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2.7 
Effects of Early Childhood Teachers‘ 
Mathematics Anxiety on the Development 
of Childrens‘ Mathematical Competencies

Jenßen, L., Hosoya, G., Jegodtka, A., Eilerts, K., Eid, M., and  
Blömeke, S.

Abstract

Children develop their mathematical competencies already during their early 
years . Therefore, effective learning environments provided by early childhood 
teachers are required . Early childhood teachers’ professional competence in 
mathematics is assumed to consist of different facets such as mathematical con-
tent knowledge and affective-motivational dispositions . Mathematics anxiety 
appears to be a common phenomenon amongst early childhood teachers and 
it is assumed that children educated by high math anxious teachers develop 
less mathematical competencies . To test this assumption, n = 48 early child-
hood teachers were tested regarding their mathematics anxiety and mathemat-
ical content knowledge and n = 362 corresponding children were tested twice 
within eight months regarding their mathematical competencies . Results indi-
cate that children gain mathematical competencies over the eight-month peri-
od and that early childhood teachers’ knowledge and anxiety in mathematics 
are negatively related . However, no effects of teachers’ knowledge or anxiety 
on children’s mathematical development were found . The discussion considers 
methodological implications and emphasizes limitations with respect to differ-
ences between the preschool context and primary or secondary school contexts .
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1 Introduction

The importance of early education in mathematics for children’s competence de-
velopment cannot be neglected and is of growing interest in research (Linder and 
Simpson 2017) . Developing children’s mathematical competence requires struc-
tured and systematic learning environments (Benz et al . 2016) . Early Childhood 
Education and Care (ECEC) institutions intend to provide such mathematical 
learning environments; however, to succeed in this respect pedagogical profes-
sionals need mathematics-related knowledge regarding teaching mathematics, for 
example knowledge about designing effective learning environments, as well as 
regarding mathematical content domains (Tsamir et al . 2014; Bents et al . 2016;
Dunekacke et al . 2016) .

Studies revealed positive effects of ECEC institutions on the cognitive devel-
opment of children in mathematics (Ulferts and Anders 2016) . However, the role 
of ECEC teachers’ emotions and to what extent they may promote or hinder chil-
dren’s competence development has not yet been examined . Emotions have an im-
pact on learning mathematics in various ways (Schukajlow et al. 2017): Emotions 
directly and indirectly affect (mathematical) learning (Pekrun 2006), they mediate 
the transmission of mathematics knowledge to everyday life situations (Jansen et 
al. 2016), and they influence teachers’ instructional strategies (Frenzel et al. 2017). 
Affective-motivational dispositions are conceptualized as inherent parts of early 
childhood teachers’ professional competence (e .g ., Tsamir et al . 2014) . However, 
early childhood teachers’ emotions related to mathematics and their effects on 
children’s learning of mathematics have yet to be examined . This is the purpose of 
the present longitudinal study carried out in the Pro-KomMa project.1

1 Pro-KomMa (Professionalization of Early Childhood Teacher Education) is a is a col-
laborative research project of Humboldt-Universität zu Berlin, Freie Universität Berlin 
and Alice Salomon University of Applied Sciences within the German research pro-
gram Modeling and Measuring Competencies in Higher Education – Validation and 
Methodological Innovations (KoKoHs), funded by the Federal Ministry of Education 
and Research (BMBF) .
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2 Children’s Mathematical Development in ECEC

Children start to acquire mathematical competence long before entering primary 
school (Benz et al . 2016) . This mathematical development is assumed to happen 
constantly and children differ substantially at the end of preschool in their mathe-
matical competence (Gervasoni and Perry 2015) . Early mathematical competencies 
in the content domain “numbers and quantity” strongly predict later achievement 
in mathematics (Krajewski and Schneider 2009; Nguyen et al. 2016). Although a 
variety of mathematical content domains can be regarded as relevant for ECEC 
(Clements and Sarama 2011), theories and research have therefore strongly focused 
on the domain “numbers and quantity” (Dunekacke et al . 2018) .

These competencies are characterized through “logical operations”, such as 
one-to-one assignments, invariance or part-whole relationships (Piaget and Sze-
minska 1975), a developing concept of numbers, for instance, reading and writing 
numbers (Clements and Sarama 2011) or, for example, through specific counting 
principles such as the cardinal principle (Gelman and Gallistel 1978) . In particular, 
the link between numbers and quantities through a developing mathematical set is 
assumed to be a crucial factor (e .g ., Resnick 1989) . Consequently, current models, 
like the model by Krajewski regarding the development of the number concept, 
highlight the cognitive connection between quantities and numbers for children’s 
mathematical development (Krajewski and Schneider 2009). With respect to this 
model, children show firstly basic mathematical competencies like seeing differ-
ences in size or knowing numerals . In the next stage, children link numerals with 
quantities (representation of sets) and relate quantities (e .g ., part-whole relations) 
and, finally, they are able to compose and decompose numbers or form differences 
of specific numbers. The Pro-KomMa assessment of children’s development in 
mathematics follows this model (Section 3 .5) .

Studies about learning mathematics through ECEC emphasize the importance 
of interactions between early childhood teacher and child (Doctoroff et al . 2016; 
Trawick-Smith et al . 2015) . In particular, early childhood teachers’ professional 
competence is expected to be highly important for children’s acquisition of math-
ematics (Tirosh et al . 2011) .

3 Early Childhood Teachers’ Professional Competence

Professional competence can be conceptualized as a conglomerate of different di-
mensions: cognitive dispositions (knowledge), affective-motivational dispositions 
(e.g. beliefs and emotions), situation-specific skills (e.g. perception, interpretation, 
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decision-making), and observable performance (Blömeke et al . 2015a) . Specif-
ic models concerning early childhood teachers also claim these different facets . 
Tsamir et al . (2014) highlight affective-motivational orientations (math-related 
self-efficacy) besides cognitive dispositions as the core of early childhood teach-
ers’ professional competence . Gasteiger and Benz (2018) propose a complex mod-
el, which can be considered an application and advancement of the competence 
conceptualization of Blömeke et al . (2015a) . Besides different kinds of knowledge 
facets, the authors describe a cluster of attitudes, beliefs, and motivational orien-
tations; a concrete description and opertionalization, however, lacks . Other frame-
works highlight performance-orientated competencies of early childhood teachers 
besides knowledge (e .g . Ginsburg et al . 2008; Clements and Sarama 2011) .

The Pro-KomMa framework that underlies the present study can be situated 
alongside the models by Blömeke et al . (2015a) and Gasteiger and Benz (2018) . 
One of its major assumptions is a significant relation between early childhood 
teachers’ affective-motivational dispositions (e .g . math-related emotions, such as 
anxiety) and their mathematics-related knowledge. Another major assumption is 
that these in turn affect the development of children’s mathematical competence 
(Jenßen et al . 2016) .

3.1 Mathematics Anxiety

Mathematics anxiety can be described as a negative emotional response to math-re-
lated requirements in a variety of situations, such as in daily life or in academic sit-
uations (Cooke et al . 2011), which in turn leads to low achievement in mathematics 
(Ma 1999) . Thus, it can be understood as an achievement emotion (Pekrun 2006) . 
Mathematics anxiety is assumed to consist of different facets: The affective facets 
consist of feelings of fear of mathematics (primary emotional response) and feel-
ings of helplessness, anger, and shame (secondary emotional response) (Buxton 
1982; Cherkas 1992) . The cognitive facet can be described as beliefs about one’s 
own failure in mathematics and about mental blocks when working on math-relat-
ed tasks (Hunt et al . 2014) .

People who suffer from mathematics anxiety often report of physiological 
symptoms such as inner tension, transpiration, and higher muscle tonicity (Hem-
bree 1990) . In sum, mathematics anxiety seems to be a negative state that one 
wants to avoid . Consequently, the typical behavioral tendency coinciding with 
mathematics anxiety is the avoidance of math-related situations (Chang and 
Beilock 2016) . People who report higher levels of mathematics anxiety also tend 
to avoid math-related tasks (Chipman et al . 1992) . Although there is a lack of re-
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search directly examining such consequences of math anxiety in ECEC teacher, 
studies reveal that early childhood teachers show lower self-confidence in creating 
mathematics learning environments and avoid math-related situations in the daily- 
preschool context (Bates et al . 2013) .

Biological (e .g . genetics), psychological (e .g . introverted personality), social (e .g . 
negative parenting style), and pedagogical factors (e .g . lack of adequate mathemat-
ics education or right-or-wrong conceptions of mathematics at school) determine 
the development of mathematics anxiety (Ramirez et al . 2018) . In accordance with 
Pekrun’s Control-Value theory (Pekrun 2006), it can be assumed, that mathematics 
anxiety develops in light of two main appraisals: The value appraisal describes 
the importance of a domain, in this case mathematics, while the control appraisal 
describes the resources in a domain needed to meet a challenge (mainly cognitive 
resources, e .g . knowledge to solve mathematical tasks) .

According to Benz (2012) and Thiel (2010), the majority of early childhood 
teachers in Germany reports positive beliefs regarding the importance of math-
ematics for everyday life and early education . However, positive beliefs about its 
importance do not necessarily result in positive emotions regarding mathematics . 
Positive beliefs about the importance of mathematics (value appraisal in terms of 
Control-Value theory) while believing in one’s own low mathematical competence 
(control appraisal in terms of Control-Value theory) can in contrast result in math-
ematics anxiety .

It is important to consider that the majority of early childhood teachers are 
female, and mathematics anxiety is generally more prevalent in females than in 
males (Stoet et al . 2016) . Mathematics anxiety is a common phenomenon in ear-
ly childhood teachers (Bates et al . 2013; Gresham 2008; Gresham and Burleigh 
2018) . Besides primary school teachers, early childhood teachers describe them-
selves more often as anxious about mathematics than other pedagogical profes-
sionals do (Ginet et al . 2018) . Younger pre-service early childhood teachers es-
pecially report more often to be anxious about mathematics (Thiel and Jenßen 
2018) . However, mathematics anxiety seems to not differ between pre-service and 
in-service early childhood teachers during their career entry (Gresham 2018) . In 
contrary, some studies reveal that in-service early childhood teachers report even 
higher levels of mathematics anxiety (Aslan 2013) . With respect to potential con-
sequences, pre-service early childhood teachers with higher levels of mathematics 
anxiety show lower content knowledge in all mathematical domains (Jenßen et al . 
2015a; Thiel and Jenßen 2018) .
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3.2 Early Childhood Teachers’ Mathematics  
Content Knowledge

According to Shulman (1986), the cognitive disposition of teachers’ professional 
competence can be differentiated into mathematics content knowledge (MCK), 
mathematics pedagogical content knowledge (MPCK), and general pedagogical 
knowledge (GPK). Usually, research on ECEC in the field of mathematics focuses 
on MPCK . However, an increasing number of studies revealed that MCK is im-
portant for perceiving situations from a mathematical point of view, for planning 
math-related activities (Dunekacke et al . 2015), and for performing adequately in 
math-related situations (Ginsburg and Ertle 2008; Klibanoff et al . 2006; see also 
Kaiser and König; and Kuhn et al . in this volume) .

In theories and research concerning early education in mathematics, there is 
a long-standing debate about the nature of MCK needed for fostering children’s 
mathematical competence (Ginsburg and Ertle 2008; Gasteiger and Benz 2018) . 
Descriptions of MCK reach from rather school-orientated definitions (e.g. Tsamir 
et al . 2014) to conceptualizations of early childhood teachers’ implicit MCK (e .g . 
Gasteiger and Benz 2018) . However, all frameworks emphasize the importance of 
MCK for children’s mathematical development .

Bäckman and Attorps (2012) postulate the awareness of content in mathemat-
ics . Early childhood teachers like other pedagogical professionals in mathematics 
have to know mathematics in depth and breadth . Depth of MCK describes the 
cumulative nature of mathematics, while breadth of MCK describes knowledge 
about the different mathematical domains . From the perspective of breadth, MCK 
can be described along the four mathematical domains “numbers, sets, and oper-
ations”, “shape, space, and change”, “quantity, measurement, and relations”, and 
“data, combinatorics, and chance” . This conceptualization that also underlies the 
Pro-KomMa project seems to be internationally valid, when comparing curricula 
from Germany and the U .S ., for example (Jenßen et al . 2013) .

However, regarding depth MCK seems to have a low value during early child-
hood teachers’ training in Germany (Blömeke et al . 2017) . As mathematics anxiety 
and MCK interact, reciprocal effects can be assumed (Carey et al . 2016): lower 
MCK may result in higher anxiety towards mathematics (and vice versa) . Due to 
the hypothesized interaction of MCK and math anxiety, it is necessary to control 
for their MCK to analyze effects of early childhood teachers’ mathematics anxiety .
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3.3 Effects of Early Childhood Teachers’ Math Anxiety  
and MCK on Children’s Development

Research on mathematics anxiety highlights the transmission of adults’ (e .g . par-
ents or teachers) math anxiety to children (Herts et al . 2019) . Consequences of 
teachers’ mathematics anxiety for students are broadly discussed . High levels of 
mathematics anxiety are assumed to lead to high levels of mathematics anxie-
ty and lower levels of mathematics knowledge in their students (Bekdemir 2010; 
Chang and Beilock 2016; O’Leary et al . 2017) . In particular, transmissive models 
concerning emotions of teachers via their corresponding instructional behavior 
to their students, such as less process-orientated teaching strategies, might be 
an explanatory factor as well as children’s perception of teachers’ negative be-
liefs regarding the nature of mathematics (Hadley and Dorward 2011; Ramirez 
et al . 2018; Herts et al . 2019; 2003Frenzel et al . 2017) . The transmissive power of 
math-specific beliefs or gender stereotypes in adult-child-interactions may be also 
explanatory factors (Herts et al . 2019) .

So far, the assumed link between teachers’ high level of mathematics anxiety 
and students’ low level of mathematics achievement could only be validated em-
pirically for primary and secondary school teachers (Beilock et al . 2010; Hadley 
and Dorward 2011; Ramirez et al . 2018)their math anxiety carries negative con-
sequences for the math achievement of their female students . Early elementary 
school teachers in the United States are almost exclusively female (>90 % . Within 
the context of ECEC, many factors regarding early childhood teachers due to 
higher math anxiety could be theoretically assumed as explanations for children’s 
potentially lower achievement in mathematics: Negation of the importance of 
mathematics in ECEC, underestimation of mathematics activities in preschool, 
resulting in lower mathematics content knowledge, avoidance of math-related 
situations and/or transmission of negative thoughts and feelings in interactions . 
The opportunity for avoidance of math-related situations might be particularly 
prevalent within the informal learning context of ECEC . With respect to early 
childhood teachers, with the exception of one study that is characterized by meth-
odological problems (Aslan et al . 2013), no empirical validation of a transmission 
assumption regarding math anxiety exists. Our longitudinal study is the first of 
its kind .

While effects of teachers’ MCK on children’s achievement can be found for pri-
mary school (e .g . Hill et al . 2005), empirical studies for early childhood teachers 
are lacking, with the exception of a few qualitative studies (Tirosh et al . 2011) . Al-
though limited generalization these studies indicate that it might be an advantage 
for children’s mathematical development if their ECEC teachers dispose of rich 
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MCK . Although MCK mainly serves as a control variable in our study, it will be 
possible to examine this relationship as a side effect .

3.4 Research Questions and Hypothesis

The present longitudinal study investigates whether early childhood teachers’ 
mathematics anxiety shows effects on children’s mathematical development . 
Teachers’ MCK is included in the model to control for cognitive dispositions of 
professional competence . In line with the transmission theory, we hypothesize that 
ECEC teachers’ mathematics anxiety has a negative effect on children’s mathe-
matical development (H1) . Derived from theoretical assumptions and empirical 
studies, we hypothesize in contrast that their MCK has a positive effect (H2) . As 
indicated by the state of research, we assume a negative relation of medium size 
between mathematics anxiety and MCK (H3) . As research on direct effects of ear-
ly childhood teachers’ emotion on children’s mathematical development is scarce, 
we refrain from hypothesizing the size of potential effects .

3.5 Instruments

To assess early childhood teachers’ MCK, the KomMa-MCK-Test (Blömeke et al . 
2015b) was used . The test consists of 24 items covering four mathematical domains 
of early education (numbers, sets, and operations; shape, space, and change; quan-
tity, measurement, and relations; data, combinatorics, and chance) . Each domain 
consists of six items in multiple-choice and open-response format . The test has 
been validated in multiple studies regarding content (Jenßen et al . 2015b), structure 
(Blömeke et al . 2015b), and relation to other variables, such as learning oppor-
tunities during early educators’ training (Blömeke et al . 2017), beliefs (Duneka-
cke et al. 2016), situation-specific perception (Dunekacke et al. 2015), and general 
cognitive abilities (Blömeke and Jenßen 2017) . Figure 1 shows an example of a 
multiple-choice item concerning the domain “data, combinatorics, and chance” .
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Figure 1 Example item from the KomMa-MCK-Test (translated)

Mathematics anxiety was assessed using the Mathematics Anxiety Scale – Re-
vised (MAS-R) (Bai et al . 2009) . The questionnaire contains 14 items of which 
six are positive statements (e.g. “I find math interesting”) and eight are negative 
statements (e .g . “Mathematics makes me feel nervous .”) . Answers had to be rated 
on a five-point Likert scale ranging from “totally agree” to “totally disagree.” Pos-
itive statements have to be inverted so high scores indicate higher anxiety towards 
mathematics. Bai et al. state that negative statements of the assessment reflect the 
affective facet of mathematics anxiety and the (later inverted) positive statement 
reflect the cognitive facet. In the past, MAS-R was used to assess pre-service early 
childhood teachers’ mathematics anxiety in different research contexts including 
Germany (Jenßen et al . 2015a; Thiel and Jenßen 2018) and can be consider valid 
concerning relations to other variables and factorial structure (Bai et al . 2009) .

A standardized assessment well-established in Germany was used to test chil-
dren’s mathematical achievement (Test mathematischer Basiskompetenzen im 
Kindergarten, MBK 0; Krajewski 2018). The test is based on Krajewski’s model of 
the development of children’s quantity-number competencies (Krajewski and Sch-
neider 2009) and considers three major areas: number meaning, sets of numbers, 
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and number relations . Tasks contain typical procedures of children’s mathematical 
activities such as counting forward, naming numerals, ordering numbers, and com-
paring quantities . The test can be predominantly applied for below average and 
average areas on the achievement continuum .

3.6 Participants and Procedure

N = 362 children were tested twice within approximately 8 months in their regular 
preschool context. The children’s mean age at the first time-point of assessment 
on the MBK 0 was M = 1633 days, respectively 4 .5 years, (SD = 311 days) and 
56 % of the participating children were girls . The MBK 0 was administered by two 
trained university students . About 8 children were grouped with one early child-
hood teacher (M = 7.5), whereby only one early childhood teacher was related to 
one preschool, respectively to one group of children .

About 1 .5 months before the second test administration, n = 48 early child-
hood teachers’ MCK and mathematics anxiety were assessed via an online-based 
assessment . The teachers’ mean age was M = 33 years (SD = 9 .3) . One item of the 
KomMa-MCK-Test concerning “shape, space, and change” had to be excluded for 
online assessment because of technical difficulty (the open-response item required 
the drawing of a cuboid, which was not technically possible). The majority of the 
early childhood teachers were female (91 .7 %) and all teachers were career entrants 
with five years’ experience at a maximum. Teachers received monetary incentives 
for their participation .

3.7 Data Analysis

A two-level change model for two measurement occasions was specified for data 
analysis . In Figure 2, (intercepts within) represents the children’s scores on the 
MBK 0 on the first measurement occasion and (slopes within) represents the chil-
dren’s change on the MBK 0 from time-point 1 to time-point 2 . As children are 
nested within teachers, (intercepts between) represents average scores of the chil-
dren within a group at the first measurement occasion and (slopes between) repre-
sents the group-specific change of the children’s performance on the teacher level.

The group-specific change of the children’s performance is regressed on math 
anxiety as well as on MCK which were assessed on the teacher level . Both var-
iables were standardized on the teacher level in the analysis to allow for a com-
parison of the effects on the group-specific change and to provide a meaningful 
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interpretation of the intercepts on the teacher level . In addition, the covariance 
between MCK and math anxiety were modelled .

Figure 2 Two-level change model for two measurement occasions

MBK0-t1: MBK 0 scores on the first measurement occasion. MBK0-t2: MBK 0 
scores on the second measurement occasion . MCK: Teachers’ mathematical con-
tent knowledge . MA: Teacher’s math anxiety .

The data were analyzed with the software MPlus (Muthén and Muthén 1998–
2017), version 8 .3 . As the data contained a large amount of missing values, only 
126 cases contained no missings (Table 1), full information maximum likelihood 
estimation (FIML) was used . In addition, a sensitivity analysis was conducted us-
ing multiple imputation using the unrestricted H1 model to control if the results 
were stable across different analysis conditions . 100 Imputation datasets and ro-
bust maximum likelihood estimation (MLR) were used .
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4 Results

For n = 30 early childhood teachers MCK scores were available . Scores of the 
KomMa-MCK-Test can range from 0 to 23 points . On average, teachers reached 
12 .9 points (SD = 6.04, min = 1, max= 22) . The MAS-R scores can range from 
14 to 70 points . Mathematics anxiety scores were available for n = 28 teachers 
(M = 40.4, SD = 11.00, min = 16, max = 61) .

Table 2 shows the results of the analysis . With FIML-estimation, the estimated 
average score of the children on the MBK 0 at the first measurement occasion 
is  = 14 .4 (p <  .001). On average, the children’s groups gained 8 points on the MBK 
0 from measurement occasion 1 to measurement occasion 2 (p <  .001) . The mini-
mum score achievable on the MBK 0 is 0 points, the maximum score is 44 points .

When using FIML estimation, the estimated effect of math anxiety on the chil-
dren’s groups’ gain-scores is negative and statistically significant (= 1 .4; p =  .04), 
as hypothesized (H1): with a self-reported increase in ECEC teachers’ math anxi-
ety of one standard deviation (11 points on the math anxiety scale), their children 
group’s gains were reduced by expected 1 .4 points compared to a group with an 
ECEC teacher of similar MCK .

In contrast to our hypothesis (H2), there was no significant effect of MCK on 
the children’s groups’ development (= -1 .128; p =  .198) when controlling for math 
anxiety . Together, math anxiety and MCK explain 28 .6 % (p =  .181) of the variance 
in the children’s groups’ gain scores . However, the variance explained is statisti-
cally not significant.

In line with our hypothesis (H3), the covariance of math anxiety with MCK 
on the between level is negative (= -0 .51; p < .028) and statistically significant, 
indicating that teachers with a high level of math anxiety are more likely to have 
lower MCK . The respective estimated correlation between math anxiety and MCK 
is = - .50 and thus quite strong .

The estimates using multiple imputation are relatively similar to those obtained 
by FIML estimation . However, the estimated effect of math anxiety on the chil-
dren’s performance is statistically not significant (= -1 .1; p =  .265) (H1) . The esti-
mated effects for the expected average gain of the children on the MBK 0 (= 7 .7; 
p <  .001) and the negative covariance between math anxiety and MCK (= -0 .49; 
p =  .048) with a respective correlation of = - .47 remain robust across analysis 
methods . One reason for the divergence between the FIML- and multiple impu-
tation analyses could lie on a large amount of missing data . Multiple imputation 
considers the uncertainty induced by the missing data and, thus, the method may 
result in slightly different estimates as well as, in some cases, slightly larger stand-
ard errors as compared to FIML estimation .



154 Jenßen, L., Hosoya, G., Jegodtka, A., Eilerts, K., Eid, M., and Blömeke, S. 

Table 2  Estimated unstandardized model coefficients for full information maximum 
likelihood (FIML) and multiple imputation (MI)

FIML-Esti-
mate (SE) 

FIML 
p-value

MI-Esti-
mate (SE)

MI p-Value Rate of 
Missings

Within Level
SW with IW -18 .099 

(4 .803) 
< .001 -19 .168 

(5 .805)
< .01  .556

Variances
IW 79 .174 

(8 .991)
< .001 78 .413 

(8 .364)
< .001  .077

SW 47 .234 
(5 .430)

< .001 49 .642 
(6 .265)

< .001  .575

Between Level
IB on Math Anxiety -0 .118 

(1 .766)
 .947 0 .625 

(2 .068)
 .762  .566

IB on MCK 1 .743 
(2 .261)

 .441 2 .037 
(2 .065)

 .324  .477

SB on Math Anxiety -1 .389 
(0 .687)

 .043 -1 .083 
(0 .972)

 .265  .486

SB on MCK -1 .128 
(0 .876)

 .198 -0 .793 
(1 .069)

 .458  .536

SB with IB -4 .209 
(6 .440)

 .513 -5 .050 
(7 .532)

 .503  .405

Math Anxiety with 
MCK

-0 .506 
(0 .230)

 .028 -0 .490 
(0 .248)

 .048  .547

Means
Math Anxiety 0 .095 

(0 .186)
 .612 0 .070 

(0 .193)
 .716  .436

MCK -0 .003 
(0 .196)

 .987 -0 .005 
(0 .184)

 .977  .352

Intercepts
IB 14 .425 

(1 .372)
< .001 14 .521 

(1 .390)
<0 .001  .063

SB 7 .951 
(0 .626)

< .001 7 .715 
(0 .804)

<0 .001  .419

Variances
Math Anxiety 0 .995 

(0 .261)
< .001 1 .014 

(0 .320)
<0 .01  .605

MCK 1 .035 
(0 .186)

< .001 1 .053 
(0 .251)

<0 .001  .480



1552.7 Effects of Early Childhood Teacher’s Mathematics Anxiety …

FIML-Esti-
mate (SE) 

FIML 
p-value

MI-Esti-
mate (SE)

MI p-Value Rate of 
Missings

Residual Variances
IB 79 .998 

(16 .207)
< .001 74 .720 

(15 .618)
< .001  .161

SB 4 .130 
(3 .501)

 .238 10 .763 
(6 .246)

0 .085  .532

Note. IW: Intercepts within; SW: Slopes within; IB: Intercepts between; SB: Slopes be-
tween . MCK: Mathematical Content Knowledge; Effects of interest are printed in bold font . 
MCK and math anxiety were standardized on the between level to allow for a comparison 
of the effects .

5 Discussion and Conclusion

Our study contributes to other findings, that children gain mathematical competen-
cies within the ECEC institutions in Germany (Ulferts and Anders 2016) . As hy-
pothesized based on results in other studies, early childhood teachers’ math anxi-
ety and MCK are negatively associated . However, they seem to be stronger related 
compared to studies with pre-service early childhood teachers (e .g . Jenßen et al . 
2015a; Thiel and Jenßen 2018) . These results are robust across analysis methods .

In this study, no conclusive links between early childhood teachers’ charac-
teristics and the development of the children could be established though . Albeit 
the effect of math anxiety on the children’s development is statistically significant 
using FIML estimation, multiple imputation paints a slightly different picture . The 
fact that the amount of variance in the group specific gain scores explained by the 
teacher characteristics is not significant using FIML estimation also stresses the 
conclusion that no decisive link between teacher characteristics and the children’s 
development could be established. Thus, our study replicates findings by Aslan 
et al . (2013) . However, also the study by Aslan et al . (2013) was characterized by 
methodological problems such as the lacking consideration of clustered data struc-
ture so that further studies are needed to conclusively test a possible link between 
teacher characteristics and children’s development .

In contrast to our hypothesis, early childhood teachers’ MCK had no effect on 
children’s mathematical development in the present study . The state of research 
was already inconclusive in this respect . One explanation could be our concep-
tualization of early childhood teachers’ MCK, which could be described as more 
orientated towards the transition from ECEC towards primary school and thus 
towards slightly older children (Blömeke et al . 2015b) . Hedges and Cullen (2006) 
emphasize the importance of early childhood teachers’ MCK for children’s math-
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ematical development . From a conceptual point of view, they state that early child-
hood teachers’ MCK should be related to children’s mathematical knowledge that 
is needed for mathematical development and for later school achievement . Thus, 
our conceptualization should reveal an effect in the present study as well but from 
an empirical point of view, it is still unknown which kind of MCK early childhood 
teachers need to foster children’s mathematical competence . It could be one of the 
most important desiderata in ECEC research in mathematics, to clarify wheth-
er more “child-centered” MCK (respectively basic mathematical concepts such 
as declarative MCK) or more “school-orientated” MCK (respectively advanced 
mathematical concepts such as arithmetic MCK in the sense of school conceptu-
alizations) is needed .

Another explanation could be that we treated the link between MCK and chil-
dren’s development as a “black box” . Data is needed about other facets of ECEC 
teachers’ professional competence and their actual behavior in the classroom as 
well as about other contextual characteristics of children’s learning environment 
including their opportunities to learn mathematics at home . Especially gender-re-
lated stereotype beliefs seem to play an important role in the transmission of math 
anxiety (Herts et al . 2019), but empirical research is still lacking . In this case, it 
would be possible to specify more complex models that take a broader range of 
predictors and potentially mediating factors into account . This would require a 
large range of measures though while it is questionable whether early childhood 
teachers would take a test battery that lasts for several hours besides their job 
duties .

There are also some limitations of our study . The representativeness of the 
teacher sample regarding job experience, gender, and regional specifics during 
teachers’ training in Germany is limited as the participating early childhood 
teachers were at the beginning of their careers (although some of the early child-
hood teachers seem to have completed a former different training), mainly female, 
and were working in Berlin and Brandenburg . In particular, gender seems to be a 
highly important feature in math (Beilock et al . 2010)their math anxiety carries 
negative consequences for the math achievement of their female students . Ear-
ly elementary school teachers in the United States are almost exclusively female 
(>90 %, especially in the context of ECEC, because the majority of early childhood 
teachers in Germany are female . Opportunities to learn in mathematics during ear-
ly childhood teachers’ training may also be a limiting factor (Blömeke et al . 2017) . 
In 2012, there has been a major turn in the system of vocational training for early 
childhood teachers in Germany . Since then, there has been a transnational frame-
work curriculum, which has been implemented in all federal states of Germany . In 
this framework, natural science education including mathematical and technical 
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education has been defined as one main competence area in ECEC. Thus, early 
childhood teachers have the opportunity during their training to deal with STEM 
topics such as mathematics . However, mathematics is still not an exclusive com-
petence area besides others in this framework, but only a subdomain . This aspect 
may be a specific one for ECEC teachers’ training in Germany. It could be also 
important, that Germany shows a more social-educational approach in ECEC as 
compared to other countries such as the U .S . Moreover, in the current application 
only one early childhood teacher per group was tested . Usually, there are at least 
two early childhood teachers responsible for a group of children . From this struc-
tural point of view, preschool differs from primary school . Thus, our assumption 
of the impact of one early childhood teacher’s math anxiety on children’s mathe-
matical development derived from theories based on primary or secondary school 
structures may be more or less applicable . Additionally, it has to be assumed that 
learning groups in preschool are more heterogeneous than in primary or second-
ary school . Acquisition of cognitive competencies or transmission of teachers’ be-
liefs and/or emotions may be less powerful in these heterogeneous groups . Future 
research should consider these points .

To conclude, although it remains unclear whether math anxiety shows direct 
effects on children’s learning in the ECEC context in Germany, math anxiety 
seems to be a relevant dispositional facet of early childhood teachers . In itself 
this is an unfavorable characteristic . Consequently, the reduction of early child-
hood teachers’ mathematics anxiety seems to be a goal for training and practice . A 
promising intervention for early childhood teachers’ mathematics anxiety may be 
the reduction of the avoidance of math-related situations . Firstly, early childhood 
teachers have to be aware of their own level of mathematics anxiety . According 
to Polya (1977), it is mandatory to experience mathematics as a domain full of 
positive aspects, so that the teacher gains positive feelings and thoughts concern-
ing mathematics. Secondly, mathematics has to be valued as an important subject 
by early childhood teachers within the ECEC context . Thirdly, with respect to 
Control-Value Theory (Pekrun 2006), it is necessary for early childhood teachers 
to think positively about their own resources as a way of coping with challenging 
mathematical tasks in ECEC situations . Early childhood teachers need to develop 
their own MCK during training (Blömeke et al . 2017), so that they feel competent 
in mathematics (Thiel and Jenßen 2018) .
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