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A B S T R A C T

Many students find math difficult, but those who are intrinsically motivated learn and do well even when they
face obstacles. Here, we examine an environmental factor that might affect students' intrinsic motivation in
math: namely, teachers' beliefs about success in math. Do teachers perceive elementary school math as a domain
that requires an innate ability, and does this belief relate to students' intrinsic motivation in math? Our study
explored these questions in a sample of 830 German fourth graders and their 56 teachers. Teachers reported
stronger beliefs in the role of innate ability for math than for German language arts. In addition, the more
teachers believed that math requires innate ability, the lower was the intrinsic motivation of their low-achieving
students. These results suggest that teachers’ beliefs that math success depends on innate ability may be an
important obstacle to creating a classroom atmosphere that fosters engagement and learning for all students.

1. Introduction

Math is an academic subject that students perceive as particularly
difficult and demanding (Haag & Götz, 2012), and they are more an-
xious about it relative to other subjects (e.g., Goetz, Frenzel, Pekrun,
Hall, & Lüdtke, 2007). However, math is highly relevant for profes-
sional success in contemporary society—more jobs require math skills
than ever before (NMAP, 2008). Fostering students’ intrinsic motivation
in math is one way to support their effort and persistence when they
experience difficulties in this subject (e.g., Ryan & Deci, 2000a, 2000b).
Students who are intrinsically motivated perform a math activity be-
cause it is fun and interesting; they prefer and enjoy the activity for
reasons that lie within the activity itself (see Eccles & Wigfield, 2002;
Gottfried, Fleming, & Gottfried, 2001; Ryan & Deci, 2000a). Students
with high intrinsic motivation usually show higher curiosity, challenge-
seeking, engagement, and performance in school than their less in-
trinsically motivated peers (e.g., Corpus & Wormington, 2014; Froiland
& Worrell, 2016; Walker, Greene, & Mansell, 2006). Moreover, the
development of intrinsic motivation in math in elementary school re-
lates to choices of math-intensive careers in adolescence and beyond
(Musu-Gillette, Wigfield, Harring, & Eccles, 2015), underscoring the
importance of intrinsic motivation in math for initial and future math-
related choices and success (see Gottfried, 1990).

Because, on average, students' intrinsic motivation in math

decreases throughout elementary school (e.g., Gottfried et al., 2001), it
is important to identify the factors that shape this psychological vari-
able. In this study, we investigate the role of teachers' beliefs. We focus
specifically on teachers' beliefs about what is required for success in
math—in particular, whether they believe that success in math depends
on possessing an innate ability. Academics and members of the general
public alike perceive certain fields to require more innate ability than
others, with math being one of the fields most likely to be seen this way
(Gunderson, Hamdan, Sorhagen, & D'Esterre, 2017; Leslie, Cimpian,
Meyer, & Freeland, 2015; Meyer, Cimpian, & Leslie, 2015; Storage,
Horne, Cimpian, & Leslie, 2016). Whether this belief also pertains to
elementary school math has not been studied yet. To the extent that
teachers believe this to be true of elementary school math as well and
communicate this belief via their behavior in the classroom, they may
lead some students (particularly low-achieving ones) to infer that they
simply lack math ability, undermining their intrinsic motivation in this
domain at an early stage of their schooling. Thus, in the present study,
we asked whether teachers endorse the belief that success in elementary
school math (vs. German language arts) requires innate ability and
whether variability in this belief relates to elementary school students'
intrinsic motivation in math.
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1.1. Intrinsic motivation in elementary school and the role of school grades

On average, students' intrinsic motivation is relatively high at the
beginning of elementary school but declines throughout the first several
years of schooling (e.g., Gottfried et al., 2001; Spinath & Steinmayr,
2008; Weidinger, Steinmayr, & Spinath, 2017; Wigfield et al., 1997).
However, there are salient individual differences in this respect (e.g.,
Weidinger et al., 2017). The decline is stronger for some students than
for others, and for some a decline does not occur at all. These individual
differences in intrinsic motivation may be explained in part by differ-
ences in school grades (e.g., Butler & Nisan, 1986; Deutsch, 1979;
Stipek & Mac Iver, 1989). According to self-determination theory (Deci
& Ryan, 1985; Ryan & Deci, 2000a, 2000b, 2016), students' intrinsic
motivation depends on the fulfillment of their needs for competence,
autonomy, and relatedness. Receiving good grades should satisfy a
student's need for competence, whereas poor grades should undermine
their feelings of competence and thus diminish their intrinsic motiva-
tion (Deci & Ryan, 1985). Indeed, the lower a student's grades, the
lower their concurrent intrinsic motivation in elementary school (e.g.,
Corpus & Wormington, 2014; Weidinger et al., 2017).

However, some contexts might allow low-achieving students (i.e.,
students who received poor grades in the past) to maintain a high level
of intrinsic motivation. According to social-cognitive theories of moti-
vation and achievement (e.g., the expectancy-value model by Eccles
[Parsons] et al., 1983; the social-cognitive approach to motivation and
personality by Dweck, 1986, 2006; Dweck & Leggett, 1988), the rela-
tion between prior achievement and students' motivation depends on
the students' interpretation of their prior experiences, which is in turn
influenced by important socializers such as teachers (see Eccles
[Parsons] et al., 1983; Maehr & Midgley, 1991). More precisely, poor
grades should be especially detrimental for students' intrinsic motiva-
tion in math when teachers create a classroom environment that is
performance-oriented instead of mastery-oriented (see Maehr &
Midgley, 1991; Meece, Anderman, & Anderman, 2006). In mastery- or
growth-oriented settings, the emphasis is on the improvement of abil-
ities and the learning process, regardless of the current level at which
the student is performing (see Meece et al., 2006). In contrast, in per-
formance-oriented environments the focus is on demonstrating com-
petence, and success is defined by students' current performance re-
lative to their peers (see Caini, Middleton, Summers, & Sheldon, 2010).
Thus, negative performance feedback (such as poor grades) should be
less detrimental for students’ intrinsic motivation in mastery- than in
performance-oriented classrooms because mastery-oriented environ-
ments suggest that successful mastery of tasks and improvement of
abilities is possible at every level of achievement (see Dweck & Leggett,
1988; Elliott & Dweck, 1988).

What predicts whether teachers create mastery- or performance-
oriented classroom environments? One potential factor is teachers' be-
liefs about the malleability of ability (see Ames, 1992; Canning,
Muenks, Green, & Murphy, 2019; for similar work on parents' beliefs,
see Moorman & Pomerantz, 2010, and Muenks, Miele, Ramani,
Stapleton, & Rowe, 2015, among others). We go on to discuss the po-
tential link between teachers' beliefs and students’ intrinsic motivation,
which constitutes the main focus of this study.

1.2. Students' intrinsic motivation: the potential role of teachers’ domain-
specific ability beliefs

The construct of domain-specific ability beliefs tracks the extent to
which success in a given domain is perceived as requiring an innate
ability that cannot be taught (e.g., Bian, Leslie, Murphy, & Cimpian,
2018; Leslie, Cimpian, et al., 2015). Domain-specific ability beliefs are
essentially a domain-specific version of the broad lay theories about
whether intelligence is fixed (entity theory) or malleable (incremental
theory; e.g., Dweck, 1986, 2006), which shape students' motivation and
engagement (e.g., Brooks, Brooks, & Goldstein, 2012; Yeager et al.,

2016). Academics and adults from the general population believe that
innate ability is particularly important for subjects such as math or
physics and to a lesser extent for subjects in the humanities and social
sciences (e.g., Ito & McPherson, 2018; Leslie, Cimpian, et al., 2015;
Meyer et al., 2015; Storage et al., 2016). Given that students' school
experiences are strongly structured by academic domains—as reflected
in robust domain differences in students’ motivation, emotion, and
cognitions (e.g., Gottfried, 1990; Guay et al., 2010; Marsh et al., 2015;
Wigfield et al., 1997)—it seems fruitful to take a closer look at domain-
specific ability beliefs in the school context.

In the present research, we investigated whether elementary school
teachers' math-specific ability beliefs relate to students' intrinsic moti-
vation in math. Specifically, we hypothesized that teachers' beliefs
about whether math requires innate ability will moderate the relation
between grades and intrinsic motivation in math: Low-achieving stu-
dents in classrooms where the teacher thinks innate ability is important
should be particularly likely to show low intrinsic motivation in math,
because here, low grades signal low competence with little chance for
improvement. In contrast, in classrooms where the teacher does not tie
success in math to an innate ability, low grades should be less detri-
mental for students' intrinsic motivation because in those classes future
mastery experiences and improvement of abilities—and thus feelings of
competence—should still be perceived as possible for the low-achieving
student. Furthermore, we expect teachers' math-specific ability beliefs
to be only weakly related (or even unrelated) to high-achieving stu-
dents' intrinsic motivation. For these students, receiving good grades
should fulfill their need for competence and thus foster or protect their
intrinsic motivation, irrespective of teachers’ math-specific ability be-
liefs.

1.3. Prior evidence on the link between teacher beliefs and student
motivation

No prior work we know of investigates the direct link between
teachers' domain-specific ability beliefs and students' intrinsic motiva-
tion. However, some evidence from studies with elementary and sec-
ondary school teachers bears indirectly on this link. For example, one
strand of research has suggested that teachers' endorsement of general
entity theories of intelligence correlates with creating a performance-
oriented environment in the classroom, providing less autonomy sup-
port, placing less emphasis on understanding and mastery, and dis-
playing lower levels of enthusiasm (e.g., Leroy, Bressoux, Sarrazin, &
Trouilloud, 2007; Matteucci, Guglielmi, & Lauermann, 2017; Park,
Gunderson, Tsukayama, Levine, & Beilock, 2016; Stipek, Givvin,
Salmon, & MacGyvers, 2001; for similar work on parents' mindsets, see;
Haimovitz & Dweck, 2016; Moorman & Pomerantz, 2010; Muenks
et al., 2015). In a second strand of relevant research, such performance-
oriented teaching practices have been found to predict maladaptive
motivational patterns in students, such as low interest and effort (for a
summary, see Ames, 1992; Meece et al., 2006). To illustrate, an ex-
perimental study by Rattan, Good, and Dweck (2012) found that college
students who received “comforting” feedback for poor performance
(e.g., being told that not everyone has math talent) felt less encouraged
and motivated to try to improve their skills. Similarly, in a longitudinal
study, elementary and middle school teachers' performance-oriented
teaching practices predicted decrements in students’ valuing of math
and reading (Anderman et al., 2001).

To our knowledge, however, these two strands of research have
seldom been linked. That is, although prior work suggests that (1)
teachers' beliefs about innate ability predict the classroom environment
they create for students, and that (2) the classroom environment mat-
ters for children's motivation, little research so far has investigated the
direct relation between teachers' beliefs and students' motivation. One
exception is a recent study by Heyder and Brunner (2018), which found
that math teachers who believed in (general) aptitude as crucial for
academic achievement had low-achieving students who exhibited more
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helplessness in math; that is, teachers' beliefs about general intellectual
ability moderated the relation between prior achievement and help-
lessness. However, no prior studies have investigated the direct link
between teachers' domain-specific (vs. general) ability beliefs and stu-
dents' intrinsic motivation. It is important to fill this gap in the literature
for two reasons. First, teachers' domain-specific beliefs about math
ability might be particularly likely to shape the environment in the
math classroom (compared to teachers' broader theories about the
nature of intelligence) and might thus be particularly likely to influence
low-achieving students' motivation. Second, intrinsic motivation is re-
levant for a larger student population than helplessness (which is what
Heyder & Brunner, 2018, investigated). In fact, intrinsic motivation is
“a natural wellspring of learning and achievement” (Ryan & Deci,
2000b, p. 555) that predicts—even when measured as early as ele-
mentary school—choices of math-intensive careers in adolescence and
beyond (e.g., Musu-Gillette et al., 2015).

1.4. The present study

To reiterate, intrinsic motivation in math is an important pre-
requisite for students' math-related learning, achievement, and career
choices (e.g., Corpus & Wormington, 2014). Although low grades can
undermine intrinsic motivation in math (e.g., Butler & Nisan, 1986), the
extent to which they do so may depend on the classroom environment
created by teachers' math-specific ability beliefs: The more a teacher
believes that doing well in math depends on a special aptitude that
cannot be taught, the more likely it may be that low grades undermine
students' feelings of competence and thus their intrinsic motivation in
math. Prior research has shown that teachers' ability beliefs relate to
their instructional practices (e.g., Matteucci et al., 2017); in other stu-
dies, teachers' instructional practices have been found to relate to dif-
ferent facets of students' motivation (e.g., Anderman et al., 2001). The
primary contribution of this study was to investigate the direct link
between teachers' beliefs and students' motivation in elementary school
math, focusing on a type of belief that may be especially influential
(i.e., teachers’ beliefs about whether math per se requires innate ability)
and a facet of motivation that is crucial for later success (i.e., intrinsic
motivation). We investigated this potential link in a large German
elementary school sample by means of multilevel regression analysis.

2. Method

2.1. Sample

This study draws on student and teacher data from a large German
elementary-school sample to test the prediction that teachers’ domain-
specific ability beliefs about math moderate the relation between prior
grades and intrinsic motivation in math. Specifically, we re-analyzed
the elementary school data from the FA(IR)BULOUS Study, a German
research project on social inequality in school transitions (Steinmayr,
Michels, & Weidinger, 2017; for more details, see Appendix A). For this
study, 48 randomly selected elementary schools were contacted in the
German state of North-Rhine Westphalia (mostly in the Ruhr-Area and
its surroundings). Out of these 48 schools, 32 agreed to participate and
only 16 declined, due to reasons unrelated to the project, such as tea-
cher illness. As we aimed to investigate about 50 classes, it was suffi-
cient to test at 20 schools—most urban elementary schools consist of
2–3 classes per grade. Thus, the final FA(IR)BULOUS elementary school
sample consisted of 837 fourth graders from 20 schools and their 56
teachers. Participation was voluntary and informed parental consent
was required. About 80% of all parents provided consent. However,
only 80% of the children with parental consent participated in the
study. The rest missed school on the day of testing due to illness or
other reasons not related to the project.

For the present analyses, we excluded seven children from refugee
families that could not fill out the questionnaire due to a lack of German

language skills. The analytic sample thus consisted of 830 fourth gra-
ders nested in 56 classrooms/teachers. In German elementary schools,
each class has one teacher for most subjects. Students were on average
9.14 years old (SD=0.54, range=7–12 years old); 409 of them were
female (49.4%, two students did not indicate their gender); and 667 of
them reported German to be their first language (80.4%).

To estimate the representativeness of the sample in terms of stu-
dents' home learning environments, we also asked students to report the
number of books they had at home (1= 0–10 books, 2= 11–25 books,
3= 26–100 books, 4= 101–200 books, 5=more than 200 books;
Mullis, Martin, Foy, & Drucker, 2012), which is an indicator of parents’
cultural capital or home learning resources (e.g., Evans, Kelley, Sikora,
& Treiman, 2010). The response options were visualized by pictures
showing 5, 25, 75, 150, and more than 200 books. The number of books
at home is an important predictor of student achievement that has been
assessed in influential international large-scale assessments such as the
Programme for International Student Assessment (PISA), the Trends in
International Mathematics and Science Study (TIMSS), and the Progress
in International Reading Literacy Study (PIRLS, e.g., Mullis et al.,
2012). More than half (59.5%) of the students in our sample reported
that they had 100 or fewer books at home. (100 books is a commonly
applied cutoff value that separates homes with few or some resources
vs. many learning resources; e.g., Mullis et al., 2012.) The character-
istics of this sample approximate those of the nationally representative
German elementary-school sample from the PIRLS 2016 (Huβmann
et al., 2017).

The 56 teachers reported that they had taught the students in their
fourth-grade class for almost three years on average (M=2.9 years,
SD=0.98)—that is, from first grade on. (In Germany, the children in a
class usually have the same teacher throughout elementary school.) The
teachers were mostly women (94.6%) and were 44.56 years old on
average (SD=11.48). The demographics of this teacher sample match
those of the population of elementary school teachers in state of North-
Rhine Westphalia, where the study was conducted (Ministerium für
Schule und Weiterbildung des Landes Nordrhein-Westfalen, 2016).

2.2. Measures

2.2.1. Students’ intrinsic motivation in math
Students' intrinsic motivation in math was assessed with four items;

all items used scales that went from 1 (totally disagree) to 5 (totally
agree). One item (i.e., “I enjoy doing things in math”) was taken from
the intrinsic value subscale of the German Scale for the Assessment of
School Related Values (SESSW; Steinmayr & Spinath, 2010; see also
Spinath & Steinmayr, 2012), which relies on the expectancy-value
model of achievement by Eccles (Parsons) et al. (1983). Additionally,
we used the following three enjoyment and interest items from the
Program for International Student Assessment (PISA; Prenzel, Sälzer,
Klieme, & Köller, 2013): “I am interested in the things I learn in math”,
“I look forward to my math lessons”, and “I do math because I enjoy it.”
The reliability was high (omega L1= 0.92, omega L2=0.96; Geldhof,
Preacher, & Zyphur, 2014). Because the FA(IR)BULOUS Study focused
specifically on math, students’ intrinsic motivation was not assessed in
any other subject.

2.2.2. Students’ prior achievement in math
Students reported their last report card grade in math. In Germany,

grades range from 1 (excellent performance) to 6 (insufficient perfor-
mance). In using grades as achievement indicators, we exploited several
advantages that are inherent to grades in the German educational
system (see Niepel, Brunner, & Preckel, 2014, for a summary). Grades
in the final report card represent cumulative achievement in the pre-
ceding school term. Given that performance feedback by means of
standardized test scores is usually not given in Germany, teacher-as-
signed grades represent the most salient performance feedback given to
the students. Note that student-reported grades are very highly
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correlated with students' actual grades in fourth grade (Schneider &
Sparfeldt, 2016) and are thus a valid indicator of students’ prior
achievement.

2.2.3. Teachers’ domain-specific ability beliefs
We translated and adapted the four items of Leslie, Cimpian, et al.

(2015) with regard to math and German language arts. Teachers were
asked to indicate the degree to which they believed that children need
an innate ability to be successful in math or German, respectively. The
items thus refer to elementary-school math and German. An example
item is “If you want to succeed in math/German, hard work alone just
won't cut it; for that, children need to have an innate gift or talent.”
Response options ranged from 1 (strongly disagree) to 7 (strongly agree).
All original and German items are presented in Appendix B. Omega
(reliability) was .76 for math and .84 for German.

2.3. Procedure

The data were collected during regular class hours by trained re-
search assistants at the beginning of fourth grade (October to December
2016). In Germany, institutional approval by a university ethics board
is not typically required for projects of this type. In compliance with
established ethical principles, participation was voluntary and parents’
informed consent was obtained before participation. All items were
read aloud to the students in a classroom to make sure that they worked
at the same speed.

2.4. Analytic strategy

We used multilevel regression analyses in Mplus 8 (Muthén &
Muthén, 1998-2017) with standard errors corrected for non-normality
of variables (MLR). First, we specified a null model (i.e., a model
without any predictors) to estimate the proportions of variance in stu-
dents' intrinsic motivation that could be attributed to individual dif-
ferences between students within classes and between different classes.
Next, we tested the link between prior achievement and intrinsic mo-
tivation in a random-intercept-random-slope model with students' prior
achievement as a Level 1 predictor. In order to control for the effects of
student characteristics that might be confounded with students'
achievement or intrinsic motivation, we added students' gender, mother
tongue, and number of books at home as control variables to the model
(Model 1). Our main prediction was tested in a cross-level interaction
model with students' prior achievement, teachers' math-specific ability
beliefs, and their interaction term as predictors of students’ intrinsic
motivation (Model 2).1

Because we were most interested in interpreting the cross-level in-
teraction between teachers' math-specific ability beliefs and students'
prior achievement, and because grading and students' self-evaluations
are likely to be influenced by class-based reference norms (e.g., Lysne,
1984), we group-mean-centered prior achievement. Doing so ensured
that students' prior achievement and teachers' math-specific ability
beliefs would be uncorrelated, which leads to more accurate estimates
and interpretations of cross-level interactions (Aguinis, Gottfredson, &
Culpepper, 2013; Enders & Tofighi, 2007). In addition, we grand-mean-
centered the teacher beliefs variable for ease of interpretation. Thus, a
prior achievement value of zero refers to a student whose achievement
is at the mean of his or her class, and a teacher's belief value of zero
refers to a teacher with average math-specific ability beliefs. Students'

gender was coded 0= female, 1=male, and students' mother tongue
was coded 0=German, 1= other language.

The percentage of missing values was 1.8% for students' prior
achievement, 0.1% for students' intrinsic motivation, 0.2% for students'
gender, and 0.4% for the number of books at home. The data on class
membership, mother tongue, and teachers’ domain-specific ability be-
liefs were complete. We applied full information maximum likelihood
estimation (FIML) and entered the continuous exogenous variables into
the model by noting their variances in the MODEL command to account
for cases with missing values on all continuous variables (Muthén &
Muthén, 1998-2017). The analytic syntax for the multilevel analyses is
available on the Open Science Framework (OSF): https://osf.io/se7af/?
view_only=f14b95c1cab2481fa23228fd74de29fd.

3. Results

3.1. Descriptive statistics

Students' average achievement was M=2.55 (on a scale from 1
[excellent] to 6 [insufficient]; SD=0.98), and students' average in-
trinsic motivation was M=3.73 (on a 1–5 scale; SD=1.06). Students
with better grades reported higher intrinsic motivation in math, as did
non-native German speakers compared with native speakers, and male
students compared with female students (see Table 1). The null model
revealed an intraclass correlation (ICC) of .049, which falls into the
range of ICCs that are common in cross-sectional multilevel modeling in
social science research (Peugh, 2010). An ICC of .049 means that 4.9%
of the variance in students’ intrinsic motivation in math could be at-
tributed to differences between classrooms.

3.2. Teachers’ domain-specific ability beliefs about math vs. German
language arts

Teachers reported significantly stronger beliefs in the need for in-
nate ability in math, M=4.17, SD=1.13, than in German language
arts, M=3.79, SD=1.24; t(55)= 3.81, p < .001, d=0.32. That is,
teachers perceived success in elementary school math as requiring more
of an innate ability than success in elementary school German language
arts. This result is novel, insofar as prior work on this topic has not
targeted teachers or beliefs about elementary school math (e.g., Ito &
McPherson, 2018; Meyer et al., 2015).

3.3. Teachers' math-specific ability beliefs and students’ intrinsic motivation
in math

Consistent with prior work (e.g., Corpus & Wormington, 2014;
Weidinger et al., 2017), we found that having low prior grades was
associated with lower intrinsic motivation (see Model 1 in Table 2).
Students' gender and mother tongue were also significant predictors of
intrinsic motivation, whereas number of books in the home was not.
That is, controlling for students’ prior achievement, male students and
non-native German speaking students reported higher levels of intrinsic
motivation in math (for similar findings on the motivation of students
with immigrant backgrounds in Germany, see Stanat, Segeritz, &
Christensen, 2010).

Our central question concerned teachers' math-specific ability be-
liefs. To test whether teachers' beliefs moderated the relation between
students' prior achievement and their intrinsic motivation, we specified
a cross-level interaction model (see Model 2 in Table 2). As in the
previous model, lower prior achievement predicted lower levels of in-
trinsic motivation. Teachers' math-specific ability beliefs did not di-
rectly predict students' intrinsic motivation, but they did moderate the
relation between prior achievement and intrinsic motivation in the
expected manner: The more strongly teachers believed that success in
math requires innate ability, the stronger was the relation between
students' prior grades and their intrinsic motivation (that is, the larger

1 We ran an additional model with teachers' math-specific ability beliefs
modeled as a latent variable, which yielded nearly identical results. Due to this
model's unfavorable parameters-to-sample-size ratio of 19:56 at Level 2 (Wang
& Wang, 2012) and the relatively large standard errors, we report the results
from the analyses with manifest variables in the main text. The results from the
analyses with teachers' beliefs as a latent variable are reported in Appendix C.
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the gap in intrinsic motivation between high- and low-achieving stu-
dents; see Fig. 1). More precisely, in classrooms taught by teachers with
weak beliefs in an innate math ability (i.e., 1 SD below average), the
relationship between students’ prior achievement and their intrinsic

motivation was only B=−.29 (SE=0.05, p < .001), whereas in
those taught by teachers with strong beliefs in an innate math ability
(i.e., 1 SD above average), the relationship was B=−.42 (SE=0.03,
p < .001), which is significantly stronger (Difference=0.14,
SE=0.06, p= .014).

To clarify the magnitude of this cross-level interaction effect, we
report its predictive and explanatory power (Aguinis et al., 2013). In
terms of predictive power, the regression coefficient of −.06 for the
cross-level interaction indicated that with one unit increase in teachers'
belief that math ability is innate, the relation between students' prior
grades and their intrinsic motivation became .06 units stronger (e.g.,
low grades were more likely to predict low intrinsic motivation). In
terms of explanatory power, teachers' math-specific ability beliefs pre-
dicted additional 2.8% variance of the slope between prior grades and
students’ intrinsic motivation, controlling for all other variables in-
cluded in the Model 2. These effect sizes fit with prior research on
teacher beliefs, which has suggested that relations between teacher-
and student-level psychological variables are generally weaker than one
might intuitively expect (see also, e.g., Heyder & Brunner, 2018; Sun,
2015).

Next, we ran simple slope analyses for students with high achieve-
ment (i.e., 1 SD above average), average achievement, and low
achievement (i.e., 1 SD below average). This analysis indicated that
teachers’ beliefs that math requires innate ability predicted significantly
lower intrinsic motivation only in low-achieving students (B=−.10,
SE=0.04, p= .023), but not in students with average (B=−.04,
SE=0.03, p= .237) or high (B=0.02, SE=0.04, p= .584) achieve-
ment. The slope for low-achieving students was significantly more

Table 1
Means, standard deviations, and bivariate correlations.

M (SD) 1) 2) 3) 4) 5)

1) Intrinsic motivation in math 3.73 (1.06) −.36*** .05 .09* .16***
2) Prior math achievementa 2.55 (0.98) −.21 −.27*** .02 −.11***
3) Number of books in homeb 3.30 (1.18) −.17 −.43*** −.21*** .03
4) Nonnative speakerc 0.20 (0.40) .31** .02 −.47*** −.01
5) Malec 0.51 (0.50) −.03 −.05 .15 −.17
6) Teachers' math-specific ability beliefs 4.17 (1.13) −.19 .23* −.02 −.14 .13

Note. Within-class correlations are reported above the diagonal, between-class correlations below the diagonal.
aIn the German system, higher achievement is indicated by lower scores (1= excellent performance to 6= insufficient performance).
bNumber of books in home ranges from 1= 0–10 books to 5=more than 200 books.
cMean values here represent the proportions of nonnative speakers and male students, respectively, in the sample.
*p < .05. **p < .01. ***p < .001.

Table 2
Regression of students' intrinsic motivation in math on students' prior math achievement and teachers’ math-specific ability beliefs.

Null Model Model 1 Model 2

Intercept 3.73 (0.06) *** 3.56 (0.08) *** 3.57 (0.07) ***
Level 1
Prior achievementa −0.37 (0.02) *** −0.36 (0.03) ***
Male 0.28 (0.08) *** 0.29 (0.08) ***
Nonnative speaker 0.23 (0.09) ** 0.23 (0.08) **
Number of books 0.05 (0.03) 0.05 (0.03)

Level 2
Teachers' beliefs −0.04 (0.03)
Prior achievementa× teachers' beliefs −0.06 (0.02) *

Variance components
Residual variance: Level 1 1.07 (0.06) *** 0.89 (0.05) *** 0.89 (0.05) ***
Residual variance: Slope of prior achievement 0.01 (0.00) *** 0.03 (0.01) ***
Residual variance: Level 2 0.06 (0.02) * 0.09 (0.00) *** 0.08 (0.02) ***
Intercept-slope covariance (Level 2) 0.02 (0.01) ** 0.03 (0.01) ***

Note. Null Model=model without any predictors. Model 1=Random-intercept-random-slope model. Model 2=Cross-level interaction model. Unstandardized
regression coefficients with standard errors in parentheses. Prior achievement was group-mean-centered. Number of books and teachers' math-specific ability beliefs
were grand-mean-centered.
aIn the German system, higher achievement is indicated by lower scores (1= excellent performance to 6= insufficient performance).
*p < .05. **p < .01. ***p < .001.

Fig. 1. Higher-achieving students were equally intrinsically motivated regard-
less of their teachers' math-specific ability beliefs, whereas lower-achieving
students were less intrinsically motivated when their teachers believed that
success in math depends on innate ability. Achievement was group-mean-cen-
tered, and teachers' math-specific ability beliefs were grand-mean-centered.
SD= standard deviation. Error bars indicate standard errors of the point esti-
mates.
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negative than that for high-achieving students (Difference=−.12,
SE=0.05, p= .014), in line with our predictions.

For a further illustration of this interaction effect, we plotted the
regions of significance with the help of the Johnson-Neyman Technique
(Johnson & Neyman, 1936). Fig. 2 shows the regression coefficient for
teachers' math-specific ability beliefs predicting students' intrinsic mo-
tivation (solid line) with its 95% confidence interval (dotted lines), as a
function of students' prior achievement. For students whose prior math
grades were 0.5 units or more below class average (which is indicated
by scores above 0.5 on the x axis, given the German grade system), the
confidence interval of the regression coefficient no longer includes zero.
This means that for these students, teachers’ beliefs that math requires
innate ability predict significantly lower intrinsic motivation.

4. Discussion

Math skills are highly valued in our society, but students find math
difficult and feel anxious about it. Against this background, this study
tested the relationship between teachers' domain-specific ability beliefs
about math (that is, the extent to which they believe that success in
math depends on innate, and thus unteachable, ability) and their stu-
dents' intrinsic motivation in math, which is an important predictor of
students' effort, persistence, and learning. We found that teachers' belief
that math requires innate ability was accompanied by lower intrinsic
motivation among their low-achieving students. By “low-achieving
students,” we mean all students with grades approximately half a grade
unit or more below class average. This group of students makes up
approximately 30% of the student population.2 For students with
higher grades, their intrinsic motivation was unrelated to teachers'
math-specific ability beliefs. Thus, teachers' beliefs about math ability
might be an important characteristic of students' learning environments
contributing to the well-documented decline in students’ intrinsic mo-
tivation in math.

What explains why teachers' math-specific ability beliefs are parti-
cularly predictive of low-achieving students' intrinsic motivation (see
also Heyder & Brunner, 2018)? Whereas high- or average-performing
students receive feedback (i.e., grades) that reinforces their feelings of
competence, which are an important source of intrinsic motivation

(e.g., Deci & Ryan, 1985), low-achieving students lack such competence
experiences and might thus look to their teachers for clues regarding
what their grades mean. In fact, children are particularly attuned to
whether adults see failure as something to be avoided or as a learning
opportunity (Haimovitz & Dweck, 2017). Teachers who believe that
being good at math depends on having innate ability might react to
students' low grades in ways that suggest such grades are a sign of
(irredeemable) incompetence, which would then undermine these stu-
dents' intrinsic motivation. Teachers' math-specific ability beliefs may
also affect whether low-achieving students feel that they have the
chance to succeed in the future—that is, students' sense of autono-
my—as well as whether they feel valued and connected with the tea-
cher—that is, students' sense of relatedness (e.g., Ryan & Deci, 2000a).
According to self-determination theory, experiencing a reduced sense of
autonomy and relatedness should also compromise low-achieving stu-
dents’ intrinsic motivation (e.g., Ryan & Deci, 2000a).

If teachers instead see math ability as amenable to change, students
might interpret their low grades in a way that allows them to maintain
high levels of intrinsic motivation. Because high-achieving students are
likely to experience sufficient levels of competence (as well as au-
tonomy and relatedness), they may not need to look for cues to help
them interpret their success. In turn, this may explain why teachers’
math-specific ability beliefs did not relate as strongly to the intrinsic
motivation of this group of students.

It is noteworthy that this study was also the first to (1) test for
domain differences (math vs. German language arts) in teachers' ability
beliefs, as well as the first to (2) extend the study of domain-specific
ability beliefs beyond the samples of US academics and laypeople that
were tested in previous work on this topic (Canning et al., 2019; Leslie,
Cimpian, et al, 2015; Meyer et al., 2015). Similar to participants in prior
studies (see also Gunderson, Hamdan, Sorhagen, & D'Esterre, 2017),
German elementary school teachers also perceived success in math as
more likely to depend on innate ability than success in language arts.
Nevertheless, the teachers participating in this study reported lower
endorsement of the belief that math depends on an innate ability than
US adults in prior studies did (e.g., Leslie, Cimpian, et al., 2015:
M=4.67 vs. M=4.17 in this study). Beyond subtle cultural differ-
ences, this difference might be due to the fact that we asked about
children's (rather than adults') success in math. Elementary school math,
which is mostly arithmetic, might be perceived as requiring less innate
ability than math as studied in academia, which might also result in
smaller effects on students' motivation in younger age groups. This

Fig. 2. The solid line indicates the regression coef-
ficient for teachers' math-specific ability beliefs pre-
dicting students' intrinsic motivation, as a function of
students' achievement (x axis). The dashed lines in-
dicate 95% confidence intervals of the regression
coefficient (i.e., the regions of significance).
Students' achievement was group-mean-centered.
For students with achievement scores approximately
half a unit below class average or worse (i.e.,
achievement scores around 0.5 or higher), teachers'
beliefs are significant predictors. Note that in the
German system, lower achievement is indicated by
higher scores.

2 Grades had a standard deviation of 0.98, so half a grade unit roughly cor-
responds to half a standard deviation. The area on a normal curve above 0.5 SDs
is approximately 30%.
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difference might also be explained by the likely conflict between be-
lieving that success in math depends on something that cannot be
taught, on the one hand, and being a math teacher, on the other. This
inherent conflict reveals that we do not yet understand how teachers'
domain-specific ability beliefs are shaped during teacher education and
practice, and how these beliefs relate to the goals that are at the core of
being a teacher (e.g., Korthagen, 2004).

Our results do not license conclusions about the causal effects of
math-specific teacher beliefs. However, if supplemented by future work
that provides stronger evidence for causality, the present results may
suggest that changing teachers' beliefs about the sources of students'
success in math is an important starting point for creating classrooms
that foster low-achieving students' intrinsic motivation without im-
peding the intrinsic motivation of other students. For example, teacher
education programs may want to consider educating prospective tea-
chers not just about the best instructional practices to use but also about
how their broader beliefs regarding the determinants of students’
achievement can affect how their students actually learn (see also
Ames, 1992). In other words, these findings suggest the need for
comprehensive approaches to teacher education that include the op-
portunity for teachers to reflect on their broader beliefs about student
success, and about the nature of math ability in particular.

4.1. Limitations and directions for future research

Our study revealed that the more teachers believed that success in
math requires innate ability, the lower was the intrinsic motivation of
the low-achieving students in their classes. An interesting question for
future research concerns the variables that might mediate this re-
lationship; because the present data set did not include potential
mediators (for details, see Appendix A), we were not able to investigate
this question here. Intuitively, it seems plausible to assume that tea-
chers who value an innate math ability in their students would be more
likely to create performance-oriented classroom environments rather
than growth- and mastery-oriented ones, which would in turn foster
students' performance- rather than mastery-goal orientations (e.g.,
Schiefele, 2017). Teachers' beliefs might also affect their use of for-
mative vs. summative evaluations, which are known to predict students'
intrinsic motivation (e.g., Rakoczy, Harks, Klieme, Blum, & Hochweber,
2013). However, there is evidence that teachers' beliefs and their actual
classroom behavior are not always well aligned (Sun, 2015), and nei-
ther are teachers' self-reported classroom practices and students' per-
ceptions of classroom practices (e.g., Schiefele & Schaffner, 2015).
Thus, in studying these mediators, it seems important to not only rely
on teachers' self-reports but also include additional sources of in-
formation, such as students' perceptions of teacher behavior or students'
experience of competence, autonomy, and relatedness when facing
academic failure. It is also interesting to consider whether the afore-
mentioned inconsistencies between teachers' beliefs, behavior, and
students' perceptions might be behind the seemingly weak connection
between teachers' beliefs and students’ motivation found in this and
prior research (e.g., Heyder & Brunner, 2018; Sun, 2015).

A second limitation of this study is the use of the cross-sectional
data, which did not allow us to study the effects of teachers' beliefs on
changes in students' intrinsic motivation. Prior longitudinal evidence
from elementary school students suggests that the average effect of
grades on students' intrinsic motivation is only significant in periods
when grades carry particular importance (e.g., in fourth grade, before
the transition to middle school; Weidinger et al., 2017). In future re-
search, it would be useful to study whether this longitudinal effect of
grades during the transition to middle school is also moderated by
teachers’ domain-specific ability beliefs, as one might expect based on
the findings of the present study.

We also note that our findings are limited to the domain of math and
to elementary school students. We focused on math because it is an
important subject that is compulsory for all students in Germany, ir-
respective of their grade level, and is perceived as rather difficult
among students (Haag & Götz, 2012). It would be informative, how-
ever, to test whether teachers' language-specific ability beliefs moderate
their students’ intrinsic motivation in this domain (which was not
measured in this data set). We expect that this moderation effect might
be weaker, since language is not generally a domain that people per-
ceive to depend on innate ability. It would also be informative to re-
plicate this design in a sample of students in later grades. For older
student populations, larger effects might be expected, as more advanced
math might be perceived as requiring more innate ability than ele-
mentary school math.

4.2. Conclusion

To conclude, this study is the first to show that teachers' belief that
success in math requires an innate ability predicts lower intrinsic mo-
tivation among low-achieving elementary school students. These results
suggest that teachers’ beliefs about how one achieves success in math
may be key in creating a classroom atmosphere that promotes learning
for all students. However, future research is needed in order to test the
direction of the relationships uncovered here and to explore which
teacher and student variables mediate the links we observed.
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Appendix A

Description of the FA(IR)BULOUS Study

The FA(IR)BULOUS Study (FA(IR)BULOUS: Faire Beurteilungen des Leistungspotenzials von Schülerinnen und Schülern [Fair Evaluation of
Students' Academic Potential]) examined social inequality in school transitions in Germany. Germany has a tracked academic system with different
types of secondary schools (e.g., academic-track schools, comprehensive schools). Students receive recommendations from their teachers for a
specific type of secondary school on the basis of their prior performance in school (academic track (Gymnasium) vs. more vocational-oriented
schools). The aim of the FA(IR)BULOUS Study was to improve the validity of teachers' recommendations, as well as students' and parents' decisions,
concerning students’ educational pathways (e.g., which type of secondary school the students should attend). In a first step, the study investigated
how different student characteristics (e.g., immigration background, socio-economic status, academic achievement, cognitive ability) correlate with
educational recommendations and decisions (e.g., are immigrant children being recommended for less academically intensive tracks?). In a second
step, a strategy was developed that reduced social inequalities in school transitions. The study focused on the school transition from elementary to
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secondary school (which in most German federal states takes place after fourth grade), as well as on the transition from secondary school to the
academic track or the labor market (i.e., after compulsory schooling). The study was funded by the Stiftung Mercator (Mercator Foundation). For the
elementary school sample, 48 elementary schools were randomly selected from an internet school data base that contains all elementary schools in
the region and contacted in spring 2016. Sixteen elementary schools did not want to participate for reasons not related to the project content (e.g.,
illness of teachers). The remaining 32 elementary schools were interested in the project. Twenty of these schools confirmed participation within the
available time period and thus participated in the project. Within each school, all fourth grade classes participated.

For the present study, we analyzed the elementary school data because teachers' domain-specific ability beliefs were only assessed in elementary
school teachers and not in secondary school teachers. As reported in the paper, students reported their intrinsic motivation in math and their prior
math grades. Other student variables (not analyzed in the present study) included details concerning students' migration background; students'
ability self-concept in math; students' perceived abilities in twelve school-related domains (e.g., verbal expression, reading, knowledge); students'
grades in German, reading, and natural science; students' personality; students’ math and reading competencies; and their general cognitive ability.
Moreover, the students indicated which kind of secondary school they would attend in Grade 5.

Appendix B

Original version and translated and adapted German version of the items assessing teachers’ domain-specific ability beliefs.

No Original Translated and adapted German version

1 Being a top scholar of [discipline] requires a special aptitude that just
can't be taught.

Um in [Fach] zu den Besten zu gehören, brauchen Kinder eine spezielle Begabung, die nicht
unterrichtet werden kann.

2 If you want to succeed in [discipline], hard work alone just won't cut it;
you need to have an innate gift or talent.

Anstrengung und harte Arbeit allein reichen einfach nicht aus, um in [Fach] zu den Besten zu
gehören. Kinder brauchen dafür eine angeborene Begabung oder ein angeborenes Talent.

3 With the right amount of effort and dedication, anyone can become a top
scholar in [discipline]. (R)

Mit dem richtigen Maβ an Anstrengung und Einsatz kann jedes Kind in [Fach] zu den Besten
gehören. (R)

4 When it comes to [discipline], the most important factors for success are
motivation and sustained effort; raw ability is secondary. (R)

Die wichtigsten Faktoren für Erfolg in [Fach] sind die Motivation und die kontinuierlichen
Bemühungen des Kindes – die reine Begabung ist zweitrangig. (R)

Note. Original items are taken from Leslie, Cimpian, et al. (2015). R= reversed coded.

Appendix C

Regression of Students' Intrinsic Motivation in Math on Students' Prior Math Achievement and Teachers’ Math-Specific Ability Beliefs, Modeled as
a Latent Variable.

Estimates

Intercept 3.57 (0.07) ***
Level 1
Prior achievementa −0.36 (0.03) ***
Male 0.29 (0.08) ***
Nonnative speaker 0.24 (0.08) **
Number of books 0.05 (0.03)

Level 2
Teachers' beliefs −0.02 (0.04)
Prior achievementa× teachers' beliefs −0.07 (0.04) #

Variance components
Residual variance: Level 1 0.89 (0.05)
Residual variance: Slope of prior achievement 0.03 (0.01) **
Residual variance: Level 2 0.07 (0.01) ***
Intercept-slope covariance (Level 2) 0.03 (0.02) *

Note. Cross-level interaction model. Unstandardized regression coefficients with standard errors in parentheses. Prior achievement was group-
mean-centered. Number of books was grand-mean-centered. Teachers' math-specific ability beliefs were modeled as a latent variable with a
mean fixed to zero.
a In the German system, higher achievement is indicated by lower scores (1= excellent performance to 6= insufficient performance).
#p= .086. *p < .05. **p < .01. ***p < .001.
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