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ABSTRACT 

 

Teachers are strong role models for their pupils, especially at the beginning of education. This 

also holds true for math: If teachers feel anxious about math, the consequences on the mathematical 

education of their pupils is detrimental. 

Previous studies have shown that (future) elementary school teachers have higher levels of math 

anxiety than most people studying other subjects. Here, we set out to conceptually replicate these 

findings (e.g., meta-analysis by Hembree, 1990) by comparing math anxiety levels of pre-service and 

in-service German and Belgian elementary school teachers to a reference group of German university 

students from various fields of study. Moreover, we questioned this finding by asking which 

elementary school teachers experience math anxiety, considering gender, specialization, and 

experience, and investigated how math anxiety relates to teaching attitudes towards math. 

We replicated the previous finding by showing that female elementary school teachers have a 

higher level of math anxiety as compared to other female students. Importantly, female elementary 

school teachers without math specialization indeed had higher levels of math anxiety than female 

students from other fields and almost a quarter of them experience critical math anxiety. In contrast, 

female elementary school teachers with math specialization did not show an increased level of math 

anxiety as compared to the reference sample. Considering that not only these but all teachers, 

regardless of specialization, teach math in elementary school in the investigated educational systems, 

the math anxiety of elementary school teachers is a potential problem for their pupils’ math attitudes 

and learning. 
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INTRODUCTION 

 

Math anxiety – a negative emotional response to numbers and math tasks – is related to impaired 

math performance and achievement (Hembree, 1990; Ma, 1999; Namkung, Peng, & Lin, 2019; 

Zhang, Zhao, & Kong, 2019). A vicious cycle, i.e., math anxiety and impaired math performance 

amplify each other, is one of the most plausible explanations for this link (e.g., Maloney, 2016). 

Several factors play a role in this mechanism: (a) specific numeric difficulties, (b) general cognitive 

deficits (e.g., limited working memory capacity), (c) genetic influences, and (d) social factors (e.g., 

teacher attitudes, gender stereotypes) (for reviews see Dowker, Sarkar, & Looi, 2016; Maloney, 2016; 

Maloney & Beilock, 2012; Suárez-Pellicioni, Núñez-Peña, & Colomé, 2016). There is evidence that 

children develop math anxiety during the first years of formal math education, i.e., in elementary 

school (Ramirez, Gunderson, Levine, & Beilock, 2013; Wu, Barth, Amin, Malcarne, & Menon, 2012; 

see also Suárez-Pellicioni et al., 2016; but see Krinzinger, Kaufmann, & Willmes, 2009). Therefore, 

it is important to understand the influence of contributing factors that children are exposed to at this 

stage. 

Children learn math in elementary school, so their skills and attitudes towards math are 

particularly shaped in the school environment. During learning, elementary school teachers are strong 

role models for their pupils. In several educational systems, one teacher is in charge of teaching most 

of the subjects to their pupils in elementary school (grades 1 to 4/6). In such systems, the content 

being taught does not necessarily fully overlap with the teacher’s own interests. In fact, individuals 

deciding on a career as an elementary school teacher very rarely decide on it because they wish to 

teach mathematics (Porsch, 2017). So, children might face elementary school teachers who have 

negative attitudes towards math or even experience elevated math anxiety. 

A teacher’s math anxiety can trigger student math anxiety (Hembree, 1990) and negatively 

affect math achievement (Beilock, Gunderson, Ramirez, & Levine, 2010; Ramirez, Hooper, Kersting, 

Ferguson, & Yeager, 2018; but see Hadley & Dorward, 2011). Importantly, most elementary school 

teachers are female and therefore potentially stronger role models for girls. Thus, girls are more likely 

to adopt their female teachers’ stereotypical beliefs (e.g., that boys but not girls are good at math). 

This can lead to lower math achievement within one school year at the beginning of elementary school 

(Beilock et al., 2010). This finding points towards the negative consequences of math anxiety for 

elementary school teachers and the need for further investigation. 

Because of the consequences, it is a real problem when elementary school teachers actually 

have elevated math anxiety themselves (Wood, 1988). Unfortunately, several studies provide 

evidence that elementary school teachers have a high average level of math anxiety. For instance, in 
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the meta-analysis by Hembree (Hembree, 1990), pre-service elementary school teachers had the 

highest level of math anxiety among students enrolled in different curricula (e.g., physical sciences, 

math/science, health sciences, business, social sciences, humanities). Similarly, Kelly and Tomhave 

(1985) reported that pre-service elementary school teachers as a group have the highest levels of math 

anxiety compared to other groups of students vulnerable to math anxiety (i.e., students who usually 

avoid math; except for the ones who were supposed to take part in a math anxiety workshop). The 

first basic aim of our study was to replicate the finding that elementary school teachers have more 

math anxiety than others. 

In this respect it is important to note that not all studies have found pre-service elementary 

school teachers to have elevated math anxiety. It might be that because of different educational 

systems, the math anxiety of elementary school teachers might be on average lower in some countries 

(e.g., Turkey; Çatlioǧlu, Birgin, Coştu, & Gürbüz, 2009; Çatlioǧlu, Gürbüz, & Birgin, 2014; Uysal 

& Dede, 2016) than in others (e.g., USA and Poland; Beilock et al., 2010; Hughes, Swars Auslander, 

Stinson, & Fortner, 2019; Isiksal, Curran, Koc, & Askun, 2009; Szczygieł & Cipora, 2016). When 

comparing the average math anxiety scores of pre-service elementary teachers (mostly from the USA 

and Canada) that were assessed by the frequently used Mathematics Anxiety Rating Scale (MARS) 

to the originally provided normative data (Richardson & Suinn, 1972), they belong to the 40th 

percentile (Swars, Daane, & Giesen, 2006), 50th percentile (Brady & Bowd, 2005; Gresham, 2007; 

Vinson, 2001), 60th percentile (Hembree, 1990) or even 75th percentile (Gresham, 2008; Kelly & 

Tomhave, 1985). The data regarding in-service elementary school teachers is much more scarce 

(Beilock et al., 2010; Hughes et al., 2019). This indicates large discrepancies in the observed 

differences, as it shows that the math anxiety of pre-service and in-service elementary school teachers 

might not necessarily be as high in all educational systems as for those in the countries predominantly 

studied so far. 

From a methodological perspective, there are no specified estimates of the prevalence of or cut-

off criteria for math anxiety (cf. Cipora, Artemenko, & Nuerk, 2019). At the same time, norms are 

not available for most math anxiety questionnaires or are available only in some languages or for 

some age groups (for examples of norms see Caviola, Primi, Chiesi, & Mammarella, 2017; Cipora, 

Willmes, Szwarc, & Nuerk, 2018). For this reason, direct group comparisons remain the most feasible 

method to check if elementary school teachers are characterized by elevated levels of math anxiety 

as compared to other groups. Therefore, the current study will use a reference group of students from 

other fields to evaluate the level of math anxiety of elementary school teachers from two western 

European countries, Germany and Belgium. 
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Taken together, there is evidence that elementary school teachers on average have relatively 

high levels of math anxiety. Nevertheless, it might be that elementary school teachers differ in terms 

of math anxiety regarding several factors. Here, we consider the factors gender, specialization, and 

experience, and further examine whether math anxiety may impact the teaching attitudes of 

elementary school teachers. 

Gender. First, gender effects in terms of math anxiety may be of particular relevance to 

elementary school teachers because most of them are female. In general, math anxiety is usually 

higher in females than males (Hembree, 1990). This gender difference might be a reason for elevated 

math anxiety in elementary school teachers, because the majority of female teachers just might 

express more math anxiety driven by gender. However, the problem of math anxiety and elementary 

school teachers cannot be reduced to gender differences, because female pre-service elementary 

school teachers were found to express more math anxiety than female students from other fields 

(Szczygieł & Cipora, 2016). For elementary school teachers in particular, some studies found gender 

differences (Brady & Bowd, 2005; Kelly & Tomhave, 1985) but others did not (Çatlioǧlu et al., 2009, 

2014; Rahayu, Mustadi, & Sarjiman, 2019). Therefore, the question will be addressed, if female 

elementary school teachers have a higher level of math anxiety as compared to their male counterparts 

(Kelly & Tomhave, 1985). 

Specialization. Second, elementary school teachers follow various educational trajectories, in 

which they could either choose or avoid math specialization before teaching math in the classroom. 

Since math anxiety leads to math avoidance (Jaggernauth & Jameson-Charles, 2015), math-anxious 

teachers might have avoided specializing in math during their education (Porsch, 2017). This is a 

problem especially for educational systems in which one teacher teaches almost all subjects, including 

math (instead of having specialized subject teachers), in elementary school. In several countries future 

teachers can select specific subjects at different stages of their education in which to specialize. For 

instance, German pre-service teachers who study elementary school education choose majors that 

may or may not include math. Similarly, French-speaking Belgian secondary school students can 

select their educational course to contain a high or low amount of math. The consequences might be 

that elementary school teachers differ in their levels of math anxiety and enjoyment of teaching math 

and these differences might relate to their own past educational choices (Porsch, 2017; for middle 

school teachers see also Malinsky, Ross, Pannells, & McJunkin, 2004). Therefore, this study will 

differentiate between teachers who specialized in math or not during their education to investigate 

whether all elementary school teachers experience elevated math anxiety. 

Experience. Third, the math anxiety of elementary school teachers might decrease with 

increasing experience in teaching math. This is supported by studies reporting that students have 
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lower levels of math anxiety at the end, compared to students at the beginning, of studies in 

elementary school education (Çatlioǧlu et al., 2009; Isiksal et al., 2009; but see Rahayu et al., 2019). 

However, the reported high levels of math anxiety are almost exclusively based on studies on pre-

service elementary school teachers (Hembree, 1990; Kelly & Tomhave, 1985). There is some 

evidence that in-service elementary school teachers might have reduced math anxiety due to their 

teaching experience, although math anxiety did not completely fade away (Gresham, 2018). 

Therefore, the current study will not only focus on pre-service elementary school teachers, who will 

become teachers in the future, but also on in-service elementary school teachers, who are already 

teaching math, so that we could investigate the role of experience. 

Teaching attitudes. Finally, math anxiety might impact the teaching attitudes of elementary 

school teachers. Independent of whether or not math anxiety of teachers has a direct impact on their 

pupils’ math achievement, it might still be accompanied by teaching anxiety or negative attitudes 

towards teaching math, which may affect teacher attitude and ultimately the quality of their math 

lessons (Hadley & Dorward, 2011; Ramirez et al., 2018). Supporting evidence has shown that pre-

service elementary school teachers with higher levels of math anxiety were less confident in teaching 

math (Brady & Bowd, 2005; Bursal & Paznokas, 2006). Pre-service and in-service elementary school 

teachers with higher levels of math anxiety were further observed to have lower math teacher efficacy 

in math and less math knowledge (Ganley, Schoen, LaVenia, & Tazaz, 2019; Gresham, 2008; 

Jaggernauth & Jameson-Charles, 2015; Swars et al., 2006). Taken together, higher math anxiety may 

be associated with lower teacher confidence and efficacy, which in turn might have a detrimental 

impact on student achievement in math during elementary school. 

The current study has two aims: The first aim is to conceptually replicate the finding of the 

meta-analysis by Hembree (Hembree, 1990) that math anxiety is higher for elementary school 

teachers than for students from other fields. The replication is relevant because the math anxiety of 

elementary school teachers has consequences for their pupils and it is necessary because previous 

studies have reported divergent levels of math anxiety, mostly lacked a reference sample, and almost 

exclusively were based on pre-service teachers. The second aim addresses whether all elementary 

school teachers experience math anxiety by the consideration of gender, specialization, and 

experience. Thereby, female elementary school teachers are expected to show higher math anxiety 

than males. Furthermore, math anxiety is expected to be lower for elementary school teachers who 

specialized in math during their studies. Due to experience, in-service teachers are expected to show 

less math anxiety than pre-service teachers. Finally, we expect a negative association of math anxiety 

with teaching attitudes towards math.  
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METHODS 

 

Participants 

The samples of pre-service and in-service elementary school teachers consisted of German 

teachers and French-speaking Belgian teachers. The German teachers were recruited via internal e-

mails within the Ludwigsburg University of Education, via e-mails of a school headmaster, and via 

personal contacts. The Belgian teachers were recruited via e-mails of professors of the elementary 

school education program to current and former students. After exclusion (see Table 1), the final 

samples consisted of 131 German teachers (116 female; age: M = 24.0, SD = 5.89, Range = 18–62 

years) and 127 Belgian teachers (107 female; age: M = 27.1, SD = 10.00, Range = 19–63 years). The 

teacher samples included pre-service (German: n = 99, Belgian: n = 76) and in-service elementary 

school teachers (German: n = 32; Belgian: n = 51). For additional analyses, the German teachers were 

categorized by whether they specialized in mathematics during their teacher education (n = 75) or not 

(n = 56) and the Belgian teachers by whether they specialized in mathematics during their secondary 

school education (n = 78) or not (n = 49). Specialization in math means that German teachers studied 

math as a major when deciding between different subjects, and thus took additional math courses and 

math teaching courses. For Belgian teachers it means that they specialized in math during secondary 

school, where they received an educational curriculum that contained a high number of math classes. 

The proportion of students specializing in math in the German sample (57.25%) approximately 

reflected the actual proportion of students specializing in math at the Ludwigsburg University of 

Education (47.97%). 

As a reference sample, German university students who studied various subjects other than 

elementary school education were recruited via internal e-mail within the University of Tuebingen. 

In the recruiting e-mail, age of 18 years or above and German as native language were stated as 

inclusion criteria. After exclusion (see Table 1), the final sample consisted of 848 German students 

(597 female; age: M = 23.50, SD = 4.17, Range = 18–56 years). 

Participants were consecutively excluded from the initial sample based on non-completion of 

the survey, ineligibility for the specific sample, very or extremely noisy environment during study 

completion, responding dishonestly, and for spending more than 30 min on the survey (because of a 

median completion duration of under 15 min) (see Table 1, for similar exclusion criteria see also 

Cipora, Soltanlou, Reips, & Nuerk, 2019). The eligibility for the teacher samples included being an 

elementary school teacher or studying elementary school education to become a teacher. The 

eligibility for the reference sample was conferred by German native speaker status, while teachers in 
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elementary school were considered as having a language level (in German/French) high enough to 

respond to the survey. 

All participants gave informed consent via mouse click and were offered to enter a raffle for 

vouchers upon completion. The study was approved by the Ethics Committee for Psychological 

Research of the University of Tuebingen. 

 

Table 1. Exclusion criteria for the samples of German and Belgian elementary school teachers and the reference sample 

of German University students. 

  German teachers Belgian teachers Reference sample 

Initial sample N 164 N = 191 1049 

Exclusion criteria n not finished 22 45 110 

 n not eligible 8 3 34 

 n noisy environment 0 12 36 

 n dishonest responses 0 0 4 

 n duration > 30 min 3 4 17 

Final sample N 131 127 848 

 

Materials 

Math anxiety was assessed by the Abbreviated Math Anxiety Scale (AMAS; Hopko, 

Mahadevan, Bare, & Hunt, 2003). For the German translation, the items by Dietrich et al. (Dietrich, 

Huber, Moeller, & Klein, 2015) were slightly modified to whole sentences (as in the original English 

version). For the French-speaking Belgian sample, the AMAS items were translated into French from 

the original English version. Participants were asked to indicate how anxious they would feel in each 

math situation described in 9 items using a 5-point Likert scale (1 = low anxiety, 5 = high anxiety). 

The sum score was calculated, with higher values corresponding to higher math anxiety. The AMAS 

has two subscales: learning math anxiety and math evaluation anxiety (Hopko et al., 2003). Here, we 

focus on total AMAS scores and present the analyses considering the subscales in the Appendix (see 

Table A2 and A3). 

The AMAS is characterized by adequate reliability and validity in the original English form as 

well as in several other language forms (Cipora, Szczygiel, Willmes, & Nuerk, 2015; Hopko et al., 

2003; Primi, Busdraghi, Tomasetto, Morsanyi, & Chiesi, 2014; Vahedi & Farrokhi, 2011). The 

original English form had an internal consistency of α = .90 and a test-retest reliability of rtt = .85 

(Hopko et al., 2003). Reliability of the AMAS in its German form (Cronbach’s alpha: .89) as well as 

in its French form (Cronbach’s alpha: .91) in the current samples can be considered as very good. As 

proposed by Cipora et al. (2015) in the case of AMAS, ordinal alpha, based on polychoric 

correlations, is a more suitable method for estimating reliability. Using this measure, AMAS 

reliability was even slightly higher (ordinal alpha of the German form: .93; ordinal alpha of the French 
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form: .91), which is comparable to the ordinal alpha reported for AMAS administered online (Polish 

form: .88; Cipora et al., 2018). 

For teachers only, the enjoyment of teaching math (“I like teaching math.”) and the ease of 

teaching math (“Teaching math is easy for me.”) were assessed on a 5-point Likert scale (1 = not at 

all, 5 = absolutely; additional option: not yet taught). These items were originally formulated in 

German for the purpose of this study. The translation of the survey (including teacher-related items, 

demographic items, quality items, and instructions) into French was conducted by a German-French 

bilingual individual. The material for assessing math anxiety and teaching attitudes can be found at 

https://osf.io/w2e9j/. 

 

Procedure 

The study was conducted as an online survey on the SoSci Survey platform (Leiner, 2014). In 

contrast to laboratory studies, the environment during participation in online surveys is less 

controllable. Therefore, it is recommended to use quality items (Reips, 2002). Here, after completion 

of the study we asked how noisy the participants’ environment was during survey completion on a 6-

point Likert scale (1 = silent, 2 = very quiet, 3 = fairly quiet, 4 = fairly noisy, 5 = very noisy, 6 = 

extremely noisy) and whether the survey was completed honestly (yes or no). As this study was part 

of a larger project, additionally to the assessment of math anxiety and teaching attitudes, several other 

questionnaires, and a math performance task (administered after anxiety- and math-related 

questionnaires but before additional measures and teacher-related items) were included. All of these 

measures are outside of the scope of this paper. Note that participants were notified at the beginning 

of their participation in the study that they would have to complete a mathematical performance task. 

The median completion duration was 11 min for German teachers, 13 min for Belgian teachers, and 

9 min for the reference sample (survey was shorter as it did not include teacher-related items). 

 

Analysis 

Data were statistically analyzed using jamovi (The jamovi project, Version 1.1, 2019) based on 

R (R Core Team, 2018) and JASP (Jeffreys’s Amazing Statistics Program, Version 0.13.1, JASP 

Team, 2016). For statistical data analysis, frequentist as well as Bayesian approaches (if possible) 

were applied to complement classical analyses with information on how likely there was evidence for 

an effect or evidence for a null effect. The Bayes factor (BF) is defined as how much more likely the 

observed data is under one compared to the other hypothesis. Thereby, BF10 means a Bayes factor in 

favor of the alternative hypothesis (evidence for a difference when BF10 > 1) and BF01 means a Bayes 

factor in favor of the null hypothesis (evidence for no difference when BF01 > 1), whereby BF01 = 
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1/BF10 (Faulkenberry, Ly, & Wagenmakers, 2020). A BF between 1 and 3 indicates anecdotal 

evidence, a BF between 3 and 10 moderate evidence, a BF between 10 and 30 strong evidence, a BF 

between 30 and 100 very strong evidence, and a BF above 100 extreme evidence in favor of one 

hypothesis (Jeffreys, 1961; Lee & Wagenmakers, 2013). 
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RESULTS 

 

Our samples of elementary school teachers included a low proportion of males (13.57 %). This 

was not a problem of sampling, but rather reflects the fact that the vast majority of elementary school 

teachers in both countries are female. While this is a real-life problem, unfortunately the power for 

statistical analysis would be too low when considering gender as an additional factor (n < 10 for some 

cells). On the other hand, gender cannot be ignored because of the extreme evidence for gender 

differences in math anxiety in the literature (Hembree, 1990) as well as in the current sample, t(256) 

= 4.16, p < .001, d = 0.76, BF10 > 100, with higher math anxiety for female (M = 20.85, SD = 7.25) 

than male elementary school teachers (M = 15.54, SD = 5.29). Therefore, we decided to run the 

statistical analysis on female teachers only (which represent the vast majority of elementary school 

teachers). For a full overview, we provided descriptive data for male teachers in the Appendix (Table 

A1). 

Since teacher data were collected in Germany and in Belgium, we tested whether these samples 

differed regarding math anxiety. There was no significant difference in math anxiety between the 

female German teachers (M = 20.66, SD = 6.72) and the female Belgian teachers (M = 21.06, SD = 

7.81), t(221) = 0.40, p = .687. There was moderate evidence that they did not differ, BF01 = 6.33. 

Therefore, these samples were analyzed together. 

 

 

 Table 2. Descriptive data for female elementary school teachers’ math anxiety and teaching attitudes. 

math anxiety     N M SD 

teachers yes    223 20.85 7.25 

 no    597 19.65 6.51 

math anxiety of teachers    N M SD 

specialization yes experience pre-service  91 18.99 6.47 

   in-service  38 19.13 6.83 

 no experience pre-service  72 23.26 7.42 

   in-service  22 23.64 7.71 

enjoyment of teaching math  N* M SD 

specialization yes    116 4.45 0.75 

 no    66 3.71 1.08 

experience pre-service    127 4.19 0.95 

 in-service    55 4.16 0.96 

ease of teaching math  N* M SD 

specialization yes    115 4.05 0.78 

 no    66 3.42 0.95 

experience pre-service    126 3.76 0.90 

 in-service    55 3.96 0.88 

Note. *For the analyses of teaching attitudes, elementary school teachers who selected the option “not yet taught” were 

excluded (n = 41 for enjoyment; n = 42 for ease). 
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Math anxiety 

An independent samples t-test was performed to compare math anxiety between female teachers 

and the reference sample of female students. Math anxiety was significantly higher in female teachers 

compared to the reference sample, t(818) = 2.28, p = .023, d = 0.18, BF10 = 1.11 (see Figure 1A, 

Table 2; for the subscales learning math anxiety and math evaluation anxiety see the Appendix, Table 

A2). As indicated by the Bayes Factor of about 1, the evidence for this difference was only anecdotal 

and, in fact, the data were inconclusive, as the data are equally likely to occur under the alternative 

hypothesis and the null hypothesis. 

To examine if math anxiety differs between different groups of teachers, an ANOVA was 

conducted with the between-subject factors specialization (math or not) and experience (pre-service 

or in-service) (for the separate results for the subscales of math anxiety see the Appendix, Table A3, 

and for the separate results for the German and Belgian teachers see the Appendix, Table A4). The 

main effect of specialization was significant, F(1, 219) = 16.40, p < .001, 𝜂𝑝
2 = .07, indicating that 

math anxiety was higher in female teachers without math specialization as compared to female 

teachers with math specialization (see Figure 2, see Table 3 for results of the Bayesian ANOVA). 

The main effect of experience, F(1, 219) = 0.06, p = .812, and the interaction between specialization 

and experience were not significant, F(1, 219) = 0.01, p = .916. The Bayesian ANOVA provided 

convergent evidence that specialization is the only factor that ought to be considered and moderate 

evidence for a null effect of experience. 

 

Table 3. Statistical results for math anxiety of female elementary school teachers (Bayesian ANOVA). 

Models  P(M) P(M|data) BFM BF10 error % 

null model  0.2 0.00 0.00 1.00  

specialization  0.2 0.83 19.59 > 100 0.00 

specialization + experience  0.2 0.14 0.64 > 100 0.91 

specialization + experience + interaction  0.2 0.03 0.13 80.23 1.30 

experience  0.2 0.00 0.00 0.16 0.00 

Effects  P(incl) P(incl|data) BFincl BFexcl  

specialization  0.4 0.97 > 100 0.00  

experience  0.4 0.14 0.17 6.22  

interaction specialization × experience  0.2 0.03 0.23 4.22  

Note. The effect-based analyses (lower part of the table) compares models that contain the effect to equivalent models 

stripped of the effect (analysis suggested by Sebastiaan Mathôt). 

 

To further explore the missing effect of experience on math anxiety, experience level (in years) 

was considered for female in-service teachers (N = 59, M = 10.19, SD = 10.44, Mdn = 5, Range = 

0.5-38 years). The Pearson correlation between experience level and math anxiety was not significant, 

r(59) = -.063, p = .637. Note that similar data for pre-service teachers (e.g., years of teacher education) 

was not assessed in the current study. 
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Because of the significant effect of specialization on math anxiety, the female teachers were 

further compared to the reference sample of female students dependent on specialization by 

independent samples t-tests. Female teachers without specialization in math showed higher levels of 

math anxiety in comparison to the reference sample, t(689) = 5.02, p < .001, d = 0.56, BF10 > 100. In 

contrast, female teachers with specialization in math did not significantly differ from the reference 

sample, t(724) = 0.98, p = .328, BF10 = 0.17, and there was moderate evidence that they did not differ, 

BF01 = 5.85 (see Figure 1B). 

 

 

 

Figure 1. Math anxiety of female teachers compared to the reference sample of students from other fields, and math 

anxiety of female teachers depending on specialization (math or not). White dots indicate the mean, boxes indicate the 

interquartile range (IQR = 25% – 75%), and gray zones indicate the distribution (kernel density estimation). 

 

 

To further evaluate the math anxiety of teachers and the moderating effect of math 

specialization, we estimated the distribution of math anxiety in female elementary school teachers in 

relation to the reference sample of female students. Due to the lack of diagnostic criteria for math 

anxiety (Cipora, Artemenko, et al., 2019), we followed the suggestions for diagnosing dyscalculia 

(cut-off: dyscalculia ≤ 10th percentile; math anxiety > 90th percentile) or being at risk for dyscalculia 

(cut-off: dyscalculia ≤ 25th percentile; math anxiety > 75th percentile) in relation to normative data 

(reference sample) (Kaufmann et al., 2009; Moeller, Fischer, Cress, & Nuerk, 2012). This analysis 

shows that 12.56% of female teachers in our sample experience critical math anxiety and 33.63% at 

least are at risk for critical math anxiety (see Table 4). When considering specialization in math, only 

4.65% of female teachers with math specialization experience critical math anxiety (24.03% are at 

least at risk), but 23.40% of female teachers without math specialization experience critical math 

anxiety (46.81% are at least at risk). 
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Table 4. Distribution of math anxiety in female elementary school teachers (median, quartiles, 10th and 90th percentile of 

the female reference sample). 

percentile  10% 25% 50% 75% 90% 

norms  11 13 18 23 28 

teachers all 86.55% 77.58% 52.02% 33.63% 12.56% 

 math specialization 80.62% 72.09% 43.41% 24.03% 4.65% 

 no math specialization 94.68% 85.11% 63.83% 46.81% 23.40% 

Note. The proportion of female teachers scoring above the given percentile norm of math anxiety was reported. The given 

percentiles include the 10th percentile (10%), lower quarter (25%), median (50%), upper quarter (75%) indicating risk for 

critical math anxiety, and 90th percentile (90%) indicating critical math anxiety. The given norms depict the AMAS scores 

that correspond to the percentile based on the distribution of AMAS scores in the reference sample of female German 

University students (N = 848). 

 

 

Figure 2. Math anxiety of female teachers depending on specialization (math or not) and experience (pre-service or in-

service). Error bars indicate SE. 

 

Teaching attitudes 

The relation of math anxiety to enjoyment and ease of teaching math for female teachers was 

analyzed by Pearson correlations. Significant negative correlations of math anxiety were found for 

both enjoyment, r(213) = -.470, p < .001, and ease of teaching math, r(212) = -.479, p < .001, 
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indicating that higher levels of math anxiety were associated with lower enjoyment and less ease in 

teaching math. The relation between enjoyment and ease was analyzed by polychoric correlations, 

which can be considered more suitable for single items with ordinal scales than Pearson correlations 

(see Hohol, Woloszyn, Nuerk, & Cipora, 2018). Enjoyment and ease of teaching math were highly 

correlated, r(212) = .730, p < .001. 

To detect the factors that might influence the teaching attitudes of female elementary school 

teachers, ordinal logistic regressions were performed with the predictors math anxiety, specialization, 

and experience (for the separate results of German and Belgian teachers see the Appendix, Table A5). 

For enjoyment of teaching math, AIC = 393.10, BIC = 415.53, R2
McF = .13, and for ease of teaching 

math, AIC = 414.73, BIC = 437.12, R2
McF = .13, the predictors math anxiety and specialization, but 

not experience, were significant (see Table 5). This indicates that on the one hand, with increasing 

math anxiety female elementary school teachers enjoyed teaching math less and found it more 

difficult to teach math, and on the other hand, female teachers with specialization in math showed 

higher levels of enjoyment and ease in teaching math than teachers without math specialization (see 

Figure 3). 

To further explore the missing effect of experience, the relation between experience level (in 

years) and teaching attitudes was analyzed by Pearson correlations for female in-service teachers. 

Experience level did not significantly correlate with enjoyment of teaching, r(54) = .011, p = .935, or 

ease of teaching math, r(54) = .059, p = .674. 

 

Table 5. Statistical results for teaching attitudes of female elementary school teachers (ordinal logistic regression). 

enjoyment of teaching math  Estimate SE Z p Odds ratio [95% CI] 

math anxiety   -0.12 0.02 -5.51 < .001 0.89 [0.85, 0.92] 

specialization yes vs. no  1.17 0.32 3.70 < .001 3.21 [1.74, 5.99] 

experience in- vs. pre-service  -0.14 0.32 -0.44 .663 0.87 [0.47, 1.63] 

ease of teaching math  Estimate SE Z p Odds ratio [95% CI] 

math anxiety   -0.12 0.02 -5.65 < .001 0.88 [0.85, 0.92] 

specialization yes vs. no  1.06 0.32 3.34 < .001 2.90 [1.56, 5.45] 

experience in- vs. pre-service  0.41 0.31 1.31 .189 1.51 [0.82, 2.80] 
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Figure 3. Teaching attitudes of elementary school teachers (enjoyment and ease of teaching math) depending on 

specialization (math or not) and experience (pre-service or in-service). 
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DISCUSSION 

 

The current study investigated math anxiety of elementary school teachers to replicate the 

higher levels of math anxiety found for teachers as compared to a reference sample, to identify which 

teachers are affected, and to disclose how math anxiety relates to their teaching attitudes. First, we 

replicated the finding that elementary school teachers have higher levels of math anxiety than students 

from other fields (Hembree, 1990; Kelly & Tomhave, 1985). Secondly, math anxiety differed 

between teachers depending on specialization but not experience. Additionally, math anxiety differed 

between female and male teachers. Third, higher levels of math anxiety were associated with less 

enjoyment and ease of teaching math. These findings suggest that although elementary school 

teachers have on average more math anxiety than others, not all of them are equally affected and 

express negative attitudes towards teaching math. Treating elementary school teachers as a 

homogenous group (as most studies do) fails to consider the systematic heterogeneity we observed 

within this group. 

The current study replicated the finding that female elementary school teachers have a higher 

level of math anxiety in relation to female students from other fields (Hembree, 1990; Kelly & 

Tomhave, 1985; Szczygieł & Cipora, 2016). On average, math anxiety was higher in pre-service and 

in-service female elementary school teachers as compared to female university students from various 

fields ranging from the sciences to the humanities. Interestingly, this effect was driven by learning 

math anxiety (rather than by math evaluation anxiety, see Appendix, Table A2), an AMAS subscale 

that is only sensitive to high levels of math anxiety (Cipora et al., 2018). Despite usually showing 

floor effects, learning math anxiety here differentiated between teachers and others. However, the 

overall effect size observed was small and evidence from Bayesian analysis was almost perfectly 

inconclusive. Even though our finding is in contrast to the relatively low levels of math anxiety found 

in pre-service Turkish elementary school teachers (Çatlioǧlu et al., 2009, 2014; Isiksal et al., 2009; 

Uysal & Dede, 2016), this replication is in line with the relatively high levels of math anxiety reported 

for pre-service elementary school teachers in the USA (Beilock et al., 2010; Hughes, 2016; Kelly & 

Tomhave, 1985) and Poland (Szczygieł & Cipora, 2016). Therefore, our results provided some 

evidence for a generalization of relatively higher levels of math anxiety to pre-service and in-service 

elementary school teachers in European countries like Germany and Belgium. However, a closer look 

at the results provides a more nuanced picture. 

Female teachers who specialized in math essentially differed in math anxiety from female 

teachers who did not specialize in math. As expected, math anxiety was lower both in German 

teachers majoring in math compared to those not majoring in math during their studies of elementary 
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school education (Ganley et al., 2019; Malinsky et al., 2006; Porsch, 2017) and in Belgian teachers 

who specialized in math during secondary school compared to those who chose an educational 

trajectory containing less math (see the Appendix, Table A4). This suggests that math anxiety plays 

a role in the selection of study foci and leads (future) elementary school teachers to avoid math 

(Jaggernauth & Jameson-Charles, 2015; Porsch, 2017), or specialization in math mitigates math 

anxiety. This is in line with previous literature reporting math avoidance as one of the consequences 

of math anxiety in general (Ashcraft, 2002). Interestingly, the female teachers with specialization in 

math did not differ in math anxiety from female students from other fields, whereas we found extreme 

evidence that female teachers without specialization in math had more math anxiety than female 

students from other fields ranging from the sciences to the humanities. This was supported by the 

prevalence of critical math anxiety being only half as large for female teachers with math 

specialization (about a quarter being at risk), but more than twice as large for female teachers without 

math specialization (almost half are at risk) as compared to female reference norms. This shows that 

not all elementary school teachers have relatively high levels of math anxiety, but rather only those 

teachers who did not specialize in math during their studies or during school. This is of importance, 

because about half of elementary school teachers do not specialize in math and the strong effect of 

specialization is superior to the inconclusive evidence on the elevated math anxiety of elementary 

school teachers in general. 

With increased experience in studying elementary school education, the math anxiety of pre-

service elementary school teachers was found to decrease in previous studies (Çatlioǧlu et al., 2009; 

Isiksal et al., 2009; but see Rahayu et al., 2019). Consistent with this reported decrease in math anxiety 

during teacher education, Gresham (2018) found evidence for a further decrease in math anxiety when 

teachers start teaching. Our study, however, does not support these previously found differences and 

instead provides moderate evidence for similar levels of math anxiety for female pre-service and in-

service elementary school teachers, even when specialization in math was taken into account. Thus, 

our results suggest that math anxiety might not fade away (or build up) with increasing teaching 

experience. Thus, it might not matter how much experience the teachers have, but which experience 

they have (e.g., the grade and the respective complexity of math they typically teach). Given these 

contrary findings and our very limited knowledge about the math anxiety of in-service teachers, well-

founded conclusions cannot be drawn at this moment and future studies on this topic are 

recommended.  

Among elementary school teachers, female teachers were found to express more math anxiety 

than male teachers. This corroborates gender effects on math anxiety in general (Hembree, 1990) as 

well as in particular for elementary school teachers (Brady & Bowd, 2005; Kelly & Tomhave, 1985). 
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While gender differences in math anxiety were found for elementary school teachers in Western 

countries (Brady & Bowd, 2005; Kelly & Tomhave, 1985), they were not found in other countries 

(Çatlioǧlu et al., 2009, 2014; Peker & Ertekin, 2011; Rahayu et al., 2019). Although this suggests 

cultural differences, further cross-cultural research is needed to support this claim. Nevertheless, all 

of these studies point to female teachers as the majority in elementary school education, highlighting 

the relevance of gender effects on math anxiety. 

For elementary school teachers, math anxiety relates to teaching attitudes towards math. Higher 

levels of math anxiety were associated with lower enjoyment and ease of teaching math. This means 

that female teachers with increasing levels of math anxiety were less likely to enjoy, and more likely 

to be afraid of, teaching math, and also found teaching math difficult and considered themselves as 

being less confident in teaching math. Given that the teaching attitudes were assessed only by single 

items and after math anxiety and performance in the current study, the results should be treated with 

considerable caution due to possible biases (e.g., teachers reporting their teaching attitudes more 

consistently to their math anxiety). Nevertheless, our results were consistent with previous studies 

showing the relation of math anxiety to confidence (Brady & Bowd, 2005; Bursal & Paznokas, 2006), 

efficacy (Gresham, 2008; Jaggernauth & Jameson-Charles, 2015; Swars et al., 2006) and anxiety of 

teaching math (Ganley et al., 2019; Olson & Stoehr, 2019). For future research, psychometrically 

validated instruments are recommended for assessing teaching attitudes and teaching anxiety towards 

math (e.g., Ganley et al., 2019; Hunt & Sari, 2019; Peker & Ertekin, 2011). 

Like math anxiety, teaching attitudes were found to differ depending on specialization, but not 

on experience. Female teachers with math specialization considered teaching math more enjoyable 

and easy than those without this specialization (Porsch, 2017). This could be explained by two 

processes, which are not necessarily mutually exclusive. First, it could reflect a matter of selection, 

meaning that students with negative teaching attitudes towards math do not want to specialize in 

math. Second, it could reflect an effect of studying math itself so that the knowledge and expertise 

gained by teachers specialized in math makes them feel more competent in teaching math. Both 

processes might explain our finding that specializing in math is related to better math teaching 

attitudes. However, in contrast to previous data (Hunt & Sari, 2019), our results provided no evidence 

of a beneficial effect of teaching math on the teachers’ attitudes, because female in-service and pre-

service elementary school teachers did not significantly differ in enjoyment and ease of teaching 

math, and experience level in female in-service teachers did not significantly alter their teaching 

attitudes. As an open question, the different teaching experience regarding the grade and complexity 

of math might be addressed in future research. Taken together, studying math predicts better teaching 

attitudes towards math but teaching math does not. 
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There are several implications for educational practice of the presented research on math 

anxiety of elementary school teachers. Although not all elementary school teachers have high levels 

of math anxiety, the relatively high levels of math anxiety of teachers without specialization in math 

are critical, because all teachers – including these teachers – are supposed to teach math in elementary 

school in the investigated educational systems. So, math anxiety of teachers is a problem in this 

situation (Porsch, 2017; Wood, 1988), at least for educational systems like those in Germany 

(selection of majors during elementary school teacher education) or French-speaking Belgium 

(specialization during secondary school), and thus, math anxiety of teachers might lead to lower 

student achievement in math (Beilock et al., 2010). In order to prevent such detrimental 

consequences, Porsch (2017) recommends either changing elementary school education (i.e., 

education in schools should be based on the principle of subject teachers like in China rather than on 

the principle of class teachers so that not all (future) teachers are forced to learn and teach math) or 

changing elementary teacher education (i.e., education of teachers should support (future) teachers in 

dealing with their math anxiety and impart math knowledge so that they can learn to teach math). To 

deal with the math anxiety problem of elementary school teachers, some previously applied 

intervention approaches seemed to be successful in reducing math anxiety: For example, pre-service 

elementary school teachers showed reduced levels of math anxiety after a math methods course with 

teaching practice (however, there is a control group missing in the evaluation) (Gresham, 2007; 

Harper & Daane, 1998; Sloan, 2010; Vinson, 2001) or after expanded microteaching as compared to 

a control group (Peker, 2009). Other intervention approaches targeting the consequences on students 

might be considered, such as decreasing gender stereotype endorsement by female teachers, 

increasing confidence and competence of teaching math, or offering coping strategies for math 

anxiety for teachers. In sum, whenever elementary school teachers are afraid of math – and math 

anxiety does not motivate them, leading to positive consequences (Wang et al., 2015) – there is a 

need for action to diminish the detrimental consequences for their students. 

Although we believe that this research offers important implications, we acknowledge that the 

current study has some limitations. First, because most elementary school teachers are female, the 

current sample of male teachers was too small to be analyzed. Our results based on female teachers 

cannot be generalized to male teachers because of gender differences and thus future studies with a 

sufficient number of male elementary school teachers might focus on this issue. Second, the 

observational approach of this study does not allow for causal inferences. For instance, it is not clear 

whether math-anxious students just do not specialize in math to avoid it (Jaggernauth & Jameson-

Charles, 2015; Porsch, 2017) or if studying math increases real or perceived math competence and 

thereby decreases math anxiety and improves teaching attitudes. Third, implications for the 
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consequences of the math anxiety of teachers on their students (Beilock et al., 2010; Ramirez et al., 

2018) were derived from the literature, but they were not directly assessed in the current study. Fourth, 

the conclusions derived by the data of German and Belgian elementary school teachers might not be 

generalizable to other cultures, countries, and educational systems because of previously observed 

differences (Isiksal et al., 2009). Finally, this was an online study. Although the instrument AMAS 

for assessing math anxiety was proven to be equivalent either by online or paper-pencil administration 

(Cipora et al., 2018), any online study lacks the control usually obtained in laboratory studies. 

However, this format allowed for enough power to investigate within-group differences in elementary 

school teachers, which have often been neglected so far. 

In conclusion, this replication study confirmed the fact that elementary school teachers are more 

affected by math anxiety as compared to students from other fields. However, not all teachers were 

found to have higher levels of math anxiety. For instance, female teachers without specialization in 

math had more math anxiety and less positive teaching attitudes than female teachers with 

specialization in math. In fact, almost half of these teachers could be classified as at risk for critical 

math anxiety, and almost a quarter as critically math anxious. Importantly, all elementary school 

teachers in these educational systems are obliged to teach math. Since teachers with high math anxiety 

might impact the math achievement of their students, this may pose a substantial problem for math 

education. Therefore, our work stresses the need for changes in teacher education to support 

elementary school teachers who did not specialize in math to cope with their anxiety not only for their 

own well-being, but also to prevent negative consequences on the emotions, attitudes, and future 

achievements of their students.  
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Data availability 

Raw data, analysis scripts, and material can be found at https://osf.io/w2e9j/. Open Data and 

Open Analysis comprise the data file (txt file, tab separated), the jamovi files, the JASP file, and the 

additional R script which allow for the reproduction of all analyses reported in the paper as well as 

access to some extra results. Open Material comprise math anxiety (AMAS) and teaching attitudes 

(enjoyment and ease of teaching math) in English, German and French. 
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Appendix 

 

Table A1. Descriptive data for math anxiety and teaching attitudes of male elementary school teachers. 

math anxiety     N M SD 

teachers yes    35 15.54 5.29 

 no    251 16.6 6.79 

math anxiety of teachers  N M SD 

specialization yes experience pre-service  20 15.15 5.28 

   in-service  4 15.50 4.20 

 no experience pre-service  7 16.29 5.59 

   in-service  4 16.25 7.54 

enjoyment of teaching math  N* M SD 

specialization yes    21 4.33 0.48 

 no    10 4.1 0.74 

experience pre-service    23 4.26 0.54 

 in-service    8 4.25 0.71 

ease of teaching math  N* M SD 

specialization yes    21 4.19 0.68 

 no    10 3.6 0.97 

experience pre-service    23 4.13 0.76 

 in-service    8 3.63 0.92 
Note. *For the analyses of teaching attitudes, elementary school teachers who selected the option “not yet taught” were excluded (n = 4). 
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Table A2. Results for the subscales of the AMAS for female teachers vs. the reference sample of female students and for female vs. male teachers. 

math anxiety  N M SD  t df p d BF10 BF01 

learning math anxiety teachers  yes 223 8.48 3.67  3.04 818 .002 0.24 7.75  

 (female) no 597 7.68 3.26        

math evaluation anxiety teachers  yes 223 12.37 4.42  1.24 818 .214 0.10 0.19 5.36 

 (female) no 597 11.98 3.93        

math anxiety of teachers  N M SD  t df p d BF10 BF01 

learning math anxiety gender female 223 8.48 3.67  2.90 256 .004 0.53 8.41  

  male 35 6.63 2.22        

math evaluation anxiety gender female 223 12.37 4.42  4.40 256 < .001 0.80 > 100  

  male 35 8.91 3.60        
Note. BF10 – Bayes factor in favor of the alternative hypothesis (evidence for a difference); BF01 – Bayes factor in favor of the null hypothesis (evidence for no difference) is reported 

when no difference was found (p > .05; BF10 < 1) for simplification of interpretation, whereby BF01 = 1/BF10. 
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Table A3. Results for the subscales of the AMAS for specialization and experience in female elementary school teachers. 

  learning math anxiety   math evaluation anxiety 

Descriptives  N M SD     N M SD   

specialization yes 129 7.55 2.96     129 11.48 4.37   

 no 94 9.76 4.16     94 13.60 4.22   

experience pre-service 163 8.39 3.60     163 12.49 4.51   

 in-service 60 8.72 3.88     60 12.07 4.21   

ANOVA  F df p 𝜂𝑝
2    F df p 𝜂𝑝

2  

specialization  18.11 1, 219 < .001 .08    9.38 1, 219 .002 .04  

experience  0.96 1, 219 .328 .00    0.17 1, 219 .678 .00  

interaction specialization × experience  0.13 1, 219 .718 .00    0.12 1, 219 .902 .00  

Bayesian ANOVA: Models  P(M) P(M|data) BFM BF10 error %   P(M) P(M|data) BFM BF10 error % 

null model  0.2 0.00 0.00 1.00    0.2 0.01 0.05 1.00  

specialization  0.2 0.78 13.83 > 100 0.00   0.2 0.81 16.77 62.23 0.00 

specialization + experience  0.2 0.18 0.89 > 100 1.80   0.2 0.14 0.67 11.08 0.94 

specialization + experience + interaction  0.2 0.04 0.18 > 100 1.97   0.2 0.03 0.14 2.57 1.34 

experience  0.2 0.00 0.00 0.19 0.00   0.2 0.00 0.01 0.20 0.00 

Bayesian ANOVA: Effects  P(incl) P(incl|data) BFincl BFexcl    P(incl) P(incl|data) BFincl BFexcl  

specialization  0.4 0.96 > 100 0.00    0.4 0.95 61.30 0.02  

experience  0.4 0.18 0.23 3.95    0.4 0.15 0.18 5.60  

interaction specialization × experience  0.2 0.04 0.23 4.18    0.2 0.03 0.23 4.32  
Note. The effect-based analyses (lower part of the table) compares models that contain the effect to equivalent models stripped of the effect (analysis suggested by Sebastiaan Mathôt). 
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Table A4. Math anxiety results for specialization separately for German teachers (during elementary school teacher education) and Belgian teachers (during secondary school). 

  German teachers (female)   Belgian teachers (female) 

Descriptives  N M SD     N M SD   

specialization yes 64 18.59 5.86     65 19.46 7.19   

 no 52 23.21 6.88     42 23.52 8.18   

experience pre-service 92 20.73 6.81     71 21.07 7.73   

 in-service 24 20.42 6.47     36 21.03 8.09   

ANOVA  F df p 𝜂𝑝
2    F df p 𝜂𝑝

2  

specialization  10.66 1, 112 .001 .09    6.20 1, 103 .014 .06  

experience  0.02 1, 112 .886 .00    0.01 1, 103 .939 .00  

interaction specialization × experience  0.10 1, 112 .756 .00    0.00 1, 103 .949 .00  

Bayesian ANOVA: Models  P(M) P(M|data) BFM BF10 error %   P(M) P(M|data) BFM BF10 error % 

null model  0.2 0.01 0.02 1.00    0.2 0.13 0.59 1.00  

specialization  0.2 0.76 12.50 > 100 0.00   0.2 0.66 7.67 5.09 0.00 

specialization + experience  0.2 0.18 0.87 33.88 0.87   0.2 0.14 0.65 1.08 1.65 

specialization + experience + interaction  0.2 0.06 0.24 10.72 1.19   0.2 0.05 0.19 0.36 12.92 

experience  0.2 0.00 0.01 0.24 0.02   0.2 0.03 0.11 0.22 0.03 

Bayesian ANOVA: Effects  P(incl) P(incl|data) BFincl BFexcl    P(incl) P(incl|data) BFincl BFexcl  

specialization  0.4 0.94 > 100 0.01    0.4 0.80 5.08 0.20  

experience  0.4 0.18 0.24 4.23    0.4 0.17 0.21 4.70  

interaction specialization × experience  0.2 0.06 0.32 3.16    0.2 0.05 0.33 3.01  
Note. The effect-based analyses (lower part of the table) compares models that contain the effect to equivalent models stripped of the effect (analysis suggested by Sebastiaan Mathôt). 
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Table A5. Teaching attitude results separately for German teachers and Belgian teachers (ordinal logistic regression). 

  German teachers (female)  Belgian teachers (female) 

enjoyment of teaching math  Estimate SE Z p Odds ratio [95% CI]  Estimate SE Z p Odds ratio [95% CI] 

math anxiety   -0.12 0.04 -2.92 .004 0.89 [0.82, 0.96]  -0.13 0.03 -4.61 < .001 0.88 [0.83, 0.93] 

specialization yes vs. no  1.38 0.53 2.59 .010 3.96 [1.41, 11.50]  1.01 0.40 2.55 .011 2.75 [1.27, 6.05] 

experience in- vs. pre-service  -0.40 0.52 -0.77 .441 0.67 [0.24, 1.90]  0.06 0.40 0.14 .890 1.06 [0.48, 2.35] 

ease of teaching math  Estimate SE Z p Odds ratio [95% CI]  Estimate SE Z p Odds ratio [95% CI] 

math anxiety   -0.13 0.04 -3.46 < .001 0.88 [0.81, 0.94]  -0.12 0.03 -4.56 < .001 0.88 [0.84, 0.93] 

specialization yes vs. no  1.42 0.52 2.71 .007 4.14 [1.51, 11.93]  0.85 0.40 2.10 .036 2.33 [1.06, 5.19] 

experience in- vs. pre-service  -0.22 0.51 -0.43 .667 0.80 [0.29, 2.19]  0.77 0.40 1.91 .056 2.16 [0.99, 4.82] 
Note. Model characteristics for German teachers: enjoyment of teaching math, AIC = 161.13, BIC = 177.35, R2

McF = .13, and ease of teaching math, AIC = 167.95, BIC = 181.77, R2
McF 

= .15. Model characteristics for Belgian teachers: enjoyment of teaching math, AIC = 240.58, BIC = 259.29, R2
McF = .14, and ease of teaching math, AIC = 252.30, BIC = 271.01, R2

McF 

= .13. 


