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Emotional perceptions of math-related information can have profound effects on attitudes about math, which, in
turn, may lead to decreased math achievements. A large body of research has documented that females have less
positive attitudes and more negative affectivity to math than males. This study examined emotional valence
ratings of math-related verbal stimuli among adults and performed a pioneering investigation of gender differ-
ences in emotional perceptions. A random sample of 290 adults completed a battery of online affect question-
naires designated to measure the relations of various math-related words to the field of mathematics (i.e., math
loading) and compared the emotional valence of these words to words known to have negative and neutral
valence. Results revealed that: (1) math-related words were rated as less threatening than words with negative
valence, but more threatening than neutral words; (2) math loading ratings were the strongest and most sig-
nificant predictor of the emotional valence ratings of math-related words; and (3) females rated math-related
words and words with negative, but not neutral, valence as more threatening than males. The study con-
cludes that negative affective valence is linked with math-related information, especially among females, and this
finding has implications for researchers, parents, and educators.

1. Introduction

In the 21st century, we are witnessing a growing reliance on tech-
nology and the fields of engineering and mathematics (Gravemeijer
et al., 2017), with math proficiency considered a key factor in personal
and economic success (e.g., Gravemeijer et al., 2017; Kyoung Ro et al.,
2017). Yet many people are uncomfortable dealing with math-related
concepts, including numbers, quantities and math-related words (Bei-
lock & Maloney, 2015; Kucian et al., 2018). Specifically, females often
express less confidence in their math ability and have more negative
attitudes about math than males (Reilly et al., 2019; Rodriguez et al.,
2020). They are less likely to express interest, enter, and succeed in
science, technology, engineering, and mathematics (STEM) careers than
their male peers (Wang & Degol, 2017; Watt et al., 2017).

Cognitive theories propose that the perception of words’ negative
valence (e.g., food-related words, Gilon Mann et al., 2018; negative
emotional words, Palazova et al., 2013) depends on the way the indi-
vidual processes threatening information (Abado et al., 2020; Goodwin
et al., 2017; Ohman & Mineka, 2001). Most of the research in this
domain examines the relationship between anxiety (Bar-Haim et al.,

2007; MacLeod et al., 1986) or motivation (Padmala et al., 2017; Vogt
etal., 2020) and cognitive processes, such as attention (Haft et al., 2019),
including emotion regulation (e.g., Liu et al., 2019), perception (e.g.,
Sussman et al., 2016), including meta-cognition (e.g., Reinholdt-Dunne
et al., 2019), and memory (e.g., Moran, 2016).

To explore the relationships between anxiety, motivation, and
cognitive processes, experimental paradigms typically present different
types of emotional words (i.e., threatening, positive, or neutral words).
For example, Zhang et al. (2018) found that high test-anxious in-
dividuals demonstrated prioritized attentional allocation to test-related
threatening words (e.g., “fail”) with enhanced N200 amplitude (a
negative-going component of the event-related brain potential which
occurs at least 200 ms after the presentation of a stimulus and reflects
initial shift of attention toward an emotional stimulus) and decreased
late positive potential (LPP; a sustained event-related brain potential
component that occurs approximately 300 ms following stimulus onset
and indicates sustained engagement with a threatening stimulus). Low
test-anxious individuals showed an avoidance of test-related threatening
words with decreased N200 amplitude and enhanced LPP amplitude.
Neither high- nor low-test anxious individuals demonstrated prioritized
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attentional allocation to neutral words (e.g., “tree”). The authors
concluded that test anxiety is a situation-specific form of trait anxiety
characterized by a significant initial shift of attention to a test-related
threat, thus consuming valuable cognitive resources.

One important variable in the examination of the anxiety-cognition
(e.g., Abado et al., 2020) or motivation-cognition paradigms (e.g.,
Vogt et al., 2020) is the researcher’s selection of emotionally evocative
words (Weierich et al., 2008). The widely used Affective Norms for English
Words (ANEW) is a word corpus providing valence and arousal ratings of
more than 600 pre-selected words rated by 100 college students
(Bradley & Lang, 1999). Researchers have published the properties of
words in multiple languages, including Spanish (e.g., Stadthagen-Gon-
zalez et al., 2017), German (e.g., Vo et al., 2009), and Italian (e.g.,
Montefinese et al., 2014). Some word lists are based on emotional rat-
ings given by groups of independent judges, rather than a representative
community sample (e.g., MacLeod & Mathews, 1988; Mogg & Bradley,
1998). Despite the plethora of work, there is still no actively used
database of emotional words in the field of numerical cognition.

To begin to fill this gap, we collected emotional rating data for a pre-
selected group of 194 neutral, emotional and math-related words.
Having an emotional rating database for math-related words can be
useful for developing experimental paradigms that, for example, probe
information processing abnormalities in math anxiety disorders
(Rubinsten et al., 2015; Sudrez-Pellicioni et al., 2015) or explore gender
differences. The latter was our main focus in this study. Previous work
has found females are more emotionally reactive to numerical infor-
mation than males (e.g., Devine et al., 2018; Hill et al., 2016), and we
expected to find the same pattern.

The next section gives a review of the literature. This is followed by
the study’s hypotheses. We explain the method, including our devel-
opment of the database of emotional words. After giving the results, we
offer a conclusion. We note that our finding of a link between negative
affective valence and math-related information, especially among fe-
males, has implications for researchers, parents, and educators.

1.1. Review of the literature

1.1.1. Emotional perception of math-related words

Perception is shaped by categorization processes that guide and
constrain incoming information (Davidoff, 2001; Sutton & Lutz, 2019).
This can be based on emotional valence and arousal (Brosch et al., 2010;
Sussman et al., 2016). Valence refers to the subjective assessment of the
degree of pleasant and unpleasant feelings triggered by a stimulus (i.e.,
threatening and non-threatening), while arousal represents the degree of
activation or intensity of the response to the stimulus (Bliss-Moreau
et al., 2020). Most models of emotional processing recognize valence
and arousal as fundamental to the classification of affective experience
(Bliss-Moreau et al., 2020; Kuppens et al., 2013). Typically, stimuli with
higher positive or negative valence are more arousing (Bradley & Lang,
1999), and stimuli with a negative valence are more arousing than those
with a positive valence (Citron et al., 2014).

The perceptual processing of emotional stimuli with a negative
valence, specifically threatening stimuli, is generally prioritized to allow
a rapid computation and analysis of the situation (Brosch et al., 2010;
Ohman & Mineka, 2001; Sutton & Lutz, 2019). Individuals with anxiety
disorders tend to display differential attentional allocation to threat-
related and non-threat-related stimuli, a phenomenon known as atten-
tional bias (Abado et al., 2020; Bar-Haim et al., 2007; MacLeod et al.,
1986). Arousal can also be problematic; for example, the arousal evoked
in the processing of emotional stimuli can have profound effects on
bodily states (e.g., Bradley et al., 2001; MaclIntyre et al., 2019). Thus, it
is not surprising that negative valence and high arousal have an effect on
academic functioning (Mason et al., 2017; Scrimin et al., 2016; Wunsch
et al., 2019). Specifically, the emotional valence of verbal material has
been found to affect performance in a variety of academic tasks, such as
word recognition (Algom et al., 2004), lexical decision (Larsen et al.,
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2006), and reading comprehension (Mason et al., 2017) beyond other
lexical and semantic variables (see Citron, 2012 for a review).

According to the automatic vigilance hypothesis (Pratto & John,
1991), negative stimuli capture attention because of their potentially
threatening nature, and by so doing, they deplete cognitive resources.
For example, higher levels of math anxiety were correlated with an
attentional bias toward math-related information (Rubinsten et al.,
2015; Suarez-Pellicioni et al., 2015). As a result, their speed of cognitive
processing is delayed, as manifested at longer P3b latency (a positive
event-related potential whose latency is related to stimulus evaluation
time) during a comparison task (Huang et al., 2019).

Therefore, a more negative assessment of the valence of math-related
words will affect math performance (Chang & Beilock, 2016; Rubinsten
et al,, 2015). In this vein, interventions focused on changing the
emotional valence of the situation have been found to reduce math
anxiety reactions (e.g., Jamieson et al., 2010; Jamieson et al., 2016;
Pizzie & Kraemer, 2018) and improve math performance (Jamieson
etal., 2010; Pizzie et al., 2020; Pizzie & Kraemer, 2018). Taken together,
the literature suggests that the way math-related stimuli are emotionally
perceived (i.e., valence ratings and arousal) may affect math
performance.

1.1.2. Gender differences in math

Although there is no clear evidence of males’ superior math skills
(Else-Quest et al., 2010; Hutchison et al., 2019; Stoet & Geary, 2013),
gender differences have consistently been found in perceptions of math
ability, with females demonstrating more negative perceptions than
males (Ganley & Lubienski, 2016; Reilly et al., 2019; Seo et al., 2019;
Wang & Degol, 2017). Gender differences have also been found in at-
titudes and affect, with males tending to have more positive attitudes
(Reilly et al., 2019; Rodriguez et al., 2020) and to express more positive
affect (Devine et al., 2018; Else-Quest et al., 2010; Hembree, 1990).
Numerous studies have demonstrated the unique contribution of posi-
tive attitudes to higher math achievement and better scores on stan-
dardized tests (e.g., Chen et al., 2018; Lipnevich et al., 2016). The high
prevalence of males in math-related college majors and careers has been
directly attributed to these gender differences (Beilock & Maloney,
2015; Hanna, 2003).

Many researchers have attempted to explain these gender differ-
ences; possible explanations include hormones and prenatal brain dif-
ferentiation (e.g., Miller & Halpern, 2014), stereotype threat (e.g.,
Maloney et al., 2013), and societal gender stratification (e.g., Wang &
Degol, 2017). Another possibility is a more negative valence assigned to
math-related information among females. Females are more sensitive to
negative valence stimuli (Burton et al., 2005; Gohier et al., 2013;
Schienle et al., 2005), and they tend to engage emotional brain circuits
rather than cognitive circuits when performing cognitive tasks (Domes
et al., 2010; Koch et al., 2007; Mak et al., 2009; McRae et al., 2008).

1.2. The present study

The literature on the perceptual processing of emotional stimuli
suggests that math performance may be affected by the perceived
emotional valence of math-related words (Chang & Beilock, 2016;
Jamieson et al., 2010; Rubinsten et al., 2015), because of the effect of
emotional valence on information processing processes (Davidoff, 2001;
Sutton & Lutz, 2019) and bodily states (e.g., Bradley et al., 2001; Mac-
Intyre et al., 2019). Specifically, gender differences in the emotional
perception of math-related words may explain gender differences in
perceptions of math ability (e.g., Reilly et al., 2019; Seo et al., 2019;
Wang & Degol, 2017), attitudes (Reilly et al., 2019; Rodriguez et al.,
2020) and affect (Devine et al., 2018; Else-Quest et al., 2010; Hembree,
1990). However, to the best of our knowledge, gender differences in the
perception of math-related stimuli, specifically math-related words,
have not been explored.

To address these knowledge gaps, the study’s aims were twofold: (1)
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to compare the emotional valence of math-related words to the
emotional valence of neutral and negative words; (2) to look for gender
differences in the emotional valence of math-related words. We hy-
pothesized, first, that math-related words with higher math loading
ratings (i.e., perceived to be more related to math) would be perceived
as more threatening than neutral words. Second, we assumed there
would be gender differences in the emotional valence ratings of math-
related words.

2. Method
2.1. Participants

A total of 290 participants (M = 31.69 years old, SD = 9.99 years)
participated in the study. This random sample of participants included
106 males (M = 30.74 years old, SD = 10.74 years) and 184 females (M
= 32.24 years old, SD = 9.52 years), who completed online question-
naires. There were no significant correlations between participants’ age
and research variables (math loading ratings: r = —0.06, p = .30;
emotional valence ratings of math-related words: r = —0.10, p = .09;
emotional valence ratings of words with negative valence: r = 0.07,p =
.22; emotional valence ratings of words with neutral valence: r = —0.08,
p =.15).

2.2. Measures

2.2.1. Word stimuli

To the best of our knowledge, there is no database of emotionally
evocative words in Hebrew, specifically math-related words. Therefore,
we created our own collection, selecting 64 Hebrew words with negative
valence (e.g., “fire”), 64 Hebrew math-related words (e.g., “algebra™),
and 66 Hebrew neutral words (e.g., “table”) based on their length and
assumed valence.

The number of letters in a word is a lexical characteristic known to be
important to word recognition with the possibility of introducing con-
founds (Larsen et al., 2006). Thus, the three word-types were equivalent
in length (math-related words: M = 5.72, SD = 1.81; negative valence
words: M = 5.66, SD = 1.81; neutral words: M = 5.67, SD = 1.63; length
range: 3-12 letters). There were no significant differences between
word-types in word length, F < 1.

Information on the prevalence of Hebrew words was taken from a
word corpus on the website of the National Examination and Evaluation
Center in Israel (see https://hlp.nite.org.il/WebCorpora.aspx). This
corpus provides an initial list of the prevalence of Hebrew words and
lexemes based on 637 texts representing different genres and collected
from different sources. Note that, no information was available on the
prevalence of three negative words, ten mathematical words and two
neutral word (see Appendix). We found a marginally significant differ-
ences between word-types in frequency, F(2,176) = 2.90, p = .06, d =
0.44. Post hoc comparisons using independent samples t-tests revealed a
significant difference, t(116) = —2.24, p < .05, d = 0.42, between the
frequency of the neutral (M = 20.77, SD = 7.34, frequency range
10.00-32.46) and the math-related words (M = 17.78, SD = 7.02, fre-
quency range 10.00-34.01). There were no significant differences be-
tween the frequency of the words with negative valence (M = 19.40, SD
= 5.63, frequency range 10.00-38.40) and the neutral, t(117.71) =
—1.17, p = .24, and math-related words, t(101.48) = —1.35,p = .17.

2.2.2. Math loading questionnaire

The math loading questionnaire included 64 randomly sorted math-
related Hebrew words. In this questionnaire, participants were asked to
rate the degree to which words were related to the field of mathematics
on a three-point scale (from 1 = not a math word to 3 = a math word). The
coefficient alpha for the math-loading questionnaire was 0.92.
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2.2.3. Emotional valence questionnaire

This questionnaire presented 194 randomly sorted Hebrew words
(64 words with negative valence, 64 math-related words, and 66 neutral
words). Participants were asked to rate the degree to which the words
were threatening on a 5-point Likert scale (from 1 = not threatening at all
to 5 = very threatening). Similar to previous research (Sylvester et al.,
2016; Yee, 2017), the valence scale was adapted from the original 7 and
9-point scales (Bradley & Lang, 1999) to a 5-point scale to reduce the
cognitive load that could lead to dropout. This issue is particularly
important in questionnaires distributed online and not in the laboratory
(Lenzner et al., 2010). The math-related words in this questionnaire
were identical to those in the previous one. Using Cronbach’s alpha,
reliability for the emotional valence questionnaire was 0.98.

2.3. Procedure

Similar to previous studies (Roy et al., 2020; Wang et al., 2019; Zsido
et al., 2018), participants were recruited through the Internet, with in-
vitations posted on the investigators’ Facebook accounts and in various
Internet groups and forums. The posts described the study, invited re-
spondents above the age of 18 years to fill in the questionnaires, and
displayed a link to the questionnaires, which were created using Google
Forms. The online questionnaires were open for two months, from mid-
January to mid-April 2020. Participants completed basic demographic
questions on age and gender. Then, they completed the math loading
questionnaire and the emotional valence questionnaire.

2.4. Statistical analyses

For each participant, we calculated the average emotional valence
ratings across words in each word-type (math-related words and words
with negative and neutral valence) and the average math-loading rating
across math-related words. Then, the emotional valence ratings were
normalized to depict between-subject confidence intervals (Morey,
2008). Repeated measures analyses of variance with a Bonferroni
adjustment and post hoc comparisons using paired sample t-tests looked
for differences between emotional valence ratings of the three word-
types (i.e., math-related words and words with negative and neutral
valence). Effect sizes were tested using Cohen’s d (Cohen, 1988).

Another analysis was performed on word measures across partici-
pants: for math-related words, we computed correlations between math
loading ratings, emotional valence ratings, length, and frequency; and
for the negative and neutral words, we computed correlations between
emotional valence ratings, length, and frequency. The utility of the
variables to predict the emotional valence ratings of the math-related
words was examined using hierarchical linear regression, with math
loading ratings, length, and frequency as the predictors. Math loading
ratings were entered in the first step and word length and frequency in
the following step.

The second aim was to examine gender differences in emotional
valence ratings of the words. To this end, we examined the data across
words. First, an independent samples t-test was used to examine gender
differences in the math loading ratings of math-related words. Second,
repeated measures analysis of variance with a Bonferroni adjustment
and post hoc comparisons using independent sample t-tests were con-
ducted to observe the gender effect on emotional valence ratings by the
three word-types (i.e., math-related words and words with negative and
neutral valence). Note that, the Bonferroni adjustment was used in order
to deal with the unequal sample size between males and females
(Shingala & Rajyaguru, 2015). Effect sizes were tested using Cohen’s
d (Cohen, 1988).
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3. Results
3.1. Differences in emotional valence

Descriptive statistics of the research variables are presented in
Table 1. When differences in emotional valence ratings between word-
types (math-related words and words with negative and neutral
valence) were examined via analyses of variance (see Fig. 1), a signifi-
cant large effect of type appeared, F(1.72,496.85) = 1503.18, p < .001,
Cohen’s f = 2.27. Post hoc comparisons indicated that the words with a
negative valence (M = 3.52, SD = 0.51) were rated as significantly more
threatening than the math-related words (M = 1.58, SD = 0.43), t(289)
= —37.59, p < .001, Cohen’s d = 2.20. As expected, the neutral words
were rated as significantly less threatening (M = 1.26, SD = 0.21) than
those with a negative valence, t(289) = 50.18, p < .001, Cohen’s d =
2.94, and the math-related words, t(289) = 8.89, p < .001, Cohen’s d =
0.52. Additional descriptive statistics of all words are presented in
Appendix.

Interestingly, there was a significant positive correlation between
math loading and emotional valence ratings of the math-related words,
r = 0.66, p < .001 (see Fig. 2), indicating that when the math-related
word was perceived by participants to be more related to math, they
rated it as more threatening. Math loading, r = —0.53, p < .001, and
emotional ratings of the math-related words, r = —0.44, p < .01, were
negatively correlated with their frequencies in Hebrew and positively
correlated with their length; math loading: r = 0.38, p < .01; emotional
valence: r = 0.57, p < .001. That is, the longer and less common the
math-related word in Hebrew, the more it was rated as math-related and
threatening. In contrast, emotional valence ratings of words with a
negative or neutral valence did not correlate with their frequency in
Hebrew, r = 0.08, p = .54, r = —0.04, p = .74, respectively, or their
length, r = —0.20, p = .12, r = 0.19, p = .13, respectively.

In the next step of the analysis, a multiple linear regression model of
emotional valence ratings of math-related words in which the potential
predictors were math loading ratings and word length and frequency
found no problems of multicollinearity among the predictors or
explanatory variables based on the variance inflation factor (largest
variance inflation factor = 1.42; Coakes, 2005; Hair et al., 1998). As
illustrated in Fig. 3, Math loading ratings significantly explained 41% of
the variance, F(1,52) = 36.10, p < .001. In the second step of regression
analysis, math loading ratings, § = 0.47, p < .001, and word length, p =
0.32, p < .01, significantly explained 51% of the variance, F(3,50) =
17.34, p < .001. The contribution of word frequency to the regression
model was not significant (p = .51).

3.2. Gender differences

3.2.1. Math-loading ratings

Gender differences in math loading ratings of math-related words
were found to be non-significant, t(288) = —1.18, p = .24, Cohen’s d =
0.15. In other words, male and female participants rated the math
loading of the math-related words in the same pattern, regardless of the
characteristics of the words (i.e., length or frequency).

3.2.2. Valence ratings
The main effect of gender was significant, F(1,288) = 20.35, p <

Table 1
Descriptive statistics of research variables.
M SD Minimum Maximum
Math loading of math-related words 2.43 0.27 1.55 3.00
Emotional valence ratings
1. Math-related words 1.58 0.43 0.87 2.97
2. Words with negative valence 3.52 0.51 2.15 4.51
3. Neutral words 1.26 0.36 0 2.10
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.001, Cohen’s f = 0.26, indicating that the mean gender score is signif-
icantly greater for females (M = 2.21, SD = 0.03) than for males (M =
1.95, SD = 0.05). The main effect of word-type was significant, F
(1.68,482.86) = 1417.78, p < .001, Cohen’s f = 2.22, suggesting sig-
nificant differences between the word types. Specifically, it was found
that the highest mean emotional valence ratings score (beyond gender)
was given to the negative words (M = 3.44, SD = 0.05), followed by the
mean score of the math-related words (M = 1.54, SD = 0.04), with the
neutral words having the lowest mean score (M = 1.27, SD = 0.02).

Importantly, the double interaction between gender and word-type
was also significant, F(1.68,482.86) = 26.22, p < .001, Cohen’s f =
0.30, which represents a medium to large effect size (see Fig. 4). We then
continued to analyze simple main effects of gender in each word-type. In
the negative words, females’ valence ratings (M = 3.73, SD = 0.74)
were significantly higher than those of males (M = 3.14, SD = 0.81), t
(288) = —6.28, p < .001, Cohen’s d = 0.75. Interestingly and with high
relevance to the current research questions, math-related words showed
similar gender pattern as the words with negative valence. Namely, in
the math-related words, females’ valence ratings (M = 1.67, SD =
0.06) were significantly higher than those of males (M = 1.42, SD =
0.07), t(244.26) = —2.92, p < .01, Cohen’s d = 0.34. In contrast to both
negative and math-related words, neutral words did not show gender
differences, t(145.80) = 1.34, p = .18, in the emotional ratings (for
males M = 1.29, SD = 0.39; for females M = 1.24, SD = 0.22).

It should be noted that gender differences in valence ratings were
significantly larger in the negative compared to the math-related words
(i.e., the interaction between gender and word-type that included only
negative and math-related words was significant), F(1,288) = 10.24, p
< .01, Cohen’s f = 0.18. These findings are consistent with the well-
documented gender effect of negative valence words, but innovatively
demonstrated that this pattern also exists in math-related words. Simi-
larly, gender differences in valence ratings were significantly larger in
the math-related compared to the neutral words (i.e., the interaction
between gender and word-type that included only math-related and
neutral words), F(1,288) = 17.91, p < .001, Cohen’s f = 0.24. These
findings suggest that it is not a general gender effect (i.e., the higher
sensitivity of females to negative stimuli compared to males), but rather
an emotional gender effect that is specific to math-related and negative
stimuli. In other words, math is not perceived as information with a
neutral valence.

4. Discussion

Experimental paradigms are often used to study the relationship
between cognition, motivation, and anxiety. This study compared the
emotional valence ratings of math-related words to those of negative
and neutral valence words. Along with its novel findings on gender
differences in the emotional perceptions of math-related verbal stimuli,
the study provides researchers with an internally sound list of words that
can be used to generate experimental paradigms to assess cognitive re-
sponses to math stimuli.

Three central findings emerged from the study. First, math-related
words were rated as less threatening than negative valence words, but
more threatening than neutral words. Second, math loading ratings were
the strongest and most significant predictors of the emotional valence
ratings of the math-related words. Categorization of a math-related
stimulus as threatening, especially when it is perceived as more
related to math, suggests that the field of numerical cognition is linked
with negative affective valence. Word length also made a significant
contribution to the regression model. This finding can be explained by
the automatic vigilance hypothesis (Pratto & John, 1991), which as-
sumes that the negative valence of a threatening stimulus causes a
depletion of cognitive resources. In this case, when a word was more
related to math and more cognitive resources were needed for word
processing, the length of the word increased the threat. The processing
of threatening stimuli tends to be preferred (Brosch et al., 2010; Ohman
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Fig. 1. Differences between word-types in emotional valence ratings.
Note. Error bars represent 95% within-subjects confidence intervals (Morey, 2008). ***p < .001.
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Fig. 2. Scatterplot of correlations between emotional valence and math loading ratings of math-related words.

60% ® Word's length
u Math loading ratings
50%

40% I 1 ‘
30%
20%

10%

Percentages of explained variation

g

Model 1%*** Mode] 2%***

Fig. 3. Contribution of math loading ratings and word length to variance in emotional valence ratings of math-related words: hierarchical regression (n = 54).
Note. Math loading ratings significantly explained 41% of the variance. The contribution of word length to the regression model was 10%. ***p < .001.
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Fig. 4. Gender differences in emotional valence ratings.

Note. Error bars represent 95% within-subjects confidence intervals (Morey, 2008). ***p < .001, **p < .01.

& Mineka, 2001; Sutton & Lutz, 2019) and to evoke high arousal (e.g.,
Bradley et al., 2001; MacIntyre et al., 2019). Negative valence and high
arousal, in turn, are argued to be crucial to academic functioning (e.g.,
Mason et al., 2017; Scrimin et al., 2016; Wunsch et al., 2019).

Third, females rated negative valence words as more threatening
than males. This finding is consistent with the well-documented gender
effect of negative valence stimuli (Burton et al., 2005; Gohier et al.,
2013; Schienle et al., 2005), indicating a unique gender differences
when it comes to perception of negative information in the world.
Innovatively, the current findings demonstrated that this pattern is also
exists in math-related words, with females rated these words, but not the
neutral words, as more threatening than males. Importantly and in line
with previous work indicating females are more emotionally reactive to
numerical information (e.g., Devine et al., 2018; Hill et al., 2016),
gender differences in valence ratings of math-related and neutral words
were significant. Therefore, the current findings revealed an emotional
effect that is specific to math-related stimuli that cannot be explained by
a general gender effect. That is, math-related information is linked with
a negative affective valence, especially among females.

Gender differences in the perceived emotional valence of math-
related information may explain the well-documented gender differ-
ences in perceptions of math ability (e.g., Reilly et al., 2019; Seo et al.,
2019; Wang & Degol, 2017) and math affectivity and attitudes (e.g.,
Devine et al., 2018; Else-Quest et al., 2010; Hembree, 1990). These
gender differences ultimately lead to lower percentages of women in
STEM career (Wang & Degol, 2017; Watt et al., 2017). In future studies,
it would be interesting to test whether these correlations hold among
those in the profession. Is there a relationship between the type of
occupation (STEM\non-STEM) and the emotional valence ratings of
math-related words?

In the anxiety-cognition paradigm (e.g., Abado et al., 2020) or the
motivation-cognition experimental paradigm (e.g., Vogt et al., 2020),
the selection of emotionally evocative words (Weierich et al., 2008) is an
important variable in the examination of the relationship between the
processing of information with negative valence and cognitive pro-
cesses. For instance, to explore information processing abnormalities in
math anxiety disorders, math-related words are usually presented with
neutral words (e.g., Rubinsten et al., 2015; Suarez-Pellicioni et al.,
2015). This study facilitated this type of examination by collecting
emotional rating data on a pre-selected group of 194 neutral, emotional-
and math-related words (see Appendix). To the best of our knowledge,

this is a pioneering database of emotional words in the field of numerical
cognition.

The findings strongly suggest the need for further research in the
area. First, it is important to investigate when and why math-related
information begins to pose a threat. Deficits in functioning in math-
related situations, either academic or in daily life, accompanying the
negative perception of math-related information may create a vicious
cycle: avoidance of math-related threatening stimuli will create gaps in
learning, which, in turn, will exacerbate emotional problems (Krinzinger
et al., 2009). Second, to trigger the interest and success of females in
math-related careers, researchers need to explore why they tend to
perceive math-related stimuli as more threatening than males, when
these gender differences begin to appear, and how they can be reduced.

From a practical perspective, there is a need to develop innovative
evidence-based curricula aimed at presenting the math field in a more
intriguing, challenging, and positive way. These programs should target
early childhood education, as feelings of tension, anxiety, and fear when
engaging in math have been found as early as the first grade (Maloney
et al., 2015) and may increase over time (Hembree, 1990). Appropriate
curricula may help to reduce gender differences in perceptions of math
ability (e.g., Reilly et al., 2019; Seo et al., 2019; Wang & Degol, 2017)
and attitudes to math (e.g., Devine et al., 2018; Else-Quest et al., 2010;
Hembree, 1990). Similarly, parents and educators need to change chil-
dren’s perception of math and introduce this field as more positive and
interesting. For example, parents’ math anxiety and parenting with
more controlling aspects have been related to higher levels of math
anxiety, poorer arithmetic skills, and less intrinsic math motivation and
school learning motivation (Daches Cohen & Rubinsten, 2017; Maloney
et al., 2015). By the same token, increased engagement in academic
behaviors and decreased avoidance behaviors have been found in the
classrooms of teachers who encourage students cognitively as learners
and motivationally by including a supportive atmosphere, humor, and
personal attention (Turner et al., 2002).

4.1. Limitations

Although this study makes a novel contribution to the existing
literature, there are several limitations. First, recruiting participants via
Internet and social networks may threaten the findings’ reliability and
validity (e.g., Gosling et al., 2004). In many studies, however, Internet-
based data have had high reliability, valid replicability, and theoretical
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consistency compared to data gathered in a traditional lab setting (e.g.,
Germine et al., 2012; Nosek et al., 2002). In this study, the coefficient
alphas for the math-loading and emotional valence questionnaires were
0.92 and 0.98, respectively. Second, norms of the emotional perception
of verbal information can vary across cultures and languages, and this
study used only one culture/language. There is a need to investigate
gender differences in emotional perceptions of math-related words in
other languages and cultures.

4.2. Conclusion

The study illustrates that math-related words, and arguably the field

Appendix A

Table 3
Descriptive statistics of the math-related words.
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of mathematics more generally, are associated with a negative
emotional valence, but more so in females than males. The findings
should attract the attention of policy makers and educators seeking to
increase the prevalence of women in STEM careers, especially consid-
ering the important role of math proficiency in personal and economic
success.
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Words English translations Words’ frequencies in Hebrew Math loading ratings Emotional ratings
M SD M SD

nMomxa Geometry 10 2.81 0.48 1.89 1.31
nponnn Mathematics 17.78 2.96 0.24 2.28 1.41
kPPt Algebra 10 2.95 0.26 1.94 1.27
nxNwn Equation 13.01 2.82 0.43 1.85 1.17
DMK Algorithm 10 2.70 0.58 2.38 1.45
nY¥pNO Function 14.77 2.72 0.57 1.95 1.23
o Expression 28.81 1.37 0.63 1.24 0.62
nmMonto Symmetry 14.77 2.06 0.77 1.62 1.11
npt Power 27.24 2.81 0.48 1.97 1.32
DMav Fractions 13.01 2.78 0.46 2.23 1.37
Mo Series 20.79 2.18 0.77 1.59 1.02
nnanon Probability 14.77 2.68 0.53 2.01 1.28
nvonn Distribution 16.02 2.63 0.60 1.97 1.23
mon Median 23.22 1.74 0.74 1.54 0.96
orm Radius 10 2.72 0.51 1.62 1.00
p Diameter 13.01 2.69 0.48 1.75 1.21
D°y”8n Polygons 13.01 2.69 0.54 1.66 1.07
oo Sine 2.82 0.46 2.09 1.40
oN0P Cosine 2.93 0.29 217 1.50
01V Tangent 2.83 0.47 2.14 1.48
vy Square root 23.42 2.40 0.74 1.74 1.07
mMonmnao Trigonometry 2.89 0.37 2.15 1.44
DO Trinomial 2.66 0.65 2.33 1.51
D159 Polynomial 2.56 0.73 2.22 1.48
onn Minus 16.02 2.40 0.69 2.10 1.45
o1Y9 Plus 23.01 2.14 0.76 1.33 0.82
”>n Division 10 2.74 0.48 1.67 1.13
NN Addition 22.79 2.28 0.68 1.41 0.94
o°n Subtraction 2.57 0.65 1.56 1.02
Y95 Multiplication 10 2.80 0.45 1.62 1.13
™Mvn Exponent 24.47 1.95 0.83 1.49 0.91
2w n Calculation 19.54 2.67 0.58 1.60 1.01
N2 Parabola 2.92 0.37 2.24 1.48
Pwn Tangent 10 2.50 0.67 1.71 1.19
e Shape 27.08 1.69 0.73 1.24 0.66
a1 Object 30.53 1.31 0.54 1.35 0.78
9PN Perimeter 23.22 2.32 0.69 1.53 0.93
now Area 27.85 2.07 0.74 1.48 0.89
no1 Volume 1.48 0.89 2.27 0.74
mo; Vector 10 2.61 0.68 2.18 1.39
npmoramp Combinatorics 2.46 0.78 2.49 1.62
MIRrY Linear 10 2.73 0.55 1.97 1.37
n%oon Product 16.02 2.86 0.42 1.68 1.08
ann Space 25.44 1.78 0.76 1.38 0.83
DMo0n Numbers 27.71 2.47 0.69 1.48 0.90
MXNoN Formulas 14.77 2.77 0.47 2.02 1.29
ooy Unknowns 22.04 2.57 0.62 2.39 1.40
1R Estimation 14.77 2.16 0.73 1.65 1.09
0™ Parentheses 10 1.82 0.82 1.42 0.92
Mawn Arithmetic 27.48 2.56 0.65 1.87 1.25
D TNX Percentages 27.56 2.70 0.46 1.92 1.26
nrRn Hundredths 10 2.50 0.67 1.48 0.92
My Tenths 10 2.60 0.62 1.59 1.06

(continued on next page)
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Table 3 (continued)

Words English translations Words’ frequencies in Hebrew Math loading ratings Emotional ratings
M SD M SD
D 9OX Thousands 26.13 2.29 0.75 1.50 0.97
TR Billion 27.08 2.34 0.72 1.44 0.96
nprunNNMIX Arithmetic 10 2.72 0.60 2.16 1.49
mo5n Million 34.01 2.15 0.78 1.35 0.86
Y0rK Integral 13.01 2.90 0.36 2.16 1.49
a2 Graph 13.01 2.49 0.64 1.59 0.96
nvav Table 13.01 1.59 0.67 1.29 0.71
npruorLLD Statistics 16.99 2.69 0.56 2.26 1.50
nnn Calipers 16.02 2.34 0.77 1.39 0.78
non Prism 16.99 2.21 0.84 1.90 1.24
monm Gematria 10 2.47 0.76 1.69 1.14
Table 4

Descriptive statistics of the negative words.

Words English translations Words’ frequencies in Hebrew Emotional ratings
M SD

mbnynnn Electrocution 13.01 4.12 1.19
mpoInn Crash 13.01 4.32 1.02
mnR Violence 24.31 4.01 1.12
MINY Tsunami 20.79 4.17 1.13
MmN Deterioration 14.77 3.40 1.31
nMnany Shiver 19.54 2.42 1.31
00N Frustration 18.45 3.16 1.37
V10D Psychopath 13.01 3.91 1.36
1"OX Prisoner 21.76 3.28 1.32
Tnon Frightening 23.98 3.40 1.43
mdynn Abusing 17.78 4.27 1.03
omo°n Vaccines 16.99 2.27 1.31
nNxN Accident 21.46 4.16 1.09
Py Paralysis 17.78 4.23 1.16
W70) Criminal 21.14 3.54 1.27
mTaxNN Suicide 23.22 4.33 1.02
namX Disappointment 22.30 3.19 1.27
TP Divorce 16.99 3.76 1.15
nn Death 28.20 4.32 1.13
A0MITIR Endocrinologist 2.64 1.52
e Failure 14.77 3.60 1.16
mYonix Wretchedness 13.01 3.70 1.17
naMa Theft 13.01 3.42 1.31
non Blows 25.68 3.75 1.19
nTaa Betrayal 19.54 3.90 1.20
NTaKR Destruction 10.00 3.78 1.33
n%on Slides 14.77 3.52 1.38
X9 Jail 24.77 3.84 1.30
nnnbn War 32.46 4.26 1.07
nMpT Stabbing 10.00 4.21 1.04
nXoT Depression 10.00 3.99 1.18
Mo Terror 28.13 4.46 0.91
nawn Crisis 25.19 3.38 1.19
DN Excommunication 20.00 3.74 1.30
myo Mistake 27.24 2.42 1.19
o Ruination 25.44 3.75 1.26
yn> Pressure 32.23 3.28 1.32
XYy Error 20.00 2.37 1.19
nopomnp Colonoscopy 3.52 1.28
DNIN"A Hell 18.45 3.58 1.51
n¥o Break-in 13.01 3.63 1.36
asyn Arrest 21.76 3.56 1.31
ONIX Rape 21.46 4.59 0.85
mdn Funeral 19.03 3.73 1.31
DWI'9 Attacks 19.54 4.53 0.87
DX Haters 20.00 3.26 1.39
0">"0 Missiles 27.78 4.18 1.09
npTm Aging 16.02 3.47 1.25
mwen Concerns 18.45 2.99 1.29
DN Dead 25.80 4.39 0.94
nyrao Drowning 13.01 4.26 1.22
NITAR Suicidality 10.00 4.14 1.12
NpYTR Siren 17.78 3.68 1.30

(continued on next page)
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Table 4 (continued)

Words English translations Words’ frequencies in Hebrew Emotional ratings
M SD
0 Dismissal 16.02 3.66 1.25
nrnMpta Criticism 10.00 2.52 1.28
noMy Fire 21.14 4.18 1.02
owMd Sharks 14.77 3.54 1.32
mown Crematoriums 4.40 1.02
n¥" Murder 28.81 4.44 1.02
Yann Terrorist 17.78 4.49 0.90
NMNErLIR Antisemitism 14.77 4.16 1.01
mn Screams 16.99 3.38 1.20
D"axd Pains 22.55 3.62 1.23
merop Katyushas 23.80 4.07 1.19
Table 5

Descriptive statistics of the neutral words.

Words English translations Words’ frequencies in Hebrew Emotional ratings
M SD

nMootn History 26.43 1.57 1.00
PAIZAICRIY Artichoke 10.00 1.16 0.63
nhvanx Bathroom 19.54 1.09 0.38
Mod Button 20.79 1.13 0.54
noNpNn Microphone 10.00 1.28 0.75
1N079X Persimmon 1.10 0.44
NS Table 30.29 1.12 0.59
AR Bowling 10.00 1.10 0.42
Ri) Ball 33.28 1.30 0.74
D'N1o Flowers 28.57 1.02 0.17
mp Vegetables 25.19 1.06 1.06
nMenn Continuity 14.77 1.50 1.01
D™MA2Nn Adults 26.72 1.63 1.08
ne Fruits 26.63 1.06 0.32
nmay Work 33.67 1.67 0.88
1pn Refrigerator 17.78 1.13 0.51
oMY Services 22.04 1.25 0.64
D°yay Colors 26.43 1.14 0.53
n"phIn Molecule 16.99 1.79 1.18
1y Starch 10.00 1.28 0.66
] Paper 29.82 1.06 0.29
MTOHYPNIN Encyclopedia 14.77 1.29 0.79
npro! Genetics 13.01 1.81 1.04
19N Monologue 16.02 1.42 0.87
Mo Veterinarian 10.00 1.42 0.86
no Sign 30.29 1.36 0.80
0"% Dogs 27.08 1.53 0.86
mp1a Barcode 1.21 0.62
[ellbph} Card 26.72 1.12 0.50
nr Time 38.40 1.86 1.24
N8N Shirt 22.55 1.11 0.53
nbnpn Choir 19.03 1.19 0.64
NN Hormone 22.04 1.69 1.01
Vs Scarf 14.77 1.13 0.56
awnn Computer 27.32 1.30 0.68
" Wall 26.33 1.20 0.66
XN2D Grandmother 31.04 1.04 0.25
pn Bag 26.33 1.13 0.56
noT Door 31.46 1.12 0.43
2pm Speaker 13.01 1.17 0.53
NPNM91NNIX Anthropology 10.00 1.69 1.10
nprupL Tactics 18.45 1.62 0.96
nyon Appearance 22.30 1.21 0.48
pnwn Play 30.49 1.13 0.40
mr Closet 25.68 1.26 0.76
nmm Suitcase 17.78 1.07 0.33
nnrn Proficiency 20.79 1.35 0.72
D™V Shoes 26.23 1.12 0.43
pruon Bubble gum 16.02 1.10 0.52
D"1%y0 Stunts 10.00 1.81 1.06
nhan Drawer 13.01 1.11 0.43
Mo Television 28.45 1.18 0.50
nnbpn Shower 16.02 1.10 0.39

(continued on next page)



L.D. Cohen et al.

Table 5 (continued)
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Words English translations Words’ frequencies in Hebrew Emotional ratings
M SD
N0YPN Compact disc 13.01 1.15 0.59
nnnn Image 27.85 1.14 0.53
DMPIX Ocean 17.78 1.91 1.20
AN Archaeologist 16.99 1.24 0.63
nlann Notebook 23.98 1.06 0.32
"Tmp Comedy 13.01 1.10 0.42
npnp Ceramics 17.78 1.20 0.60
m Iodine 13.01 1.52 0.93
nnby Plate 22.30 1.09 0.43
VINIMUVDX Astronaut 13.01 1.47 0.95
ARb) Cult 20.00 2.66 1.36
noruy Cover 13.01 1.11 0.47
X1V Repertoire 13.01 1.54 1.04
References Gilon Mann, T., Hamdan, S., Bar-Haim, Y., Lazarov, A., Enoch-Levy, A., Dubnov-Raz, G.,

Abado, E., Richter, T., & Okon-Singer, H. (2020). Attention bias toward negative stimuli.
In T. Aue, & H. Okon-Singer (Eds.), Cognitive biases in health and psychiatric disorders
(pp. 19-40). San Diego: Elsevier.

Algom, D., Chajut, E., & Lev, S. (2004). A rational look at the emotional stroop
phenomenon: A generic slowdown, not a stroop effect. Journal of Experimental
Psychology: General, 133(3), 323-338.

Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., & Van
Ijzendoorn, M. H. (2007). Threat-related attentional bias in anxious and nonanxious
individuals: A meta-analytic study. Psychological Bulletin, 133(1), 1-24.

Beilock, S. L., & Maloney, E. A. (2015). Math anxiety: A factor in math achievement not
to be ignored. Policy Insights From the Behavioral and Brain Sciences, 2(1), 4-12.

Bliss-Moreau, E., Williams, L. A., & Santistevan, A. C. (2020). The immutability of
valence and arousal in the foundation of emotion. Emotion. In T. K. Shackelford, &
V. A. Weekes-Shackelford (Eds.), The encyclopedia of evolutionary psychological
science. New York: Springer. in press.

Bradley, M. M., Codispoti, M., Cuthbert, B. N., & Lang, P. J. (2001). Emotion and
motivation I: Defensive and appetitive reactions in picture procession. Emotion, 1(3),
276-298.

Bradley, M. M., & Lang, P. J. (1999). Affective norms for English words (ANEW):
Instruction manual and affective ratings (Vol. 30, No. 1, pp. 25-36). In Technical
report C-1, Center for Research in Psychophysiology, University of Florida.

Brosch, T., Pourtois, G., & Sander, D. (2010). The perception and categorisation of
emotional stimuli: A review. Cognition and Emotion, 24(3), 377-400.

Burton, L. A., Rabin, L., Wyatt, G., Frohlich, J., Vardy, S. B., & Dimitri, D. (2005).
Priming effects for affective vs. neutral faces. Brain and Cognition, 59(3), 322-329.

Chang, H., & Beilock, S. L. (2016). The math anxiety-math performance link and its
relation to individual and environmental factors: A review of current behavioral and
psychophysiological research. Current Opinion in Behavioral Sciences, 10, 33-38.

Chen, L., Bae, S. R., Battista, C., Qin, S., Chen, T., Evans, T. M., & Menon, V. (2018).
Positive attitude toward math supports early academic success: Behavioral evidence
and neurocognitive mechanisms. Psychological Science, 29(3), 390-402.

Citron, F. M. (2012). Neural correlates of written emotion word processing: A review of
recent electrophysiological and hemodynamic neuroimaging studies. Brain and
Language, 122(3), 211-226.

Citron, F. M., Weekes, B. S., & Ferstl, E. C. (2014). How are affective word ratings related
to lexicosemantic properties? Evidence from the Sussex Affective Word List. Applied
PsychoLinguistics, 35(2), 313-331.

Coakes, S. J. (2005). SPSS: Analysis without anguish using: Version 12.0 for Windows.
Milton, Queensland: John Wiley & Sons.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2. Auflage).
Hillsdale, NJ: Erlbaum.

Daches Cohen, L., & Rubinsten, O. (2017). Mothers, intrinsic math motivation, arithmetic
skills, and math anxiety in elementary school. Frontiers in Psychology, 8, 1939.
Davidoff, J. (2001). Language and perceptual categorisation. Trends in Cognitive Sciences,

5(9), 382-387.

Devine, A., Hill, F., Carey, E., & Szics, D. (2018). Cognitive and emotional math
problems largely dissociate: Prevalence of developmental dyscalculia and
mathematics anxiety. Journal of Educational Psychology, 110(3), 431-444.

Domes, G., Schulze, L., Bottger, M., Grossmann, A., Hauenstein, K., Wirtz, P. H., ...
Herpertz, S. C. (2010). The neural correlates of sex differences in emotional
reactivity and emotion regulation. Human Brain Mapping, 31(5), 758-769.

Else-Quest, N. M., Hyde, J. S., & Linn, M. C. (2010). Cross-national patterns of gender
differences in mathematics: A meta-analysis. Psychological Bulletin, 136(1), 103-127.

Ganley, C. M., & Lubienski, S. T. (2016). Mathematics confidence, interest, and
performance: Examining gender patterns and reciprocal relations. Learning and
Individual Differences, 47, 182-193.

Germine, L., Nakayama, K., Duchaine, B. C., Chabris, C. F., Chatterjee, G., & Wilmer, J. B.
(2012). Is the Web as good as the lab? Comparable performance from Web and lab in
cognitive/perceptual experiments. Psychonomic Bulletin & Review, 19(5), 847-857.

10

Treasure, J., & Stein, D. (2018). Different attention bias patterns in anorexia nervosa
restricting and binge/purge types. European Eating Disorders Review, 26(4), 293-301.

Gohier, B., Senior, C., Brittain, P. J., Lounes, N., El-Hage, W., Law, V., ...

Surguladze, S. A. (2013). Gender differences in the sensitivity to negative stimuli:
Cross-modal affective priming study. European Psychiatry, 28(2), 74-80.

Goodwin, H., Eagleson, C., Mathews, A., Yiend, J., & Hirsch, C. (2017). Automaticity of
attentional bias to threat in high and low worriers. Cognitive Therapy and Research, 41
(3), 479-488.

Gosling, S. D., Vazire, S., Srivastava, S., & John, O. P. (2004). Should we trust web-based
studies? A comparative analysis of six preconceptions about internet questionnaires.
American Psychologist, 59(2), 93-104.

Gravemeijer, K., Stephan, M., Julie, C., Lin, F. L., & Ohtani, M. (2017). What
mathematics education may prepare students for the society of the future?
International Journal of Science and Mathematics Education, 15(1), 105-123.

Haft, S. L., Duong, P. H., Ho, T. C., Hendren, R. L., & Hoeft, F. (2019). Anxiety and
attentional bias in children with specific learning disorders. Journal of Abnormal
Child Psychology, 47(3), 487-497.

Hair, J. F., Anderson, R. E., Tatham, R. L., & Black, W. C. (1998). Multivariate data
analysis (5th ed.). Upper Saddle River, NJ: Prentice Hall International.

Hanna, G. (2003). Reaching gender equity in mathematics education. The Educational
Forum, 67(3), 204-214.

Hembree, R. (1990). The nature, effects, and relief of mathematics anxiety. Journal for
Research in Mathematics Education, 21(1), 33-46.

Hill, F., Mammarella, I. C., Devine, A., Caviola, S., Passolunghi, M. C., & Sziics, D. (2016).
Maths anxiety in primary and secondary school students: Gender differences,
developmental changes and anxiety specificity. Learning and Individual Differences,
48, 45-53.

Huang, B., Zhao, X., Li, H., Yang, W., Cui, S., Gao, Y., & Si, J. (2019). Arithmetic skill may
refine the performance of individuals with high math anxiety, especially in the
calculation task: An ERP study. Scientific Reports, 9(1), 1-11.

Hutchison, J. E., Lyons, I. M., & Ansari, D. (2019). More similar than different: Gender
differences in children’s basic numerical skills are the exception not the rule. Child
Development, 90(1), e66-€79.

Jamieson, J. P., Mendes, W. B., Blackstock, E., & Schmader, T. (2010). Turning the knots
in your stomach into bows: Reappraising arousal improves performance on the GRE.
Journal of Experimental Social Psychology, 46(1), 208-212.

Jamieson, J. P., Peters, B. J., Greenwood, E. J., & Altose, A. J. (2016). Reappraising stress
arousal improves performance and reduces evaluation anxiety in classroom exam
situations. Social Psychological and Personality Science, 7(6), 579-587.

Koch, K., Pauly, K., Kellermann, T., Seiferth, N. Y., Reske, M., Backes, V., ... Habel, U.
(2007). Gender differences in the cognitive control of emotion: An fMRI study.
Neuropsychologia, 45(12), 2744-2754.

Krinzinger, H., Kaufmann, L., & Willmes, K. (2009). Math anxiety and math ability in
early primary school years. Journal of Psychoeducational Assessment, 27(3), 206-225.

Kucian, K., McCaskey, U., Tuura, R. O. G., & von Aster, M. (2018). Neurostructural
correlate of math anxiety in the brain of children. Translational Psychiatry, 8(1),
1-11.

Kuppens, P., Tuerlinckx, F., Russell, J. A., & Barrett, L. F. (2013). The relation between
valence and arousal in subjective experience. Psychological Bulletin, 139(4), 917-940.

Kyoung Ro, H., Lattuca, L. R., & Alcott, B. (2017). Who goes to graduate school?
Engineers’ math proficiency, college experience, and self-assessment of skills.
Journal of Engineering Education, 106(1), 98-122.

Larsen, R. J., Mercer, K. A., & Balota, D. A. (2006). Lexical characteristics of words used
in emotional Stroop experiments. Emotion, 6(1), 62-72.

Lenzner, T., Kaczmirek, L., & Lenzner, A. (2010). Cognitive burden of survey questions
and response times: A psycholinguistic experiment. Applied Cognitive Psychology, 24
(7), 1003-1020.

Lipnevich, A. A., Preckel, F., & Krumm, S. (2016). Mathematics attitudes and their
unique contribution to achievement: Going over and above cognitive ability and
personality. Learning and Individual Differences, 47, 70-79.


http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0005
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0005
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0005
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0010
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0010
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0010
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0015
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0015
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0015
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0020
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0020
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0025
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0025
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0025
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0025
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0030
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0030
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0030
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0035
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0035
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0035
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0040
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0040
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0045
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0045
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0050
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0050
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0050
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0055
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0055
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0055
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0060
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0060
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0060
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0065
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0065
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0065
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0070
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0070
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0075
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0075
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0080
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0080
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0085
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0085
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0090
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0090
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0090
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0095
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0095
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0095
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0100
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0100
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0105
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0105
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0105
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0110
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0110
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0110
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0115
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0115
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0115
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0120
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0120
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0120
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0125
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0125
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0125
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0130
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0130
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0130
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0135
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0135
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0135
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0140
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0140
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0140
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0145
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0145
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0150
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0150
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0155
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0155
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0160
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0160
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0160
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0160
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0165
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0165
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0165
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0170
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0170
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0170
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0175
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0175
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0175
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0180
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0180
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0180
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0185
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0185
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0185
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0190
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0190
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0195
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0195
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0195
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0200
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0200
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0205
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0205
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0205
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0210
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0210
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0215
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0215
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0215
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0220
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0220
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0220

L.D. Cohen et al.

Liu, J., Shen, K., & Li, H. (2019). How state anxiety and attentional bias interact with
each other: The moderating effect of cognitive appraisal. Attention, Perception, &
Psychophysics, 81(3), 694-706.

Maclntyre, P. D., Ross, J., & Clément, R. (2019). Emotions are motivating. In M. Lamb,
K. Csizer, A. Henry, & S. Ryan (Eds.), Palgrave handbook of motivation for language
learning (pp. 183-202). Cham: Palgrave Macmillan.

MacLeod, C., & Mathews, A. (1988). Anxiety and the allocation of attention to threat. The
Quarterly Journal of Experimental Psychology, 40(4), 653-670.

MacLeod, C., Mathews, A., & Tata, P. (1986). Attentional bias in emotional disorders.
Journal of Abnormal Psychology, 95(1), 15-20.

Mak, A. K., Hu, Z. G., Zhang, J. X., Xiao, Z., & Lee, T. M. (2009). Sex-related differences in
neural activity during emotion regulation. Neuropsychologia, 47(13), 2900-2908.

Maloney, E. A., Ramirez, G., Gunderson, E. A, Levine, S. C., & Beilock, S. L. (2015).
Intergenerational effects of parents’ math anxiety on children’s math achievement
and anxiety. Psychological Science, 26(9), 1-9.

Maloney, E. A., Schaeffer, M. W., & Beilock, S. L. (2013). Mathematics anxiety and
stereotype threat: Shared mechanisms, negative consequences and promising
interventions. Research in Mathematics Education, 15(2), 115-128.

Mason, L., Scrimin, S., Tornatora, M. C., & Zaccoletti, S. (2017). Emotional reactivity and
comprehension of multiple online texts. Learning and Individual Differences, 58,
10-21.

McRae, K., Ochsner, K. N., Mauss, L. B., Gabrieli, J. J., & Gross, J. J. (2008). Gender
differences in emotion regulation: An fMRI study of cognitive reappraisal. Group
Processes & Intergroup Relations, 11(2), 143-162.

Miller, D. I, & Halpern, D. F. (2014). The new science of cognitive sex differences. Trends
in Cognitive Sciences, 18(1), 37-45.

Mogg, K., & Bradley, B. P. (1998). A cognitive-motivational analysis of anxiety. Behaviour
Research and Therapy, 36(9), 809-848.

Montefinese, M., Ambrosini, E., Fairfield, B., & Mammarella, N. (2014). The adaptation
of the affective norms for English words (ANEW) for Italian. Behavior Research
Methods, 46(3), 887-903.

Moran, T. P. (2016). Anxiety and working memory capacity: A meta-analysis and
narrative review. Psychological Bulletin, 142(8), 831-864.

Morey, R. D. (2008). Confidence intervals from normalized data: A correction to
Cousineau (2005). Tutorial in Quantitative Methods for Psychology, 4(2), 61-64.

Nosek, B. A., Banaji, M. R., & Greenwald, A. G. (2002). E-research: Ethics, security,
design, and control in psychological research on the Internet. Journal of Social Issues,
58(1), 161-176.

Ohman, A., & Mineka, S. (2001). Fears, phobias, and preparedness: Toward an evolved
module of fear and fear learning. Psychological Review, 108(3), 483-522.

Padmala, S., Sirbu, M., & Pessoa, L. (2017). Potential reward reduces the adverse impact
of negative distractor stimuli. Social Cognitive and Affective Neuroscience, 12(9),
1402-1413.

Palazova, M., Sommer, W., & Schacht, A. (2013). Interplay of emotional valence and
concreteness in word processing: An event-related potential study with verbs. Brain
and Language, 125(3), 264-271.

Pizzie, R., & Kraemer, D. J. (2018). The influence of emotion regulation on arousal and
performance in math anxiety. OSF Research Platform. https://doi.org/10.31219/0sf.
io/f3d59

Pizzie, R. G., McDermott, C. L., Salem, T. G., & Kraemer, D. J. (2020). Neural evidence for
cognitive reappraisal as a strategy to alleviate the effects of math anxiety. Social
Cognitive and Affective Neuroscience, 15(12), 1271-1287.

Pratto, F., & John, O. P. (1991). Automatic vigilance: The attention-grabbing power of
negative social information. Journal of Personality and Social Psychology, 61(3),
380-391.

Reilly, D., Neumann, D. L., & Andrews, G. (2019). Investigating gender differences in
mathematics and science: Results from the 2011 Trends in Mathematics and Science
Survey. Research in Science Education, 49(1), 25-50.

Reinholdt-Dunne, M. L., Blicher, A., Nordahl, H., Normann, N., Esbjgrn, B. H., & Wells, A.
(2019). Modeling the relationships between metacognitive beliefs, attention control
and symptoms in children with and without anxiety disorders: A test of the S-REF
model. Frontiers in Psychology, 10, 1-11.

Rodriguez, S., Regueiro, B., Pineiro, L., Estévez, L., & Valle, A. (2020). Gender differences
in mathematics motivation: Differential effects on performance in primary
education. Frontiers in Psychology, 10(3050), 1-8.

Roy, D., Tripathy, S., Kar, S. K., Sharma, N., Verma, S. K., & Kaushal, V. (2020). Study of
knowledge, attitude, anxiety & perceived mental healthcare need in Indian

11

Acta Psychologica 217 (2021) 103313

population during COVID-19 pandemic. Asian Journal of Psychiatry, 51(102083),
1-7.

Rubinsten, O., Eidlin, H., Wohl, H., & Akibli, O. (2015). Attentional bias in math anxiety.
Frontiers in Psychology, 6(1539), 1-9.

Schienle, A., Schafer, A., Stark, R., Walter, B., & Vaitl, D. (2005). Gender differences in
the processing of disgust-and fear-inducing pictures: An fMRI study. Neuroreport, 16
(3), 277-280.

Scrimin, S., Altoe, G., Moscardino, U., Pastore, M., & Mason, L. (2016). Individual
differences in emotional reactivity and academic achievement: A
psychophysiological study. Mind, Brain, and Education, 10(1), 34-46.

Seo, E., Shen, Y., & Alfaro, E. C. (2019). Adolescents’ beliefs about math ability and their
relations to STEM career attainment: Joint consideration of race/ethnicity and
gender. Journal of Youth and Adolescence, 48(2), 306-325.

Shingala, M. C., & Rajyaguru, A. (2015). Comparison of post hoc tests for unequal
variance. International Journal of New Technologies in Science and Engineering, 2(5),
22-33.

Stadthagen-Gonzalez, H., Imbault, C., Sanchez, M. A. P., & Brysbaert, M. (2017). Norms
of valence and arousal for 14,031 Spanish words. Behavior Research Methods, 49(1),
111-123.

Stoet, G., & Geary, D. C. (2013). Sex differences in mathematics and reading achievement
are inversely related: Within-and across-nation assessment of 10 years of PISA data.
PLoS One, 8(3), Article e57988, 1-10.

Sugrez-Pellicioni, M., Ntfiez-Pefia, M. L, & Colomé, A. (2015). Attentional bias in high
math-anxious individuals: Evidence from an emotional Stroop task. Frontiers in
Psychology, 6(1577), 1-10.

Sussman, T. J., Jin, J., & Mohanty, A. (2016). Top-down and bottom-up factors in threat-
related perception and attention in anxiety. Biological Psychology, 121, 160-172.

Sutton, T. M., & Lutz, C. (2019). Attentional capture for emotional words and images:
The importance of valence and arousal. Canadian Journal of Experimental Psychology,
73(1), 47-54.

Sylvester, T., Braun, M., Schmidtke, D., & Jacobs, A. M. (2016). The Berlin affective word
list for children (kidBAWL): Exploring processing of affective lexical semantics in the
visual and auditory modalities. Frontiers in Psychology, 7(969), 1-11.

Turner, J. C., Midgley, C., Meyer, D. K., Gheen, M., Anderman, E. M., Kang, Y., &
Patrick, H. (2002). The classroom environment and students’ reports of avoidance
strategies in mathematics: A multimethod study. Journal of Educational Psychology,
94(1), 88-106.

Vo, M. L., Conrad, M., Kuchinke, L., Urton, K., Hofmann, M. J., & Jacobs, A. M. (2009).
The Berlin affective word list reloaded (BAWL-R). Behavior Research Methods, 41(2),
534-538.

Vogt, J., Bajandouh, Y., & Alzubaidi, U. (2020). Beyond negativity: Motivational
relevance as cause of attentional bias to positive stimuli. In H. Okon-Singer, & T. Aue
(Eds.), Cognitive biases in health and psychiatric disorders (pp. 1-18). San Diego:
Elsevier.

Wang, A. H., Lee, C. T., & Espin, S. (2019). Undergraduate nursing students’ experiences
of anxiety-producing situations in clinical practicums: A descriptive survey study.
Nurse Education Today, 76, 103-108.

Wang, M. T., & Degol, J. L. (2017). Gender gap in science, technology, engineering, and
mathematics (STEM): Current knowledge, implications for practice, policy, and
future directions. Educational Psychology Review, 29(1), 119-140.

Watt, H. M., Hyde, J. S., Petersen, J., Morris, Z. A., Rozek, C. S., & Harackiewicz, J. M.
(2017). Mathematics—A critical filter for STEM-related career choices? A
longitudinal examination among Australian and US adolescents. Sex Roles, 77(3-4),
254-271.

Weierich, M. R., Treat, T., & Hollingworth, A. (2008). Theories and measurement of
visual attentional processing in anxiety. Cognition & Emotion, 22, 985-1018.

Wunsch, K., Meier, M., Ueberholz, L., Strahler, J., & Kasten, N. (2019). Acute
psychosocial stress and working memory performance: The potential of physical
activity to modulate cognitive functions in children. BMC Pediatrics, 19(1), 271,
1-15.

Yee, L. T. (2017). Valence, arousal, familiarity, concreteness, and imageability ratings for
292 two-character Chinese nouns in Cantonese speakers in Hong Kong. PLoS One, 12
(3), 1-16.

Zhang, X., Dong, Y., & Zhou, R. (2018). Examination stress results in attentional bias and
altered neural reactivity in test-anxious individuals. Neural Plasticity, 2018, 1-7.
Zsido, A. N., Arato, N., Inhof, O., Janszky, J., & Darnai, G. (2018). Short versions of two
specific phobia measures: The snake and the spider questionnaires. Journal of Anxiety

Disorders, 54, 11-16.


http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0225
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0225
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0225
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0230
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0230
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0230
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0235
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0235
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0240
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0240
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0245
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0245
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0250
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0250
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0250
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0255
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0255
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0255
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0265
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0265
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0265
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0270
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0270
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0270
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0275
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0275
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0280
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0280
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0285
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0285
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0285
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0290
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0290
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0295
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0295
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0300
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0300
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0300
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0305
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0305
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0310
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0310
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0310
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0315
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0315
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0315
https://doi.org/10.31219/osf.io/f3d59
https://doi.org/10.31219/osf.io/f3d59
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0325
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0325
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0325
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0330
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0330
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0330
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0335
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0335
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0335
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0340
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0340
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0340
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0340
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0345
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0345
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0345
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0350
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0350
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0350
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0350
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0355
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0355
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0360
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0360
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0360
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0365
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0365
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0365
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0370
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0370
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0370
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0375
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0375
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0375
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0380
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0380
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0380
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0385
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0385
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0385
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0390
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0390
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0390
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0395
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0395
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0400
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0400
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0400
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0405
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0405
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0405
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0410
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0410
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0410
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0410
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0415
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0415
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0415
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0420
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0420
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0420
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0420
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0425
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0425
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0425
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0430
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0430
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0430
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0435
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0435
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0435
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0435
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0440
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0440
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0445
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0445
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0445
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0445
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0450
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0450
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0450
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0455
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0455
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0460
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0460
http://refhub.elsevier.com/S0001-6918(21)00063-9/rf0460

	Females’ negative affective valence to math-related words
	1 Introduction
	1.1 Review of the literature
	1.1.1 Emotional perception of math-related words
	1.1.2 Gender differences in math

	1.2 The present study

	2 Method
	2.1 Participants
	2.2 Measures
	2.2.1 Word stimuli
	2.2.2 Math loading questionnaire
	2.2.3 Emotional valence questionnaire

	2.3 Procedure
	2.4 Statistical analyses

	3 Results
	3.1 Differences in emotional valence
	3.2 Gender differences
	3.2.1 Math-loading ratings
	3.2.2 Valence ratings


	4 Discussion
	4.1 Limitations
	4.2 Conclusion

	Declaration of competing interest
	Appendix A Declaration of competing interest
	References


