Consciousness and Cognition 97 (2022) 103244

Contents lists available at ScienceDirect

Consciousness and Cognition

ELSEVIER journal homepage: www.elsevier.com/locate/concog

Check for

The self and its internal thought: In search for a e
psychological baseline

Andrea Scalabrini® , Adriano Schimmenti b, Michelangelo De Amicis“, N
Piero Porcelli %, Francesco Benedetti ¢, Clara Mucci ¢, Georg Northoff fg,h,5j1

# Department of Psychological, Health and Territorial Sciences (DiSPuTer), G. d’Annunzio University of Chieti-Pescara, Via dei Vestini 33, 66100
Chieti, CH, Italy

® Faculty of Human and Social Sciences, UKE - Kore University of Enna, Cittadella Universitaria 94100, Enna, EN, Italy

¢ Psychiatry &Clinical Psychobiology Unit, Division of Neuroscience, IRCCS San Raffaele Scientific Institute, Milan, Italy

d University Vita-Salute San Raffaele, Milan, Italy

€ Department of Human and Social Sciences, University of Bergamo, Piazzale Sant’Agostino, 2, 24129 Bergamo, BG, Italy

f The Royal’s Institute of Mental Health Research & University of Ottawa. Brain and Mind Research Institute, Centre for Neural Dynamics, Faculty of
Medicine, University of Ottawa, Ottawa, 145 Carling Avenue, Rm. 6435, Ottawa, Ontario K1Z 7K4, Canada

8 Mental Health Centre, Zhejiang University School of Medicine, Tianmu Road 305, Hangzhou, Zhejiang Province 310013, China

1 Centre for Cognition and Brain Disorders, Hangzhou Normal University, Tianmu Road 305, Hangzhou, Zhejiang Province 310013, China

I TMU Research Centre for Brain and Consciousness, Shuang Hospital, Taipei Medical University, No. 250 Wu-Xing Street, 11031 Taipei, Taiwan
J Graduate Institute of Humanities in Medicine, Taipei Medical University, No. 250 Wu-Xing Street, 11031 Taipei, Taiwan

ARTICLE INFO ABSTRACT
Keywords: Self-consciousness is neuronally associated with the brain’s default mode network as its “neuronal
Self-consciousness baseline” while, psychologically the self is characterized by different thought modes and dy-

Spontaneous thought
Rumination
Depression
Psychological baseline

namics. We here raise the question whether they reflect the “psychological baseline” of the self.
We investigate the psychological relationship of the self with thought modes (rumination,
reflection) and mind-wandering dynamics (spontaneous, deliberate), as well as with depressive
symptomatology. Our findings show a relationship between self-consciousness and i) mind-
wandering dynamics, and ii) thought functional modes, in their respective forms. At the same
time, self-consciousness is more related to spontaneous mind-wandering than deliberate and to
rumination than reflection. Furthermore, iii) rumination acts as a mediator between self-
consciousness and spontaneous mind-wandering dynamics; and iv) the relationship between
high levels of self-consciousness and depressive symptoms is mediated by ruminative modes and
spontaneous mind-wandering dynamics. Together, these findings support the view of the self as
“psychological baseline”.
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1. Introduction
1.1. The self and its thoughts — What is their relation?

William James was one of the first authors who consistently conceptualized the self as a key feature of human nature about which
everything else revolves, the fundamental core of our mental life (James, 1890). James proposed that thinking and focusing on the self
requires that the I, i.e., the subject, becomes the Me, i.e., the object of its own attention and thoughts. This process entails that, in
addition to the subjective self itself, i.e., the I, one may also want to investigate its more objective manifestations in, for instance,
consciousness and thought, i.e., the Me. Today, the state of the scientific knowledge is that while self-consciousness has been inves-
tigated in both its psychological (Ingram, 1990; McKenzie & Hoyle, 2008; Simsek, 2013; DaSilveira et al., 2015) and neural (Wolff
etal., 2019; Huang et al., 2016) levels, the relation of self to its own internal thought modes and their dynamics (see below) remains yet
unclear.

The self has been linked to different structures here conceptualized as different thought functional modes, i.e., reflection and
rumination (Trapnell & Campbell, 1999), and also to the dynamics of self-generated thoughts and mind-wandering (Andrews-Hanna
et al., 2010; Christoff et al., 2016). Intriguingly, William James already in 1890 described how the “contents” and the “movement”
featuring of mental states are characterized by a spontaneous and dynamic nature of thoughts. However, the relationship between self-
consciousness and its spectrum of thought, here defined as thought functional modes (rumination, reflection) and dynamics of
spontaneous thought (as in spontaneous mind-wandering as distinguished from deliberate mental activities) is yet to be investigated. A
more careful investigation may have important implications not only in the mental health of subjects but, mostly relevant, at a
subclinical and/or clinical levels of mental states like in depression in which the self-consciousness and its thought are altered
(Northoff 2016a; Northoff et al., 2011). Such understanding makes the investigation of the relationship of the self to its own thought
modes and dynamic even more urgent.

1.2. From the “default mode functionality” of the brain to the “psychological baseline” of the self and its internal thought

The task evoked activity as well as the brain’s spontaneous activity (or resting state) have been investigated more and more over the
years (Logothetis et al., 2009; Raichle et al., 2001). Especially the default mode network (DMN) that comprises the cortical midline
structures and shows strong power in the low-frequency fluctuations (Buckner et al., 2008; Raichle, 2009) has been associated with
self-relatedness during both task-evoked activity and spontaneous thought activity (Gusnard & Raichle, 2001; Zhu, 2004; D’Argem-
beau et al., 2005; Moran et al., 2006; Schneider et al., 2008; Enzi et al., 2009; Northoff et al., 2010; Whitfield-Gabrieli et al., 2011; Hu
etal., 2016). Research findings suggest that the spontaneous activity of the brain may contain some self-specific information, serving to
process and assign self-specificity of the contents related to the subsequent internal or external stimuli (e.g., rest-self overlap/
containment, Bai et al., 2016; Davey et al., 2016; Northoff, 2016a; Qin & Northoff, 2011; Huang et al., 2016; Wolff et al., 2019;
Scalabrini et al., 2018; Kolvoort et al., 2020).

The here suggested relation between the functional role of DMN and its association with self-related task-evoked activity and
spontaneous activity of the brain has also been extended to what has been defined as “default mode functionality” (Raichle, 2015) or
“psychological baseline” (Northoff & Bermpohl 2004; see also Scalabrini et al., 2020a; Scalabrini, Xu, & Northoff, 2021). Such default
mode functionality is related to how the brain is topographically and functionally organized in its spontaneous activity; that, in turn,
provides the “psychological baseline” for the processing of different functions including cognitions and its spectrum of thoughts in
mind-wandering.

Based on these neural data, one would expect a close psychological relationship between self and its spectrum of thought. Spe-
cifically, one would expect that the self serves as the default, reference, or psychological baseline for its own spectrum of thought.

1.3. Spectrum of thought and their relation with the DMN: mind-wandering dynamics and thought functional modes

Mind-Wandering (MW) refers to a form of mentation disconnected from the environment and immediate sensory perception,
shifting the attentional focus from the external task towards a constant flow of internal task-unrelated thoughts (Stawarczyk et al.,
2011; Mason et al., 2007; Seli et al., 2017). MW is usually characterized by two domains: content and dynamics. On a content base, MW
is characterized by mainly internally self-generated thoughts (different from externally perceptual-guided thought) and plays an
important role in relation to the self (see Andrews-Hanna et al., 2010; Christoff et al., 2009; Qin & Northoff, 2011; Northoff, 2017,
2018). Indeed, intriguingly MW too, exactly like the self, has been associated with the spontaneous activity of the brain (or “resting
state activity”) and especially the DMN (Gusnard & Raichle, 2001; D’Argembeau et al., 2005; Moran et al., 2006; Northoff et al., 2010).

On a dynamic base, MW can be distinguished in two types: a “spontaneous” type (MW-S), where the attentional focus tends to move
unintentionally from the ongoing task to other unrelated thoughts, and a “deliberate” type (MW-D), where attention is diverted from
the task and intentionally directed towards other thoughts (Carriere et al., 2013; Seli et al., 2015). Defined in this way, MW-D and MW-
S reflect different degrees of subjectively perceived control - consistent with the dynamic and process-based nature of these experiences
(Andrews-Hanna et al., 2013; Andrews-Hanna et al., 2014; Christoff et al., 2016) - and are mediated by distinct neural correlates
(Golchert et al., 2017).

Similarly, Trapnell and Campbell (1999) distinguished between rumination (RUM) and reflection (REF) as two different subtypes
of attitudes towards the self. RUM is a kind of maladaptive, persistent, inflexible self-focused process of circular thought, motivated by
internal or external conflicts. REF is an adaptive kind of inspection of one’s own thoughts and feelings, motivated by curiosity or
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epistemic interest in the self. It remains to be investigated how these two kinds of thought modes are related with the self and MW
dynamics.

1.4. The self and ruminative thought in depression

The increased focus on self together with the increased internal oriented cognition, e.g. rumination, characterize depressive
symptomatology (Northoff, 2007) and is featured by studies in neuroscience supporting the key role of the default mode network
including its relation to the self (Hamilton, Chen, & Gotlib, 2013; Kaiser, Andrews-Hanna, Wager, & Pizzagalli, 2015; Northoff,
Wiebking, Feinberg, & Panksepp, 2011; Scalabrini et al., 2020a; Scalabrini, Xu, & Northoff, 2021). Indeed, becoming increasingly self-
involved and self-conscious might lead to rumination as form of spontaneous MW (Christoff et al., 2016). Rumination is defined as a
kind of persistent and inflexible self-focus that leads to and exacerbates depressive symptoms (Trapnell and Campbell, 1999; Nolen-
Hoeksema et al., 2008; Marchetti et al., 2016).

In more detail, a recent investigation by Scalabrini et al., (2020a) shows that at a neuronal level the DMN and its self-related
functions subjugate individuals suffering from depression. This suggests that during a period of resting state/mind wandering,
depressed people’s self might be subjugated by the ruminative structure of its thought — this remains to be shown on the psychological
level, though.

1.5. Aims of the study

We here depart from the background that the self and its thought spectrum have both been associated neuronally with the
spontaneous activity of the brain’s default-mode network suggesting a “default mode functionality” on the neuronal level (see Fig. 1).
The goal of our study is to investigate whether the self provides the psychological baseline for its own thought modes and their dy-
namics. While on the neuronal side we have certain evidence for the DMN serving as neuronal baseline of the self, the respective
psychological counterpart is not clear yet and it leaves open the question: does the self provide the psychological baseline for its own
inner thought and cognition?

We are theoretically moving closer to the epistemic level of Radical Embodiment (RE) as recently introduced by Barsalou (Barsalou,
2008; Barsalou et al., 2003) and by Borghi and Caruana (Caruana & Borghi, 2013; Borghi & Caruana, 2015). This level considers
cognition as a dynamical system characterized by continuously and interdependently changing variables, which can be better
described by the dynamical system theory (e.g., Spivey, 2008), then by representational explanations. In accordance with RE our
theoretical approach is a-modal and domain-independent: it aims to search for the “common currency” between brain and psyche
(Northoff et al., 2020a, 2020b; Northoff & Scalabrini, 2021) investigating how the spatio-temporal features of neuronal and psy-
chological components can be considered as the “baseline” or default for the subsequent development of mental features like thought
modes and dynamics.

Our psychological investigation comprises four different steps:

\ MW Deliberate

Rumination

Automatic vs. Deliberate

MW Spontaneous

\4

Fig. 1. Theoretical framework of the relationship between self-consciousness, thought functional modes and mind-wandering dynamics.
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(i) we aim to test the relationship between self-consciousness and the different forms of mind-wandering dynamics, e.g., spon-
taneous vs deliberate,

(ii) similarly, we aim to test the relationship between self-consciousness and different thought functional modes, e.g., rumination vs
reflection,

(iii) we aim to investigate the psychological mechanism underlying the triangular relationship between the degree of self-focus, i.e.,
self-consciousness, the modes of thoughts, i.e., rumination and reflection, and mind-wandering dynamic in its spontaneous and
deliberate forms,

(iv) finally, we aim to test the relevance of this relationship for depression probing a model which might explain the underlying
mechanism on the well-known relation between increased self-focus and depressive symptomatology (Watkins & Teasdale,
2001; Northoff 2007, 2016b; Takano & Tanno, 2009) in a non-clinical population.

Overall, we expect a close association of the levels of self-consciousness with both spontaneous and deliberate mind-wandering
dynamics as well as with both rumination and reflection. This would provide support to the hypothesis that the self provides the
reference or baseline, i.e., psychological baseline for its own mind-wandering and thought modes. One may then want to raise question
whether the distinct forms of mind-wandering and the thought modes can be distinguished from each other in their relationship to the
self; both are related to the self as psychological baseline, but they may be related to the self in distinct ways, e.g. at different degrees.
Finally, we use the case of depressive symptoms in a general population to support the role of the self: if the self serves as psychological
baseline, changes in the self, including the degree of its relationship to mind-wandering and thought modes, should also modulate the
degree of its depressive symptoms. The case of depressive symptoms can thus serve as first tentative litmus test of our hypothesis of the
self serving as psychological baseline.

2. Methods
2.1. Participants

The study involved 410 adults (140 males, 34.1%; 270 females, 65.9%). Participants ranged in age from 18 to 65 years old (M =
31.41, Me = 27; SD = 12.24) and most of them showed high level of education (3.9% middle school; 42.2% high school, 22.2% BA
university degree; 27.1% MA or Msc university degree and 4.6% PhD or equivalent). Males were slightly older than females in this
sample [ti08) = 2.678, p = 0.008; 95 %CI [1.68, 5.89]; males: M = 33.64, SD = 13.58; females: M = 30.25, SD = 11.32] whereas there
was not gender difference in relation to the years of education [t4¢g) = 0.59, p = 0.55; 95 %CI [-0.405, 0.760]; males: M = 20.15, SD =
2.99 ; females: M = 19.98, SD = 2.73].

2.2. Materials

Self-Consciousness Scale - Revised Version for Use with General Populations (SCS-R). The SCS-R (Scheier & Carver, 1985; Italian
adaptation in Comunian, 1994) is a 22-item self-report questionnaire that investigates the concept of self-consciousness or self-focus.
The theory behind it was proposed by Mead (1934) and operationalized as the theory of objective self-awareness (Duval & Wicklund,
1972). Self-consciousness is mainly considered as the activity of becoming the object of one’s own thoughts, for example: “I always try
to figure myself out; I'm concerned about what other people think of me; It’s hard for me to work when someone is watching me”. The subjects
were asked to evaluate the items using 5-point rating scale (e.g., O extremely uncharacteristic, 4 = extremely characteristic). For the
purpose of this study, we considered the total score of SCSR representing a general tendency of the individual to focus and being
concerned on individual’s thoughts about the self (self-focus). Previous work has shown good reliability and consistency over time
properties (Scheier & Carver, 1985). In the present study Cronbach’s alpha for SCSR was 0.81.

Mind Wandering Spontaneous Scale (MW-S) and Mind Wandering Deliberate Scale (MW-D). The MW-S and the MW-D (Carriere et al.,
2013; Italian version in Chiorri & Vannucci, 2019) are two 4-item scales that assess individual differences in trait levels of spontaneous
and deliberate MW, respectively. Items are scored using 7-point Likert scale. Higher scores reflect a greater tendency to mind wander
spontaneously or deliberately. Previous studies reported adequate reliability and discriminant validity of the two scales (Chiorri &
Vannucci, 2019). In the present study Cronbach’s alpha for MW-S was 0.86, for MW-D was 0.82.

Rumination-Reflection Questionnaire (RRQ: Trapnell & Campbell, 1999; Italian version in Vannucci & Chiorri, 2018). It is a 24-item
measure that investigates rumination (RUM) and reflection (REF). Reflection and rumination are considered divergent functional
modes or structures of thoughts related to the self: for instance, reflection is related to the item “My attitudes and feelings about things
fascinate me” while rumination is featured by items like “My attention is often focused on aspects of myself I wish I'd stop thinking about”.
The items are divided equally between the two subscales, evaluated on a five-point Likert scale, from 1 (“completely disagree™) to 5
(“completely agree”). Previous work has shown good reliability and convergent validity (Trapnell & Campbell, 1999). Cronbach’s
alpha for RUM was 0.89, Cronbach’s alpha for REF was 0.90.

The DSM-5 Self-Rated Level 1 Cross-Cutting Symptom Measure (American Psychiatric Association [APA], 2013, Italian version Raf-
faello Cortina Editore, 2015) was used to assess psychopathological symptoms with a specific focus on depression domain and mania
used as a control condition. This measure includes 23 items rated on a 4-point Likert-type scale ranging from “very false or often false”
to “very true or often true”. Each item investigates how often an individual has suffered from specific symptoms in the last 2 weeks. The
following is the example of depression and mania domain used in the present study. A) depression: 1) “Little interest or pleasure in
doing things?”, 2) “Feeling down, depressed, or hopeless?”; Cronbach’s alpha = 0.70). B) mania: 1) “Starting lots more projects than
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usual or doing more risky things than usual?” 2) “Sleeping less than usual, but still have a lot of energy”; Cronbach’s alpha = 0.61)

2.3. Procedures

All participants were recruited online from the general population using a snowball-like system procedure trough an online survey
via social networks (e.g., Facebook and web-forums) and provided informed consent prior to participation in the study. People
received an invitation that included a brief description of the study and an anonymous electronic link to the online survey. The web
page provided a brief description of the research and methodology. Information on sociodemographic variables including sex, age and
education were collected. Inclusion criteria were as follows: 1) age between 18 and 65 years; 2) native or fluent Italian language
speaker; 3) not being in treatment with psychotropic medication that might influence the thought processing within the past 3 months.
We followed Fritz and MacKinnon’s (2007) rules to detect a required sample size for mediation analysis. Thus, we stopped our
recruitment procedure when more than four-hundred participants resulted eligible. Specifically, five-hundred individuals participated
to the study and signed the electronic informed consent. Eighty-one participants were excluded for incomplete data, thus other nine
subjects did not respect the inclusion criteria. The final sample size was constituted by four-hundred and ten subjects. This study was
consistent with the ethical principles of the American Psychological Association (APA). Privacy of participants was guaranteed in
accordance with the European Union General Data Protection Regulation 2016/679. The study was approved by the Institutional
Review Board of Psychology of the University d’Annunzio (UdA) of Chieti, Italy (no. 20023) and is part of the Search for Excellence -
UdA for the project SYNC (The Self and its psYchological and Neuronal Correlates — Implications for the understanding and treatment
of depression as a disorder of Self)

2.4. Statistical analysis

SPSS 25 (IBM, USA) was used to analyze data. Cronbach’s a coefficient was used to assess the internal consistency of the measures.
Descriptive statistic and differences between groups were tested by means of independent sample t-test and Chi-square test. Pearsons’ r
coefficient was used to evaluate the association between the variables. Significance with multiple comparisons were tested with
Bonferroni correction. Hotelling-Williams test (Steiger, 1980) was performed to test the equality of two correlation coefficients ob-
tained from the same sample, with the two correlations sharing one variable in common. Partial correlations were computed con-
trolling for the effect of each variable respectively. Mediational models were examined using PROCESS version 3.0 tool for SPSS
(Hayes, 2017). The prerequisite for mediation analysis were satisfied according to Baron and Kenny (1986). First, we tested a model
where self-consciousness and mind-wandering-spontaneous were the independent and the dependent variables, respectively, and
rumination was considered as mediator. In the second model self-consciousness and rumination were the independent and the
dependent variables, respectively, while mindwadering-spontaneous was considered as mediator. Last it was proposed a serial mul-
tiple mediational model where self-consciousness and depressive symptoms were the independent and the dependent variables,
respectively, while rumination and mind-wandering-spontaneous were considered as mediators (Fig. 5B describe the causal order of
mediators).

Consistent standard errors were calculated, and sociodemographic variables (age, sex and years of education) were included as
covariates in the analysis to minimize the risk of biased results. Bias-corrected bootstrap methodology using 5000 independent samples
(95% CI) was applied to estimate the significance of the indirect effect. The bootstrap 95% CI was also computed to evaluate the
significance of the direct, total effect, and regression parameters. A p value of 0.05 was set as the criterion for statistical significance.

3. Results

Table 1 shows descriptive statistics. No sex differences were observed in the sample for all the variables with the exception of a
slight but statistically significant higher levels of self-consciousness in women, t(408) = -2.393, p = 0.017; 95 %CI [-1.44, —0.14], and

Table 1
Descriptive Statistics and Gender Differences.
Full sample Observed Men (N = Women (N = Men vs Woment  df p 95% CI Cohen’s
(N = 410) Range 140) 270) [408] d
M SD M SD M SD LL UL
SCSR 12.08 3.19  3.00-20.00 12.28 3.15 13.07 3.18 —2.39 408  0.02 —1.44 —0.14 —0.25
MW-S 15.30 6.05  4.00-28.00 1466  5.97 1492  6.73 —0.38 408 0.70 —1.58 1.07 —0.04
MW-D 15.67 570  4.00-28.00 1592  5.96 14.83 5.71 1.81 408  0.07 -0.92 228 0.19
RRQ Rumination 12.49 212 12.00-60.00 39.24 9.00 41.07 9.42 —0.89 408  0.06 -3.73 0.06 —0.20
RRQ Reflection 12.31 1.49 14.00-60.00 42.89 8.78 42.81 9.73 0.08 408 0.94 -1.85 2.01 0.01
Depressive 2.06 1.11 0.00-4.00 1.97 113 210 111 -1.11 408 0.27 -0.35  0.09 —0.12
symptoms
Manic symptoms 2.06 1.11 0.00-4.00 2.19 1.23 1.91 1.22 2.16 408 0.03 0.02 0.52 0.23

SCSR = Self-Consciousness Scale Revised; MW-S = Mind Wandering Spontaneous Scale; MW-D = Mind Wandering Deliberate Scale; RRQ =
Rumination Reflection Questionnaire. M and SD are used to represent mean and standard deviation, respectively. df is used to represent degrees of
freedom. LL and UL are used to represent lower limit and upper limit of CI (Confidence Interval), respectively.
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a slight but significant higher levels of mania symptoms in men, t(408) = 2.162, p = 0.31; 95 %CI [0.25, 0.52].
3.1. The relationship between self and mind-wandering

The results showed that SCSR was associated with MW-S at a moderate level (r = 0.346, p < 0.001, 95 %CI [0.25, 0.42]), while only
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Fig. 2. The relationship between self-consciousness and mind-wandering dynamics. A) Correlational analysis to test the degree of correlation
between SCSR and MW-Spontaneous, MW-Deliberate. B) Hotelling-Williams test to investigate the equality of the two correlation coefficient sharing
one variable in common (Self-Consciousness). C) Partial correlation analysis showing the statistic of each correlation controlling for the effect of the
third variable in the model.
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at a weaker level with MW-D (r = 0.206, p < 0.001, 95 %CI [0.11, 029]) (Fig. 2A). The Hotelling-Williams test resulted significant (z =
3.003; p = 0.002) indicating that the correlation between SCSR and MW-S was significantly stronger than the correlation between
SCSR and MW-D (Fig. 2B). Partial correlation yielded a significant positive association between self-consciousness and MW-S when
controlling for the effect of MW-D (rp = 0.286, p < 0.001), a significant positive association between MW-S and MW-D when
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Fig. 3. The relationship between self-consciousness and thought functional modes. A) Correlational analysis to test the degree of correlation be-
tween Self-Consciousness and Rumination, Reflection. B) Hotelling-Williams test to investigate the equality of the two correlation coefficient sharing
one variable in common (Self-Consciousness). C) Partial correlation analysis showing the statistic of each correlation controlling for the effect of the
third variable in the model.



A. Scalabrini et al. Consciousness and Cognition 97 (2022) 103244

controlling for the effect of self-consciousness (rp = 0.475, p < 0.001), but no significant association between self-consciousness and
MW-D when controlling for the effect of MW-S (rp = 0.38, p = 0.448; Fig. 2C). Intriguingly, MW-S and MW-D correlated with each
other, in line with previous assumption (Chiorri & Vannucci, 2019), suggesting a shared mechanism between the two forms of MW.
These findings suggest that while the two forms of spontaneous and deliberate mind wandering activities were associated with each
other, self-consciousness was prevalently associated with spontaneous MW.

3.2. The relationship between self-consciousness and thought functional modes

Results showed that SCSR was associated with RUM at a moderate-to-large level (r = 0.497, p < 0.001, 95 %CI [0.421, 0.567])
while only at a weaker level with REF (r = 0.252, p < 0.001, 95 %CI [0.159, 0.340]). The Hotelling-Williams test resulted significant (z
= 2.802; p = 0.005) indicating that the correlation between SCSR and RUM was significantly stronger than the correlation between
SCSR and REF (Fig. 3B). Partial correlation yielded a significant positive association between SCSR and RUM when controlling for the
effect of REF (rp = 0.461, p < 0.001) and a weak although statistically significant association between RUM and REF when controlling
for the effect of SCSR (rp = 0.171, p < 0.001) and between SCSR and REF when controlling for the effect of RUM (rp = 0.141, p = 0.004;
Fig. 3C). Altogether these analyses suggest that increased levels of self-consciousness are more associated with ruminative modes of
thinking then reflective modes, suggesting that reflexivity require the individual ability to take a more adaptive distance from oneself.

3.3. Mediation models: the relationship between self-consciousness, rumination and spontaneous mind-wandering

To investigate the triangular relationship between the degree of self-focus, i.e. self-consciousness, and the thought functional
modes, i.e. rumination, and mind-wandering, in its spontaneous form mediation models were tested.

The prerequisite necessary to perform a mediation analysis were considered (Baron & Kenny, 1986). We excluded multicollinearity
problems: no tolerance values were below 0.2 (Menard, 2002) (0.58 < tolerance < 0.84), no variance inflation factor (VIF) values were
greater than 10 (Bowerman & O’Connell, 1990; Myers, 1990) (1.19 < VIF < 1.71), and the average VIF was close to 1 (average VIF =
1.42). Mediational models were controlled for the effect of the covariates of sample characteristic (e.g. age, sex, level of education). No
significant effect of covariates was found in any models.

We here tested the two constellations of the relationship between self-consciousness, rumination and spontaneous mind-wandering
as outlined in two different mediation models testing the mediating role RUM and MW-S respectively.

In the first mediation model, we tested the mediating role of RUM in the relation between SCSR and MW-S. The parameter esti-
mation of the mediation analysis is described in detail in Fig. 4a. We observed a significant difference between direct and indirect
effects in the relationship between SCSR and MW-S (direct effect: ¢’ = 0.17 [-0.01, 0.36]; p = 0.07; se = 0.04; Indirect effect: ¢ = 0.70

[0.52, 0.88]; p < 0.001; se = 0.09). Together, these results show that the relationship of SCSR and MW-S is fully mediated by the effect
of RUM.
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Fig. 4. Two mediation models investigating the triangular relationship between Self-consciousness, Rumination and MW-Spontaneous. The first
Mediation model (A) considers Rumination as mediator between Self-consciousness and MW-Spontaneous. The second Mediation model (B)
consider MW-Spontaneous as mediator between Self-consciousness and Rumination.
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In the second mediation model, we tested the mediating role of MW-S in the relation between SCSR and RUM. In this case we did
not observe any difference between the direct or indirect effect of MW-S as a mediator (direct effect: ¢’ =1.01 [0.77-1.2]; p < 0.001; se
= 0.11; indirect effect: ¢ = 1.45 [1.2-1.7]; p < 0.001; se = 0.12). Together these results suggest that MW-S only partially mediate the
relationship between SCSR and RUM.

3.4. Correlations with depressive symptoms and a proposed serial multiple mediational model

In order to test the relevance of the relationship between the self and its thought we included a DSM-5 screening measure to assess
depression and mania symptomatology, and: i) correlations of all variables included in the study were performed with depression
scores and with mania scores as a control condition ii) serial multiple mediation model was proposed to investigate the underlining
mechanism on the relation between increased self-focus and depressive symptomatology. Because of the sample size, we hereby
highlight only correlations of moderate magnitudes r > 0.3 (Dancey & Reidy, 2011) considering not relevant the correlation of weak
magnitude r < 0.2.

Results showed a moderate-to-large relationship between SCSR and depressive symptoms (r = 0.497, p < 0.001, 95 %CI [0.214,
0.391]), moderate relationships between MW-S and depressive symptoms (r = 0.396, p < 0.001, 95 %CI [0.311, 0.475]) and RUM and
Depression (r = 0.438, p < 0.001, 95 %CI [0.356, 0.713]), whereas REF and depressive symptoms did not show any significant
correlation (r = 0.044, p = 0.37, 95 %CI [-0.054, 0.140]). Also, a small correlation between MW-D and depressive symptoms (r =
0.163, p = 0.001, 95 %CI [0.067, 0.256]) was observed (See Fig. 5A).

Using mania symptoms as control, our results showed a weak correlation between SCSR and mania (r = 0.125, p = 0.011, 95 %CI
[0.067, 0.256]), a weak correlation between RUM and mania (r = 0.124, p = 0.012, 95 %CI [0.027, 0.219]), a weak correlation
between MW-S and mania (r = 0.223, p = 0.001, 95 %CI [0.129, 0.313]), a weak correlation between MW-D and mania (r = 0.223,p =
0.001, 95 %CI [0.107, 0.293]), finally also depressive showed a weak relation with mania (r = 0.223, p = 0.001, 95 %CI [0.107,
0.293]) (See Table 2).

Our proposed model considers self-consciousness as the independent variable, depressive symptoms as the dependent variable and
RUM and MW-S as mediators (Fig. 5B describes the causal order of mediators).

The parameter estimation of the mediation analysis is described in detail in Fig. 5B. The analysis showed a significant total effect of
the model (Indirect effect c = 0.10 [0.07, 0.13]; p < 0.001, se = 0.02), whereas the direct effect resulted not significant (Direct effect ¢’
= 0.03 [-0.01, 0.06]; p = 0.06.). These findings suggest that the relationship between increased level of self-consciousness and
depressive symptoms are fully mediated by the effect of RUM and MW-S. Intriguingly RUM plays a key role in explaining this rela-
tionship since standardized indirect effects Ind1 (Self - RUM — Depression; [0.07, 0.19]) and Ind3 (Self - RUM — MW-S —
Depression; [0.02, 0.08]) were significant while Ind2 (Self - MW-S — Depression; [-0.01, 0.04]) was not significant.

4. Discussion

We tested for the relationship between self, thoughts modes and dynamics, and depressive symptoms. Our overall findings show
that self-consciousness is related to both forms of mind-wandering, spontaneous and deliberate, as well as to the two thought
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Table 2
Correlational analysis.
1 2 3 4. 5 6 7
1. SCSR Pearson’s r -
p _
95% CI LL -
UL -
2. RRQ Rumination Pearson’s r 0.50* -
P < 0.001 -
95% CI LL 0.42 -
UL 0.57 -
3. RRQ Reflection Pearson’s r 0.25* 0.270* -
p < 0.001 < 0.001 -
95% CI LL 0.16 0.36 -
UL 0.34 0.18 -
4. MW-S Pearson’s r 0.35* 0.56* 0.20* -
P < 0.001 < 0.001 < 0.001 -
95% CI LL 0.26 0.625 0.29 -
UL 0.43 0.50 0.105 -
5. MW-D Pearson’s r 0.21* 0.25* 0.24* 0.51* -
P < 0.001 < 0.001 < 0.001 < 0.001
95% CI LL 0.11 0.34 0.33 0.58
UL 0.30 0.16 0.15 0.43 -
6. Depressive symptoms Pearson’s r 0.31* 0.44* 0.04 0.40* 0.16 -
P < 0.001 < 0.001 0.38 < 0.001 < 0.001 -
95% CI LL 0.21 0.51 0.14 0.475 0.26 -
UL 0.39 0.36 —0.05 0.31 0.07 -
7. Manic symptoms Pearson’s r 0.125 0.12 0.10 0.22* 0.20* 0.17* -
P 0.01 0.01 0.04 < 0.001 < 0.001 < 0.001 -
95% CI LL 0.03 0.22 0.195 0.31 0.29 0.265 -
UL 0.22 0.03 0.003 0.13 0.11 0.08 -

SCSR = Self-Consciousness Scale Revised; MW-S = Mind Wandering Spontaneous Scale; MW-D = Mind Wandering Deliberate Scale; RRQ =
Rumination Reflection Questionnaire. LL and UL are used to represent lower limit and upper limit of 95% CI (Confidence Interval), respectively. *p <
0.001 bonferroni corrected

functional modes, reflective and ruminative. This supports the idea that the self is “present” in both forms of mind-wandering as well as
in the two forms of thought modes — they share the self as commonly underlying component. At the same time, we saw differences in
the relationship of the self with the distinct forms of mind-wandering: i) the relationship between the degree of self-consciousness and
mind-wandering dynamics is stronger for the spontaneous type of MW than the deliberate one; ii) the relationship between the degree
of self-consciousness and thought functional modes is stronger for rumination than reflection; iii) rumination fully explains the
relationship between self-consciousness and its spontaneous MW dynamics, suggesting that the functional modes of self-thought in-
fluences thought dynamics; and iv) that the relationship between higher levels of self-consciousness and depressive manifestation is
characterized by a high degrees of both rumination and spontaneous MW dynamics.

The here observed close relationship between self, thought, and depressive symptoms provides insight into the psychological role of
the self to its own mind-wandering and thought modes. They are well compatible with the idea that the self serves as reference or
“psychological baseline” just as analogous to the neuronal role of the default-mode network in the case of the brain which, even more
interesting, is strongly recruited during self-referential tasks. Hence, the self may serve as “psychological baseline” just as similar to the
neuronal role the DMN takes on for the rest of the brain.

4.1. The self and its thought dynamics and functional modes

At a neuronal level, in addition to different experimental tasks associated with the self (e.g. Sui et al., 2012; Sui et al., 2013;
Yankouskaya et al., 2020), the brain’s spontaneous activity (or resting state) and its most relevant active network, i.e. default mode
network (DMN; Raichle et al., 2001; Raichle, 2009; Buckner et al., 2008) have also been associated with both the self (rest-self overlap/
containment, Bai et al., 2016; Northoff, 2016a; Scalabrini et al., 2018) and mind-wandering (Smallwood & Schooler, 2006; Christoff
et al., 2016). Accordingly, the relationship between self and mind-wandering dynamics (and thought functional modes) observed in
the current study may be traced neuronally to the DMN as their common source may be intimately linked, as observed in our psy-
chological data.

In the last years, a growing number of studies highlighted the importance of the distinction between spontaneous and deliberate
mind-wandering dynamics (see, Seli et al., 2016) as associated with different psychological and neural dimensions (Seli et al., 2016;
Fox et al., 2015; Golchert et al., 2017). This is, in part, also reflected in our data. We show close relation between self-consciousness and
MW thought dynamics, particularly with the spontaneous type of MW. This suggests that self and MW dynamics are essentially
characterized by spontaneity (also when controlling for the effect of the deliberate type).

We observed a somewhat similar pattern for the relationship of self and thought functional modes, i.e., rumination and reflection.
Our data showed that self-consciousness is related with both modes of thought, albeit its relationship with rumination is stronger than
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with reflection. The closer relation between self-consciousness and rumination again suggests how the self might be characterized by a
deeper non-voluntary level that is beyond our deliberate control. Rumination in this case might be seen as an excessive lack of
voluntary control where the dynamics is too strong to be controlled by an even increased self-focus — this comes with psychological
distress and psychopathological traits (Ingram, 1990; Baer & Sauer, 2011; Fleckhammer, 2009).

Moreover, our data support that the relation between self, spontaneous MW dynamics and ruminative thought functional modes is
better explained by a model where rumination fully mediates the relationship between self and spontaneous MW. This suggests that the
perceived uncontrollability of thought dynamics might depend upon the ruminative structural and cyclic form of self-focus.

Neuroscience proposed the concept of “default mode functionality” or “physiological baseline” (Raichle, 2015) where especially
the DMN provide the neuronal baseline or default of the brain. Interestingly, the DMN has been associated with both self-referential
and mind wandering activity (Gusnard & Raichle, 2001; D’Argembeau et al., 2005; Moran et al., 2006; Northoff et al., 2010; Whitfield-
Gabrieli etal., 2011; Hu et al., 2016). This suggests that the DMN may provide the neuronal baseline or default functionality of self and
mind-wandering. If so, one would expect an analogous baseline or default on the psychological level — one can then speak of a
“psychological default mode functionality” or “psychological baseline”. Albeit tentatively this is suggested by our data as self corre-
lated with both forms of MW dynamics and both forms of thought functional modes (albeit in distinct degrees). Rather than being a
higher-order function, the self may then be conceived as a most basic function, the baseline or default of our psychological life
including its thoughts. This amounts to what recently has been introduced as the basis model of self-specificity (BMSS, Northoff,
2016a), postulating that self-specificity is a basic internally-based function acting through spatiotemporal schemata and encoded in
terms of past and possible future input-output relationships.

Depressive symptoms

\MW Spontaneous €=» MW Deliberate

t
|

Rumination I Reflection

Thought dynamics \ Symptoms \

Thought modes

Self consciousness

Fig. 6. Overview and visualization of the findings and their relevance for depressive symptomatology. The self as a baseline — A psychological prior.
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4.2. The self and its depression

Depression is a psychopathological manifestation that has been associated with both spontaneous MW dynamics and increased
level of rumination (Andrews-Hanna et al., 2014; Klinger, 1996; Vannucci et al., 2020; Watkins, 2008; Clark & Sahakian, 2008; Gotlib
& Joormann, 2010; Hamilton et al., 2015; Kim et al., 2012; Silveira & Kauer-Sant’Anna, 2015; Nolen-Hoeksema et al., 2008). This
intrinsic relation raises the question about the role of self-consciousness and its thought functional modes and dynamics. Our data
suggest how especially rumination together with spontaneous MW play a key role in mediating the relationship between high levels of
self-consciousness and depressive manifestation. These findings suggest that only when the self and its thoughts are featured by
rumination and by spontaneous dynamics of MW, it may become depressed. In contrast, spontaneous MW dynamics itself, i.e., in-
dependent of self and thought modes does not necessarily lead to depressive symptomatology (see Fig. 6).

Interpreting these findings at the light of recent neuroscientific findings (Scalabrini et al., 2020a; Scalabrini, Xu, & Northoff, 2021),
the increased levels of self-consciousness might parallel the increased spontaneous neuronal activity in DMN found in major depressive
disorder. Neuronally the increased global activity of the DMN and psychologically the high levels of self-focus act as a “magnet”
enslaving the information processing of these individual resulting in depressive symptomatology. Our psychological findings suggest
that here the self’s ruminative thought functional modes, together with spontaneous MW dynamics, might act as a “magnet on the
psychological level” where everything revolves around depression.

What was neuronally showed in terms of disbalanced DMN-nonDMN relation is here mirrored at a psychological level in the
relation of the self with rumination and spontaneous MW (corresponding to DMN) at the expense of reflection and deliberate MW (as
corresponding to non-DMN). Hence the neuronal topographical organization of depression (where everything revolves upon the
abnormal DMN-nonDMN relation) found here may find its analogue, its “common currency” at a psychological level (where everything
revolves upon the abnormal relation of self-thought functional mode and dynamics).

Intriguingly these findings are also coherent with a psychodynamic perspective that posits the intrinsic relation between the self
and depression. Particularly authors such as Klein (1935) theorized the depressive position as a necessary process beginning in infancy
leading to a more realistic awareness of self and others and that recurs throughout life. At the same way, Jung first and Fordham later,
referred to the individuation process as involving the conflict of opposites which can lead to a more realistic sense of oneself and the
other (Jung, 1958), which start with a depressive position (Fordham & Heath, 1989). This further support the notion that internalizing
manifestation such as depressive symptomatology are related with self-consciousness while externalizing manifestation (e.g. mania
symptoms) may be not.

4.3. The self as baseline — A psychological prior

Is our model of self as “psychological baseline” (see also basis model of self-specificity - BMSS, Northoff, 2016a, 2016b; Scalabrini,
Xu & Northoff, 2021) compatible with predictive coding (Friston, 2010)? Departing from the neuronal level we may assert that the
main function of spontaneous brain activity is the maintenance and optimization of the brain’s generative models for future in-
teractions, i.e., priors, (Pezzulo et al., 2021). Similarly, albeit tentatively, the self as a “psychological baseline” or “psychological
default” suggest that the incoming signals are processed on the base of the levels of self. This, together with predictive coding, is
consistent with our previous theory of “rest-self overlap” and “rest-self containment” (Bai et al., 2016; Northoff, 2016b, 2013, 2011,
Scalabrini et al., 2018) that underlies brain activity and represent the organizational structure for the brain and self for processing the
subsequent input-output relationship. As based on most likely prior and early life events at a neuronal level (e.g., Duncan et al., 2015)
and at a psychological level (e.g., Mucci, 2013, 2018a,b, 2021; Mucci & Scalabrini, 2021; Scalabrini, Mucci, Lucherini Angeletti, &
Northoff, 2020Db) the self is here considered a basis function/prior rather than a higher-order cognitive function/prediction error that
contains and shape its own different layers and components.

Intriguingly, even if at a speculative level, we suggest that the so called “psychological baseline” is not only limited to human but
also occurs across mammalian species at different levels. This is based on the evidence that the SELF, as defined by Panksepp (2004),
provides a complex network organization similar across mammalian species and represent the interoceptive and affective foundation
allowing the organism to integrate diverse bodily and brain states with environmental stimuli. This is the necessary “baseline” for the
construction of higher levels of self and self-specificity (Northoff & Panksepp, 2008).

In our investigation we tried to disentangle the different thought components of self, focusing on its mind-wandering dynamics
(spontaneous vs. deliberate) and on its thought functional modes (rumination vs. reflection). Presumably the different components are
nested within each other with the lowest level of cognitive function (Rumination and MW-S) being more related to the self. This seems
to suggest that a measure of self-consciousness, even if investigated at an explicit “representational level”, inherently contains the
deeper layers behind the representation that is what we intend with “psychological baseline”. Accordingly, the self-related information
hiddenly encoded in resting-state activity (in spatiotemporal terms) (Northoff, 2016a) may be recruited in yielding predictions of self-
relatedness of potentially incoming stimuli both at brain and psychological level. Even more intriguingly, Pezzulo et al. (2021) suggest
that some psychopathological disorders, as in the case of depression, reflect excessively strong “priors” that render patients insensitive
to low-level stimuli or abnormally sensitive to prediction error signals. This seems to be in line with our data suggesting that level of
self and its thought components are the base for depressive symptoms being strongly related to rumination and spontaneous mind-
wandering dynamics.

This also extends other models of self, such as the predictive coding model of self (Apps & Tsakiris, 2014) with the prediction and
predictive coding being rooted in the spatiotemporal topography and dynamic of brain and psychological self at the same time (see also
Northoff & Scalabrini, 2021 for a conceptual analysis of brain and psyche sharing the same topography and dynamic). Neuronally, a
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recent meta-analysis on the self (Frewen et al., 2020; Qin et al., 2020) proposed an iterative and hierarchical three-level processing
model of self with the aim of illustrating how the brain integrates bodily information and external-environment information in self-
processing. This is well compatible with the here-suggested model of self as a psychological baseline being related with the
different components of thoughts and psychopathological manifestations.

4.4. Limitations

Although our findings might be useful for a better comprehension for the relation between self and internally oriented cognition
and their relevance for depression, some limitation of the study have to be mentioned. Our sample was first only recruited online and
secondly was not constituted by clinical individuals suffering from depression, thus limiting the generalizability of our findings. Future
research needs different recruiting sample procedures and the study should be expanded to clinical samples in order to confirm the
observed trend and mechanism. Our sample is also only composed by Italians, this raises the problem of cultural differences. Future
research may need to expand these findings to other nationalities and their related sense of self, which, as we know, might be also
culturally influenced (Scalabrini et al., 2021). Moreover, we adopted a cross sectional design that did not allow us to establish causal
relationships between the observed variables. Future research might need to implement longitudinal design. Furthermore, another
limitation concerns the use of self-report measures to assess our psychological variables, which investigate only the explicit psycho-
logical understanding at the expense of more implicit and processual features that might be especially involved in complex concepts as
self-thought functional modes and mind-wandering dynamics. Future studies might be required to test and confirm our findings with
specific laboratory task.

5. Conclusion

In conclusion our psychological findings show a relationship of the self with both forms of mind-wandering, i.e., spontaneous and
deliberate, as well as both ruminative and reflective thought modes. At the same time, we observe that such shared relationship in-
cludes the distinction of the two mind-wandering forms and the thought modes with respect to the self. Together, these findings
support the view that the self may serve as reference for mind-wandering and thought modes without being identical with the latter —
this is well compatible with our assumption of the self serving as psychological baseline.

How can the self serve as psychological baseline for its own mind-wandering and thoughts? Our data suggest how the self might be
featured by a spontaneous and dynamic nature and that higher levels of self-focus might take the ruminative cyclic forms where there is
not much space for other “external, non-self’ information processing. This conclusion is further supported by our model showing the
key role of rumination within the relationship between self and spontaneous mind-wandering.

These data are coherent with the recent proposed basic model self-specificity (BMSS, Northoff, 2016a; Scalabrini, Xu & Northoff,
2021), which shows how the self might represent the “psychological basis or default mental state” where everything revolves as it is
realized in higher degrees of depression.
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