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Math anxiety has received increasing focus in recent years, yet the causes for developing math-anxiety
remain unclear. Whereas previous research focused on physiological/environmental causes, we examine
the link between math-anxiety, dispositional mindfulness, and self-centeredness (operationalized as self-pri-
oritization and decentering). The experiment was performed by 81 participants, and included the original
perceptual shape-matching task, measuring the self-prioritization effect, and our novel perceptual number/
equation-matching tasks, developed to examine self-prioritization under math-anxiety activation. We also
measured math-anxiety, dispositional mindfulness, and decentering (self-reports). We showed that (a) math
anxiety was significantly and negatively correlated with dispositional mindfulness and decentering (though
there was no correlation between self-prioritization and dispositional mindfulness); (b) self-prioritization
was reduced among high math anxiety participants under math-anxiety activation only in the number-
matching task (main finding); and (c) decentering was significantly correlated with self-prioritization in the
number-matching task, stemming from the low math anxiety group. Our study is the first to indicate a link
between math-anxiety, dispositional mindfulness, and self-centeredness. Discussing the main findings, we
suggest three interpretations: (a) Negative mood induction may reduce self-prioritization by turning atten-
tion to internal states rather than to the stimuli; (b) math-anxiety activation may reduce emotional valence,
which in turn reduces the advantage of self-processing; and (c) disruption of self-prioritization by induced
negative mood can be due to a breakdown of the integrated-self (previously conceptualized as a high

degree of connectedness between the cognitive/affective/motivational/behavioral systems).

Educational Impact and Implications Statement
This study links math anxiety to decentering, which is the ability to create distance from the inner
experience and disidentify with it. It adds a crucial psychological dimension to math learning,
emphasizing the way one interprets and internalizes math situations, particularly failures in math, in
relation to one’s self-awareness. The current study introduces a novel perspective for examining and
understanding math anxiety, relating its origin to maladaptive self-awareness, and shows that such
maladaptive self-awareness is related to one’s dispositional level of mindfulness.
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Mathematical skills are essential for productive functioning in our
progressively more complex, technological society (for review see
Hart & Ganley, 2019; Mammarella et al., 2019). Yet, many people
encounter apprehension and fear when dealing with numerical infor-
mation, a condition termed math anxiety (Richardson & Suinn,
1972). For instance, the Organization for Economic Cooperation
and Development (OECD) reported the prevalence of math anxiety
to be as high as 33% in 15-year-old students (PISA, 2013). Math
anxiety is characterized by an excessive and sometimes unreason-
able fear of numerical related activities (e.g., math homework, com-
paring loan options), as well as fear of situations wherein the
individual is concerned about possible negative evaluation (e.g., by
teachers or classmates) of one’s numerical performance (e.g., during
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math exams; Richardson & Suinn, 1972). Thus, in terms of numeri-
cal and academic achievements, math anxiety is negatively linked to
math performance (Chang & Beilock, 2016; Hembree, 1990; Ma,
1999), and math anxious individuals show lower performance on
numerical tasks (Beilock et al., 2010; Choe et al., 2019; Maloney &
Beilock, 2012; Passolunghi et al., 2020; Rolison et al., 2020;
Schmitz et al., 2019) and poor cognitive abilities in mathematics
(Rubinsten et al., 2012; Rubinsten & Tannock, 2010).

There is increasing evidence that math anxiety has detrimental
effects on the health, social, and economic trajectory of one’s life
course. For example, math anxiety has been associated with
increased health costs (Duncan et al., 2007; Parsons & Bynner,
2005; Reyna et al., 2009; Rolison et al., 2020; Woloshin et al.,
2001), low socioeconomic status (Ritchie & Bates, 2013), and
mortgage default (Gerardi et al., 2013). In Western society, poor
numeracy is seen as a greater handicap than poor literacy (Estrada
et al., 2004; Rivera-Batiz, 1992). Quantitative reasoning is neces-
sary in science and technology as well as in a range of educational
setups (Hart & Ganley, 2019; Nuiiez-Peiia et al., 2013; Rolison
et al., 2020), such as school examinations and people’s financial
decisions (for review, see Dowker et al., 2016; Maloney & Bei-
lock, 2012; and Ramirez et al., 2018). Thus, in the long run, math-
anxious individuals are less likely to have math-related careers
(science, technology, or engineering; see Hembree, 1990; Ma &
Xu, 2004; Maloney & Beilock, 2012).

Although some interventions attempting to reduce or prevent
math anxiety were found to be successful, it is still not clear how
to deal successfully with math anxiety. Treatments we can men-
tion include expressive writing (“writing out” the negative affect
and worry), one-on-one math tutoring programs; noninvasive brain
stimulation, such as transcranial electrical stimulation (Dowker
et al., 2016), and a few mindfulness-based interventions (MBIs;
Brunyé et al., 2013; Samuel & Warner, 2019), which are detailed
later. Against this background, math anxiety has received increas-
ing focus in recent years, and yet the causes for developing math
anxiety remain unclear (Ashcraft, 2002; Baloglu & Kocak, 2006;
Ramirez et al., 2018). Models explaining math anxiety classically
suggest several causes, including genetic factors (Wang et al.,
2014), poor math skills (Ma & Xu, 2004), socioenvironmental fac-
tors such as anxiety conveyed by teachers who are themselves
anxious about mathematics (Beilock et al., 2010; Kelly & Tom-
have, 1985), early negative experiences with teachers (Jackson &
Leffingwell, 1999), exposure to gender stereotypes (Jackson &
Leffingwell, 1999; Johns et al., 2005), and intergenerational trans-
mission (Maloney et al., 2015).

In alignment with such physiological and environmental causal
explanations, most of the research on math anxiety has focused on
cognitive (working memory, attention), environmental (environ-
mental factors such as gender, classroom and teacher influence),
and physiological aspects (Chang & Beilock, 2016; Dowker et al.,
2016; Ramirez et al., 2018). In addition, few studies focused on
the emotional aspects of math anxiety, mostly studying general
anxiety and low self-confidence. For instance, it was shown that
anxious participants typically rush through tasks (Ashcraft &
Krause, 2007) and thus show faster and less carefully examined
responses (which do not result from hampered working memory
resources; see Morsanyi et al., 2014b). Additionally, math anxious
individuals demonstrate reduced confidence in their performance

(Jain & Dowson, 2009; Morsanyi et al., 2014a) and thus tend to
select easy and low-rewarding math problems over hard and high-
rewarding problems (Choe et al., 2019; Schmitz et al., 2019).
Together with the shorter time they spend on math problems
(Morsanyi et al., 2014a), this tendency is expected to hinder their
corrective actions. It could be, for example, that math anxious
individuals rush through math problems (Ashcraft & Krause,
2007; Morsanyi et al., 2014a) simply because they do not trust
their ability to solve them, and thus they do not expect that inves-
ting more time would improve their performance.

In contrast to the above reviewed research on math anxiety, the
current study tries to tackle math anxiety and its origins among
learners from a novel perspective, one that tests the correlational
role of inner psychological traits. Our study builds on a recent psy-
chological model (Ramirez et al., 2018), which suggests that math
anxiety stems from personal differences in interpreting life events,
especially stressful situations in educational environments. Ram-
irez et al. (2018) claim that although socioenvironmental elements
outline the risk factors in which math anxiety can develop more
easily, this does not explain why certain students develop math
anxiety whereas others do not, under the same circumstances.
According to this interpretation, students who utilize maladaptive
appraisal of math learning experiences or of poor math outcomes
will be more likely to develop math anxiety, as opposed to student
who appraise the same situation differently, acknowledging the
difficulty of learning this subject matter or not adopting a self-nar-
rative toward their adequacy or inadequacy to learn math.

Aligned with the psychological theory of math anxiety, we
hypothesized that maladaptive appraisal of math learning experi-
ences, which was suggested as a main cause for math anxiety, is
connected to maladaptive self-centeredness and dispositional
mindfulness. These concepts stem from solid theoretical conceptu-
alizations that have rapidly gained support in the last decade and
are detailed in the following text.

Self-Centeredness, Well-Being, and Mindfulness:
Theoretical Links and Empirical Evidence

An increasing number of publications in philosophy, psychol-
ogy, and neuroscience have investigated the experience of the self.
The concept of the self is highly ambiguous, and includes different
aspects, thus it may be best constructed as a multidimensional con-
struct that includes somatosensory, agentive, narrative, and social
components (Gallagher, 2000, 2011, 2013; Strawson, 2000). In an
attempt to enable a fruitful dialogue between philosophy of mind
and cognitive neuroscience, the notion of self has been grossly
divided into two important concepts (Gallagher, 2000; Zahavi &
Gallagher, 2008): the narrative self (i.e., a conceptual, autobio-
graphical identity with continuity across time) and the minimal self
(i.e., a momentary, perceptual, and embodied self). The two notions
of self-constitution find confirmation in cognitive neuroscience,
largely related to different brain regions and networks (Berkovich-
Ohana & Glicksohn, 2014; Christoff et al., 2011; Legrand & Ruby,
2009). Here, we focus on aspects of the narrative self, which has
been broadly discussed in clinical and social psychology and is typi-
cally related to one’s inner representations or schemas of oneself,
sometimes in relation to the world and others (Deci & Ryan, 2000;
Mischel & Shoda, 1995).
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The realization of more adaptive psychological functioning of
the self is suggested to be a cornerstone of well-being (Dambrun
& Ricard, 2011; Hadash et al., 2016; Hanley et al., 2017, 2020).
Specifically, the relationship between the mode of psychological
functioning of the self and well-being is laid out by the theory of
self-based psychological functioning (Dambrun & Ricard, 2011),
which has recently gained empirical support (Dambrun, 2016,
2017; Dambrun et al., 2019; Hanley et al., 2017, 2020). According
to this theory,

the perception of a structured self, which takes the form of a perma-
nent, independent, and solid entity leads to self-centered psychologi-
cal functioning, and this seems to be a significant source of both
affliction and fluctuating happiness. Contrary to this, a selfless psycho-
logical functioning emerges when perception of the self is flexible
(i.e., a dynamic network of transitory relations), and this seems to
be a source of authentic-durable happiness.

Thus, at one pole of the self-configuration continuum, there is
self-centeredness, experienced as sharply defined, solid, and inde-
pendent. At the opposite pole, selflessness is experienced as more
flexible (arising from dynamic, interactive processes) and funda-
mentally interconnected (Dambrun & Ricard, 2011).

The psychological mode of self-centeredness, which is charac-
terized by preoccupation with the self (Dambrun & Ricard, 2011),
has been suggested to drive intolerance of unpleasant emotion,
experiential avoidance, and reactivity to internal experience, anxi-
ety, and depression (Bernstein et al., 2015; Dambrun & Ricard,
2011). In contrast to this stable, highly judgmental, evaluative self,
which is related to a strong need for self-validation, an integrative
yet flexible and nonevaluative self has been considered a more
adaptive form of self, which can contribute to interconnectedness
with others and to decreased preoccupation with the self (Dambrun
& Ricard, 2011). According to self-determination theory (Deci &
Ryan, 2000), the adaptive self-schema (or self- concept), which is
the basis for self-determined action, is created when the self is
gradually elaborated and refined throughout integrating processes.
In such processes, the self-schema comprises a set of “flexible,
unified regulatory processes, values, and structures, that allow
people to engage volitionally in activities” (p. 248). Neff (2003)
suggested a related paradigm within the framework of self-com-
passion—a kind, nonevaluative perspective on the self and empha-
sis on its interconnected components, which enhances a positive
yet flexible and adaptive perspective on the self and can counter
maladaptive self-centeredness and its undesirable consequences.
Under this theoretical framework, we set out to test the relation-
ship between self-centeredness and math anxiety. Our assumption
was based on ample literature showing a strong link between math
anxiety and math avoidance (Carey et al., 2016; Choe et al., 2019;
Hembree, 1990). Considering research showing a connection
between self-centeredness and intolerance to unpleasant emotions,
experiential avoidance, and anxiety, we can base our hypothesis
on solid theory.

Importantly, there is a strong link between mindfulness, both as
a practice and as a disposition, and psychological functioning of
the self. Mindfulness is a way of purposefully paying attention to
present moment experiences with no judgment or elaboration
(Bishop et al., 2004; Brown & Ryan, 2003; Kabat-Zinn, 2003).
Mindfulness meditation, a nonsectarian Western development of

the Buddhist Theravada Vipassana meditation, is rapidly spreading
as a secular practice worldwide, with millions practicing daily in
the United States alone and with growing presence in scientific
publications (Davidson & Kaszniak, 2015). Emerging research
shows that mindfulness meditation generally exerts beneficial
effects on one’s physical and mental health, including heightened
attention and emotion regulation (Tang et al., 2015), increased
immune function (Black & Slavich, 2016), and possibly offsetting
age-related cognitive decline (Gard et al., 2014). Although mind-
fulness can be characterized as a trained skill, it is also thought to
be a dispositional capacity, and as such it varies between individu-
als due to the propensity or willingness to devote attention to the
present moment (Brown & Ryan, 2003).

Notably, one of the proposed key mechanisms for achieving the
effects of mindfulness is reducing identification with a rigid self-
concept through enhanced meta-awareness (Dambrun & Ricard,
2011; Hart, 1987; Olendzki, 2003). This, in turn, creates a shift in
the experience of the self and its proposed underlying neural activ-
ity (Berkovich-Ohana et al., 2020; Dahl et al., 2015; Holzel et al.,
2011; Tang et al., 2015; Vago & David, 2012). Disidentification
with such a static self-concept results in the freedom to experience
a more genuine way of being. Through enhanced meta-awareness
(making awareness itself an object of attention), mindfulness (both
as meditation and as a disposition) is thought to facilitate a detach-
ment from identification with the self as a static entity and a tend-
ency to identify with the phenomenon of “experiencing” oneself is
thought to emerge. Specifically, enhancing mindfulness is related
with enhancing the regulation of attention and meta-awareness,
which in turn down-regulates the automatic process of absorption
in the contents of consciousness (experiential-fusion), as well as
deconstructing maladaptive self-schema by utilizing self-inquiry
to foster flexibility and insights into self-related psychological
processes (Dahl et al., 2015).

The Current Study

Based on the theory previously laid out connecting dispositional
mindfulness, self-centeredness, and well-being, this study is the
first to attest to the links between math anxiety, dispositional mind-
fulness, and self-centeredness. There is no research to date connect-
ing these variables, and even research on the relationship between
mindfulness training and math anxiety is scarce (Brunyé et al.,
2013; Samuel & Warner, 2019). To fill these gaps, we set out to
test the link between these variables, as subsequently elaborated.

Notably, we operationalize self-centeredness by measuring
decentering using self-reports, as well as implicit self-prioritiza-
tion using cognitive behavioral tasks. Decentering is a shift in per-
spective to the self-experience, described as “the ability to step
outside of one’s immediate experience, thereby changing the very
nature of that experience” (Safran & Segal, 1996, p. 117). Decen-
tering involves taking a nonjudgmental and accepting stance
regarding thoughts and feelings (Fresco et al., 2007) and reflects
the metacognitive awareness that one’s thoughts and experiences
are in essence no more than mental events that can be observed
without requiring response or reaction from oneself (Bernstein
et al., 2015; Grabovac et al., 2011; Shapiro et al., 2006). Decenter-
ing has been suggested to contribute to emotion regulation, and
has been linked to reduced anxiety and depression (Hayes-Skelton
et al., 2015; Teasdale et al., 2002) and enhanced mental health
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(Ashcraft & Moore, 2009; Hayes et al., 2002; Salmon et al.,
2009). Importantly for our study, decentering is considered an im-
portant working mechanism of dispositional mindfulness (Gecht
et al., 2014; Hayes-Skelton & Graham, 2013).

The concept of the self is rather abstract and difficult to mea-
sure. Thus, multimethod assessments, including self-reports and
measures assessing the actual behavior, are recommended in order
to reach a more complete understanding of phenomena related to
the experience of the self (Nyklicek, 2020). Hence, in addition to
measuring decentering using self-reports, we added to the study a
behavioral measure. An implicit way of tackling self-centeredness
is by measuring self-prioritization effects, which “serve as a proxy
for the otherwise difficult to measure and abstract concept of the
self” (Sui & Humphreys, 2017, p. 2). Self-prioritization, or self-
bias, is people’s tendency to favor information regarding them-
selves over information regarding others. These biases appear in
perception, memory, and attention, and are used by researchers to
shed light on the nature of the self. The research measuring these
biases is vast and includes evidence in memory, face-recognition,
and even simple perceptual matching tasks through objective
measures (which we will use in this study; Sui & Humphreys,
2017). There is some evidence linking mindfulness practice to
self-prioritization, showing that among long-term practitioners
there are reduced electrophysiological responses of self-versus-
other in the face recognition task (Trautwein et al., 2016).

In the current study, we developed a unique implicit behavioral
task aimed at testing the association between activated math anxi-
ety and self-prioritization. To this end, we modified the well-
known perceptual shape-matching task (Sui et al., 2012), in which
self-prioritization is measured as the difference between reaction
time (RT) and self-matching versus stranger-matching shapes.
Instead, we created a novel perceptual number-matching task,
where self-prioritization is measured as the difference between RT
and self-matching versus stranger-matching numbers (these num-
bers are either single digits or simple equations, to manipulate the
math difficulty level and thus raise the math anxiety level among
math-anxious individuals). We hypothesized that a change would
be found in self-prioritization in the perceptual number-matching
task for the high math anxiety (HMA) individuals compared with
low math anxiety (LMA) individuals. This hypothesis is based on
previous findings which showed a disruption of self-prioritization
under negative mood induction, using negative statements along
with negative/neutral music (Sui et al., 2016). The researchers
found that self-prioritization was reduced under negative mood,
compared with neutral conditions. Hence, we expected to find a
similar disruption in self-prioritization when numbers (and even
more so equations) would replace the shapes for the high math-
anxious individuals compared with low math-anxious individuals.

To summarize, here we examined the possible relationship
between math anxiety, dispositional mindfulness, and self-center-
edness (including self-reports of decentering, as well as behavioral
measures of self-prioritization). Specifically, the research ques-
tions and hypotheses were as follows:

1. What is the relationship between math anxiety, disposi-
tional mindfulness, and decentering? We hypothesized
that math anxiety would be negatively correlated with dis-
positional mindfulness and decentering.

2. What is the relationship between math anxiety and self-
prioritization? We hypothesized that under math anxiety
activation, self-prioritization would be reduced in HMA
compared with LMA individuals (i.e., the tendency to pri-
oritize the self would be disrupted among HMA under
math activation).

3. What is the relationship between self-prioritization and
dispositional mindfulness? We hypothesized a negative
correlation between these variables.

4. Considering that decentering and self-prioritization cap-
ture two different aspects of self-centeredness, what is the
relationship between the two variables in the context of
math anxiety? We hypothesized that under stress (e.g.,
math anxiety activation), decentering would be negatively
correlated with self-prioritization (i.e., individuals better
able to decenter would show normal/heightened self-
prioritization).

Method

Participants

Eighty-one participants took part in the experiment (M age =
33.14, SD = 11.40; 53 women). Forty-six of them were students
from the University of Haifa, recruited to this study in exchange
for academic credits. The rest were individuals from the general
population, without prior knowledge concerning their level of
math anxiety, recruited from outside the university as volunteers
based on acquaintance with the first author. Eight participants
underwent the experiment before adding the number-macthing and
equation-matching tasks to the study, and thus their data is partial.
All participants were recruited with no prior knowledge of their
math anxiety level.

Procedure

Upon arrival, participants were introduced to the lab, seated in
front of a computer in a small private experimental chamber, and
asked to fill out a demographic questionnaire, as well as to sign a
consent form. Following that, they performed a battery of tasks/
self-reports in the following order: the original perceptual shape-
matching task (Sui et al., 2012) in order to study self-prioritization
in nonmath-anxiety activated conditions, several questionnaires
(listed below), and the perceptual number-matching task, modified
to examine performance in the perceptual matching task under
math anxiety activation. The entire lab procedure lasted one hour.
The study was approved by the Institutional Review Board Ethics
Committee of the Faculty of Education at the University of Haifa.

Research Tools

Questionnaires

The math anxiety level was assessed using the Math Anxiety
Rating Scale (MARS; Suinn & Winston, 2003), a 30-item inven-
tory composed of brief descriptions of behavioral situations (e.g.,
“having someone watch you as you total up a column of figures”).
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The MARS-R is a shorter version of the MARS, which is 98-item
scale. The level of anxiety for each item is rated on a 5-point Lik-
ert scale ranging from 1 (not at all anxious) to 5 (very much
anxious).

Trait mindfulness was assessed using the Five Facet Mindful-
ness Questionnaire—Short Form (FFMQ-SF; Bohlmeijer et al.,
2011). This is a 24-item questionnaire extracted from the five fac-
ets of the FFMQ (Baer et al., 2006), which measures five facets of
mindfulness: observing (e.g., “I pay attention to physical experien-
ces, such as the wind in my hair or the sun on my face”), describ-
ing (e.g., “I'm good at finding words to describe my feelings”),
acting with awareness (e.g., “It seems I am ‘running on automatic’
without much awareness of what I'm doing”), nonjudging (e.g., “1
make judgements about whether my thoughts are good or bad”),
and nonreacting (e.g., “When I have distressing thoughts or
images, [ don’t let myself be carried away by them”). Participants
were asked to rate the degree to which each statement is true for
them, on a 5-point Likert-type scale ranging from 1 (never or very
rarely true) to 5 (very often or always true).

Decentering was assessed using the Experiences Questionnaire—
Decentering factor (EQ-D; Fresco et al., 2007), an 11-item self-report
inventory (e.g., “I can actually see that I am not my thoughts”). Items
are rated on a 7-point Likert scale ranging from 1 (never) to 7 (all
the time).

Self-Prioritization Tasks

In this first task, three geometric shapes (triangle, square, and
circle, each 3.80 X 3.80) were assigned to labels representing you,
friend, or stranger (each 3.60 X 1.60, written in Hebrew)” to *“ In
this first task, three geometric shapes (a triangle, square, and circle,
each 3.80 X 3.80) were labeled “you,” “friend,” or “stranger”
(each 3.60 X 1.60, written in Hebrew). Further, a slide was dis-
played for 100 ms in each trial with a random pair of geometric
shapes and labels; the participant was instructed to decide whether
the displayed pair was a matched or nonmatched pair, according to
the labeled items displayed in the beginning of the task, and to
press the correct button indicating a matched/nonmatched pair,

accordingly. The assignment of the shapes to the different labels
was counterbalanced across participants and sessions. After the
instruction to associate shape with label, participants were given a
short training session containing twelve trials and subsequently
performed the task in four blocks, each block containing sixty tri-
als. We decided to shorten the length of the task in comparison to
the original (Sui et al., 2012), from six to four blocks, because the
task would be too long after adding the other tasks in the battery.
The choice of four blocks was based on three things: (a) Sui and
colleagues (2016) published other articles with less than six
blocks, for example, with three blocks; (b) we ran a pilot study on
nine participants, which showed no significant differences in per-
formance (RT and accuracy) between two, three, four, five, and
six blocks (for details, see the online supplemental material, Part
A); and (c) we did identify a trend (not significant) of reduced ac-
curacy when performing less than four blocks (see Figure 1 and
Part A of the online supplemental material). Hence, we conclude
that the shortening of the original task did not reduce the task’s
reliability.

At the end of each block, a frame was displayed informing the
participants of their overall accuracy in the block. Each trial began
with a fixation point for 500 ms (.8° X .8°), after which a shape
was displayed above a white central fixation cross, and a label was
displayed above it for 100 ms. Immediately after that, a blank
frame was presented for 1,300 ms. Participants were expected to
judge whether the pair presented matched or mismatched by press-
ing one of the two response buttons as quickly and accurately as
possible. Feedback (correct or incorrect) was immediately pre-
sented on the screen for 500 ms.

Perceptual Number-Matching Task

This task differs from the perceptual shape-matching task by replac-
ing the three shapes with three one-digit numbers (5, 7, 9). This was
based on a previous report (Rubinsten et al. (2015), which showed that
the very act of showing numbers, and not necessarily math equations,
can be a stimulus that is cognitively or affectively linked with threaten-
ing and negative valence among high math-anxious individuals, which
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leads to an attentional bias toward the emotionally negative informa-
tion. Thus, the one-digit numbers were intended to activate math anxi-
ety among math-anxious participants. Apart from the change from
shapes to numbers, the procedure in each trial was identical to the per-
ceptual-matching shape task. The assignment of the numbers to the
different labels was counterbalanced across participants and sessions.
Because the perceptual equation-matching followed the number-
matching task, the participants completed two blocks in this task, con-
taining 60 trials each.

Perceptual Equation-Matching Task

This task, continuing the previous task, was designed to exam-
ine changes in self-prioritization under elevated math anxiety
among math-anxious participants. In this task, the three one-digit
numbers (5, 7, 9) were replaced by simple addition or subtraction
equations representing the same numbers (e.g., 5 was replaced by
3+ 2o0r9 -2, and 7 was replaced by 9 — 2 or 5 + 2). For each
number there were seven different equations (e.g., 9 was repre-
sented by the following equations: 7 + 2; 4 + 5; 6 + 3; 8 + 1;
10 — 1; 12 — 3; 14 — 5). The assignment of the numbers resulting
from the equations and the labels (self, friend, stranger) was identi-
cal to the previous task. Participants were expected to implement
two operations in each trial: first to solve the equation presented
and then to judge whether the resulting number matched or mis-
matched the label presented. Because this task was utterly novel,
we could not rely on previous research in deciding the accurate
time intervals required to implement these two operations in each
trial.

Each trial began with a fixation point for 500 ms (.8° X .8°), af-
ter which an equation was displayed above a white central fixation
cross, and a label was displayed above it for 500 ms (instead of
100 ms in the two previous tasks). Immediately after that, a blank
frame was presented for 2,500 ms (instead of 1,300 ms in the two
previous tasks). The participants completed two blocks in this
task, containing sixty trials each.

Statistical Analyses

For testing correlations between the various scales and measures,
we used Pearson correlations, correcting for multiple comparisons

Table 1

using the Holm-Bonferroni method (Sedgwick, 2012). For testing
the self-prioritization effect in all three perceptual matching tasks,
we analyzed them separately. Correct responses shorter than 200
ms were excluded from the analysis, eliminating less than 1% of
the trials overall. For the RTs, we used a one-way analysis of var-
iance (ANOVA) for each of them, testing within-subject differences
for shape/number/equation. This was first performed for all condi-
tions together, and then separately for matched and nonmatched
pairs. For accuracy, we used the measure of d', following Sui et al.
(2012). The measure of d’ is used in signal detection theory, provid-
ing a separation between the means of the signal and the noise dis-
tributions. Specifically, we calculated d' as the subtraction of the z
transforms of hits and correct rejections.

For testing the interaction between math anxiety and self-priori-
tization in each perceptual task, we used Pearson correlation, as
well as group division. We sorted participants into two groups of
HMA and low LMA, based on group median score, according to
the methods of previous studies, because the literature does not set
a clear threshold for HMA levels (Beilock & DeCaro, 2007; Bru-
ny€ et al., 2013; Ramirez et al., 2016; Rubinsten et al., 2015). We
then performed a two-way repeated measures ANOVA, with the
between-subjects factor being math anxiety (LMA vs. HMA) and
the within-subject factor being shape/number/equation.

Results

Correlations Among Math Anxiety, Dispositional
Mindfulness, and Decentering

All the questionnaires used in this study showed high reliability,
compatible with the literature (see Table 1). To answer the first
research question, we tested the correlations between math anxi-
ety, dispositional mindfulness, and decentering. Pearson correla-
tion analyses yielded a negative significant correlation between
math anxiety and dispositional mindfulness (r = —.245, n = 81,
p < .05) and a significant negative correlation between math anxi-
ety and decentering (r =—.307, n = 81, p < .01), showing that indi-
viduals exhibiting LMA report high levels of dispositional
mindfulness and decentering compared with individuals exhibiting

Means and Standard Deviations, Minimum and Maximum Scores and Skewness and Kurtosis Values With Standard Errors, and
Reliablities With Cronbach’s Alphas for Each Questionnaire in the Current Study and in the Literature

Questionnaire’s
reliability in the

Variable M (SD) Minimum Maximum Skewness (SE) Kurtosis (SE) Reliability (o) literature
Math anxiety 2.34(0.75) 1.00 3.87 .396 (.269) —.732 (.532) .96 .96 (Suinn &
Winston, 2003)
Dispositional 3.52(0.55) 1.00 4.87 .601 (.269) 351 (.532) .80 (actaware), .75 .86 (actaware), .78
mindfulness (observe), .77 (observe), .86
(five facets) (nonjudge), .77 (nonjudge), .73
(nonreact), .84 (nonreact), .91
(describe) (describe)
(Bohlmeijer et
al., 2011)
Decentering 4.31 (0.80) 2.13 4.53 173 (.269) .673 (.532) .86 .83 (Fresco et al.,

2007)
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HMA. The results remain significant negative correlation follow-
ing Holm—Bonferroni corrections for multiple comparisons.

Math Anxiety and Self-Prioritization

The Novel Number and Equation-Matching Task Show
Self-Prioritization Effects

We first analyzed all the self-prioritization tasks over all the par-
ticipants together, to confirm Sui et al. (2012) results showing
greater prioritization in favor of the self versus stranger. In the per-
ceptual shape-matching task, one female participant was excluded
due to missing data. Another participant was excluded from fur-
ther analyses due to outlier results (>2 SD) of fast RTs and low
accuracy. In the equation-matching task, two participants did not
complete the experiment due to personal reasons and therefore
their data is missing.

For the RTs, in the perceptual shape-matching task, a one-way
repeated measures ANOVA with the within-subjects factor being
the shape category (self, friend, stranger) showed a significant
effect in favor of Self < Friend < Stranger, F(2, 156) = 26.84,
p < .001, m?*=.26, as previously reported by Sui et al. (2012). In
the perceptual number-matching task, the same ANOVA with the
within-subjects factor being the number category (self, friend,
stranger) yielded a significant difference for the number category,
F(2, 140) = 24.80, p < .001, n2 = .26, with faster responses to
self-association and an almost identical RT to friend and stranger.
Finally, the same ANOVA yielded a significant effect for the
equation-matching task, F(2, 136) = 15.826, p < .001, n*=.19,
with faster responses to self-association and almost an identical
RT to friend and stranger. We proceeded with the same RT analy-
ses separately for matched and nonmatched pairs. In the matched
condition, the same analysis yielded a significant effect for the
shape-matching task, F(2, 156) = 31.93, p < .001, n*= .29, as
well as for the number-matching task, F(2, 140) = 31.29, p <
001, n? = .31. and for the equation-matching task, F(2, 136) =
25.78, p < .001, m? = .275. In contrast, there was no significant
effect for the nonmatched pairs in all three tasks (p = .26 in the
shape-matching task, p = .40 in the number-matching task, and p =
.40 in the equation-matching task).

For accuracy, a one-way repeated measures ANOVA with the
within-subjects factor being the shape category showed a signifi-
cant effect with a larger d for self-association than other in the
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shape-matching tasks, F(2, 154) = 10.27, p < .001, 1n? =.12.The
same analysis yielded the same results for number category in the
number-matching task, F(2, 140) = 12.66, p < .001, n? = .15,
and in the equation-matching task, though it was weaker than in
the previous tasks, F(2, 138) = 4.828, p < .05, 1n? = .065. These
results replicate and extend Sui et al. (2012) findings, showing
faster and more accurate responses with increasing proximity to
self-association (self < friend <stranger) and indicating a clear
self-prioritization effect, whether the self is associated with a
shape, number, or equation (see Table 2).

As can be inferred from Table 2, the mean RT in the equation-
matching task (1,206 ms) is longer than in the number-matching
task (867 ms) and the shape-matching task (837 ms), due to exper-
imental allocation of longer intervals in this task. Aligned with
that, the mean accuracy is generally higher in the equation-match-
ing task (.83) than in the number-matching task (.77) and the
shape-matching task (.79).

Self-Prioritization Under Math Anxiety Activation

To answer the second research question, we first conducted a
Pearson correlation between math anxiety and performance in
self-prioritization tasks. To this end, we first followed Sui et al.
(2013), by creating a single measure named behavioral response
efficiency, which is the Self — Stranger difference in RT/accuracy
(note that the stronger the self-prioritization, the higher the behav-
ioral response efficiency). Examining the relationship between be-
havioral response efficiency and math anxiety yielded no significant
correlations for the perceptual shape-matching task, nor for the num-
ber-matching or equation-matching tasks (r = —.150, n = 79, p =
A87;r=-.035,n="72,p =.768; and r = -.112, n = 69, p = .361,
respectively).

Because Sui et al. (2016) found disruption in self-prioritization
only in RT (but not in accuracy) under conditions of negative
statements/music, we then tested the correlation for RT only. We
created a single RT measure of Self — Stranger and conducted a
Pearson correlation separately for each perceptual-matching task.
There was no significant correlation between math anxiety and the
single RT measure for the shape-matching task (r =—.130, n =79,
p = .255) or the equation-matching task (r = —.068, n = 69, p =
.576). As opposed to these tasks, the correlation between math
anxiety and single RT measure in number-matching task did show
a borderline significance, for a negative correlation coeficient of
medium-low size (r =—.209, n =72, p = .078). A robust regression

Means and Standard Deviations (in Parentheses) of Reaction Time (RT) and Accuracy (Proportion Correct) for Self, Friend, and

Stranger in the Matched and Nonmatched Condition for Each Task

RT (ms) Accuracy
Condition Shape-matching Number-matching Equation-matching Shape-matching Number-matching Equation-matching

Matched

Self 744 (107) 770 (111) 1,111 (198) 0.83 (0.17) 0.86 (0.16) 0.85 (0.16)

Friend 829 (137) 855 (123) 1,217 (207) 0.75 (0.18) 0.81 (0.20) 0.81 (0.16)

Stranger 840 (135) 864 (129) 1,211 (199) 0.73 (0.20) 0.74 (0.19) 0.82 (0.17)
Nonmatched

Self 865 (118) 894 (125) 1,225 (202) 0.75 (0.16) 0.72 (0.21) 0.81 (0.16)

Friend 874 (117) 905 (124) 1,227 (210) 0.74 (0.16) 0.74 (0.20) 0.80 (0.17)

Stranger 869 (118) 899 (136) 1,247 (237) 0.74 (0.17) 0.74 (0.18) 0.79 (0.17)
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analyses did not yield different findings. Because we uncovered
negative correlations between math anxiety and performance in
self-prioritization tasks with a borderline significance in the num-
ber-matching task only, we proceeded to analyze group differencs,
using the median split for the math anxiety variable. The division
into the group of HMA or LMA was based on the group median
score in the MARS-R questionnaire, as done in previous studies in
the field of math anxiety (Beilock & DeCaro, 2007; Brunyé€ et al.,
2013; Ramirez et al., 2016; Rubinsten et al., 2015). The cut-off
threshold for inclusion was a score below (for LMA group) or
above (for HMA group) 2.20, which was the group’s median.
Importantly, there were no significant differences, other than math
anxiety level, between the HMA and LMA groups (see Table 3).

Next, we compared the two math anxiety groups (LMA vs. HMA)
and examined differnces in self-prioritization between the two groups
separately for the perceptual shape-matching task (no math anxiety
activation, or the “neutral state”), the perceptual number-matching
task (under math anxiety activation). To this end, we first tested the
shape-matching task results, using a two-way repeated measures
ANOVA with the between-subjects factor being math anxiety (LMA
n =40 vs. HMA n = 39). As expected, there was no significant inter-
action effect of Shape Category X Math Anxiety Group for the
matched condition, neither in RT (p = .73; see Figure 1) or in accu-
racy (p = .58). These results indicate no apparent difference between
the two groups in the shape-matching association task, when self,
friend, stranger are associated with shapes.

Importantly, these results changed significantly when self,
friend, stranger were associated with numbers. In RT, the two-way
repeated measures ANOVA with the between-subjects factor
being math anxiety (LMA n = 34 vs. HMA n = 37) resulted in a
significant interaction effect between Math Anxiety Group X
Number Category in the matched condition, F(2, 138) =3.54,p <
.05, n? = .05, see Figure 1. In accuracy, results yielded a border-
line significant interaction effect between number category and
math anxiety group, F(2, 138) = 2.78, p = .067, but no significant
interaction effect for d (p = .17).

In order to highlight the change in self-prioritization between
LMA and HMA, when self-processing is under math anxiety activa-
tion (perceptual number-matching task) compared with the neutral
state (perceptual shape-matching task), we created a new variable
we refer to as ART. We subtracted the RT of Stranger — Self, and
then compared the ART of LMA and HMA for the shape-matching
and number-matching tasks. A two-way repeated measures ANOVA
with the within-subject factor being task category (shape vs. num-
ber) and the between-subjects factor being math anxiety (LMA vs.
HMA) for ART showed a significant interaction effect for the
Math Anxiety Group X Task Category, F(1, 69) = 6.01, p < .05,

Table 3
Study Variables by Group
LMA HMA

Variable M (SD) orn M (SD) orn
Age 33.5(10.3) 32.7 (12.5)
Dispositional mindfulness 3.65 (0.473) 3.45 (0.46)
Decentering 4.46 (0.78) 4.15 (0.81)
Female 27 31
Male 14 8

Note. LMA = low math anxiety; HMA = high math anxiety.

n? = .08. Figure 2 shows that ART self-stranger in matched pairs is
reduced from the perceptual shape-matching task to the perceptual
number-matching task only for the HMA group, whereas the oppo-
site is true for the LMA group.

Because data analyses showed a significant interaction effect in
RT between the LMA and HMA groups in number category (per-
ceptual number-matching task) but not in shape category (percep-
tual shape-matching task), we performed a three-way repeated
measures ANOVA for RT in the matched condition. The ANOVA
included two within-subjects factors: association category (Self,
Friend, Stranger) and task category (shape-matching vs. number-
matching) and the between-subjects factor of math anxiety (LMA
vs. HMA). Results yielded a significant interaction effect between
task, association category, and math anxiety group, F(2, 138) =
3.37, p <.05, n?=.05. To conclude, results show that self-priori-
tization is distrupted among HMA, but only when math anxiety is
activated (i.e., only in the perceptual number-matching task).

We then continued to analyze the perceptual equation-matching
task, expecting similar results as in the number-matching task,
because the equation-matching task is an extention of the number-
matching task with elevated activation of math anxiety. However,
to our surprise, the results did not yield similar results. In RT, the
two-way repeated measures ANOVA with the between-subjects
factor of math anxiety (LMA n =33 vs. HMA n = 36) resulted in a
a nonsignificant interaction effect between Math Anxiety Group X
Number Category in the matched condition (p = .40). In accuracy,
the results once again yielded a nonsignificant interaction effect
between the number category and the math anxiety group (p = .86),
and a nonsignificant interaction effect in d (p = .985). In sum, the
results did not yield a significant interaction effect between the
LMA and HMA groups, neither for RT nor for accuracy.

Correlations Among Self-Prioritization, Dispositional
Mindfulness, and Decentering

To answer the third and fourth research questions, we assessed the
relationship between self-prioritization and dispositional mindfulness
as well as decentering in the three perceptual-matching tasks. To this
end, we examined the relationship between behavioral response effi-
ciency and dispositional mindfulness, by conducting Pearson’s corre-
lation analyses separately for each perceptual-matching task, yielded
no significant correlations: neither for the perceptual shape-matching
task (r =—.084, n =79, p = .46) or for the perceptual number-match-
ing task (r = —.136, n = 72, p = .26) or for the perceptual equation-
matching task (r =—-.106, n = 69, p = .39).

As for the question concerning the relationship between decen-
tering and self-prioritization, Pearson’s correlation analyses
yielded a significant negative correlation between behavioral
response efficiency and decentering (r = —.248, n = 72, p < .05)
only in the perceptual number-matching task. The meaning of this
negative correlation is that the higher the ability to decenter, the
lower the behavioral efficiency response and thus the stronger the
self-prioritization. As for the other task, the same analysis yielded
no significant correlation, neither for the perceptual shape-match-
ing task (r = —.114, n = 80, p = .315) or for the perceptual equa-
tion-matching task (r = —.024, n = 69, p = .842). Hence, the
increase in behavioral response efficiency for the self is associated
with enhanced decentering, but only in the number-matching task
(i.e., when self-prioritization is disrupted among the HMA group).
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Figure 2
Self Prioritization for the Shape-Matching and Number-Matching
Tasks
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Note. Self prioritization (ART StrangerSelf , in ms; M *= SEM) for the

two groups (LMA — low math anxiety; HMA — high math anxiety) for the
shape-matching (left) and number-matching (right) tasks.
*p <.05.

Looking closer at the significant correlation between behavioral
response efficiency and decentering in the perceptual number-
matching task and testing the same in the two groups of HMA and
LMA separately, we found that the LMA was driving the total
group results (r = —475, n = 35, p < .01), whereas there was no
such significant correlation in the HMA group (r = -.012, n = 37,
p = .944). Because a significant correlation was found only in the
LMA group, we ended by performing a linear regression analysis
only among the LMA, to examine whether decentering predicts
behavioral response efficiency. The linear regression was found to
be significant, F(1, 34) =9.59, p < .01, n2 =.225). Hence, decen-
tering can predict the behavioral response efficiency of self-priori-
tization under math anxiety activation, but only in the LMA

group.

Discussion

Our study is the first to indicate a link between math anxiety,
dispositional mindfulness, and self-centeredness (operationalized
here as decentering and self-prioritization). Our first hypothesis
was that math anxiety would be significantly and negatively corre-
lated with dispositional mindfulness and decentering. This hypoth-
esis was fully supported by our findings, as math anxiety was
found to be significantly negatively correlated with both disposi-
tional mindfulness and decentering. To the best of our knowledge,
there is no research linking math anxiety and dispositional mind-
fulness, albeit two previous studies examined the effect of MBIs
on math anxiety. In one study, the researchers examined the influ-
ence of a combined intervention of mindfulness and growth mind-
set on math anxiety. It was found that an intervention consisting of
a 1-min deep breathing exercise and recitation of positive affirma-
tions about math at the beginning of each class in a statistics
course effectively reduced math anxiety in 20 students, compared
with a control group that took the same course with no interven-
tion (Samuel & Warner, 2019). In another study, mindfulness
teaching was limited to one-time listening to a 15-min audio
tape. Here, the researchers examined the influence of four brief

interventions, three behavioral (focused and unfocused breathing
exercises, worry exercise), and one nutritional (L-theanine tea) on
math performance (not math anxiety). This study showed that
focused breathing exercise significantly improved math perform-
ance compared with the other interventions (Brunyé et al., 2013).
Our results revealed that the higher the level of dispositional mind-
fulness, the lower the level of math anxiety. This is compatible
with studies showing a negative relationship between general anxi-
ety and dispositional mindfulness (Tomlinson et al., 2018). The
beneficial effects of high dispositional mindfulness on various psy-
chological factors was previously shown by ample studies, includ-
ing higher levels of self-esteem and lower levels of social anxiety
(Rasmussen & Pidgeon, 2011) and lower levels of depression and
anxiety (Brinstrom et al., 2011). In addition, dispositional mind-
fulness was shown to moderate the relationship between neuroti-
cism and depressive symptoms (Barnhofer et al., 2011).

We also found a negative correlation between math anxiety and
decentering. This is compatible with the previously reported nega-
tive correlation between general anxiety and decentering (Hayes-
Skelton et al., 2015). In addition, decentering was found to medi-
ate improvements in general anxiety following MBI (Hoge et al.,
2015) and shown to be a partial mediator of the relationship
between dispositional mindfulness and depressive symptoms, anx-
iety symptoms, and alcohol related problems (Pearson et al.,
2015). Decentering is perceived as the ability to shift one’s per-
spective from the inner experience, constructed by three metacog-
nitive processes such as meta-awareness (awareness of subjective
experience), disidentification from the internal experience (instead
of “I am afraid,” one may note “a feeling of fear”), and reduced
reactivity to thought content (Bernstein et al., 2015). Based on our
findings, it may be suggested that individuals with higher levels of
decentering can interpret math-learning events in a way that shifts
the perspective from the self (e.g., “I experienced a failure in solv-
ing math” instead of “I am a failure in solving math”). Such disi-
dentified adaptive interpretations can help reduce math anxiety.
By contrast, reduced decentering leads to possible identification
and reaction to external maladaptive interpretations, and hence it
can be linked to internalization of these interpretations and
enhance math anxiety. Our results are compatible with the inter-
pretation account (Ramirez et al., 2018), which suggests that the
reason one will develop (or not develop) math anxiety lies in one's
adaptive or maladaptive, interpretation of math-learning situations.

The second research question focused on the relationship
between math anxiety and self-prioritization, hypothesizing that
under math anxiety activation, self-prioritization would be reduced
in HMA compared with LMA individuals. This was partially sup-
ported by our findings for RTs, but not for accuracy: self-prioriti-
zation was reduced among HMA under math anxiety activation in
the number-matching task but not in the equation-matching task.
Importantly, there was no significant difference in self-prioritiza-
tion between LMA and HMA when the labels were matched to
shapes (a condition we considered the 'neutral state'), indicating
that there is no inherent difference in self-prioritization between
the two groups. However, there was a significant group difference
when participants were asked to match numbers to labels, which
we considered the math anxiety activated state. For math-anxious
individuals, the activation of math anxiety led to a reduction in
self-stranger bias on RTs (though this did not hold for d'). Our
findings are in line with Sui et al. (2016) findings showing that the
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drop in mood across participants (through reading negative state-
ments) led to a disruption of the self-prioritization effect (i.e., self-
stranger bias) on RTs but not on d'. Following Sui et al. (2016),
the disruption found for RTs but not for accuracy might reflect
changes in memory but not in perception. This account is congru-
ent with findings showing that math anxiety compromises the
functioning of working memory (Ashcraft & Krause, 2007). In
contrast to our expectation, the equation-matching task did not
yield similar results concerning disruption of self-prioritization
among HMA. We suggest two explanations for failing to find such
an effect. The first explanation concerns the design of the task and
the time intervals given for presentation of the equation-label pairs
(500 ms vs. 100 ms in the previous tasks) and the time interval
given to participants to judge and reply whether the pair presented
matched or mismatched (2,500 ms vs. 1,300 ms in the previous
tasks). Analyzing the RT results over all participants from all three
tasks, showed that the mean RT in the equation-matching task was
higher compared with the other tasks by approximately 350 ms
(the mean RTs of the shape-matching and number-matching tasks
were almost identical). This can also be seen in the mean accuracy
in this task, which was higher than the two former tasks. This
implies that a shorter time interval of 1,650 ms for an answer
would probably suffice and possibly create the self-prioritization
effect in this task.

The second explanation is that the perceptual equation-matching
task required that participants to perform two different cognitive
operations in each trial, which required divided attention: solving
an equation, and judging whether the stimuli presented are
matched. Sui and Humphreys (2017) argued that divided attention
may disrupt elaborative encoding of self-referential stimuli and
reducing self-prioritization. For example, research has shown that
the own-name effect decreases when stimuli are presented outside
the focus of attention, such as in the experiment where the pres-
ence of a participant’s own face can disrupt a primary task (e.g.,
judging which arm of a cross is longer) when the self-face appears
as a background distractor (Sui & Humphreys, 2017). In light of
this, we can argue that self-prioritization was disrupted in the
equation-matching task not only for the math-anxious individuals,
who were under math anxiety activation, but also for the low
math-anxious individuals, due to the divided attention the task
required. That is, the participant’s attention was drawn into solving
math equations and thus attention for the self-related stimulus was
disrupted. Instead of the usual case (as in the shape-matching task
and the number-matching task) in which the presence of self-
related stimuli improved performance, in this task the self-related
items interfered with the main target of attention (which was solv-
ing math equations). The divided attention interpretation was
reviewed thoroughly by Sui and Humphreys (2017), but only
future studies can examine a shorter time allocated for reactions in
the perceptual equation-matching task, thus adjudicating between
these two explanations offered in the preceding text.

We now turn to explaining the disruption of self-prioritization
among HMA under math anxiety activation, suggesting three
interpretations of our findings. First, Sui et al. (2016) suggested
that the prioritization effect occurs by enhanced perception and
memory from efficient allocation of attention to external stimuli
associated with the self. Induction of a negative mood may reduce
self-prioritization by turning attention to internal states rather than
external states. In other words, it may be that activation of math

anxiety turns attention to internal states (preoccupied by the anxi-
ety itself) rather than to the stimuli. In alignment with this interpre-
tation, Ashcraft and Krause (2007) examined the relationship
between math anxiety and math performance, showing that math
anxiety compromises the functioning of working memory. They
claim that math anxiety works like a dual task setting: preoccupa-
tion with anxiety functions as a resource-demanding secondary
task. A second possible explanation of the disruption of the self-
prioritization effect is that self-associations generate a positive
emotional response, which enhances the processing of perceptual
self-matching items (Ma & Han, 2010; Sui et al., 2016). Following
this interpretation, the effect of math anxiety activation may
reduce emotional valence, which in turn reduces the advantage of
self-processing over stranger. We further suggest a third explana-
tion. Recently, Verplanken and Sui (2019) offered an account re-
ferring to a psychological concept designated the integrated self.
They suggested that the strength of self-prioritization observed in
perceptual matching tasks may be considered a proxy for cognitive
self-integration. Self-integration is a high degree of connectedness
between cognitive, affective, motivational, and behavioral systems
(Kuhl et al., 2015). Consistent with this, they claim that the disrup-
tion of self-prioritization by an induced negative mood can be due
to a breakdown of the integrated self (i.e., the intrinsic association
between self and positive emotions; Verplanken & Sui, 2019). On
this basis, we suggest that only for math-anxious individuals, once
math anxiety is activated, is there a breakdown of the integrated
self and thus the ability to prioritize the self is compromised (as in
the perceptual number-matching task).

As for the third research question, concerning the relationship
between self-prioritization and dispositional mindfulness, our find-
ing rejected any negative correlation, in contrast to our hypothesis.
As dispositional mindfulness was significantly and positively cor-
related with decentering, we deduce that decentering and self-pri-
oritization capture two different qualities of self-centeredness.
Whereas the first is intertwined with mindful awareness, the sec-
ond seems to rely on other mechanisms.

The fourth research question concerned the relationship
between decentering and self-prioritization, in the context of math
anxiety. We hypothesized that under math anxiety activation,
decentering would be negatively correlated with self-prioritization.
Our findings supported this hypothesis, by showing that decenter-
ing is significantly correlated with self-prioritization (measured
through behavioral response efficiency) in the number-matching
task. We further found that this correlation was stemming from the
LMA group. Thus, we can infer that in situations where self-pri-
oritization is prone to disruption (i.e., in the number-matching
task, where self-prioritization was disrupted only in the HMA
group but not in the LMA group), the ability to decenter had an
important role in maintaining self-prioritization. We did not find
such a relationship between decentering and the behavioral effi-
ciency response in situations where there was no disruption of
self-prioritization (i.e., in the shape-matching and in the equation-
matching tasks). Thus, the ability to decenter does not contribute
in neutral states, where self-prioritization is not disrupted, as self-
prioritization is a common tendency for all, regardless of their
ability to decenter (or their dispositional mindfulness level, regard-
ing the third hypothesis). In other words, it is possible that the abil-
ity to shift one’s perspective from the inner experience (i.e.,
decentering) can help shift attention from the inner experience in
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math-anxious states, and thus helps maintain the self-referencing
ability. Finally, based on the correlations uncovered between
decentering and self-prioritization, we can carefully suggest that
one’s level of decentering is related to one’s ability to prevent or
avoid a breakdown of the integrated self.

Theoretical and Practical Implications

As a theoretical implication of this article, we suggest here a
novel conceptual and schematic framework for understanding
math anxiety, self-centeredness, and dispositional mindfulness (see
Figure 3). According to this theoretical model, lower math anxiety
is related to elevated dispositional mindfulness as well as reduced
maladaptive self-centeredness, which might be measured by
reduced decentering and elevated self-prioritization. Our findings
indicate that self-prioritization is disrupted in math activation, a
disruption that decentering is correlated with (though dispositional
mindfulness is not). Thus, whereas the causal connection between
self-prioritization and math anxiety is unclear, we can suggest that
decentering has an important role in reducing the disruption of
self-prioritization when math anxiety is activated (an assumption
derived from our finding, in which decentering predicts the self-
prioritization under math anxiety activation, but only in the LMA
group). In sum, our study offers a new theoretical framework to
understand and investigate math anxiety.

On a practical level, we offer here a novel and useful way to
measure math anxiety through changes in performance in the per-
ceptual number-matching task. Up until now, measures for math
anxiety were restricted to self-reports. If validated in future stud-
ies, the perceptual number-matching task can function as an
implicit, third-person perspective measure for math anxiety.

We suggest several future practical implications for our study.
First, future longitudinal studies should examine the effects of
MBIs on math anxiety, especially among young learners, with an
emphasis on preliminary and high schools, as mindfulness inter-
ventions effects on math anxiety have scarcely been studied
(Samuel & Warner, 2019), and thus far only on college students.
Moreover, the few MBIs on math anxiety so far have focused on
short breathing exercise. Mindfulness training can be a much
deeper practice than “learning to relax” (as declared in a headline
of one article on MBI on math anxiety; Brunyé et al., 2013). It can
enhance nonjudgmental, nonreactive awareness and thus enhance

Figure 3
A Proposed Schematic Model for the Relationship Between Math
Anxiety, Dispositional Mindfulness and Self-Centeredness

Self-
Centeredness

Dispositional

Mindfulness

Math

Anxiety

the ability to decenter among practitioners. In fact, it has the
potential to reduce self-centeredness. Thus, we recommend exam-
ining in future studies whether MBIs affect self-prioritization
under math anxiety activation, as in the perceptual number-match-
ing task, as well as examining a better designed perceptual equa-
tion-matching task in light of the recommendations presented in
this article. Second, future longitudinal studies should examine if
and how decentering mediates the benefits of MBIs for math anxi-
ety. Such a design would enable studying causality, not just corre-
lations, between these constructs. Third, the effect of MBIs on
math learning, not only math anxiety, should be studied: in align-
ment with research showing that MBIs in schools show numerous
benefits, such as improving cognitive performance and resilience
to stress (Zenner et al., 2014), we propose it can also benefit math
learning, by reducing math anxiety.

Limitations

The main limitation of the present correlational study is that
we cannot infer causality from our findings. As we are unable to
demonstrate temporal precedence, the vital question of causality
(between dispositional mindfulness, decentering, self-prioritiza-
tion, and math anxiety) cannot be answered here. The causality
question is crucial, not only from a scientific perspective but also
from a clinical perspective. If decentering or dispositional mind-
fulness are causally involved in the development of math anxiety,
then therapeutic interventions should aim to elevate these abilities,
which can be cultivated through MBIs, in order to prevent or
reduce the individual’s level of math anxiety.

It should also be noted that participants in this study were di-
vided into LMA versus HMA groups using a median split. Albeit
this was previously used by several other studies in the field of
math anxiety (Beilock & DeCaro, 2007; Brunyé et al., 2013; Ram-
irez et al., 2015; Rubinsten et al., 2015), we acknowledge that the
median split to dichotomize the scores may not be the optimal
method of assessing high or low groups of participants (Waller &
Meehl, 1998), especially because such an approach warrants a
much higher group size, to enable using only the highest and
lowest quartiles. Furthermore, whereas there was a negative corre-
lation between the two variables, the correlation significance (p
value) was marginal, due to the small group size (all other things
being equal, the larger the sample, the more likely an obtained cor-
relation would reach an acceptable level of statistical significance;
Akoglu, 2018). Hence, future studies should be conducted with a
larger group size, to enable both a significant correlation, as well
as using a quartile split.

Finally, we wish to address the discrepancy between the find-
ings referring to the interaction between math anxiety and the
number-matching versus the equation-matching tasks. Our initial
hypothesis was that the interaction effect found between math anx-
iety and self-prioritization in the number-matching task will yield
the same, if not a stronger effect, in the equation-matching task
because math anxiety is amplified when an individual is required
to compute equations. Unfortunately, the findings did not show the
expected effect. We provided in the discussion several feasible
explanations for this failure to show such a significant interaction.
Importantly, this requires us to interpret the interaction between
math anxiety and self-prioritization carefully, underscoring the
need for future studies to replicate this novel finding.
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Conclusions

This study explores a novel and intricate relationship between
math anxiety and self-centeredness, and we hope that it will
inspire more research in this innovative direction. The novelty of
this study lies in showing a relationship between math anxiety, dis-
positional mindfulness, and self-centeredness through the measure
of decentering and self-prioritization effects. The present study
offers a novel perspective for examining math anxiety and its pos-
sible origins. To explain our results, we make use of the innovative
conceptualization of self-integration, suggesting that under stress
experienced by HMA individuals, there is a breakdown of self-
integration, seen as reduced self-prioritization. Dispositional mind-
fulness and decentering might be seen as qualities reducing self-
centeredness and contributing to self-integration.

Our study introduces a novel and fresh perspective for examin-
ing and understanding math anxiety, presenting an approach that
emphasizes psychological functioning of the self as the possible
mechanism underlying math anxiety. Moreover, our study presents
a novel method for examining and connecting between math anxi-
ety and self-centeredness, such as perceptual matching tasks,
including the novel task introduced in this article. By understand-
ing the important relationship between math anxiety and self-cen-
teredness, we hope that this study will add a crucial dimension of
psychoeducation to teaching and learning math, giving weight not
just to the didactics of math teachings, math argumentations, math
exercises, and so on, but also to how one interprets and internal-
izes math situations, especially failures in math learning. Thus, we
believe, exemplar math lessons should also include paying atten-
tion to awareness to the self and maintaining self-integration, in
order to succeed in learning math.
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