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1. Introduction

Self-relevant information is better remembered compared to information related to another person, a phenomenon known
as the “self-reference effect” (SRE). The SRE is a pervasive memory phenomenon that occurs when individuals are instructed to
evaluate trait words in relation to self or to others (e.g., Klein & Kihlstrom, 1986; Rogers, Kuiper, & Kirker, 1977; Symons &
Johnson, 1997), for objects that had been associated with the self or with other people (Cunningham, Turk, Macdonald, &
Macrae, 2008), in mild depressive and healthy individuals (Kuiper & Derry, 1982), and across age groups (Gutchess,
Kensinger, Yoon, & Schacter, 2007).

Typically, the processing of self-related information involves the processing of emotional valence (Glisky and Marquine,
2009). If individuals remember better positive self-referenced information than positive other-referenced information, then
the SRE has an “adaptive” role, because it can maintain or increase the positivity of one’s self-concept (Leary, 2007). On the
other hand, a tendency for negative self-referenced information to be remembered better than negative other-referenced
information is “maladaptive,” because it may result in a distorted mental representation of the social environment and it
may contribute to negative self-appraisal and low self-concept (e.g., Caudek & Monni, 2013).

The purpose of the present study is to examine individual differences in the memory of valenced self-referenced infor-
mation and to determine the extent to which they are mediated by memory control. It is here hypothesized that individuals
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with a dysfunctional cognitive processing style, due to maladaptive control over self-related information, reverse the bias
towards positive information which characterizes the SRE in healthy individuals (e.g., D’Argembeau, Comblain, & Van der
Linden, 2005; Watson, Dritschel, Obonsawin, & Jentzsch, 2007). Cognitive control after encoding might thus contribute to
maintain a positivity bias for self-related memories in some individuals, while creating a bias which favors negative self-
related information, in others.

1.1. Self-reference effect and memory biases for valent information

In the non-clinical population, positive information tends to be remembered better than negative information, but only
when it is related to the self. For example, D’Argembeau et al. (2005) asked participants to recall trait adjectives that had
been previously processed either in reference to the self or in reference to a stranger. They found better recall performance
for positive than for negative trait adjectives, but only when the adjectives were encoded with reference to the self (see also
Kuiper & Derry, 1982; Sedikides & Green, 2000, 2004). It has also been shown that the affective intensity associated with
autobiographical memories decreases more rapidly with time for negative memories than for positive memories (Walker
& Skowronski, 2009), and that self-related memories are distorted by the tendencies to form positive (Wilson & Ross,
2003) and consistent (Conway, 2005; Conway, Singer, & Tagini, 2004) memories about ourselves.

Also in healthy subjects, however, the positivity bias that characterizes the SRE can sometimes be replaced by an opposite
bias. For example, Caudek and Monni (2013) found that the self-face advantage (i.e., better memory recognition for the self-
face than for stranger’s faces) can be modulated by individual differences in negative cognitive style, defined as the tendency
to attribute negative life events to stable, global, and internal causes (Alloy et al., 2000; Alloy, Abramson, Keyser, Gerstein, &
Sylvia, 2008). In the study of Caudek and Monni, participants high in negative cognitive style who, during the experiment,
experienced higher levels of sadness, displayed a stronger self-face advantage for sad expressions than for happy expres-
sions. The remaining participants displayed an opposite bias (a stronger self-face advantage for happy expressions than
sad expressions), or no bias. These results thus suggest that, also in a healthy sample, the SRE might be biased towards posi-
tive or towards negative information, depending on individual differences in cognitive style.

1.2. Individual differences in cognitive control over self-referenced memory

The SRE is usually attributed to the specific attentional processing for information related to the self, relative to process-
ing of information about other people. According to the standard account of the SRE, information related to the self compared
to other people is encoded more fully and it gives rise to the formation of richer, more organized, and more elaborated mem-
ory representations (Klein, 2012; Klein & Kihlstrom, 1986; Klein & Loftus, 1988; Symons & Johnson, 1997). Even though there
is strong evidence of the importance of the encoding stage for the SRE, little is know about how the SRE is modulated by the
memory processes that take place after encoding. The main purpose of the present study is to investigate the individual dif-
ferences in the effects on the SRE of cognitive control over memory after the encoding stage.

Diathesis-stress models postulate that cognitively vulnerable individuals (e.g., depressed and dysphoric individuals, but
also individuals at risk for, but without a history of, depression) harbor dysfunctional information-processing schemas that
influence how stimuli are selected, encoded, interpreted, and retrieved (Clark & Beck, 2010; Disner, Beevers, Haigh, & Beck,
2011). Becks cognitive theory (Beck, 1967) suggests that dysfunctional information-processing schemas remains dormant
until activated by internal or external stressors. Indeed, empirical research has provided strong evidence that cognitively vul-
nerable individuals have reduced ability to regulate and control negative information in memory, especially self-related
information, which gives rise to explicit memory biases (Alloy et al., 2000).

It is here hypothesized that individuals with a negative cognitive style (Alloy et al., 2000; Safford, Alloy, Abramson, &
Crossfield, 2007), and/or individuals who show a tendency toward rumination (Dieler, Herrmann, & Fallgatter, 2013), will
be more likely to manifest a maladaptive SRE compared to individuals not having these personality traits, as a consequence
of their dysfunctional attempts to control the process of memory retrieval. In order to activate latent cognitive vulnerability,
in the present study participants were primed with a negative mood induction (Segal & Ingram, 1994).

2. Experiment

A modified version of the think/no-think procedure was used to study the individual differences in the effects of cognitive
control over memory of information that is relevant to the self, as opposed to memory of information that pertains to other
people. In the first phase of the experiment, participants were asked to learn the associations between a set of pictures por-
traying each participant and a set of strongly (positively or negatively) emotionally valenced images. For comparison pur-
poses, pictures portraying a stranger were also used as cues for the learned associations. A cued-recognition test was
administered before and after the think/no-think phase.

The main questions were as follows (1) Is the SRE characterized by a positivity bias before the think/no-think phase? (2) Is
the SRE affected by cognitive control after encoding? (3) Do individual differences in personality traits and affective states
modulate the effects of cognitive control on the SRE? Control observations were also gathered in order to determine whether
maladaptive self-focus is mainly influenced by personality traits or whether it arises from a generic impairment involving
executive functions (e.g., Levy & Anderson, 2008).
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2.1. Method

2.1.1. Participants

A total of 65 experimentally naive undergraduate students from Florence University participated in the study (age 20-34,
32 female), all with normal or corrected-to-normal vision. All gave written informed consent and the study was approved by
the Departmental Ethics Committee, Dipartimento di Psicologia, Universita degli Studi di Firenze, Italy.

2.1.2. Apparatus

Stimuli were presented and responses collected using a custom script written with the PsychToolbox extension (Brainard,
1997; Pelli, 1997) of MATLAB (Mathworks, Massachusetts) on a Mac Pro computer connected to a 17-in. video monitor
viewed at a distance of 70 cm.

2.1.3. Stimuli

Forty photographs (cue images) were taken of each participant under normal lighting, with different body postures, dif-
ferent objects, or with different garments (Fig. 1). Eighty target pictures were selected from the International Affective Pic-
ture System (IAPS; Lang, Bradley, & Cuthbert, 2005) stimulus set. For each of the two identities represented in the cue
images, half of the target pictures had a negative valence and half had a positive valence. Mean valence (positive: 7.20,
S.E.=0.11; negative: 3.01, S.E.=0.11) differed significantly between the positive and negative pictures (t;79 = 27.13,
p =.001, Welch correction), while arousal values were kept similar for the two stimulus sets (positive: 4.58, S.E. = 0.15; neg-
ative: 4.83, S.E. =0.11; t7;p5 = 1.31, p=.192, Welch correction).

2.1.4. Psychometric tests and other materials

The Cognitive Style Questionnaire — Short Form (CSQ-SF; Meins et al., 2012) is a 8-item self-report measure of cognitive and
behavioral coping strategies. Participants rate the probable consequences of 8 hypothetical negative events and the impli-
cations of each event for the self-concept. The CSQ had been translated to and validated in Italian in earlier research
(Caudek & Monni, 2013; Ceccarini & Caudek, 2013; Sica, Caudek, Rocco Chiri, Ghisi, & Marchetti, 2012).

The Dysfunctional Attitudes Scale (DAS; Weissman & Beck, 1978) is a 40-item self-report inventory of maladaptive atti-
tudes that are thought to confer vulnerability for depression. The italian version of the DAS-A was used (Di Maria & Di
Nuovo, 1991).

The Ruminative Response Scale (RRS; Nolen-Hoeksema & Morrow, 1993) of the Response Styles Questionnaire includes 22
items describing the tendency to ruminate in response to depressed mood. The RRS assesses responses to dysphoric mood
that are focused on the self, on symptoms, or on possible consequences and causes of moods. The Italian version of the RRS
was used (Palmieri, Gapsarre, & Lanciano, 2007).

The Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1991a, 1991b) is a 20-item self-report inventory sen-
sitive to individual differences in depressive severity in the student population (Olino et al., 2012). The Italian version of the
CES-D was used (Fava, 1982).

The Cognitive Reflection Test (CRT; Frederick, 2005) is used to differentiate between more impulsive and more reflective
decision-making. The test consists of three items for which the intuitive response is incorrect. Performance on the CRT is
related to inhibitory control in executive functioning: Respondents not having sufficient inhibitory control to override their
impulsive responses tend to produce incorrect answers (Aron, 2008).

The Visual Analogue Scale (VAS; McCormack, Horne, & Sheather, 1988) is a self-report device used to measure respondents’
perceptions of their own mood (e.g., Scherrer & Dobson, 2009). Participants rate their mood by placing a vertical mark on a
100-mm line, marked with “Not at all sad” on the left end and “Extremely sad” on the right. A score from 0 to 100 is derived
by measuring the distance of the mark from the left pole.

2.1.5. Procedure

The procedure comprised the following phases (Fig. 2).

Preliminary session. During an initial session that took place the same day as the experiment, participants completed a
battery of three self-report scales: CSQ, DAS, CES-D, and RRS (Table 1). A number of pictures of each participants was also
taken (Fig. 1). These pictures were then used as the “cue” stimuli in the think/no-think phase of the experiment.

Mood induction procedure (MIP). Prior to the mood induction, participants rated their baseline mood with the VAS, for
which they were instructed to focus on how they were feeling at that moment. They were then asked to get into a negative
mood state using the music, the suggested imagery, and the movie, and to stay in that state until the whole session was com-
pleted (Robinson, Grillon, & Sahakian, 2012). Participants were instructed to listen to Albinoni’s “Adagio” in G Minor while
on the screen was presented a random selection of emotionally charged sentences (Velten, 1968). Immediately after this
phase, which lasted 7.5 min, participants were instructed to watch a video clip in order to increase their emotional engage-
ment and to maintain their sad mood (Jallais & Gilet, 2010). The video was a 3-min scene of a boy crying over his father’s
death from the movie “The Champ” (Lovell & Zeffirelli, 1979). Previous studies have tested the reliability of this clip to elicit
sadness (Hewig et al., 2005). Each participant was alone while undergoing the mood induction. Following the induction, the
mood check was administered again.



172

C. Caudek / Consciousness and Cognition 30 (2014) 169-183

65 Participants
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40 “Cue” pictures for each participant
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Fig. 1. Examples of “cue” pictures. 40 cue pictures depicted the participant running the experiment and 40 depicted a stranger.
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Fig. 2. Experimental procedure. (1) Participants were first trained to associate 40 cue-target pairs. (2, 4) On each trial of the pre-test and of the post-test,
each cue was shown again and participants were asked to recognize the previously associated target picture, which was presented together with a foil. (3)
During the think/no-think phase, participants viewed only the cues. On some trials they were instructed to recall the previously learned target pictures; on

other trials they were instructed not to let the previously associated targets enter consciousness and, instead, to recall the substitute.

Table 1

Participant characteristics: mean, standard deviation, and range. CSQ is Cognitive Style Questionnaire. DAS is
Dysfunctional Attitude Scale. CES-D is Center for Epidemiologic Studies Depression Scale. RRS is Ruminative
Response Scale. RRS-R, RRS-B, and RRS-D are the Reflection, Brooding, and Depression subscales of the RRS,

respectively.

Age

24.9 (2.33) [20,34]

Gender ratio (F/M)
CSQ

DAS

CES-D

RRS

RRS-R

RRS-B

RRS-D

32/33

179 (25.9) [124,241]
122 (23.4) [77,193]
12.3 (7.1) [1.0,39.0]
46.7 (10.3) [29.0,86.0]
10.6 (2.8) [6.0,19.0]
10.9 (3.1) [6.0,20.0]
25.1 (6.2) [15.0,47.0]
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Learning phase. Participants were trained to associate 80 cue-target pairs which were presented sequentially. The presen-
tation order was randomly determined for each participant. Participants were instructed to try to remember each cue-target
association for a later test. In 40 cases, the cue was a picture of the participant whereas in the remaining cases the cue was a
picture of a stranger. Each cue-target pair was presented side-by-side on the screen for 2 s. The relative left/right position of
the two pictures was chosen at random for each trial and each participant. After completion of the learning phase, the mood
check was administered again.

Pre-test. For each participant, the pre-test comprised 80 cued recognition trials. In each trial, one of the 80 cues used in the
learning phase was shown in the center of the screen together with the target image that, in the learning phase, was asso-
ciated with the presentation of the cue and with a foil (one on the left side of the cue, the other on the right). The foil was a
target image that, in the learning phase, was associated with the presentation of a different cue, with the constraint that each
target image could serve as foil only once in 80 trials. The relative left/right position of the target/foil pair was chosen at
random for each trial and each participant. The order of presentation of the sequence of the cue images was chosen at ran-
dom for each participant and differed from the presentation order in the learning phase. On each trial, participants were
required to indicate via keypress which of the two images shown on the left and on the right of the cue was the target.
The mood check was administered again after completion of the pre-test.

Presentation of a substitute image. A negative image selected from the IAPS stimulus set, but not used either as target or as
foil in the pre-test and post-test, was chosen as the substitute for “no-think” trials (valence: 3.8; arousal: 4.5). Participants
were instructed to memorize this picture, so that they could use it to help them suppress targets in the “no-think” trials of
the experiment (see Hertel & Calcaterra, 2005; Joormann, Hertel, LeMoult, & Gotlib, 2009).

Think/no-think phase. Each trial started with showing the participants a black screen with the instructions. After the key-
press, one of the 80 cue images was shown in the center of the screen for 1.5 s, surrounded by either a green or a red frame.
When the frame was green, participants were instructed to try to recall the target. They were told that they could use all the
time that they needed, also after the cue image disappeared from the screen. When the frame was red, in addition to the
suppression instructions used by Anderson and Green (2001), participants were instructed to recall and to create a vivid
image of the substitute. The experimenter strongly emphasized the importance of never thinking about the target during
“no-think” trials. It should be noted that use of a substitute in the present adaptation of the think/no-think paradigm departs
from the original task of Anderson and colleagues and the modified task could involve different processes: The “no-think”
trials involve the creation of a new link between the cue and the substitute rather than simply the control of memory
retrieval.

After each “no-think” trial, participants judged via keypress whether they were able not to think about the target and to
recall the substitute. These judgments assessing the compliance with the suppression instructions were used as an alterna-
tive to the Strategy Questionnaire of Hertel and Calcaterra (2005) and Joormann, Hertel, Brozovich, and Gotlib (2005). After
each “think” trial, participants gave a retrospective confidence judgment (RCJ), which asked them to estimate whether they
had been or had not been able to recall the target.

The think/no-think phase was repeated four times. Afterwards, the mood check was administered again.’

Post-test. The post-test was identical to the pre-test. The order of presentation of the trials was random for each partic-
ipant and different from the pre-test. The relative left/right positions of target and foil were also determined at random on
each trial and for each participant.’

Debriefing phase. Following the completion of the experiment, participants were asked to return to their normal frame of
mind and they were thoroughly debriefed concerning the purpose of research. Those participants who showed a continued
response to the sad mood manipulation were cheered up by the experimenter to neutralize any increase in depression due to
the sad mood induction procedure. Participants were encouraged to contact the experimenter in case they were experienc-
ing any long-lasting sad mood. Each participant was contacted by phone after one week and three weeks. None of the par-
ticipants reported any problem caused by the experimental procedure.

2.2. Statistical analyses

Generalized estimating equation (GEE) regression models with logit link assuming exchangeable correlation were used to
account for multiple data points from the same participants and the resulting stochastic non-independence of observations.
The “recognition correctness” (correct/incorrect) was the dependent variable and the within-subjects independent variables
were think (whether the cue image was used in a “think” or “no-think” trial), re ferent (whether the cue image portrayed
the participant or a stranger), and valence (whether the valence of the target image was positive or negative). To control for
the pre-test accuracy, the post-test responses were analyzed separately, depending on whether the cue-test associations
were evaluated correctly or not on the pre-test.

2 Differently than in the original think/no-think procedure, no baseline condition was used. However, this is not a limit of present design because the purpose
was to study the effect of cognitive control on self-referential memory, not to measure the suppression effect in the think/no-think task (see also Raaijmakers &
Jakab, 2012).

3 Although the majority of think/no-think research has used recall as the dependent measure, in some cases a recognition test has also been employed (Hart
& Schooler, 2012; Tomlinson, Huber, Rieth, & Davelaar, 2009). In the present study, cued recognition was preferred over cued recall because it provides a better
protection toward the possible effects of the demand characteristics of the think/no-think procedure (e.g., Hart & Schooler, 2012; Noreen & MacLeod, 2013).
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A correct pre-test response signals a high strength of encoding. In these circumstances, the probability of responding cor-
rectly on the post-test is expected to be high. Instead, an incorrect pre-test response signals a weak encoding. For these cue-
target associations, the probability of responding correctly on the post-test is .5 if participants resort to guessing, being
unable to retrieve the target associated with the retrieval cue. If the probability of responding correctly on the post-test
is different from .5, this means that some form of encoding did take place also for those cue-target associations that had been
judged incorrectly on the pre-test. A probability smaller than .5 indicates that suppression took place, because on the post-
test participants prefer the foil to the target; a probability higher than .5 indicates that the retrieval of the target is better on
the post-test than on the pre-test (i.e., it indicates that the think/no-think phase has strengthened the memory trace).

2.3. Results

2.3.1. Principal components analysis

A principal component analysis (PCA) was applied to the results from the 65 participants on the CSQ, DAS, CES-D ques-
tionnaires, together with the results from three subscales of the RRS questionnaire (Reflection, Brooding, and Depression) in
order to reduce the dimensionality of the personality measures and of the dysphoria level for further analyses (Kanai & Rees,
2011). A parallel analysis indicated the presence of a single eigenvalue higher than one (i.e., 2.06). There were only two sali-
ent loadings on the first principal component, .786 for the CSQ scores and .606 for the DAS scores, indicating that, in the pres-
ent sample the inter-individual differences in personality traits and level of affect depend, for the most part, on differences in
negative cognitive style. In the following analyses, therefore, the first PC (denoted as Vulnerability Factor, VF) was the
primary measure aimed at accounting for the individual differences in the effects of cognitive control on the SRE.*

2.3.2. Effect of sad mood induction

VAS ratings pre-MIP were analyzed by multiple regression with VF, CES-D, and RRS as predictors. The VAS ratings pre-
MIP were positively associated to the CES-D scores, tg = 5.05, p =.001, confirming the validity of the VAS as a measure of
negative mood. The variables V¥ and RRS were not significantly associated with pre-MIP VAS, F,¢; = 0.25, p =.78.

The mood induction produced significant changes in VAS self-rated sadness. Post-induction sadness was significantly
lower than pre-induction sadness: Mean change in mood was 37.1 mm, S.E. = 3.5, teg4 = 10.7, p =.001.

The VAS test was administered six times throughout the experiment. The effect of the negative mood induction decreased
significantly with time, F; 614 = 57.66, p =.001, but this decrease was not affect by the level of negative cognitive style (VF),
Fi623 = 1.28, p = .26. The final post-MIP VAS scores were significantly higher than the pre-MIP VAS scores: Mean change in
mood was 6.2 mm, S.E. = 2.6, tgq = 2.35, p=.022.

2.3.3. Pre-test SRE

On the pre-test, the probability of a correct recognition was equal to .80 when the cue portrayed the participant and .75
when the cue portrayed a stranger. A generalized estimating equation (GEE) analysis showed that this difference was statis-
tically significant, y4 = 9.04, p = .0026. For negative targets, instead, no SRE was found: The probability of a correct recogni-
tion was equal to .77 when the cue portrayed the participant or a stranger. Pre-test accuracy was not modulated by
individual differences in negative cognitive style, y2 = 0.95, p = .92, dysphoria, y3 = 8.18, p=.085, or rumination, y2 = 8.7,
p =.069.

2.3.4. Post-test SRE

For those target-cue associations that had been judged correctly on the pre-test, a GEE analysis indicated that, after the
think/no-think phase, an SRE was present for positively valenced targets (the proportions of correct responses were 1.0 and
.81 for self-referenced associations and other-referenced associations, respectively), y? = 201, p =.001, but not for negatively
valenced targets (the proportion of correct responses was equal to .83 for both self-referenced and other-referenced associ-
ations), y2 = 0.03, p = .86.

For those target-cue associations that had been judged incorrectly on the pre-test, post-test performance was not affected
by the variables referent and valence, x% = 3.86, p = .28. The proportion of correct responses was equal to .47.

2.3.5. Post-test SRE: individual differences in negative cognitive style

Four separate GEE models were run to test the hypothesis that the “adaptive” SRE found on the pre-test can turn into a
“maladaptive” SRE on the post-test as a consequence of dysfunctional cognitive control. The complete dataset was divided
into four subsets, depending on the valence of the target images and the correctness of the pre-test response. In each anal-
ysis, the dependent variable was the post-test accuracy (Ypost), and the independent variables were think and referent,
together with the summary measure VF derived from the PCA of the psychometric data. The statistical model was thus equal
to

logit(Ypost) = o + B VE + BT + B3R + BoVF - T+ BsVE - R+ BT -R+ p,VE- TR,

4 To ease interpretation of coefficients, VF was centered (mean = 0) and scaled in the [—0.5,0.5] interval so that the range of variation was 1.
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Fig. 3. Post-test accuracy for incorrect pre-test responses, negative targets. Probabilities of correct recognition as a function of vulnerability score,
think, valence, and referent. Only the significant effects are shown.

with VF = Vulnerability Factor, T = think (“think” or “no-think” trial), and R = referent (the cue was a picture of the par-
ticipant or a picture of a stranger).”

Incorrect pre-test responses, negatively valenced target pictures. The 3-way interaction was statistically significant, y = 8.09,
p =.004. For “no-think” trials, the VF x referent interaction was statistically significant, 7 = 8.06, p =.004. VF affected
post-test accuracy when the cue image portrayed the participant, y? = 5.66, p =.017, but not when the cue image portrayed
a stranger, x2 = 0.33, p = .567. The predicted probabilities are shown in Fig. 3. For “think” trials, instead, post-test accuracy
was not affected by VF or referent, x5 =1.9, p=.59. The proportion of correct responses was .42.

For each participant, the proportions of correct post-test responses for self-referenced and other-referenced associations
were also compared, Kendall 7, = 0.274 (95% CI: 0.07, 0.48). In the group of participants who scored below the 25th percen-
tile on the V¥ scale, 3 participants showed the SRE, 5 showed the opposite effects, with 3 ties; in the group of participants
who scored between the 25th percentile and 75th percentile, 10 showed the SRE, 9 showed the opposite effect, with 3 ties; in
the group of participants who scored above the 75th percentile, 7 participants showed the SRE, none showed the opposite
effect, with 5 ties.

Incorrect pre-test responses, positively valenced target pictures. The average proportion of correct post-test responses was
equal to .49. None of the variables in the model nor any of their interactions attained statistical significance, y% = 4.2, p =.76.

Correct pre-test responses, negatively valenced target pictures. The average proportion of correct post-test responses was
equal to .83. None of the variables in the model nor any of their interactions was statistical significant, y3 = 5.68, p =.58.

Correct pre-test responses, positively valenced target pictures. Post-test accuracy was affected by both referent, y% = 6.67,
p=.01, and think, y{=5.41, p=.020, as indicated in Fig. 4. None of the other variables or interactions attained statistical
significance, y2 = 4.44, p =.49. Without considering the size of the effect, but only its direction, 29 participants showed
the SRE, 26 showed the opposite effect, with 5 ties.

5 Separate GEE models were run for target-cue associations that had been responded to correctly or incorrectly on the pre-test because cognitive control
might affect the SRE differently, depending on “strength of encoding” [for the present purposes, strength of encoding (high or low) was indexed by pre-test
accuracy (correct or incorrect response)]. Separate analyses for target-cue associations to which participants had provided a correct or an incorrect pre-test
response also had the benefit to provide statistical control over pre-test recognition accuracy.
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Fig. 4. Post-test accuracy for correct pre-test responses, positive targets. Probabilities of correct recognition as a function of vulnerability score, think,
valence, and referent.

2.3.6. Post-test SRE: individual differences in rumination

The analyses described in Section 2.3.5 were repeated by using the RRS scores in place of VF.

Incorrect pre-test responses. Individual differences in rumination, as measured by the RRS scores, were not a significant
predictor of post-test accuracy and they did not interact with either think or referent (negatively valenced targets:
%5 = 0.88, p =.93; positively valenced targets: yZ = 1.42, p = .84).

Correct pre-test responses, negatively valenced target pictures. The RRS scores did not significantly affect post-test accuracy,
nor they interacted with think or referent, 3 =3.4, p =.49.

Correct pre-test responses, positively valenced target pictures. In “think” trials, RRS had a statistically significant effect on
post-test accuracy when the cue images portrayed a stranger, y? =5.43, p=.02 (the predicted probability of a correct
post-test response decreased from .85 to .62 in the range of the RRS scores of the present sample), but not when the cue
images portrayed the participant, y3 =0.95, p=.33 (Fig. 5). In “no-think” trials, conversely, the RRS scores did not affect
post-test accuracy, nor they interacted with referent, 3 = 0.60, p =.74.

For each participant, the proportions of correct post-test responses for self-referenced and other-referenced associations
were also compared, Kendall 7, = 0.235 (95% CI: 0.01, 0.46). In the group of participants who scored below the 25th percen-
tile on the RRS scale, 7 participants showed the SRE, 8 showed the opposite effects, with 1 tie; in the group of participants
who scored between the 25th percentile and 75th percentile, 18 showed the SRE, 9 showed the opposite effect, with 8 ties; in
the group of participants who scored above the 75th percentile, 10 participants showed the SRE and 4 showed the opposite
effect.

2.3.7. Post-test SRE: individual differences in dysphoria

The analyses described in Section 2.3.5 were repeated by using the CES-D scores in place of VF.

Incorrect pre-test responses, negatively valenced target pictures. The CES-D scores were not a significant predictor of post-
test accuracy and they did not interact significantly with either think or referent, y% = 6.83, p=.15.

Incorrect pre-test responses, positively valenced target pictures. For “no-think” trials, the CES-D x referent interaction was
statistically significant, y% =5.03, p=.025 (see Fig. 6). For “think” trials, instead, neither the CES-D scores, nor the CES-
D x think interaction affected post-test accuracy, y3 = 1.6, p = .45.
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Fig. 5. Post-test accuracy for correct pre-test responses, positive targets. Probabilities of correct recognition as a function of level of rumination,
referent, and think, for positively valenced targets.

For each participant, the proportions of correct post-test responses for self-referenced and other-referenced associations
were also compared, Kendall 7, =0.183 (95% CI: —0.07, 0.43). In the group of participants who scored below the 25th per-
centile on the CES-D scale, 4 participants showed the SRE, 4 showed the opposite effects, with 2 ties; in the group of par-
ticipants who scored between the 25th percentile and 75th percentile, 9 showed the SRE, 16 showed the opposite effect,
with 7 ties; in the group of participants who scored above the 75th percentile, 8 participants showed the SRE and 2 showed
the opposite effect, with 1 tie.

Correct pre-test responses. For negative target pictures, the CES-D scores were not a significant predictor of post-test accu-
racy and they did not interact with think or referent, x5 = 1.12, p =.89. The same result was also found for positive target
pictures, y5=6.77, p=.15.

2.3.8. Overall effect of cognitive control on the post-test

The overall effect of the think/no-think phase was tested with a GEE model in which the recognition accuracy in each trial
of the post-test was the dependent variable, think (whether the cue image was used in a “think” or “no think” trial) was the
predictor, and the pre-test score (correct or incorrect response) was used a covariate (e.g., Klar & Darlington, 2004). In “think”
trials, the mean proportion of correct responses on the pre-test was .76 compared to .74 on the post-test. In “no-think” trials,
the proportions were .77 and .75, respectively. The effect of the pre-test score was statistically significant: )% =276.48,
p =.001. Neither the variable think nor the interaction between think and the pre-test score were statistically significant,
72=21,p=.35.

2.3.9. Retrospective confidence judgments

The binary RCJ judgments were analyzed with two GEE models with the vulnerability scores VF and referent as pre-
dictors, separately for positive and negative cues (Fig. 7). The main effect of V¥ was statistically significant (negatively val-
enced cues: y7 =5.48, p =.019; positively valenced cues: x4 = 8.37, p =.004). The probability of a successful RC] was higher
when the cue portrayed the participant rather than a stranger (negatively valenced cues: y3 = 14.82, p = .001; positively val-
enced cues: y% =26.37, p=.001). The VF x referent interaction was not statistically significant (negatively valenced cues:
22 = 0.58, p =.447; positively valenced cues: y2 = 0.58, p =.447).
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Fig. 6. Post-test accuracy for incorrect pre-test responses, positive targets. Probabilities of correct recognition as a function of level of dysphoria,
referent, and think, for positively valenced targets.

2.3.10. Compliance with the suppression instructions

The probability of a successful compliance judgment was 2% higher when the cue portrayed a stranger rather than the
participant (negatively valenced cues: y3 =4.72, p = .030; positively valenced cues: y3 =5.20, p=.023), indicating a greater
difficulty to comply with the suppression instructions for self-referenced compared to other-referenced memories.

2.3.11. Cognitive reflection test and negative cognitive style

Fifty-five participants who had participated in Experiment 1 completed the CRT after the post-test. A GEE model analyzed
the correct/incorrect responses to each problem as a function of VF, controlling for gender and log10(decision time). The
effect of VF was statistically significant: exp(f) = 11.7, y1 =6.29, p=.012, 95% CI = (1.71, 80.41): The predicted probabilities
of a correct response ranged from .11 (lowest VF score) to .55 (highest VF scores).

2.4. Discussion

On the pre-test, an SRE was found for positive but not for negative cue-target associations. After the think/no-think phase,
the “positivity bias” of the SRE was confirmed for those cue-target associations that had been responded to correctly on the
pre-test. These results confirm the special status of positive self-referent information in memory (e.g., D’Argembeau et al.,
2005).

However, there were large individual differences in the effects of mnemonic control over self-referenced information and
other-referenced information. After a negative mood induction (which is postulated to activate latent negative schemas
about the self and to bias information processing), participants high in negative cognitive style manifested a “maladaptive”
SRE as a consequence of their attempts to suppress memory retrieval for negative self-referenced information (Fig. 3). This
result was found for target-cue associations characterized by a low strength of encoding (i.e., for target-cue associations that
had been responded to incorrectly on the pre-test), thus suggesting that dysfunctional control over memory is more likely in
the case of weaker memories. Instead, when the strength of encoding was high (i.e., for target-cue associations that had been
responded to correctly on the pre-test), an “adaptive” SRE was found for positively valenced information (Fig. 4). As in the
pre-test, such “adaptive” SRE was not modulated by individual differences in negative cognitive style.

On the post-test, high brooding participants showed an SRE for positive cue-target associations used in “think” trials and
having a high strength of encoding (Fig. 5). Being rumination a mode of self-focus, this might be due to the fact that high
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Fig. 7. Retrospective Confidence Jugdments. Probabilities of a successful RC] response as a function of vulnerability score, think, valence, and
referent.

brooding participants are less likely to retrieve positive other-referenced associations than positive self-referenced associa-
tions (see also Dieler et al., 2013).

On the post-test, participants experiencing high levels of dysphoria showed an SRE for positive cue-target associations
used in “no-think” trials and having a low strength of encoding (Fig. 6). Consistent with Hertel and Gerstle (2003), therefore,
dysphoric participants showed an ironic enhancement of memory for self-related positive information, when trying to sup-
press such information.

Participants high in negative cognitive style demonstrated to be less confident in their correct recall of target items, com-
pared to participants low in negative cognitive style (Fig. 7). Because this reduced confidence in recollection ability did not
reflect an actual deficit in performance,’ these results suggest that a maladaptive SRE is associated not only with high levels of
negative cognitive style, but also with a dysfunctional metamemory. Interestingly, however, participants high in negative cog-
nitive style performed better on the CRT then participants low in negative cognitive style. This suggests that a “maladaptive”
SRE cannot be attributed to the decision-making style that is typical of those individuals who fail on this test (i.e., intuitive
responding, parallel processing, automaticity, effortlessness, lack of insight into the decision process, and emotional influence).

Concerning the overall effectiveness of the think/no-think procedure, the present results provide no evidence for an
impairment of recognition memory in “no-think” over “think” target-cue associations. This could be considered surprising,
given that the effectiveness of the think/no-think procedure has been repeatedly demonstrated, also for cued-recognition
performance (Hart & Schooler, 2012; Nowicka, Marchewka, Jednorég, Tacikowski, & Brechmann, 2011; Tomlinson et al.,
2009). However, there are a number of important methodological differences between the present study and those previous
studies, the most important difference being that, in the present study, the think/no-think phase comprised only a small
number of repetitions. The effectiveness of memory suppression is limited with a small number of think/no-think trials
and increases with the number of repetitions (Depue, Banich, & Curran, 2006). Here, a small number of think/no-think trials
was chosen because it provides the best conditions to observe individual differences in the effects of cognitive control over
memory (e.g., Joormann et al., 2005).

6 Post-test accuracy as a function of individual differences in negative cognitive style was examined by means of a GEE model in which the post-test accuracy
(correct or incorrect response) was the dependent variable, V¥ was the predictor, and the pre-test scores were used a covariate. The results of this analysis
indicate that individuals high in negative cognitive style showed no overall impairment in post-test recognition accuracy: V¥ did not significantly affect post-
test accuracy, x7 = 0.46, p =.50, and it did not interact with the pre-test scores, y5 = 0.04, p =.84.
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In summary, an “adaptive” SRE was found on the pre-test and, on the post-test, for those target-cue associations that had
been used in “think” trials, when the strength of encoding was high. This “adaptive” SRE was not modulated by individual
differences in negative cognitive style, rumination, or dysphoria. Conversely, a “maladaptive” SRE was found on the post-
test, but only in cognitively vulnerable individuals. For these participants, a “maladaptive” SRE emerged as an ironic rebound
effect from the specific attempts to suppress negative self-referenced associations, when the strength of encoding was low.
This maladaptive SRE was associated to certain personality traits (negative cognitive style, but not rumination) and it was
unrelated to negative affect (dysphoria).

3. General discussion
The main findings of the present study are the following.

1. An SRE was found in the cued recognition judgments of the pre-test, but only for positively valenced targets. This
“adaptive” SRE was not modulated by individual differences in negative cognitive style, dysphoria, or rumination.

2. After their attempts at memory suppression, individuals high in negative cognitive style, who experienced a negative
mood state that facilitate access to dysfunctional information processing, tended to remember the to-be-forgotten
negative self-referenced targets better than prior to the think/no-think phase and better than negative other-refer-
enced targets. For individuals high in negative cognitive style, therefore, the attempts at memory suppression of neg-
ative material produced a “maladaptive” SRE.

The novel aspect of the present findings is that cognitive control after encoding is an additional mechanism that may con-
tribute to the memory advantage for self-related information, in addition to the strength of encoding (Klein, 2012; Klein,
Loftus, & Burton, 1989; Symons & Johnson, 1997). However, the present results also show that volitional control, by inter-
acting with a negative cognitive style, can transform the SRE into a “maladaptive” memory bias.

It should also be noted that participants who manifested a “maladaptive” SRE after the think/no-think phase showed no
malfunctions of executive control for the processing of information unrelated to the self. This is shown by the results of the
CRT. Moreover, in an additional experiment (not reported here), the participants also completed a facial-emotional variant of
the Stroop task, with facial stimuli unrelated to the self. The results of this experiment show that performance in the Stroop
task was not modulated by individual differences in negative cognitive style, rumination, or dysphoria.

One of the most surprising aspects of the present results is that participants high in negative cognitive style showed an
ironic enhancement of memory when trying to suppress negative self-referenced information, and so did dysphoric partic-
ipants for positive self-referenced information. These results are reminiscent of those obtained with the “white bear” para-
digm (Wegner, 1994; Wenzlaff & Wegner, 2000). In that paradigm, participants are asked not to think about a target thought
(e.g., white bear) and the frequency of the forbidden thought is measured by a keypress whenever the thought comes to
mind. The general finding produced by the “white bear” paradigm is that participants are more likely to think about the for-
bidden thought when instructed not to do so than when such instructions are not provided. Wegner (1994) explained this
ironic memory enhancement in terms of a combination of operating and monitoring processes: The test that is performed to
determine whether the behavioral goal is met (“avoid thinking about a white bear”) can only be performed by bringing the
forbidden thought into consciousness. Consistently with this hypothesis, Anderson and Huddleston (2011) have attributed
this ironic memory enhancement to the key methodological difference between the “white bear” paradigm and the think/
no-think paradigm: Differently from the “white bear” paradigm, in the think/no-think paradigm the forbidden thought is
never explicitly mentioned in the attempts of suppression. In the present adaptation of the think/no-think procedure, par-
ticipants were required to provide a retrospective confidence judgment after each “think” trial and a judgment of compliance
with the instructions after each “no-think” trial. Such continuous monitoring of performance (absent in the standard version
of the think/no-think paradigm) may thus have activated an ironic control process of the sort of that hypothesized by
Wegner (1994).

A recent study on the individual differences in the effects of the think/no-think paradigm that is closely related to the
present work is the study of Dieler et al. (2013). In the “no-think” condition, Dieler et al. found that high brooding partici-
pants and high anxious participants showed above than baseline recall for negative cue-target associations. This finding is
consistent with the present results in showing that dysfunctional personality traits can modulate the think/no-think effects
and can produce an ironic enhancement of memory.

A few limitations of this study along with questions for future research should be noted. (1) A cued recognition task may
tap into a different level of processing than cued recall (e.g., Hintzman, 2011). Therefore, it remains an open question
whether the present results can be replicated by measuring self-referential memory by cued recall. (2) In the present study,
all participants were subjected to a sad mood induction in order to prime maladaptive information processing in cognitively
vulnerable individuals (Disner et al., 2011). It would be interesting to determine whether a “maladaptive” SRE can also be
found in the absence of a negative mood induction. (3) Future research should extend the present results to clinical popu-
lations where dysfunctional cognitive control over memory is expected to produce a stronger “maladaptive” SRE.

A final consideration concerns the fact that the notion of self encompasses multiple dimensions and the self-referential
processes investigated in this study may not be of the same nature as the processes assessed in previous studies that
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investigated the SRE for valenced information (e.g., Klein, 2012; Turk, Cunningham, & Macrae, 2008). An important difference
is that, in most previous studies, participants evaluated the self-descriptiveness of emotional traits and, therefore, emotional
information was directly relevant to the self (i.e., it described personal characteristics). On the other hand, the paradigm used
here involved associating pictures of the self with emotional pictures from the IAPS. Such pictures are not self-descriptive
and there is no link between the emotional stimuli and the self, apart the episodic memory that was generated in the learn-
ing phase of the experiment. While previous studies used emotional stimuli that directly targeted one’s self-concept, the
emotional stimuli used in this study do not carry implications for the self-concept. Therefore, the memory mechanisms could
be different in the two cases (e.g., by definition, self-enhancement can occur only occur when the processed information has
implications for one’s self-view).”

In conclusion, the present study shows that cognitive control after the encoding stage impacts the SRE in different man-
ners, depending on individual differences in personality traits and affective states. In particular, repeated attempts to sup-
press memories of negatively valenced material result, in individuals high in negative cognitive style, in a better recognition
accuracy for self-referenced information. In cognitively vulnerable individuals, therefore, dysfunctional cognitive control
over memory can generate a “maladaptive” SRE.
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