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Abstract

This study aims to present the psychometric properties of the Polish language version of the Mathematical Resilience Scale (MRS;
Kooken et al., 2016), established in a sample of 443 adults. We confirmed the first-order three-factor structure (Value, Struggle,
Growth) with the second-order factor (Total Mathematical Resilience) of the MRS and its measurement invariance across gender and
field of study and profession. We also confirmed the validity of the scale: negative correlations were found between MRS scores and
math anxiety, math avoidance, intellectual helplessness in mathematics; positive correlations were found between MRS scores,
mathematical achievement, math learning motivation; no relationship or weak correlations were found between MRS scores,
intellectual helplessness in Polish language, Polish language grades obtained in high school. Finally, we observed gender and study
and profession differences in some of the MRS scores. However, further research is needed on the nature of mathematical resilience,

especially to establish its relationship with general resilience.
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Non-Technical Summary

Background
Mathematical resilience is believed to play a key role in overcoming obstacles in math learning.

Why was this study done?
Measuring mathematical resilience using valid and reliable tools is crucial for both research and developing recommendations
in the fields of mathematical cognition and mathematics education.

What did the researchers do and find?

We evaluated the psychometric properties of the Polish version of the Mathematical Resilience Scale (MRS; Kooken et al., 2016).
Our analysis revealed that the scale is composed of three distinct dimensions—Value, Growth, and Struggle—that together
form the overall resilience score. Additionally, we found that the scale’s structure is consistent across different groups, such as
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gender and field of study, which enables us to make meaningful comparisons. We also confirmed that the MRS demonstrates
strong convergent and discriminant validity, as well as high reliability.

What do these findings mean?

Our findings indicate that the Polish version of the MRS is a suitable for measuring mathematical resilience across diverse
populations. Since the structure of the scale is comparable among different demographic groups, it can be effectively used to
assess and compare resilience levels in various educational contexts. However, we also recognize the need for further research
to deepen our understanding of mathematical resilience, particularly its relationship with general resilience, in order to fully
capture how students overcome challenges in mathematics.

Highlights

+ The Polish version of the Mathematical Resilience Scale (MRS; Kooken et al., 2016) comprises three dimensions — Value,
Growth, and Struggle - that collectively form the overall score.

«+ The structure of the MRS is comparable across gender and field of study, allowing for comparisons of results based on
these variables.

« MRS has confirmed convergent and discriminant validity and high reliability.

» More research is required to explore the concept of mathematical resilience, especially to clarify its relationship with
general resilience.

Mathematical Resilience

Mathematical resilience is a specific type of resilience that refers to a student’s ability to maintain positive emotions
towards mathematics despite facing challenges associated with this subject (Johnston-Wilder & Lee, 2010; Kooken et al.,
2016; Lee & Johnston-Wilder, 2017). As mathematical resilience draws from the concept of psychological resilience, it
involves exhibiting a constructive reaction to a significant challenge or hardship (Luthar & Cicchetti, 2000; Luthar et
al., 2000). Mathematical resilience describes the ability to overcome significant and prolonged obstacles that hinder a
learner’s mathematical development. Therefore, it can be understood as a unique psychological phenomenon that relates
to an individual’s capacity to recover from intermittent problems in learning mathematics (Oszwa, 2022).

Two scales were developed to measure mathematical resilience: the Academic Resilience in Mathematics Scale
(Ricketts et al., 2017) and the Mathematical Resilience Scale (Kooken et al., 2016). The theoretical framework of the Aca-
demic Resilience in Mathematics Scale comes from social cognitive theory (Bandura, 1997) and the concept of academic
resilience (Martin & Marsh, 2006, 2008). Ricketts et al. (2017) indicated that mathematical resilience is unidimensional
and includes students’ perception of their environment and ability to deal with academic challenges. Johnston-Wilder
and Lee (2010) based their theory on a well-established theoretical background and initially assumed that mathematical
resilience had a four-factor structure: value (Deci et al., 1991; expectancy-value theory), struggle (Bandura, 1989, theory
of human agency), growth (Dweck, 2000; Yeager & Dweck, 2012; growth-fixed mindset belief), and resilience (Kooken et
al., 2016). However, the last factor was removed after factor analysis because of its strong contribution to other factors.

Consequently, the factors of the Mathematical Resilience Scale were characterized as follows (Kooken et al., 2016).
Value: This dimension refers to the recognition of the relevance and significance of mathematics in daily life and future
aspirations. Those who value mathematics are more likely to perceive the benefit of persistence through difficulties
and to be motivated to continue their mathematical learning. Struggle: Embracing challenges and persisting through
difficulties are the components of the struggle dimension of mathematical resilience. Individuals who possess high levels
of mathematical resilience in this dimension acknowledge that struggles and errors are natural parts of the learning
process and are willing to put in the effort to overcome obstacles. Growth: The growth dimension of mathematical
resilience entails having a growth mindset, which means believing that one’s mathematical abilities can be enhanced
through hard work and dedication. Individuals who exhibit high levels of mathematical resilience in this dimension tend
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to view setbacks as opportunities to learn and grow, rather than as indications of fixed abilities. They are also more
inclined to seek help and support when needed and to engage in deliberate practice to improve their mathematical skills.

The Academic Resilience in Mathematics Scale (Ricketts et al., 2017) and the Mathematical Resilience Scale (Kooken
et al., 2016) were developed in U.S. samples. The factor structure and reliability of the scales and some (mostly
demographic) information for their validity were provided. However, the Mathematical Resilience Scale has gained
international attention and has also been validated in Tirkiye (Girefe & Akgakin, 2018) and Nigeria (Awofala, 2021).
The Turkish validation provided information on the structure and reliability of this scale, while the Nigerian study
included information on its structure, reliability, and its relationship with mathematical achievement. As studies in both
these countries have provided arguments for the accuracy of the three-factor structure of the Mathematical Resilience
Scale, and the items of Academic Resilience in Mathematics Scale and the Mathematical Resilience Scale are similar, we
decided to focus on the Mathematical Resilience Scale to establish its psychometric properties in a Polish sample.

As mentioned above, in the first version of the scale Kooken et al. (2016) included ‘resilience’ as a fourth factor but
it was removed after factor analysis due to its strong contribution to other factors. However, such a result suggests
that value, struggle, and growth could be the first-order factors while mathematical resilience (the primary factor
determining the three dimensions) could be the second-order factor. Such an approach would also be consistent with
Ricketts et al. (2017) assumption regarding the existence of general mathematical resilience. Because no results have
been published that indicate that the two-level model has been tested, this is the first time such a model has been
tested. Furthermore, the metric equivalence of the Mathematical Resilience Scale has not been tested either, although
cross-group comparisons have been made. For this reason, we want to test whether the structure of the scale is
comparable across gender and educational specialization before testing group differences. Finally, we want to determine
the scope of application of the scale in a Polish sample, testing convergent and discriminant validity by analysis of
Mathematical Resilience Scale correlates.

Correlates of Mathematical Resilience

Mathematical resilience is considered an important factor in mathematics education that is related to socio-demograph-
ic, affective, cognitive, and behavioral aspects of students’ functioning and their educational outcomes. Indeed, previous
research results suggest that mathematical resilience may be related to general resilience (Yeager & Dweck, 2012), math
anxiety (Kooken et al., 2016), math avoidance (Johnston-Wilder et al., 2014), intellectual helplessness (Bedynska et al.,
2018), math motivation (Knopik & Oszwa, 2023; Oszwa, 2022), academic achievement (Awofala, 2021), gender (Ricketts
et al.,, 2017), and STEM studies and professions (Kooken et al., 2016). Arguments for the hypothetical relationships are
presented below.

The term ‘mathematical resilience’ is rooted in the general concept of resilience. General resilience is a dynamic
process that involves positive adaptation in the face of adversity (Luthar et al., 2000; Sinclair & Wallston, 2004). An
important element of resilience is the ability to gain distance from negative events (Luthar et al., 2000; Piorowska et al.,
2017), which enables the transition to more adaptive ways of coping. It is likely that no previous studies have tested
the relationship between mathematics resilience and general resilience, but presumably both constructs should correlate
positively.

Although mathematical resilience refers to a student’s resources and its development seems to be fundamental in the
mathematics teaching process, researchers’ attention has so far been focused more on reducing negative emotions, such
as math anxiety. Math anxiety, “a feeling of tension and anxiety that interferes with the manipulation of numbers and
the solving of mathematical problems in a wide variety of ordinary life and academic situations” (Richardson & Suinn,
1972, p. 551), should correlate negatively with mathematical resilience (Johnston-Wilder et al., 2014). In contrast to
math anxiety, mathematical resilience pertains to the mindset and behavior of individuals who face challenges in their
mathematical studies but respond by performing optimally rather than succumbing to anxiety (Kooken et al., 2016).
Some researchers perceive mathematical resilience and math anxiety as two sides of the same coin (Johnston-Wilder
& Lee, 2010; Lee & Johnston-Wilder, 2017; Oszwa, 2022), which means that developing resilience to cope with math
learning difficulties may be crucial for reducing math anxiety.
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It is believed that one of the visible behavioral symptoms of low mathematical resilience is math avoidance. Math
avoidance is likely negatively correlated with mathematical resilience (Johnston-Wilder et al., 2014). When faced with
mathematical challenges, many individuals withdraw their effort as they fear failure. Chinn (2012) noted that this
tendency causes many children and adults to give up on mathematics learning. Interestingly, students labeled as
‘unmotivated’ in mathematics may actually be highly motivated, but their motivation is driven by a fear of failure rather
than a desire to learn (Covington, 1992). According to Dweck (2000), the impact of failure on motivation depends on
whether students react in a mastery-oriented or helpless manner. Meanwhile, Ashcraft and Krause (2007) observed that
math anxiety often leads to avoidance behavior, with students avoiding math classes and situations where mathematics
is required.

The cognitive-motivational factor related to mathematical resilience is intellectual helplessness in mathematics.
Intellectual helplessness (Sedek & Maclntosh, 1998) is a theoretical construct derived from the informational model
of learned helplessness, which has been expanded to include the educational context. In line with the theoretical
assumptions, protracted cognitive exertion without any advancement culminates in a distressing psychological state
known as ‘cognitive exhaustion’. This state inhibits the generation of innovative ideas or plans and particularly impedes
task situations that require more intricate information processing, such as initiating unconventional problem-solving or
generating mental models. Repeated difficulties in learning new material despite sustained mental effort are a critical
condition for the development of symptoms of intellectual helplessness, like decreased motivation or negative emotions,
in specific school subjects (Bedynska et al., 2018). Intellectual helplessness is not solely associated with cognitive impair-
ments such as lower academic achievement, as measured by grades and knowledge tests; within educational contexts,
it also gives rise to motivational issues, such as a lack of intrinsic and instrumental motivation and disengagement
from subject matter, as well as emotional problems, including negative emotions and anxiety (Bedynska et al., 2018).
Therefore, intellectual helplessness in mathematics may be negatively related to mathematical resilience.

Motivation is considered an important factor related to mathematical resilience. Following Deci et al’s (1991; Ryan
& Deci, 2000) self-determination theory, motivation to learn mathematics may be analyzed on various levels: from
amotivation, through extrinsic motivation (external regulation, introjection, identification, integration), to intrinsic
motivation. Students’ motivation, especially their self-determination in forming intrinsic motivation, may be a key
factor in mathematical resilience (Oszwa, 2022). According to Bandura (2000), the level of motivational investment in a
group directly impacts students’ ability to persist in the face of setbacks and ultimately improve their performance. This
theory suggests that students who recognize that experiencing struggles in math is a shared experience in their peer
group are more likely to have increased tolerance and stronger perseverance in the face of setbacks (Kooken et al., 2016).
Therefore, higher motivation to learn math should be correlated with higher mathematical resilience. Individuals who
are motivated to learn math are more likely to persist in the face of challenges and setbacks.

The relationship between mathematical resilience and school achievements has also been tested. Awofala’s (2021)
study provided evidence for a positive correlation between mathematical resilience and mathematics achievement. This
finding is consistent with previous suggestions (Kooken et al., 2016). In contrast, Rokhmah et al. (2019), in a qualitative
study in Indonesia, obtained no significant relationship between mathematical resilience and students’ mathematics
achievement. As students who recognize the relevance of mathematics in their daily lives and are willing to persist
through challenges are more likely to achieve better performance in mathematics (Awofala, 2021), it is likely that
mathematical resilience and math achievement may be related to each other. On the other hand, mathematical resilience
may be key in the math learning process but is less important for achievement level, i.e., performance in math tests or
math grades.

Finally, previous studies have examined whether mathematical resilience differs by gender and education profile.
Previous studies on the Mathematical Resilience Scale suggest that there are gender differences in the level of mathe-
matical resilience (Ricketts et al., 2017). However, contrasting results were provided by Kooken et al. (2016). Studies
on math attitude and math anxiety have also provided contrasting results, e.g., Else-Quest et al. (2013) did not observe
a gender gap in value beliefs about math, while Nufez-Pefia et al. (2016) found that women’s level of math anxiety
exceeded that of men. Awofala (2021) did not test gender differences in mathematical resilience. Finally, Kooken et al.
(2016) presented results that supported the hypothesis that non-STEM individuals have a lower level of mathematical
resilience in comparison to a STEM group. As mathematical resilience includes the ability to overcome obstacles that
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hinder a learner’s mathematical development, people with higher mathematical resilience probably more often choose
STEM courses and career paths than those with lower mathematical resilience.

The Current Study

The main purpose of this study is to examine the psychometric properties of the Mathematical Resilience Scale in a
Polish sample of adults (Kooken et al., 2016). We want to evaluate the structural validity of this scale by testing its
structure and establish measurement invariance across gender and field of study and profession. We assume that the
scale consists of three related dimensions (Value, Struggle, Growth) with a second-order mathematical resilience latent
factor (Total). We expect that the structure of the scale is comparable across gender (women, men) and field of study and
profession (STEM - Science, Technology, Engineering, Mathematics; HSS — Humanistic and Social Science; OTHER -
other fields of study and profession, e.g., gardener, sports trainer, cosmetology). We also want to establish the structural
validity by testing relationships between Mathematical Resilience Scale Total score and Value, Struggle, and Growth
subscales. We expect that all subscales will be positively related to each other and that all items will correlate positively
with Mathematical Resilience Scale Total score and the subscale to which it belongs.

Then, we want to establish criterion validity by testing correlates of the Mathematical Resilience Scale. We assume
that Mathematical Resilience Scale scores are negatively related to math anxiety, math avoidance, and intellectual
helplessness in mathematics and positively related to general resilience and mathematical achievement. However, we
expect that the Mathematical Resilience Scale will be not correlated with or weakly related to intellectual helplessness in
Polish language and Polish language grades received in high school. We hypothesize that Mathematical Resilience Scale
scores will be negatively related to amotivation and external motivation but positively related to introjected, identified,
and intrinsic motivation to learn mathematics. Then, we want to test gender differences in the Mathematical Resilience
Scale, based on the assumption that men have a higher level of mathematical resilience than women. We also want
to test whether the field of study and profession differentiates the level of mathematical resilience. The STEM group
probably has greater mathematical resilience than the HSS and OTHER groups, and the OTHER group might have
greater mathematical resilience than the HSS group.

Further, we will test the internal consistency of the Mathematical Resilience Scale.

Method

Participants

Four hundred and forty-three adults participated in the study (N = 365 women, N = 73 men, N = 3 non-binary, N =
2 no data, age: M = 21.95, SD = 4.4, range 18-55). The minimum number of participants for correlational analyses
was estimated based on a power test (o = .05, B = .20, small effect size, r = .2) conducted with G*Power 3.1.9.7. One
hundred and twenty-two adults participated in the study that was conducted in the university laboratory (Study 1),
while 321 participated in the online study (Study 2). Participants were recruited through an advertisement posted on the
nationwide internet platform olx.pl and social media (e.g., Facebook posts). There was no age or profession restriction to
participate. In both studies, partially different data were collected to establish the validity of the Mathematical Resilience
Scale (see details in the procedure). Participants in both studies represented STEM (N = 70), HSS (N = 305) and OTHER
(N =71) fields of study and profession.

Measurements

Mathematical Resilience Scale (MRS)

MRS (Kooken et al., 2016) measures general mathematical resilience (Total; MRS-T) and its three components: Value
(MRS-V, 9 items, e.g., ‘Math is essential for my future’), Struggle (MRS-S, 8 items, e.g., ‘Everyone struggles with math
at some point’), and Growth (MRS-G, 7 items, e.g., ‘Math can be learned by anyone’). Respondents answer on a 7-point
scale from 1 = completely disagree to 7 = completely agree. The higher the score in MRS and its subscales, the higher
the mathematical resilience. The Polish language version of the scale was prepared in accordance with back-translation
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rules (see Polish-English language versions of items in the Appendix). Details on the validity and reliability of the MRS
are presented in the results section (N = 443).

Brief Resilience Coping Scale (BRCS)

The Polish adaptation of BRCS (Sinclair & Wallston, 2004; Piorowska et al., 2017) was used to test resilience, understood
as the ability to cope with stress in a highly adaptive manner. It is a 4-item scale (e.g., ‘T look for creative ways to alter
difficult situations’) with a 5-point answer scale, from 1 = definitely does not describe me to 5 = definitely describes me.
A higher score means higher resilience. The reliability of the BRCS scale in our study is relatively low (Cronbach’s a =
.56, N = 122), therefore its results should be treated with caution.

The Single-ltem Math Anxiety Scale (SIMA)

SIMA (Nurfiez-Pena et al., 2014) tests general math anxiety by means of one question about the level of math anxiety:
‘On a scale from 1 to 10, how math anxious are you?’ A higher score indicates higher general math anxiety. This test
was used in both studies (N = 443).

The Abbreviated Math Anxiety Scale (AMAS)

AMAS (Hopko et al., 2003; Cipora et al.,, 2015) is a 9-item scale to measure anxiety related to math learning (AMAS-L,
e.g., Listening to another student explain a math formula’) and math testing (AMAS-T, e.g., ‘Thinking about an
upcoming math test 1 day before’). Respondents evaluate their math anxiety on a 5-point scale from 1 = low math
anxiety to 5 = high math anxiety. A higher AMAS mean indicates higher learning and testing math anxiety. The
reliability of this scale in the current study is satisfactory: learning a = .78, and testing o = .87 (N = 443).

Math Anxiety Questionnaire for Adults (MAQA)

MAQA (Szczygiet, 2022) is a 19-item scale intended for adults. The scale was originally developed and validated in Polish
adults and has very good psychometric properties. It measures math anxiety related to mathematical problem solving
in two contexts: math anxiety related to basic mathematical knowledge (e.g., ‘Determining the probability that today
is Wednesday’) and to situations that may take place in everyday life (e.g., ‘Calculation of the average level of fuel
consumption of a car’). Participants evaluate the level of math anxiety on a four-point scale, from 1 = I definitely do not
feel anxious to 4 = I definitely feel anxious. MAQA is a unidimensional scale in which a higher average score means a
higher level of math anxiety related to math problem solving. The reliability of MAQA in the current study is very good:
o = .91 (N = 443).

Math Avoidance Scale (MAS)

MAS (Szczygiet & Kutt, 2022) measures avoidant behavior related to mathematics. It comprises 6 items (3 reverse, e.g.,
T'm someone who actively avoids math classes’) and is a unidimensional scale. Participants assessed their level of math
avoidance during school years on a 9-point scale, from 1 = definitely not to 9 = definitely yes. The reliability of MAS in
the current study is very good: o = 86 (N = 443).

Intellectual Helplessness Scale (IHS) in Mathematics and Polish Language

IHS (Sedek & MacIntosh, 1998) measures intellectual helplessness in school and may be adapted to various subjects
separately, e.g., mathematics (IHS-M) and Polish language (IHS-PL). The scale was originally developed and validated in
Poland. It is a unidimensional scale that comprises 20 items. Participants evaluated their well-being during past math
(e.g., T didn’t understand anything in math classes’) and Polish language (e.g., ‘I didn’t understand anything in Polish
classes’) classes on a 5-point scale, from 1 = never to 5 = always. A higher sum of points in IHS indicates greater
intellectual helplessness (separately for each subject). The reliability of this scale is very good: IHS-M a = .95 (N = 321),
THS-PL o = .96 (N = 321).
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Math and Polish Language Grades (Grade-MATH, Grade-PL)

Participants indicated their most frequently obtained grades in mathematics and Polish language in the last semester of
high school (from 1 to 6). Higher grades indicate better math and Polish language achievements.

Math Achievement Test (MATH)

MATH (Szczygiel & Sari, 2024) is a mathematical test for adults developed on the basis of the Polish math curriculum
for secondary school students (counting and geometry; based on Karpinska et al., 2019). It consists of 20 closed
single-choice questions which are placed in the context of solving everyday problems. The test had no time pressure.
For each correct answer, participants received 1 point. A higher sum of points indicates better math performance. Total
math score was correlated to all mathematical tasks positively (from r = .20 to r = .60) and significantly (p < .001). The
test was found to be reliable (Cronbach’s o = .78, N = 122) and rather easy (test difficulty, calculated as the sum of points
for all participants divided by the maximum number of points possible to obtain for all participants, was .83; Niemierko,
1999).

Motivation to Learn Mathematics (MOT)

MOT (Go6zdz, 2015) is a 30-item scale that measures five dimensions of motivation to learn mathematics in accordance
with self-determination theory (Deci et al., 1991; Ryan & Deci, 2000; MOT does not include the ‘integrated motivation’
dimension). Respondents answered the question “‘Why did you learn mathematics?’ on the following subscales: amotiva-
tion (e.g., T don’t really know, I feel like I wasted my time during these lessons’), external (e.g., ‘I just wanted the teacher
to leave me in peace’), introjected (e.g., ‘Because I wanted to prove to myself that I was capable of success’), identified
(e.g., ‘Because it helped me prepare for the profession I had dreamed of’), and intrinsic motivation (e.g., ‘Because I just
liked it’). Participants answered on a 5-point scale, from 1 = I definitely do not agree to 5 = I definitely agree. A higher
sum of points on each subscale means a greater level of amotivation or the aforementioned types of motivation. The
reliability of each subscale is very good: MOT-Amotivation o = .92, MOT-External o = .79, MOT-Introjected o = .88,
MOT-Identified o = .95, MOT-Intrinsic o = .96 (N = 321).

Procedure

The collection of the data was conducted in two studies: at a university laboratory (N = 122) and online (N = 321).
These studies were different in some details regarding the materials used. The order of measures was as follows: at the
laboratory — SIMA, MAQA, BRCS, MAS, MRS, AMAS, IHS-M, MATH, gender, age, math and Polish language grades,
field of study and profession; online — SIMA, MAQA, MAS, MRS, AMAS, THS-M, IHS-PL, MOT, gender, age, math and
Polish language grades, field of study and profession. The duration of the first study was about 40 minutes, while the
second study was about 20 minutes. The laboratory study was conducted by two researchers who had been trained
in the procedure, while the online survey was done using the snowball method (link forwarded on social networks).
The subjects in both studies participated voluntarily and could ask questions (directly or via email) and withdraw
from the study at any time. Laboratory participants were rewarded (€8-12) while online participants did not receive
remuneration. Participants in the first study additionally performed other tasks that are not presented in this study
(working memory and numerical magnitude tasks). Both studies obtained ethical approval from the Ethical Committee,
Institute of Psychology, University of the National Education Commission.

Data Analysis

We analyzed the combined data from the two studies. In the first step of analysis, we established the structural validity
by testing the structure of MRS via confirmatory factor analysis (CFA; lavaan package; Rosseel, 2012). All variables were
ordinal and Mardia’s test showed that the assumption of multivariate normality was violated, therefore we used the
Diagonally Weighted Least Squares estimator (DWLS; Mindrila, 2010). To evaluate the model’s fit to the data in CFA, we
adopted the following criteria: ¥ (p > .05), RMSEA and SRMR < .08, CFI and TLI > .95 (Hu & Bentler, 1999; Kline, 2016).
We established minimum factor loadings at A = .30 (Nooteboom & de Jong, 2000; Tabachnick & Fidell, 2001).
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Next, to provide more arguments for structural validity, we established zero-order correlations between MRS items
and the Value, Struggle, and Growth subscales. Structural validity would be indicated by results showing that items
correlate more strongly within the subscale they are included in than within the subscales they are not included in.

Then, we tested invariance measurements via gender and field of study and profession (STEM, HSS, OTHER).
Measurement invariance refers to whether measurement is interpreted in the same way across different groups.
Establishing measurement invariance is the starting point for comparing means across groups or the strength of the
relationship between variables within subgroups (Putnick & Bornstein, 2016). To evaluate measurement invariance, we
adopted the principle that the x? to df ratio should be less than 3 (Schermelleh-Engel et al., 2003). Based on Chen’s (2007)
recommendations, we evaluated model fit when testing measurement invariance in the following way: difference-of-fit
indices between nested models in a large sample size (N > 300) should be less than .015 for RMSEA, less than .03
for SRMR, and less than .01 for CFI and TLI. We tested configural, metric, scalar and strict invariance. Configural
invariance assumed no equality constraints imposed on the basis of common model fit indices; metric invariance tests
factor loadings that are constrained to be equal for the corresponding items in groups; scalar invariance assumed that
constraint intercepts are equal across the groups; strict invariance assumed that factor loadings, intercepts, and residual
variances are fixed across groups.

In the next step of analysis, we tested the criterion validity and reliability of the MRS. Based on Evans’ (1996)
interpretation, we adopted the following criteria to indicate the effect size for Pearson’s r correlation: r < .20 very weak
correlation, .20-.39 weak relationship, .40-.59 moderate relationship, .60-.79 strong relationship, and > .80 very strong
relationship. In accordance with Cohen’s (1988) proposal, we interpreted the effect sizes of mean differences as follows
- d: .20 small effect, .50 medium effect, .80 large effect; n% .01 small effect, .06 medium effect, .14 large effect. We set
the minimum acceptable level of Cronbach’s a and stratified Cronbach’s a values at .70. Stratified Cronbach’s o was
calculated for the latent second-order factor that consisted of three first-order latent factors.

Results

Structural Validity of MRS

In the first step of the analysis, we established structural validity. To test whether the structure of the MRS is two-level,
with Value, Struggle, and Growth dimensions at the first level and a latent superfactor of mathematical resilience (Total)
at the second level, we conducted CFA (see Figure 1). We noted the following acceptable model fit to the data: x%(249) =
522.46, p < .001, CFI = .97, TLI = .96, RMSEA = .050 [.044-.056], SRMR = .067. Standardized regression paths for each
first-order factor (Value, Struggle, Growth) were significant (p < .001). All items showed an acceptable effect size for
the whole group, except for one item, MRS24 (A = .28), which was slightly below the cutoff. Because this item was
moderately and significantly related to the Growth subscale, as were other items in this subscale, we decided not to
delete it from the MRS. We also showed that the Total latent factor was significantly, positively, and moderately related
to three subscales (Value, Struggle, Growth), which confirmed our expectation that general mathematical resilience
contributes to specific dimensions of mathematical resilience. Therefore, the results confirm that the scale consists
of three first-order latent factors (Value, Struggle, Growth), which together form a second-order latent factor (Total).
This indicates that MRS scores can be analyzed using either the three separate factors or the total factor, as both the
higher-order model and the three first-order models are statistically equivalent.
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Figure 1
CFA Model of MRS
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Note. MRS-T = Mathematical Resilience Total (second order factor); MRS-V = Value; MRS-S = Struggle; MRS-G = Growth (first-order factors). The
values at the arrows represent the A.
**p < 001,

To provide more arguments for structural validity, we examined the relationships between individual scale items and the
three factors. The results indicated that items from each subscale (Value: MRS1-MRY, Struggle: MRS10-MRS17, Growth:
MRS18-MRS24) are moderately or strongly positively related to the corresponding subscales, while they are not related
or weakly related to the other subscales (see Table 1; The correlation with the exclusion of a given item is presented in
brackets). Moreover, all items (MRS1-MRS24) were significantly related to Total score (see Table 1). Finally, the subscales
were significantly, positively and weakly related to each other, respectively: Value and Struggle r = .26, p < .001, Value
and Growth r = .29, p < .001, Growth and Struggle r = .18, p < .001. The results support the hierarchic structure of MRS.
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Table 1

Item-Scale Zero-Order Pearson’s Correlations (Item Excluded)

Dimension / Item Correlation with MRS-T  Correlation with MRS-V  Correlation with MRS-S  Correlation with MRS-G
MRS-V
MRS1 65 (.59)** .80 (.73)*** 14* 200
MRS2 61 (.54)™ .76 (.68)*** 10 23"
MRS3 73 (.68)™* 81 (.75)*** 297 27
MRS4 69 (.64)™* .84 (.78)*** 207 200
MRS5 72 (67) .85 (.80)*** 247 23"
MRS6 73 (.68)™* .85 (.79)*** 25% 25%
MRS7 64 (.57) .76 (.68)*** 200 197
MRSS 65 (.59)** .75 (.67)*** 25% 21
MRS-S
MRS9 39 (31)** 20%+ A8 (.28)*** 08
MRS10 33 (25)** 13* 64 (.46)** 06
MRS11 42 (37)" 18 .68 (.58)"** 16
MRS12 .38 (.34)"** 1477 57 (.47)*** 23%%
MRS13 34 (29)** 16** .60 (.48)*** 08
MRS14 34 (27)* 200 44 (26)*** a1*
MRS15 30 (22)** .09 .58 (.38)*** 10*
MRS16 22 (16)*** 01 .52 (.39)*** .09
MRS17 33 (26)*** 13* 62 (.45)*** 09*
MRS-G
MRS18 54 (A7) 365 17 .64 (.46)***
MRS19 AT (34) 155 08 74 (61)***
MRS20 A7 (A1) 200 15 .70 (.59)***
MRS21 51 (44)* 255 15 .75 (.62)***
MRS22 33 (.26)* 08 a1* 61 (47)***
MRS23 .46 (.38)"** 23 .09 71 (.55)*"
MRS24 23 (.16)* -.03 12* .53 (.38)***

Note. Bold font indicates correlations describing the items included in a given subscale. N = 443; MRS-T = Mathematical Resilience Total; MRS-V =
Value; MRS-S = Struggle; MRS-G = Growth.
*p<.05."p< .01 "p<.001.

In the further step of analysis, we tested CFA and the measurement invariance of the MRS across gender and field of
study and profession (see Table 2). A values for each item and each subgroup are presented in Table 3.

First, we tested the measurement invariance across gender (see Table 2). Based on model fit, we observed that the
structure of MRS is acceptable for women and men. Only the SRMR value (.098) for men slightly exceeded the criterion.
Then, we noted that configural, metric, scalar, and strict measurement was confirmed (in each step of analysis, the
adopted criteria were met; difference-of-fit indices between subsequent models were less than .015 for RMSEA, .03 for
SRMR, .01 for CFI, .01 for TLI). Therefore, we conclude that MRS scores are comparable across gender. Factor loadings
for women were satisfactory except for Item 24, while for men there were more items (Items 9, 12, 14, 15) with factor
loadings below .3 (see Table 3).

Then, we investigated whether MRS fulfilled the measurement invariance criterion across field of study and profes-
sion (see Table 2). We observed that the model fit was very good for HSS students but exceeded the criteria for SRMR
(= .12) in the STEM and OTHER groups. However, RMSEA, CFI, and TLI values met the criterion in STEM and OTHER
groups. Thus, we tested measurement invariance. Only ARMSEA (.019) between configural and metric invariance
slightly exceeded the defined criteria, but other indicators fully confirmed measurement invariance across the field of
study and profession. Therefore, configural, metric (partially), scalar, and strict invariance were confirmed for the field
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of study and profession. Factor loadings mostly exceed the cutoff value .3 (see Table 3), but there were exceptions for
STEM (Items 14, 17, 18), HSS (Items 16, 24), and OTHER (Item 24).

Table 2

Measurement Invariance of MRS Across Gender and Field of Study and Profession

Variable N df X x'1df RMSEA [90% CI] SRMR CFI TLI

Gender
Women 365 249 484.30"** 1.94 .051 [.044, .058] 073 97 96
Men 73 249 205.45 83 0 [0, 0] 098 1 1.05
Configural - 443 522.46*** 118 .050 [.044, .056] 067 97 96
Metric - 521 816.69"** 1.57 051 [.044, .058] 078 96 96
Scalar - 541 852.84*** 1.58 .051 [.045, .058] 079 96 96
Strict - 565 897.46*** 1.59 .052 [.045, .058] 083 96 .96

Field of Study and Profession
STEM 69 249 271.11 1.09 036 [0, .063] 12 96 95
HSS 304 249 416.66*** 1.67 .047 [.039, .055] 072 97 97
OTHER 70 249 203.18 82 0 [0, 0] 11 1 1.04
Configural - 443 522.46"** 118 1050 [.044, .056] 067 97 96
Metric - 793 1030.16*** 1.30 .045 [.037, .053] 086 97 97
Scalar - 833 1113.12%* 1.34 .048 [.040, .055] 089 96 96
Strict - 881 1186.46*** 1.35 .049 [.041, .056] 094 96 96

***p < .001.

Table 3

Factor Loadings in MRS Across Groups

A

Dimension / Item ‘Women Men STEM HSS OTHER

MRS-V
MRS1 76%** 69%** 63 70%** 79%*
MRS2 69 70%** 73 .64*** 627
MRS3 .82+ 74 67 .82%* .85%**
MRS4 .82+ .80*** T 78 .88***
MRS5 .84 .84*** 66 .82%* .86
MRS6 .83** .88*** 73 .83 78***
MRS7 74 54%** 52% 72 69%**
MRS8 754 48 447 74 78***

MRS-S
MRS9 48 .18* .38 44" 58
MRS10 527 .53* 32% 48" 66
MRS11 66" 7" 67 58" .86
MRS12 .58 .22 627 56" 67
MRS13 .54 49* 1 527 56
MRS14 46" .009 .04 48" 327
MRS15 45% .14 38" 46" 447
MRS16 .33 .38* 68" 29%* 427
MRS17 51 43" 28" 56" 67
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A
Dimension / Item ‘Women Men STEM HSS OTHER
MRS-G
MRS18 755 57 .25™ 71 69
MRS19 617 .60%** 71 66" 39%*
MRS20 63 79%* 73 68" 39%*
MRS21 e 1 517 T7 69
MRS22 427 497 67" 46™** 46
MRS23 .66 48" 30" 66" 557
MRS24 247 497 36" .28™** 25"

Note. N = 443. MRS1-MRS24 — Mathematical Resilience Scale Items; MRS-V — Value; MRS-S - Struggle; MRS-G — Growth.
*p< .05 %*p< .01 **p< .00l

Summing up, although the comparability of the structure of the MRS was confirmed across gender and field of study
and profession, we observed some items across groups that had a A value below the .3 cutoff or were insignificant (see
values in Table 3). However, none of these results indicates the need to delete items from the MRS scale.

Convergent and Discriminant Validity of MRS

In the next step of analysis, we established the criterion validity of MRS. We examined convergent and discriminant
validity by determining whether the MRS Total score and the Value, Struggle, and Growth subscales correlated as
expected (see Table 4). First, we tested convergent validity. We observed that resilience coping was not associated with
either the MRS Total score or any of MRS subscales, which did not support of our hypothesis. Then, we confirmed
that math anxiety was related to MRS Total score and all subscales in accordance with expectations. Math anxiety
scales were negatively related to MRS Total score and all subscales, with the exception of the math testing anxiety and
Struggle subscales. The strength of the correlation between the math anxiety scales and MRS was varied: strongest
for the Total score, weakest for the Struggle subscale. Math avoidance also was negatively related to MRS Total score
and all subscales, which confirms initial assumptions. Another argument in favor of convergent validity was the
result indicating a negative relationship between intellectual helplessness in mathematics and MRS Total score and all
subscales. Partial support for convergent validity was found for the relationship between MRS scores and mathematical
achievement. We observed that math performance and math grades were weakly and positively related to MRS Total
score and Value but not to Struggle and Growth. Finally, the results on the relationship between motivation and MRS
mostly confirmed convergent validity. MRS Total score and all subscales were negatively related to amotivation and
external motivation (with the exception of Struggle and external motivation) and positively to introjected, identified,
and intrinsic motivation. Discriminant validity was tested by correlations between MRS and Polish outcomes. We noted
that Value was positively and weakly related to intellectual helplessness in Polish, and MRS Total score and Value were
negatively and weakly related to Polish language grade in high school. Other relationships between MRS and Polish
intellectual helplessness and grades were nonsignificant. The results support the discriminant validity of MRS.

Next, we tested whether there are gender differences in MRS using the Student’s t-test (see Table 5). The results
indicate that men have a significantly higher score in Value than women (small effect). We did not observe significant
differences in MRS Total score and the other subscales. The results are partially in accordance with our assumptions.
Then, we conducted the F test (with Welch correction if the assumption of homogeneity of variance was violated; see
Table 5) to test whether the STEM, HSS, and OTHER groups differed in MRS. The results indicate that the STEM group
in comparison to the HSS and OTHER groups had a higher score in MRS Total (medium effect) and the Value subscale
(large effect). There were no differences between STEM, HSS, and OTHER groups in the Struggle and Growth subscales.
HSS and OTHER did not differ in any dimensions. The results partially support our expectations.
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Table 4

Matrix Zero-Order Pearson Correlation Between MRS and Other Variables

Variable Measurement N MRS-T MRS-V MRS-S MRS-G

Convergent validity

Resilience coping BRCS 122 .06 .08 -.07 .07

Math anxiety SIMA 443 -.56%** -.49%** =24 -.39%**
AMAS-L 443 -.39%** -.29%** -.18%** -.35%**
AMAS-T 443 -.33%* =327 -.09 -.23%**
MAQA 443 -.54%** -.52%** =217 -.33%**

Math avoidance MAS 443 -31 -.28%* -13* -21%

Intellectual helplessness in mathematics IHS-M 443 -.48"** - 47 =217 28"

Math achievement MATH 122 .24* .24 .01 .18
Grade-MATH 442 .15** 15%* .05 .09

Math motivation MOT-Amotivation 321 -61* -.61% - 17 R
MOT-External 321 - 18 -.14* -.02 -21%
MOT-Introjected 321 31 31 16* .16**
MOT-Identified 321 53%* .60** 217 217
MOT-Intrinsic 321 59 58%** 237 36"

Discriminant validity

Intellectual helplessness in Polish IHS-PL 321 .09 15 -.08 .04

Polish achievement Grade-PL 442 -12* -.20%* .02 -.01

Note. MRS-T = Mathematical Resilience Total; MRS-V = Value; MRS-S = Struggle; MRS-G = Growth.

*p<.05."p< .01 "p<.001.

Table 5

Group Comparison of MRS

‘Women Men 1. STEM 2. HSS 3. OTHER

Dimension M (SD) M (SD) t(df) d M (SD) M (SD) Kdf) I'IZ 1vs2 1vs3 2vs3

MRS-T 119.66 (18.83) 123.07 (17.04)  (436) = 1.43 18 131.68 (13.56) 117.06 (18.86) 121.81 (17.55) (2, 140,39) = 27.77** 08 <.001 004 .14

MRS-V 3017 (12.02) 3444 (1134)  (436) = 2.79* 36 4151(8.77)  2837(11.37)  31.09 (11.85) (2,134,33) = 55.95" 15 <001 <001 20

MRS-S 53.32(6.57)  53.89 (5.59) (436) = .69 09 53.38(6.17)  53.17(6.59)  54.11(6.30) (2, 440) = .60 1003 1.00 1.00 82

MRS-G 36.16 (7.24)  34.74 (7.63) (436) = 1.52 20 36.80 (6.07)  35.51(7.59)  36.61 (7.08) (2, 440) = 1.29 1006 56 1.00 76

Note. MRS-T = Mathematical Resilience Total; MRS-V = Value; MRS-S = Struggle; MRS-G = Growth; Women N = 365; Men N = 73; HSS students N =

304: STEM students N = 69; OTHER students N = 70. Welch’s correction was used in comparisons of MRS-T and MRS-V.

**p<.01."*p<.001.
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Reliability of MRS

Then, we tested the reliability of MRS using stratified Cronbach’s o for second-order latent score and Cronbach’s a for
subscales (see Table 6). The internal consistency of MRS across the whole sample and the tested groups was mostly
satisfactory. However, we observed reliability lower than .7 in men and STEM groups in the Struggle subscale.

Table 6

Reliability of MRS

Dimension Whole sample Women Men STEM HSS OTHER
MRS-T .90 .84 .86 .80 91 .90
MRS-V .92 .93 .89 .84 91 .93
MRS-S 72 74 57 .65 .73 .80
MRS-G .79 .80 .79 71 .82 .75

Note. MRS-T = Mathematical Resilience Total; MRS-V = Value; MRS-S = Struggle; MRS-G = Growth. Stratified Cronbach’s o was calculated for MRS-T;
Cronbach’s o was calculated for subscales (MRS-V, MRS-S, MRS-G).

Discussion

Mathematical Resilience Scale in a Polish Sample

While some may perceive math ability as innate, those familiar with the subject recognize that it requires substantial
effort and struggle. The process of learning mathematics involves combining various cognitive functions and using
trial and error to solve problems (Johnston-Wilder & Lee, 2010; Kooken et al., 2016). The concept of mathematical
resilience proves useful in understanding why some students are better than others in coping with learning difficulties
in mathematics and why others withdraw from STEM education. Nevertheless, empirical studies on the nature of
mathematical resilience are rare, which may be due to the lack of adequate scales.

Previous studies in the U.S. (Kooken et al., 2016) and with Turkish (Giirefe & Akgakin, 2018) and Nigerian (Awofala,
2021) samples confirmed the usefulness of the three-factor Mathematical Resilience Scale. The current study was
designed to test the validity and reliability of this scale in a Polish sample of adults. We established the psychometric
properties of the Mathematical Resilience Scale by testing the factor structure and measurement invariance across
gender and field of study and profession. Compared with previous studies, we revised the scale structure based on
the assumption that the three dimensions of the Mathematical Resilience Scale, namely Value, Struggle, and Growth,
are related to a second-order factor, i.e., Total (general mathematical resilience). We were also the first to check the
invariance equivalence of the Mathematical Resilience Scale. We tested the convergent and discriminant validity of the
scale, showing correlations between scale scores and general resilience, math anxiety, math avoidance, math motivation,
intellectual helplessness in mathematics and Polish, mathematical and Polish achievement, gender, and field of study
and profession. Finally, we tested the reliability of the Mathematical Resilience Scale.

Similarly to previous studies (Awofala, 2021; Giirefe & Akgakin, 2018; Kooken et al., 2016), we confirmed the
three-factor structure of the Mathematical Resilience Scale; however, we also indicated that there is a superordinate
factor behind these three factors. This result indicates that Mathematical Resilience Scale scores can be analyzed using
either three factors or a general factor, as both the higher-order model and the three first-order models are statistically
equivalent, with the two-level structure providing a similarly good fit whether or not a superordinate second-order
factor is included. This factor solution is reflected in the concept of mathematical resilience as a trait that manifests
itself in various areas. The first version of the Mathematical Resilience Scale consisted of four factors, including
resilience, but this factor was removed after factor analysis because items related to resilience were highly related
to other factors (Kooken et al.,, 2016). This result additionally justified the inclusion of mathematical resilience as a
second-order latent factor.

Similarly to Kooken et al. (2016), we obtained almost identical correlations between the three factors and similar
results regarding the importance of each factor (value — the most effective factor; growth — the least effective factor;
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Girefe & Akgakin, 2018). The Value subscale has the strongest factor loadings, perhaps because of its content, which
is largely about the respondent, while Struggle and Growth are more about people’s beliefs in general. This may also
explain the relatively weaker correlations between the Struggle and Growth subscales and other variables.

We also provided additional arguments for the structural validity of the scale by showing that items within a given
scale are more strongly associated with the subscale they are part of than with other subscales. Moreover, all scale items
are associated with the overall score, which indicates the existence of a general factor determining the scores on the
three subscales.

We also provided some arguments for the comparability of the structure of the Mathematical Resilience Scale across
gender and field of study and profession. Configural, metric, scalar, and strict measurement invariance was confirmed,
although we observed that factor loadings on some items in some groups were below the established cut-off value.
As no items significantly stood out from the other items in the different groups, we decided to not exclude any items
from the final version of the Mathematical Resilience Scale. Moreover, it should be emphasized that a relatively small
number of participants (~ 70) represented groups of men, STEM, and HSS. Therefore, further psychometric studies
should focus on larger samples and better group equality. We further note that the measurement equivalence of the
Mathematical Resilience Scale was better when testing a two-level structure compared to when testing a structure
without a second-order factor. In summary, the obtained results demonstrate the structural validity of the scale,
supporting its two-level structure.

The analysis of the correlates of the Mathematical Resilience Scale provides many arguments in favor of the criterion
validity of the scale, although there are also exceptions. The most theoretical challenge regarding the Mathematical Re-
silience Scale is its lack of a significant relationship with resilience coping. Although previous validation studies in the
USA (Kooken et al., 2016), Tirkiye (Giirefe & Akc¢akin, 2018) and Nigeria (Awofala, 2021) did not test this relationship,
we assumed that mathematical resilience should be related to resilience coping because of their common theoretical
foundations. However, we used the Brief Resilience Coping Scale (Sinclair & Wallston, 2004; Piérowska et al., 2017),
which consists of four items and had low reliability in our first study. We stopped using the Brief Resilience Coping
Scale in the second study because of its low internal consistency. Therefore, our results regarding the relationship
between mathematical resilience and resilience coping should be treated with caution. Another explanation for the
results is that resilience coping measured by the Brief Resilience Coping Scale focuses on difficult life situations and
self-control of one’s own actions. As we surveyed adults, perhaps they did not perceive mathematics as a difficult life
situation because most of them were no longer involved in any mathematical education. Further studies should continue
testing the relationship between general resilience and mathematical resilience in math learners. Although our results
should be treated with caution, it is likely that mathematical resilience is rooted in math-related domains. Indeed, other
research results support the idea that there is a relationship between mathematical resilience and various ‘mathematical
constructs’, like intellectual helplessness in mathematics, math anxiety, and math motivation. Moreover, the theoretical
background of the Mathematical Resilience Scale is related to expectancy-value theory (Deci et al., 1991), the theory of
human agency (Bandura, 1989), and growth-fixed mindset belief (Dweck, 2000; Yeager & Dweck, 2012), but not directly
to resilience coping (Kooken et al., 2016). The results suggest that resilience is context-dependent (Assarkhaniki et al.,
2020). Since the process of learning mathematics is not such a difficult experience as a serious illness or the death of a
loved one, the lack of a relationship between the Mathematical Resilience Scale and the Brief Resilience Coping Scale
may result from the intensity of the manifestation of resilience in a given situation.

Strong evidence for the criterion-related validity of the Mathematical Resilience Scale is provided by the results
concerning the associations between the Mathematical Resilience Scale and math anxiety, math avoidance, intellectual
helplessness in mathematics, and math motivation. In accordance with expectations (Johnston-Wilder et al., 2014;
Kooken et al., 2016; Oszwa, 2022), we observed negative correlations between Mathematical Resilience Scale scores and
math anxiety (except math testing anxiety and Struggle), math avoidance, and intellectual helplessness in mathematics.
Those who believe that mathematics is useful and can be mastered by any hard-working person feel less apprehension
related to various math activities (learning, testing, and math problem solving), engage in mathematics activities more,
and feel higher math self-efficacy. The lack of a relationship between math testing anxiety and Struggle may be
explained by the fact that the situation of being tested requires mastery in math, while Struggle items are related to the
math learning process.
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We tested whether math motivation is positively correlated with mathematical resilience (Bandura, 1989; Oszwa,
2022). Indeed, we confirmed that individuals who are motivated to learn math are more likely to persist through
challenges and setbacks. In particular, we observed a moderate to strong relationship between amotivation-intrinsic
motivation and Mathematical Resilience Scale Total score and the Value dimension. This means that people who value
mathematics highly are also internally motivated to learn it. Important practical implications stem from this observa-
tion. If students drop out from the STEM area because of their low motivation to learn math, interventions directed
towards math-related beliefs (e.g., that math is impossible to understand) would increase interest and participation in
STEM. However, this hypothesis needs verification in a well-designed experiment. We noted that external motivation
did not correlate with mathematical resilience in the struggle dimension. It is likely that external-oriented people do not
see the value of overcoming difficulties in the math learning process as they are motivated by other stimuli.

We also obtained results that indicate only partial criterion validity, although our initial expectations regarding the
relationships between variables may have been incorrect. We observed an inconsistent pattern of results regarding
the relationship between the Mathematical Resilience Scale and math achievement. The math achievement test result
correlated weakly and positively with Mathematical Resilience Scale Total score and the Value subscale, while math
grades correlated only with the Value subscale. However, the significant relationship between Mathematical Resilience
Scale Total score and math achievement likely depends on the Value subscale items (there is no relationship between
math achievement and Struggle and Growth). This suggests that beliefs about the value of mathematics are more
important for math achievement than beliefs about the role of struggle in math and about mathematical abilities.
However, it should be noted that the study was conducted in adults who had mostly finished their math education,
thus the results may be biased by many issues, e.g., participants did not remember their school grades and were not
motivated enough to solve math problems. Moreover, as the sample consisted of people of various ages, their beliefs
regarding math could have changed over time. We tested adults who mostly were not related to math activity in their
fields of study and profession (the STEM group was underrepresented in comparison to the HSS and OTHER groups).
Moreover, the mathematical achievement test we used, although previously tested on a sample of adults and having
good psychometric properties, could also have influenced the results. The content of the tasks did not go beyond high
school level and the average level of difficulty was quite easy. Previous studies conducted on senior secondary students
(Awofala, 2021) indicated that results on the Mathematical Resilience Scale predict math achievement. Being engaged in
constant math activity is likely key to observing a significant relationship between mathematical resilience and math
outcomes. Therefore, in future studies it is worth examining the level of the sense of mathematical resilience during the
process of solving mathematical problems instead of the results of the achievement test.

Further results that partially demonstrate the validity of the scale concern intergroup differences. In accordance with
our assumptions, we observed that women have lower mathematical resilience than men, but only in the Value dimen-
sion. This result contrasts with the previous findings of Else-Quest et al. (2013), who indicated no gender differences in
the evaluation of the importance of mathematics. We also observed that the STEM group in comparison to the HSS and
OTHER groups had higher scores in Mathematical Resilience Scale Total score and the Value subscale. HSS and OTHER
did not differ in any score. These results partially confirmed what is known from previous studies on math anxiety
(Nufiez-Peiia et al., 2016) and math attitude (Szczygiel, 2023): women and non-STEM individuals feel more negative
emotions and present more negative beliefs related to mathematics than other groups (men and STEM individuals). The
obtained results allow us to state that the differences between groups (women and men; STEM, HSS, OTHER) in the
level of mathematical resilience are not so obvious. At the same time, this means that the obtained results should not be
treated as an argument against the validity of the scale. Rather, further research on the phenomenon of mathematical
resilience in different contexts is necessary.

We assumed that the Mathematical Resilience Scale would be unrelated or only very weakly related to Polish grades
and intellectual helplessness in Polish. Indeed, our results confirmed these expectations. The Value subscale correlated
weakly and positively with intellectual helplessness in Polish and weakly and negatively with grades in Polish. People
who value mathematics more may spend less time learning Polish, obtain worse grades in Polish, and feel helplessness
in the face of humanistic problems, like writing essays. Young people often choose their education path before high
school and then focus on their primary subject, like mathematics, language, sport, etc. The Struggle and Growth
subscales were not related to Polish grades and intellectual helplessness in Polish. These results can be explained by the
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fact that beliefs that it is important to struggle with tasks and that special abilities are necessary to understand problems
are specific to mathematics. In other words, there is no relationship between Polish language grades and the feeling of
intellectual helplessness in Polish and mathematical resilience in the area of Struggling and Growth, because students
who have difficulties with Polish do not attribute the same explanations as for mathematics. Many people believe
that overcoming difficulties in solving math problems and possessing special mathematical abilities are important for
learning mathematics, while the same features are not attributed to learning the native language.

The reliability of the whole scale and subscales was mostly satisfactory (except men and STEM in Struggle subscale)
and similar to previous studies (Awofala, 2021; Giirefe & Akcakin, 2018; Kooken et al., 2016). Therefore, the usefulness
of the Mathematical Resilience Scale in men and STEM individuals is limited. However, further studies should test the
internal consistency of the Mathematical Resilience Scale in a larger group of men and STEM individuals and establish
whether the results are stable over time.

Limitations and Further Directions

The study was conducted among Polish volunteers in laboratory and online studies. The snowball method of data
collection was applied and we did not collect information on participants’ place of residence, therefore we can only
suppose that the sample is representative of the adult Polish population. However, we observed gender inequality in
the study (men were underrepresented) and a disproportion in age distribution (most of the participants were young
adults). Future studies should collect more detailed demographic data and focus on the representativeness of the sample.
We asked participants about their area of study and profession, but this only extended as far as which group was
relevant: STEM, HSS or OTHER. As we did not provide detailed descriptions of the fields, there is a risk that some
participants actually worked or studied in more than one group or in a group that could not be indicated. Kooken et
al. (2016) and Gurefe and Akc¢akin (2018) validated the Mathematical Resilience Scale on undergraduate students, and
Awofala (2021) tested senior secondary students, while our study was conducted among a diverse group of students
and non-students. In our opinion, studies on mathematical resilience using the Mathematical Resilience Scale should be
continued particularly in groups of STEM students, teachers and pre-service STEM and early education teachers. The
mathematical resilience construct combines cognitive, affective, and behavioral aspects of math activity and may be a
key aspect of the narrative on mathematics that is presented for future generations. Although we see huge value in
testing mathematical resilience in various groups of adults, future studies should also focus on adolescents and children.
Early identification of those who value math negatively and hold unfavorable views on the role of struggles and the
nature of growth in math may reduce mathematical resilience and, in turn, increase engagement in mathematics.

We checked participants’ math grades and math performance; however, further validation studies should include
a multidimensional standardized mathematical achievement test in order to establish robust correlations between
mathematical resilience and mathematical outcomes. The internal consistency of the Mathematical Resilience Scale was
satisfactory, but further tests are needed to provide test-retest reliability. It should be emphasized that more theoretical
analyses on mathematical resilience are also needed. As the results showed moderate to strong relationships between
the Mathematical Resilience Scale and math anxiety and math motivation, the question regarding the independence
of these constructs arises. On the other hand, the results show no relationship between the Mathematical Resilience
Scale and general resilience, thus they challenge assumptions that mathematical resilience is rooted in general resilience.
However, caution should be exercised with this latter conclusion because the reliability of the Brief Resilience Coping
Scale was low.

Conclusion

The Polish-language version of the Mathematical Resilience Scale for adults has satisfactory psychometric properties.
The three-factor structure of the scale (Value, Struggle, Growth) with a superior factor (Total) and measurement invari-
ance across gender and field of study and profession was confirmed. We established the convergent and discriminant
validity of the scale, showing negative correlations between mathematical resilience and math anxiety, math avoidance,
and intellectual helplessness in mathematics, and a positive correlation between mathematical resilience and mathemati-
cal achievement (partially) and math learning motivation. Mathematical Resilience Scale scores were not or were weakly
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associated with intellectual helplessness in Polish and Polish high school grades, as expected. We also observed gender
and academic and professional differences in mathematical resilience, albeit only for Value. We believe it is valuable to
examine mathematical resilience among adults — particularly parents and early childhood educators — as their narratives
about mathematics can significantly influence students’ mathematical attitudes and outcomes. Screening mathematical
resilience using the Mathematical Resilience Scale could be an easy and useful method to select those who need more
support in the field of STEM education. However, further studies on the nature of mathematical resilience are needed
as we have provided arguments regarding the independence of mathematical resilience from resilience and its strong
relationship with math motivation and math anxiety.
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Appendix
Table A1
Polish-English Language Version of the MRS and Descriptive Statistics
‘Whole sample
Item Polish Item Wording Original English Item Wording M SD Skew Kurt
MRS1 Matematyka jest kluczowa dla mojej Math is essential for my future 3.49 1.76 .26 -.97
przysztosci
MRS2 Matematyka bedzie przydatna w mojej pracy ~ Math will be useful to me in my life’s work 3.72 1.88 .21 -1.13
zawodowej
MRS3 Lekcje matematyki sg bardzo pomocne Math courses are very helpful, no matter 4.59 1.83 -38 -91
niezaleznie od tego, co zdecyduje si¢ what I decide to study
studiowaé
MRS4 Znajomo$¢ matematyki w duzym stopniu Knowing math contributes greatly to 3.29 1.85 44 -.93
przyczynia si¢ do osiagniecia zalozonych achieving my goals
przeze mnie celow
MRS5 Posiadanie solidnej wiedzy matematycznej Having a solid knowledge of math helps me 3.92 1.94 -.02 -1.18
pomaga mi zrozumie¢ bardziej ztozone tematy understand more complex topics in my field
of study
MRS6 Myslenie matematyczne moze mi pomdc w Thinking mathematically can help me with 4.11 1.98 -11 -1.23
sprawach, ktore sa dla mnie wazne things that matter to me
MRS7 Trudno byloby odnie$¢ sukces w zyciu bez It would be difficult to succeed in life 3.35 1.87 .34 -1.04
matematyki without math
MRS38 Matematyka dobrze rozwija umiejetnosci Math develops good thinking skills that are 438 1.87 -.26 -1.00
myslenia, ktore sa niezbedne do odniesienia ~ necessary to succeed in any career
sukcesu w kazdej karierze
MRS9 Kazdy zmaga si¢ z matematyka w pewnym Everyone struggles with math at some point 5.77 1.51 -1.36 1.42
momencie
MRS10 Dobrzy matematycy doswiadczaja trudno$ci w Good mathematicians experience difficulties 5.30 1.53 =71 -.24
rozwigzywaniu probleméw matematycznych ~ when solving problems
MRS11 Osoby pracujace w dziedzinach zwigzanych z  People who work in math-related fields 6.13 1.04 -1.27 1.36
matematyka czasami napotykaja na wyzwania sometimes find math challenging
matematyczne
MRS12 Podczas wykonywania obliczen Everyone makes mistakes at times when 6.56 .84 -2.20 4.97
matematycznych kazdy czasami popelnia doing math
bledy
MRS13 Zmaganie si¢ z zadaniem jest normalnym Struggle is a normal part of working on math 6.20 1.05 -1.34 1.65
elementem pracy na matematyce
MRS14 Ludzie w mojej grupie réwiesniczej czasami People in my peer group struggle sometimes 5.95 1.25 -1.18 91
zmagajq si¢ z matematyka with math
MRS15 Osoby, ktore sg dobre z matematyki, moga People who are good at math may fail a hard 5.48 1.61 -.86 -31
obla¢ trudny test z matematyki math test
MRS16 Kiedy kto$ zmaga si¢ z matematyka, nie When someone struggles in math, it doesn’t 6.29 1.08 -1.84 3.84
oznacza to, ze zrobil cos zlego mean they have done something wrong
MRS17 Popelnianie bledéw jest konieczne, aby sta¢ Making mistakes is necessary to get good 5.68 1.45 -1.08 .67
si¢ dobrym z matematyki at math
MRS18 Kazdy moze si¢ nauczy¢ matematyki Math can be learned by anyone 4.66 1.73 -.46 -.62
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‘Whole sample
Item Polish Item Wording Original English Item Wording M SD Skew Kurt
MRS19 Jesli kto$ nie jest osobg uzdolniona If someone is not a math person, they won’t 4.91 1.60 -.58 -38
matematyczna, nie bedzie w stanie si¢ be able to learn much math
wiele nauczy¢
MRS20 Jesli kto$ nie jest dobry z matematyki, If someone is not good at math, there is 5.85 1.32 -1.36 1.67
nic nie mozna zrobié, aby to zmieni¢ nothing that can be done to change that
MRS21 Ludzie albo sa dobrzy z matematyki, albo People are either good at math or they aren’t 4.90 1.70 -.52 -.58
nie
MRS22 Umiejetnosci matematyczne kazdego Everyone’s math ability is determined at birth 5.82 1.40 -1.22 1.02
czlowieka sg okreslone w chwili urodzenia
MRS23 Niektérzy ludzie nie potrafig nauczy¢ sie Some people cannot learn math 3.77 1.79 .20 -.96
matematyki
MRS24 Tylko madrzy ludzie potrafiag wykonywac Only smart people can do math 5.98 1.30 -1.43 1.73
obliczenia matematyczne
Note. Items MRS19-MRS24 are revised. Skew = Skewness; Kurt = Kurtosis.
Table A2
Zero-Order Pearson’s Correlations Between All MRS Items
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
1. MRS1
2. MRS2 74
3. MRS3 ST 49+
4. MRS4 6T 66 63"
5. MRS5 63" 56T 65 70"
6. MRS6 ST 54T 68T 67 T9M
7. MRS7 S 48T 55T 56T 57T 56
8. MRS8 A6 41T 65T S1T BT 61T 634
9. MRS9 2277 15T 23" 247 26T 23" 25" 26
10. MRS10 04 .03 7T 08 L14M 15T a1t 13t 15T
11. MRS11 05 .03 227t 13T 17T 19T AT 19Mt 20™ 59
12. MRS12 06 .06 4™ I1F 0 14M 15T I1f 100 .25M 34T 44n
13. MRS13 10" .07 15 16T 15T 14T 12% 15T 26t 277 41t 31
14. MRS14 ASTC13M 227 16Tt 18 LI8M 19 20 12° L10% .19M 21t 20"
15. MRS15 06 .03 14 06 .07 .09 06 .06 .07 .257% 277 21t 250t 7
16. MRS16 -04  -02 01 -07 .01 .01 04 .03 .08 .24 225%™ 16** 23 20" 327
17. MRS17 05 .02 8TT 12 I1F 12 06 LI5TY 247t 28 30M 26M 307 137 28" 30"
18. MRS18 25 24FT 34T 20% 06M 28 20 34 19 03 09*  .13** 04 .09  .I1*  -03 .16
19. MRS19 A5 15T 12t 15 13t 3™ 08 .08 .04 .00 .05 .14 .04 .06 .03 10° .02 437
20. MRS20 JST19MTT 227 17T 20 22" 14 128 .09 .00 .10% 18 04 12* 11* 13% 04 35%% 49**
21. MRS21 A9MT 207 250 18T 22" 26™ 12" 18T .07 .05 .16 20" .07 10" .06 08 .05 337 450 547
22. MRS22 08 .06 11" .04 .08 .09 01 .05 .05 .08 .13 .17*** 06 .05 .03 06 .02 L16M* 35 36™ 48
23. MRS23 A8 20 A7 19T Q7 217 21 01 .04 120 10" .07 .06 .06 04 .06 48" 36T 337 45" 30
24. MRS24 -05 .05 -0l -05 -04 .00 -02 -06 -08 .09 .10 .17** 03 .04 .09 49U 07 LI1MT 37 320 26 30% 26"
Note. N = 443.
*p< .05 **p< .01 ***p< .00l
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