is no personal pronoun that refers specifically to inanimate objects as it occurs in English with

Hit”.

One hundred and sixty-two pseudowords were also generated for the purposes of lexical decision
task. These pseudowords were generated on the basis of other negative, neutral, and positive words with
similar psycholinguistic characteristics as the ones used as target words. This was done by changing all
the vowels in the base words to another vowel, except in initial and final letter positions, to turn
pseudowords more words-like. For instance, from the word “cruel’ [cruel], the pseudoword “crie/’ was

created, and from the word “adapidve!’ [adaptable], the pseudoword “adopfuve!’ was created.

Three lists of materials were constructed to counterbalance the targets (words and pseudowords)
across prime conditions. Participants were randomly assigned to the lists, while assuring the same
number of participants per list (7= 15). Additionally, a set of three emotional words (one negative, one

neutral, and one positive) were selected and three pseudowords were generated for the practice trials.
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Procedure
Participants were individually tested in the soundproof booths at the Human Cognition
Laboratory, School of Psychology, University of Minho. Stimulus presentation and response recording

were controlled with DMDX software (Forster & Forster, 2003).

Participants were presented with a lexical decision task combined with a masked priming
paradigm. In this task, participants were asked to decide as rapidly and as accurately as possible, if each
of the letter strings presented at the centre of a computer screen was or not a real EP word by clicking
either the ‘Z' key from the computer keyboard for a word response or the ‘M’ key from the computer

keyboard for a non-word response.

The task comprised 324 trials that were randomly presented to the participants. Each trial
included a sequence of four visual events presented at the centre of the computer screen: (i) a forward
mask (######) presented for 500ms; (i) the prime presented in lowercase (Courier New, font size 14)
for 50 ms; (iii) a second mask (######) presented for 16.67 ms; and, (iv) the target presented in
uppercase (Courier New, font size 14). The target remained on the screen until the participant responded
or until 2,500 ms had elapsed. An intertrial interval of 500 ms was used. Participants were not informed
about the presence of the primes. Prior to the experimental trials, a set of practice trials was presented

to familiarize participants with the task.

After the experiment, participants were asked to rate each of the target words used in the
experiment on the valence and arousal affective dimensions using the SAM scales (affective rating task).
This procedure was implemented to ensure that the valence manipulation used in the experiment worked
for all the participants, by verifying if participant’s valence ratings of words matched the ANEW-PT valence
ratings (e.g., to verify that a word such as “ineficaz” [ineffective], which has a negative valence rating
according to the ANEW-PT female affective norms, was rated as negative by all participants). During this
phase, participants were also asked to identify the words they did not know the meaning of. The

experimental session lasted for about 45 minutes per participant.

Results
Latency (RTs in ms) and accuracy (proportion of correct responses) data for word targets were analysed
with linear mixed effects (Ime) models using R software (Bates et al., 2011). Data from unknown words
(2.39%), and from incorrect and non-responses (6.27%) were excluded from the latency analyses.
Additionally, response times slower than 200 ms and 2.5 SDs below or above the average of each
participant per experimental condition were also eliminated (2.29%). The Ime on RTs were conducted

15



with participants and items as crossed random factors with a random intercept and the two repeated-
measure factors (Valence: positive | neutral | negative; and Reference: self | other | control), with a random
slope per subject but not per item (see Barr et al., 2013; for further discussion, see Matuschek et al.,
2017). For accuracy data, a generalized Ime with logistic link function and binomial variance was used.
The models were fit using the Ime4 R library (Bates et al, 2011) and the ImerTest R library in order to
contrast simple effects with differences of least squares means. For the effects that reached statistical
significance, the second degree of freedom of the F statistic was approximated using the Satterthwaite’s
method (see Satterthwaite, 1941, and Khuri et al., 1998). The p values were adjusted with Hochberg's
method for all post-hoc comparisons equal or below .05 (see Benjamini & Hochberg, 1995, and
Hochberg, 1988 for details). The means and standard deviations of RTs and accuracy rates for positive,

neutral, and negative words in each prime condition (self-related, other-related, and control) are displayed
in Table 2.

Table 2
Means (SDs) of RTs and Accuracy (Acc) for Positive, Neutral, and Negative Words per Prime Condition

Type of
Negative Neutral Positive
word
Prime
RT Acc RT Acc RT Acc
condition
770.1 .92 817.8 .92 706.9 .96
Self-Related
(245.02) (.28) (277.80) (.28) (197.35) (.19)
Other- 792.6 .94 838.7 .92 721.6 .96
Related (268.97) (.24) (300.43) (.27) (213.09) (.20)
784.1 .95 808.6 .92 724.8 .96
Control
(254.51) (.22) (279.08) (.27) (215.76) (.20)

On RT data, the model revealed a main effect of valence, A2, 156) = 13.0877, p < .001
indicating that participants were faster at recognizing positive (717.8 ms) than negative words (782.4
ms, p = .004), and negative words faster than neutral words (821.7 ms, p = .045). A significant main
effect of reference was also observed, A2, 6283.3) = 4.5702, p = .010. This effect showed that,

regardless of target valence, participants were faster at recognizing words preceded by self-related primes
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(763.4 ms) than other-related primes (782.9 ms, p=.008), but not control primes (771.5 ms, p=.251).
Additionally, although words preceded by control primes resulted in faster reaction times than words
preceded by other-related primes, the difference did not reach statistical significance (p = .126). The
twofold valence x reference interaction reached a marginal significance level, A4, 6283.2) =2.1136, p
= .076. Post-hoc planned comparisons indicated that participants were significantly faster responding to
neutral words preceded by control primes than by other-related primes (808.6 ms vs. 838.7 ms, p =
.005), but not by self-related primes (808.6 ms vs. 817.8 ms, p = .258), and self-related primes were
responded to faster than other-related primes, with a marginal statistical difference (817.8 ms vs. 838.7,
p=.091). For negative and positive words, no statistically significant differences were observed across
prime conditions. Post-hoc comparisons also revealed significant differences in each prime condition. For
all prime conditions, participants were faster at recognizing positive words than negative and neutral
words. Inthe self-related condition, participants were faster at recognizing positive words (706.9 ms) than
negative words (770.1 ms, p=.004), and negative words faster than neutral words (817.8 ms, p=.035).
In the other-related condition, participants were faster at recognizing positive words (721.6 ms) than
negative words (792.6 ms, p=.006), and negative words faster than neutral words (838.7 ms, p=.019).
In the control condition, participants were faster at recognizing positive words (724.8 ms) than negative

words (792.6 ms, p=.015), and positive words faster than neutral words (808.6 ms, p<.001).

Regarding accuracy data, the results revealed a main effect of valence, %2 (2) = 11.8985, p =
.003, indicating that, although accuracy rates were high for all conditions, participants were nevertheless
more accurate at recognizing positive than neutral words (.96 vs. .92, p=.004), and positive words than
negative words (.96 vs. .94, p = .033), though no differences were found between negative and neutral
words (.94 vs. .92, p = .415). A main effect of reference also reached statistical significance, %2 (2) =
7.9737, p=.019, although post-hoc comparisons failed to show any significant difference across prime
conditions. Nonetheless, accuracy rates were found to be lower in negative words when the presented
prime was self-related, compared to other-related and control primes. The interaction effect did not reach

statistical significance (p = .287).

In short, analyses of RTs showed main effects of valence and reference. Positive words were
associated with faster responses than negative words, and negative words faster than neutral words, thus
illustrating, on one hand, the advantage of emotional words over neutral words, and, on the other hand,
the advantage of positive words over negative words as found in previous studies (e.g., Kousta, Vinson,

& Vigliocco, 2009; Kuchinke et al., 2005). Positive words also resulted in more accurate results than both
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negative and neutral words, with no accuracy difference between negative and neutral words. Words
preceded by self-related primes were also responded faster than words preceded by other-related primes,
with no differences observed between self-related and control conditions, and control conditions with
slightly faster responses than other-related conditions. These differences suggest that there is a higher
processing cost for other-related primes when compared to self-related and control primes. The two-fold
valence x reference interaction reached only marginal significance, indicating that for all prime conditions,
positive words were responded to faster than negative and neutral words. Furthermore, the data showed
that while the presentation of different primes did not have an effect in the recognition of positive or
negative words, it did influence the recognition of neutral words. For neutral words, the presentation of
other-related primes resulted in slower responses when compared to control primes and self-related

primes, although the difference between other and self-related primes was only marginal.
Table 3.

Means (SDs) of RTs and Accuracy for the Positive, Neutral, and Negative Words Whose Scores on the

Affective Rating Task Corresponded to the Valence Manipulation per Prime Condition

Type of
Negative Neutral Positive
word
Prime
RT Acc RT Acc RT Acc
condition
778.0 .92 856.0 91 709.6 .97
Self-Related
(272.73) (.28) (354.7) (.29) (200.71) (.18)
Other- 800.8 .94 943.5 .93 717.5 .97
Related (286.37) (.23) (384.46) (.26) (212.4) (.17)
775.5 .96 773.9 .92 718.4 .96
Control
(253.76) (.20) (267.21) (.27) (207.46) (.20)

Due to the variability of emotional ratings (e.g., a word such as “ineficaz” [ineffective], which has
a negative valence rating according to the ANEW-PT female affective norms, was rated with neutral
valence by some participants), we conducted a second set of Ime analyses based exactly on the same

factorial design, but including only participants’ responses whose scores on the affective rating task
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performed after the LDT corresponded to the same valence as used in our target manipulation. Thus, if
a given positive-valenced target word in the experiment was rated as negative or neutral by participants,
these data was excluded for the second set of analyses. Responses for 956 negative, 508 neutral and
973 positive words were eliminated for this analysis. In total, 37.5% of the data was excluded for this
second set of Ime analyses. Table 3 displays the means and standard deviations of RTs and accuracy for
positive, neutral and negative words, including only responses which corresponded in valence to the a

priori classification.

The model revealed a main effect of valence, A2, 152.4) =12.4205, p< .001, with participants
being faster at recognizing positive (715.2 ms) than negative words (784.6 ms, p =.003), and negative
words faster than neutral words (860.2 ms, p= .037), as in the previous analysis. A significant main
effect of reference was also observed, A2, 3341.9) = 5.6533, p=.004, showing that participants were
faster at recognizing words preceded by self-related primes (744.8 ms) than other-related primes (764.7
ms, p=.018), but not control primes (745 ms, p=.697). However, as in the first analysis, control primes
produced faster reaction times when compared to other-related primes, this time reaching statistical
significance (p = .006). The twofold valence x reference interaction also reached statistical significance,
A4, 3294.4) = 2.4268, p = .046. Planned post-hoc comparisons indicated that for neutral words,
participants were faster when words were preceded by control primes than by other-related primes (773.9
ms vs. 943.5 ms, p=.013), with no differences between self-related and control primes (856.0 ms vs.
773.9ms, p=.283). Unlike in the previous analysis, neutral words preceded by self-related primes were
not responded to faster than words preceded by other-related primes (856.0 ms vs. 943.5 ms, p =
0.190). For negative words, only a marginal difference was found between self-related and other-related
primes (778 ms vs. 800.8 ms, p=.053). For positive words, no differences were found between prime
conditions as observed in the previous analysis. Post-hoc comparisons also showed significant differences
in each prime condition. In the self-related condition, participants were faster at recognizing positive words
(709.6 ms) than negative words (778 ms, p=.011), and positive words faster than neutral words (856
ms, p<.000). In the other-related condition, participants were faster at recognizing positive words (717.5
ms) than negative words (800.8 ms, p< .000), and negative words faster than neutral words (943.5 ms,
p=.009). Inthe control condition, participants were faster at recognizing positive words (718.4 ms) than
negative words (775.5 ms, p=.033), and positive words faster than neutral words (773.9 ms, p=.033)

mimicking the pattern of results observed when all data was considered.
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The analysis of response accuracy showed a main effect of valence, %2 (2) = 9.6377, p=.008,
indicating significant differences between positive and negative words (.97 vs. .94, p = .043), and
differences between positive and neutral words (.97 vs. .92, p = .043), with positive words producing
more accurate responses. A main effect of reference was also found, %?(2) = 7.1337, p=.028, although
post-hoc comparisons failed to show any statistically significant difference across prime conditions. Even
though no statistical differences were found, negative words preceded by self-related primes resulted in
lower accuracy when compared to other-related and control primes. The twofold interaction did not reach

statistical significance (p = .153).

To sum up, from this second set of analyses two main differences were found when compared to the
primary analyses. Firstly, even though differences between the control condition and other-related
condition were found in both analysis, this difference only reached statistical significance in the second
analysis with words in the control condition eliciting faster responses than words in the other-related
condition, suggesting an inhibitory effect of other-related information. Secondly, the two-fold valence x
reference interaction for RTs reached statistical significance only in the second set of analysis. Post-hoc
comparisons of this interaction effect revealed that in both analysis, significant differences of prime
conditions were only found for neutral words, with control primes resulting in faster responses than other-
related primes. Although in the first analysis, neutral words preceded by self-related primes had faster
reaction times when compared to other-related primes, this was not observed in the second set of
analysis. Additionally, a marginal difference was found for negative words only in the secondary analysis,

with words preceded by self-related primes resulting in faster reaction times than other-related primes.

Discussion

In this study we used a lexical decision task combined with a masked priming paradigm to
observe if self-referential information would affect early stages of visual word recognition. Specifically,
following Soares’ et al. (2019) study, we aimed to examine if similar results were found with neutral
stimuli, and using a task that does not focus on the emotional content of the words, such as a lexical
decision task. Careful stimulus controlwas ensured in order to avoid interference from nuisance variables,
with special attention to arousal, since previous SRE studies have not matched emotional and neutral
stimuli in arousal levels. Furthermore, only female participants were recruitedto control for sex differences
in emotional stimuli processing, and all adjectives were selected from Portuguese female affective norms.

Although all these variables were considered, a significant portion of participant’s affective ratings did not
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match in valence when compared to the data from the affective norms, which could potentially interfere
with results. To circumvent this, a secondary set of analyses was conducted including only participants’

responses whose scores on the affective rating task matched our target manipulation in valence.

The results showed that regardless of words’ valence, words in the self-reference condition
produced faster responses than words in the other-related condition, supporting our hypothesis that self-
referential information affects early stages of visual word processing. As in Soares’ et al. (2019) study,
no differences were found between the self-related and the control conditions, while the other-related
condition resulted in significantly slower responses than the control condition. This represents additional
evidence suggesting that our cognitive system seems to take a self-referential perspective as default for
processing verbal information. Although this was only found in the more rigorous analysis, words
preceded by other-related primes resulted in significantly slower responses when compared to both self-
related and control conditions, demonstrating the inhibitory effect of other-referential information in early

stages of processing.

Surprisingly, when the impact of prime type was analysed across the types of target words, no
effects were seen in emotional words (positive and negative). Although in the secondary analysis, marginal
differences were found between negative words preceded by self-related and other-related primes,
significant differences between prime types were only observed in neutral words, with control primes
resulting in faster responses than other-related primes. A marginal difference was also found only in the
first analysis, with self-related primes resulting in faster responses than other-related primes. The
processing advantage of control primes over other-related primes found for neutral words further
demonstrates the presence of an inhibitory effect for other-referential information. Moreover, the lack of
differences between self-related and control primes also seems to suggest that for non-emotional words
the cognitive system seems to assume a self-referential by default. Interestingly, the results which suggest
a default self-referential perspective, previously found for emotional words in the study of Soares et al.
(2019), were found only for neutral words in the present study. To explain the lack of significant prime
differences for emotional (positive and negative) words, we discuss two possible explanations. Firstly, in
tasks which do not require participants to focus on the emotional content of words, such as LDT, implicit
self-reference effects as obtained from the masked priming paradigm might be weaker. Secondly, it is
important to consider that since emotional words are processed faster than non-emotional words, it is
possible that the processing of emotional words is too fast for primes to have any noticeable impact. This

idea is supported by the fact that marginal differences between self-related and other-related primes
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emerged in negative words only in the secondary analysis, where the exclusion of answers incongruent

with the stimuli manipulation caused reaction times to be slower for negative words.

The effects of emotional valence were clear in this experiment, with emotional words resulting in
faster responses than neutral words. Between emotional words, positive words were responded faster
and more accurately than negative words. Contrary to our expectations, no significant differences were
found between positive words preceded by self-related primes and other-related primes. In fact, the
difference between self-related and other-related primes was only marginally found for negative words.
Although this result was unexpected, it is not new, since the study by Herbertetal. (2011) reported better
memory performance for self-related than other-related unpleasant words in their study, which the authors
suggested could be caused by using nouns instead of adjectives, typically used in SRE studies. Our
findings contradict this explanation, since adjectives were used as stimuli. Furthermore, it was suggested
that participants’ depression scores and mood could also have led to such results. The authors found
that participants with higher depression scores had better memory performance for self-related negative
words. As such, animportant limitation of the present study was the lack of control of participant’s moods,
depression and anxiety scores. Mood-congruency effects have been demonstrated in previous research,
revealing that individuals preferentially process emotional information that is consistent with their current
mood state (e.g., Fiedler et al., 2001; Mayer et al., 1995; Rusting, 1998). Depression and anxiety levels
have also been shown to affect the processing of emotional words (e.g., Laeger et al. 2012; Sass et al.,
2014). As such, future studies should account for these variables. It is also relevant to investigate whether
a more heterogenous sample would produce different results, considering that all participants were
students from the same university and mostly of the same age group. Moreover, future studies of the SRE
in visual words recognition should be conducted with male participants to clarify whether these effects

are independent of gender.

Current computational models of visual word recognition, such as the Dual Route Model
(Coltheart et al., 2001), the Bayesian reader (Norris, 2006) or the Spatial Coding Model (Davis, 2010),
do not account for the role of self-referential information, which seems to affect early stages of visual word
processing. Alongside the inhibitory effect of other-referential information, the present results ask for
amendments in models of visual word recognition to include the referential aspect of information as a
relevant factor in visual word recognition and reading. We suggest that visual word recognition is affected
by some mechanism that quickly assesses the self-relevance of the information, which in turn inhibits the

visual word recognition system if the information is other-related or stimulates it if the information is self-
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related. Importantly, according to our data, this mechanism would only have a strong impact in visual
word recognition of neutral words, and not emotional words, although it is unclear why. Further studies

should be conducted to explore this proposed mechanism and clarify its effects on visual word recognition.
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