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A B S T R A C T

This study investigated the link between teacher expectations and student learning, relying on longitudinal data
from 64 classrooms and 1026 first-grade students in Germany. Further, based on a subsample of 19 classrooms
with 354 students, we explored the mediating role of three characteristics of teacher feedback rated in video-
recorded school lessons. The results showed that teacher expectations were inaccurate to some extent; that is,
they did not entirely agree with students' current achievement, general cognitive abilities and motivations. In
addition, this inaccuracy in teacher expectations significantly predicted students’ end-of-year achievement, even
after prior achievement, general cognitive abilities, motivation, and student background characteristics were
considered. Specifically, inaccurately high teacher expectations were associated with greater achievement in
reading and mathematics, whereas inaccurately low teacher expectations were associated with lower achieve-
ment in reading only. Furthermore, teacher feedback varied significantly with inaccurate teacher expectations
but did not substantially mediate teacher expectancy effects.

1. Introduction

From the first day of school enrollment onward, teachers play a
significant role in student learning (e.g., Dietrich, Dicke, Kracke, &
Noack, 2015; Hattie, 2009; Roorda, Koomen, Spilt, & Oort, 2011). To
promote student learning, it is crucial that teachers are aware of stu-
dents' achievement, as well as their individual learning resources, as
this knowledge is the basis for effective instructional decisions and
enables teachers to provide sufficient support to individual students
(e.g., Baumert & Kunter, 2013; Vogt & Rogalla, 2009). Such evaluations
include not only perceptions of current student achievement but also
expectations about students' learning and future achievement (Funder,
1995; Jussim, Robustelli, & Cain, 2009). At the same time, teachers'
inaccurate achievement expectations can result in a self-fulfilling pro-
phecy; that is, low expectations can hamper students' learning, whereas
high expectations can foster students’ learning and eventually lead to
higher achievement gains. Rosenthal and Jacobson (1968), with their
experiment “Pygmalion in the Classroom”, were the first to provide
evidence of a self-fulfilling prophecy (Merton, 1948) in the context of
school. The experiment was controversial, with several scholars ques-
tioning different aspects of its results (Pellegrini & Hicks, 1972; Snow,

1969; Thorndike, 1968). Today, researchers generally agree that tea-
cher expectancy effects exist (for overviews, see Jussim et al., 2009;
Wang, Rubie-Davies, & Meissel, 2018). Teacher achievement expecta-
tions can thus affect child development from the first school days on-
ward, as well as affecting later educational achievements and eventual
outcomes.

Nonetheless, the question of how teacher expectancy effects emerge
has not been conclusively answered. Most authors agree with the as-
sumption that self-fulfilling prophecies in the classroom follow a se-
quence of three major steps (Jussim et al., 2009): (1) teachers form
inaccurate expectations; (2) these expectations lead teachers to treat
higher- and lower-expectancy students differently; and (3) students
react to this differential teacher treatment in such a manner that con-
firms the initial teacher expectations, hence resulting in greater
achievement gains for higher-expectancy students and lower achieve-
ment gains for lower-expectancy students. Until now, however, very
few studies have provided empirical evidence of this three-step for-
mation process; specifically, for the mediation of teacher expectancy
effects by differential teacher behavior. Past studies have examined
only one or two of the steps. Whereas there has been much research on
accuracy in teacher expectations (for an overview, see Jussim et al.,
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2009; for a meta-analysis, see Südkamp, Kaiser, & Möller, 2012) and the
effects of teacher expectation inaccuracy on student achievement (for
overviews, see Jussim, Eccles, & Madon, 1996; Jussim et al., 2009),
relatively few studies have addressed the ways in which teachers
communicate their expectations through their behavior, and even fewer
studies have investigated whether such differential teacher behavior
actually mediates teacher expectancy effects. Thus, there is a dearth of
research on the effects of differential teacher behaviors triggered by
teacher expectations on student outcomes. In the early years of ex-
pectancy research, four dimensions of teacher behavior were discussed
as mediators of teacher expectancy effects: input (e.g., amount and
difficulty of learning material provided), output (e.g., calling on a
student), feedback (e.g., valence and elaborateness of feedback given)
and climate (e.g., warmth and respectfulness in teacher-student inter-
action) (Rosenthal, 1973). Although empirical research has provided
support for the relevance of each of these four dimensions (Harris &
Rosenthal, 1985), evidence regarding the feedback dimension appears
to be inconclusive. Findings on the relationships between different in-
dicators of teacher feedback and teacher expectations, on the one hand,
and student learning, on the other hand, have varied significantly, re-
sulting in contradictory conclusions (Harris & Rosenthal, 1985). How-
ever, since there have been few newer empirical studies on the med-
iation of teacher expectancy effects, the recent research still relies on
the four-factor model.

The present paper was based on a unique longitudinal data set that
enabled us to examine the relationships between initial teacher ex-
pectations and later teacher feedback, as well as subsequent student
achievement immediately at the beginning of students' school careers in
Germany. Our study had two main goals. (1) By empirically tracing all
three steps of the process potentially leading to the emergence of self-
fulfilling prophecies in school, we sought to clarify whether associa-
tions between teacher expectations (as measured at the beginning of
first grade) and student achievement (as measured at the end of first
grade) are mediated by differences in teacher behavior, specifically
teacher feedback. Thus, we directly investigated whether the three-step
process happens as assumed. (2) Further, our study aimed to contribute
to resolving open questions regarding the role of teacher feedback as a
mediator of teacher expectancy effects. The inconclusive results in
Harris and Rosenthal's meta-analysis show that this dimension of tea-
cher behavior requires further investigation.

2. Theory and evidence

2.1. Inaccurate teacher expectations

Teacher expectations can be viewed as predictions of future student
achievement (e.g., Jussim, 1986; Ready & Chu, 2015). Many re-
searchers have only considered students' current achievements to be
accurate bases of teacher expectations (e.g., Hinnant, O'Brien, &
Ghazarian, 2009; McKown & Weinstein, 2002; Ready & Chu, 2015;
Rubie-Davies & Peterson, 2016). From a pedagogical point of view,
however, further student characteristics, such as general cognitive
ability and motivation (in contrast to other student characteristics, such
as gender or socioeconomic status, which should be irrelevant in a
meritocratic school system) can also serve as valid predictors of teacher
expectations (cf. de Boer, Bosker, & van der Werf, 2010). Based on these
considerations and in line with research by Becker (2013) and de Boer
et al. (2010), we characterize teacher expectations as accurate if they
concur with actual students' achievement, general cognitive abilities
and achievement motivation. Deviations in teacher expectations that
exist beyond these learning-related student characteristics are hence
referred to as teacher expectation inaccuracy.

Prior research has shown that teacher expectations for students'
achievements are accurate to a substantial degree (Jussim et al., 2009).
In meta-analyses, the shared variance between teacher judgments of
current student achievement and students' actual achievements

amounted to approximately 40% (Hoge & Coladarci, 1989; Südkamp
et al., 2012). The explained variance in teacher expectations was
somewhat higher when general cognitive abilities and motivation were
considered as valid predictors of teacher expectations (Becker, 2013; de
Boer et al., 2010). Nevertheless, a significant portion of the variance in
teacher expectations remained unexplained by students’ learning-re-
lated characteristics. This variance reflects inaccuracy and has the po-
tential to initiate self-fulfilling prophecies.

Furthermore, studies have shown that inaccuracy in teacher ex-
pectations does not occur randomly but is systematic for different
groups of students. For example, negative bias in teacher expectations
has been found for students from socially disadvantaged families (e.g.,
de Boer et al., 2010; Lorenz, Gentrup, Kristen, Stanat, & Kogan, 2016;
Ready & Wright, 2011; Timmermans, de Boer, & van der Werf, 2016;
Timmermans, Kuyper, & van der Werf, 2015; van Matre, Valentine, &
Cooper, 2000), for ethnic minority students (e.g., Holder & Kessels,
2017; Lorenz et al., 2016; McKown & Weinstein, 2008; Meissel, Meyer,
Yao, & Rubie-Davies, 2017; Morris, 2005; Ready & Wright, 2011), for
boys and girls in gender-untypical domains (e.g., Hinnant et al., 2009;
Holder & Kessels, 2017; Lorenz et al., 2016; Meissel et al., 2017; Ready
& Wright, 2011; Riegle-Crumb & Humphries, 2012; Rubie-Davies &
Peterson, 2016) as well as for students with special educational needs
or learning disability statuses (e.g., Hurwitz, Elliott, & Braden, 2007;
Jenkins & Demaray, 2016; Shifrer, 2013, 2016). Teacher expectancy
effects based on such systematically biased expectations have the po-
tential to contribute to educational inequalities (e.g., de Boer et al.,
2010; Gentrup & Rjosk, 2018; Muntoni & Retelsdorf, 2018). However,
as the main focus of the current study is the mediation of teacher ex-
pectancy effects via teacher feedback, we do not investigate group-
specific bias but rather general teacher expectation inaccuracy.

2.2. Teacher expectations and differential teacher behavior

Most studies examining teacher behavior in the context of teacher
expectancy effects are from the 1970s and 1980s (for a meta-analysis,
see Harris & Rosenthal, 1985; for a review, see Jussim, 1986). In the last
30 years, very few studies investigated this issue (e.g., Chen, Thompson,
Kromrey, & Chang, 2011; Ready & Chu, 2015; for a recent review, see
Wang et al., 2018). Therefore, the contemporary expectancy research
still relies on the four-factor model proposed by Rosenthal (1973),
which was empirically evaluated in the meta-analysis by Harris and
Rosenthal (1985). This model assumes that teachers’ expectations affect
four dimensions of their behavior (cf. Jussim et al., 2009). (1) Teachers
might differ in the input they provide. For example, teachers might
explain issues in a less complex manner to lower-expectancy students
than to higher-expectancy students. (2) According to their expectations,
teachers might provide different opportunities for students to produce
output. For example, teachers might call on lower-expectancy students
less frequently than they call on higher-expectancy students. (3) Tea-
cher expectations might influence teacher feedback, which could be less
positive and less constructive for lower-expectancy students than for
higher-expectancy students. (4) Finally, the climate of teacher-student
interactions might be less warm and respectful for lower-expectancy
students than for higher-expectancy students. The results of the meta-
analysis (Harris & Rosenthal, 1985) supported the relevance of each of
the four proposed dimensions, with climate and input showing the
strongest relationships with both teacher expectations and student
outcomes. The evidence for feedback, however, remained inconclusive.
The relationships of diverse indicators of teacher feedback with teacher
expectations and student achievement varied significantly and showed,
in part, contradicting results. The association between teacher ex-
pectations and feedback varied, depending on the indicators used, be-
tween r = -.05 and r = 0.36, showing in summary a small effect size
(r = 0.13). The observed relationship between indicators of feedback
and student achievement even ranged from r = −.23 to r = 0.12.
Overall, the link between feedback and student achievement amounted
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to r = 0.07. Thus, it appears that diverse indicators of feedback, col-
lapsed into one feedback dimension, operate in opposite directions –
with the consequence of an average effect size of approximately zero.

Despite providing important insights into the relationship between
teacher expectations and teacher behavior, the meta-analysis also had
its limitations. First, the authors did not ensure that the studies included
in their meta-analysis controlled for actual student achievement.
Therefore, it was not possible to determine whether the differential
teacher treatment resulted from accurate teacher expectations or from
teacher expectation inaccuracy. Second, only a few of the studies in-
cluded in the meta-analysis investigated both the association between
teacher expectations and teacher behavior and the association between
teacher behavior and student outcomes. The meta-analysis thus did not
directly address mediation effects (cf. Chow, 1987).

Newer studies on the relationships between teacher expectations
and teacher behavior are few, and they largely suffer from the same
limitations. Chen et al. (2011) investigated teacher expectancy effects
on student self-concept in elementary schools in Taiwan and considered
students' perceptions of oral feedback given by their teachers. The re-
sults showed that lower-expectancy students perceived receiving less
positive and more negative oral feedback from their teachers than
higher-expectancy classmates. Furthermore, the perceived feedback
was significantly related to students' self-concept. However, this study
also did not account for actual student achievement. Furthermore, it
leaves open whether teacher feedback actually mediates the link be-
tween teacher expectations and students’ self-concept.

Other newer studies examined teacher behavior in relation to tea-
cher expectations at the classroom level (e.g., Rubie-Davies, Hattie,
Townsend, & Hamilton, 2007; Rubie-Davies & Peterson, 2011). Al-
though these studies supported the concept that teachers with high
expectations for all of their students are more effective in teaching (e.g.,
provide more feedback and use more higher-order questions; Rubie-
Davies, 2007), they also left open the question of whether the observed
differences in teacher behavior actually mediate teacher expectancy
effects.

Two newer studies directly investigated the mediation of teacher
expectancy effects by teacher behavior. First, Urhahne (2015) analyzed
the effects of teacher expectations on students' motivations and emo-
tions. Differential teacher behaviors measured through student per-
ceptions were found to partially mediate the link between teacher ex-
pectations and students' motivations and emotions. Second, Ready and
Chu (2015) examined whether teachers’ practice of ability grouping
(which can be viewed as an indicator of input) mediates the link be-
tween individual teacher expectations and student achievement. Con-
tradicting the findings by Harris and Rosenthal (1985) on the input
dimension of teacher behaviors, ability grouping was found to be only a
weak mediator of teacher expectancy effects (Ready & Chu, 2015). This
limited and inconclusive evidence on the mediation of teacher ex-
pectancy effects via differential teacher behavior calls for research
based on data that are better suited to addressing the theoretical ar-
guments. The current study focuses on teacher feedback as a possible
mediator of teacher expectancy effects.

2.2.1. Teacher expectations and teacher feedback
Teachers’ expectations may shape their feedback practice on the

basis of mental schemata. Based on their teaching experience, teachers
can have internalized schemata of high-achieving and low-achieving stu-
dents, that is, mental representations about typical characteristics and
behaviors of high-achieving and low-achieving students, as well as
perceptions about the appropriate teaching of these students (Fazio &
Olson, 2014; Pendry, 2015). As an interview study of approximately
300 student teachers revealed, several positive attitudes are associated
with high-achieving students. Such students are seen as interested and
motivated, as exerting effort for their learning, and as showing dis-
ciplined behavior. Low-achieving students, in contrast, are perceived as
undisciplined, uninterested, unmotivated and unintelligent (Schuchardt

& Dunkake, 2014). Teachers can interpret student behavior and
achievement based on these mental representations of high-achieving
and low-achieving students, and such interpretations can result in
predetermined (patterns of) reactions (Dijksterhuis & Bargh, 2001).

According to the results of the study by Schuchardt and Dunkake
(2014), the schema of a low-achieving student is connected, for in-
stance, to the assumption of an undisciplined child. Teachers might thus
be more sensitive to the misbehavior of students whom they categorize
as low-achievers (that is, low-expectancy students) and notice mis-
behavior more often for these students than for students whom they
categorize as high-achievers (that is, high-expectancy students). Con-
sequently, teachers might more often give children for whom they have
lower expectations feedback related to their behavior in the classroom,
instead of feedback related to their performance.

As the schema of a high-achieving student also includes favorable
student characteristics in general (cf. Schuchardt & Dunkake, 2014),
teachers might interpret the achievement output of high-expectancy
students to be more positive than the similar outputs of low-expectancy
students (confirmation bias; Nickerson, 1998). That is, the same student
achievement might trigger more or less positive performance feedback
depending on the schema activated. Accordingly, teachers might more
often praise students for whom they have higher expectations, whereas
negative performance feedback might be more frequent for lower-ex-
pectancy students, independent of the students’ actual achievements.
Eventually, the valence of performance feedback might be more posi-
tive for higher-expectancy students than for lower-expectancy students.

As studies relying on attribution theory have indicated (Johnson,
Feigenbaum, & Weiby, 1964), teachers also feel stronger self-efficacy in
teaching high-achieving students. Therefore, when interacting with
high-expectancy students, teachers’ performance feedback might be
more elaborate. For example, negative performance feedback might be
more often accompanied by further elaboration and tips on how to
proceed for higher-expectancy students than for lower-expectancy stu-
dents. Teachers might also explain in greater detail how students have
misunderstood the learning material or which types of errors they have
made.

2.2.2. Role of teacher feedback in student learning
Educational research has supported the importance of teacher

feedback for student learning (e.g., Bohn, Roehrig, & Pressley, 2004;
Dean, Hubbell, Pitler, & Stone, 2012). In fact, teacher feedback has
been empirically identified as being among the most important in-
structional practices for improving student learning. In a meta-analysis,
high-quality feedback had an average effect size on student achieve-
ment of d= 0.73 and was among the top ten investigated instructional
practices (Hattie, 2009). Additionally, when children were asked about
possible sources of information regarding their own levels of achieve-
ment in school, they primarily referred to teacher feedback (Weinstein,
1983).

Feedback provides useful information about how well a student is
performing. Frequent and informative teacher feedback therefore helps
students to overcome mistakes and improve skills. In contrast, if feed-
back is less frequently provided or less informative, students might not
be aware that they have not fully mastered the material and that they
must improve their skills (c.f. Jussim et al., 2009). The literature has
further emphasized that individualized teaching styles, in particular,
require high-quality feedback. Such feedback must be specific, task-
oriented and related to students' learning goals; it must evaluate how
well students are performing to reach those goals; and it must provide
information to students on how to proceed (Hattie & Timperley, 2007).
Therefore, feedback related to students' performance should promote
students' learning in reading and mathematics better than feedback
related to students' behavior in class. To strengthen students’ perceived
self-efficacy, a higher intraindividual ratio of positive and therefore
affirmative performance feedback should be pedagogically beneficial
(cf. Bandura, 1994). Additionally, especially in the case of negative
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performance feedback, it is important that teachers provide detailed
information about learning goals and how to proceed in learning.

2.3. Teacher expectancy effects on students’ achievement

The effects of teacher expectations on student achievement have
been extensively studied (for overviews, see Jussim et al., 1996; Jussim
& Harber, 2005; Jussim et al., 2009). The bulk of research comes from
the U.S. (e.g., Gill & Reynolds, 1999; Hinnant et al., 2009; Ma, 2001;
McKown & Weinstein, 2008; Ready & Chu, 2015; Rubie-Davies et al.,
2014), and a few studies were conducted in Europe (e.g., Germany:
Friedrich, Flunger, Nagengast, Jonkmann, & Trautwein, 2015; Lorenz,
2018; Stahl, 2007; Netherlands: de Boer et al., 2010; Jungbluth, 1993,
1994). Despite significant methodological differences, most studies
have found support for teacher expectancy effects on student achieve-
ment (cf. Wang et al., 2018). The effects in field studies varied between
r = 0.10 and r = 0.20; in terms of the effect size d, the average effect
was d = 0.30 (Jussim et al., 2009).

However, most studies on teacher expectancy effects examined stu-
dents at later stages of their educational trajectories, that is, at the later
grade levels of primary school or secondary school (e.g., Archambault,
Janosz, & Chouinard, 2012; de Boer & van der Werf, 2015; Friedrich et al.,
2015; Peterson, Rubie-Davies, Osborne, & Sibley, 2016; Zhou & Urhahne,
2013). Expectancy research focusing on students' early school career is
comparatively sparse. Recently, Schenke, Nguyen, Watts, Sarama, and
Clements (2017) analyzed the link between class-level teacher expecta-
tions and 4-year-old students' mathematical achievement. Ready and Chu
(2015) investigated whether students’ literacy achievement in kinder-
garten was affected by teacher expectations. The results of both studies
suggest that teacher expectancy effects can manifest in such early years.
Furthermore, research supports that teacher expectancy effects are
stronger in new situations such as after school enrollment or school
transitions (cf. Jussim et al., 1996; Jussim et al., 2009). For example, in the
study by Kuklinski and Weinstein (2001), teacher expectancy effects were
stronger in first grade than in the later grades of elementary school. Si-
milarly, for the period of five years after the transition into secondary
school, de Boer et al. (2010) found that the effects of teacher expectations
were strongest in the first year, whereas they decreased somewhat in the
second year and remained stable afterwards.

A common criticism of studies of expectancy effects is that teacher
expectations might have predicted student outcomes simply because
they were accurate representations of students’ prior achievements
(Jussim & Harber, 2005). The main challenge of measuring expectancy
effects is thus to disentangle the statistical associations of student out-
comes with accurate teacher expectations, on the one hand, from their
associations with inaccurate teacher expectations, on the other hand.
Only the latter association indicates teacher expectancy effects (de Boer
et al., 2010). As Wang et al. (2018) outlined, approximately 40% of the
studies on teacher expectancy effects conducted in the last 30 years did
not consider actual student characteristics in their analyses and thus did
not adequately account for this challenge.

In addition, most existing studies measured teacher expectations not at
the beginning of the teacher-student interaction but after months or even
years of such interaction (e.g., Friedrich et al., 2015; Hinnant et al., 2009;
Peterson et al., 2016; Ready & Chu, 2015). In this situation, it is not
possible to disentangle whether teacher expectations concur with actual
student characteristics because they are accurate evaluations of these
characteristics or because of preceding self-fulfilling prophecies. Against
this background and the observation that approximately 40% of the stu-
dies did not account for actual student achievement (Wang et al., 2018),
the validity of the existing results might be limited.

3. The current study

In summary, although evidence for the existence of teacher expectancy
effects on student achievement abounds, only a few studies have sought to
clarify how these effects emerge. Accordingly, there has been little re-
search on teacher behaviors mediating the link between inaccurate teacher
expectations and student achievement. In particular, the results for teacher
behavior in terms of feedback have been inconclusive. Furthermore,
methodological limitations might reduce the validity of research on ex-
pectancy effects. These limitations include a failure to consider baseline
student achievements and the problem of measuring teacher expectations
after prolonged periods of teacher-student contact.

With the aim of overcoming these shortcomings, the present study
examined the associations of teacher expectations with teacher feed-
back and student learning, covering all three steps of the process po-
tentially leading to the emergence of a self-fulfilling prophecy. We used
data from a unique longitudinal study in Germany explicitly designed to
investigate self-fulfilling prophecies in schools. Data collection started
immediately after the beginning of the first school year, when pre-
ceding teacher-student interaction was minimal. We analyzed the pro-
cesses underlying teacher expectancy effects in two domains: language
and mathematics. More specifically, we studied teachers' feedback
practices and explored whether they differed depending on teachers’
expectations. We also investigated the extent to which feedback med-
iates teacher expectancy effects on student achievement in reading and
mathematics. Table 1 contains the specific research questions that we
addressed, as well as the corresponding hypotheses.

4. Methods

4.1. Databases

The study was based on data from the research project
Kompetenzerwerb und Lernvoraussetzungen1 (KuL; English translation:

Table 1
Research questions and hypotheses of the current study.

Research questions Hypotheses

(1) Are teacher expectations of students' achievement inaccurate and, if so, to what
extent?

(1) The variance in teachers' expectations cannot be fully explained by actual student
skills, cognitive abilities, and motivation.

(2) Are inaccurate teacher expectations reflected in teachers' feedback practices? (2) Higher values on the variable of teacher expectation inaccuracy are associated with:
(a) more performance-related feedback (compared to feedback on student behavior);
(b) more positive performance feedback; and
(c) greater elaborateness of negative performance feedback.

(3) Do inaccurate teacher expectations predict student learning in reading and
mathematics beyond other student characteristics that affect students' learning
progress?

(3) In reading and mathematics:
(a) inaccurately high expectations are related to higher achievement gains; and
(b) inaccurately low expectations are related to lower achievement gains over time.

(4) Do teachers' feedback practices mediate teacher expectancy effects? (4) Teacher feedback partially mediates teacher expectancy effects.

1 This interdisciplinary research project was conducted under the leadership
of Prof. Dr. Cornelia Kristen (Otto-Friedrich-Universität Bamberg), Prof. Dr.
Irena Kogan (Universität Mannheim), and Prof. Dr. Petra Stanat (Humboldt-
Universität zu Berlin).
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Competence Acquisition and Learning Preconditions). In the 2013/
2014 school year, data were collected in 39 primary schools in North
Rhine-Westphalia, Germany. The total sample of the research project
included 1065 first graders from 67 classes (Kristen et al., 2018a). We
excluded from the sample classes in which the teachers changed during
the school year, which left N= 1026 students from N= 64 classes with
N = 67 class and subject teachers in N = 38 schools. This sample is
referred to as the main sample. In the main sample, on average, 16
students per class participated in the study (SD = 5.25), which corre-
sponds to a participation rate of 68% (SD = 21%).

The teachers (94% female) were, on average, 42 years old
(SD = 8.80) and had an average work experience of twelve years
(SD= 8.89). The teachers were predominantly nonimmigrant, meaning
that they and both of their parents were born in Germany (94%). At the
time of school enrollment, the participating students (48% female) in
the main sample were, on average, 6 years and 5 months old
(SD= 0.33). Based on information from the parent questionnaire, 36%
of the children came from immigrant families (at least one parent born
in a country other than Germany). The average families’ socioeconomic
background, as indicated by the Highest International Socio-Economic
Index of Occupational Status (HISEI; Ganzeboom, 2010), was
M = 52.51 (SD = 19.44).

A subsample of n= 354 children from n= 19 classrooms in n= 13
schools participated in the optional video study, which was conducted
in the middle of the school year (Kristen et al., 2018b). Despite the
voluntary participation of teachers and students, the subsample of
classrooms did not differ significantly from the main sample in im-
portant characteristics. The teachers involved in the video study did not
differ substantially from the main sample in terms of gender (95% fe-
male), immigrant status (95% nonimmigrant), age (M = 41.85,
SD = 9.51) or years of professional experience (M = 12.11,
SD = 8.60). The students in the video subsample (47% female) were
also similar to those in the main sample regarding their age (M= 6.48,
SD= 0.35) and socioeconomic background (M= 52.03, SD= 19.69).
Slightly more students in the video subsample than in the main sample
came from immigrant families (38%). In addition, the participation rate
per class was substantially higher in the subsample (M = 86%,
SD= 9%). Descriptive statistics of further student variables in the main
sample and subsample are displayed in Appendix A.

4.2. Survey design

The KuL study was a mini-panel that tracked first graders and their
teachers in the school subjects of German language and mathematics
throughout the first grade. The study received approval from the re-
search ethics committee of Universität Mannheim. Data collection was
performed in three waves. The first wave occurred immediately after
the beginning of the school year and included standardized achieve-
ment tests and interviews with the students (September to November
2013, during the third to ninth school weeks), a questionnaire for
teachers (dispatched by the research team in September to November
2013, during the third to seventh school weeks) and telephone inter-
views with the parents (conducted in October to December 2013). The
second survey wave in the middle of the school year (February and
March 2014) included video recordings of teacher-student interactions
during lessons and further interviews with the students. At the end of
the school year, the students were tested and interviewed again (May
and June 2014), and the teachers completed another questionnaire
(dispatched by the research team at the beginning of May 2014). All
three study waves and the instruments were pretested in two separate
schools in the year preceding the main study.

The resulting data have two important advantages. First, both tea-
cher expectations and student achievement were measured im-
mediately after school enrollment. Hence, measured student achieve-
ment should not yet have been influenced by teachers' expectations and
behaviors, as the teacher-student interaction prior to the data collection

was minimal. Second, the video recordings of classroom interactions
allowed us to examine teacher feedback practices and link them to the
teachers’ expectations, on the one hand, and to student achievement, on
the other hand. The data set thus enabled us to analyze the mediating
mechanisms of self-fulfilling prophecies in schools considering a range
of indicators of both teacher expectations and student characteristics.

4.3. Instruments

4.3.1. Teacher expectations
Teachers rated each of the participating students in their classes on

five items (5-point-scale), indicating their expectations for each child's
achievement in the German language (three items; α = 0.94) and
mathematics (two items; α = 0.94). Teachers were asked to compare
the skill levels that they expected the children to acquire by the end of
first grade to that of their classmates (e.g., “Compared to his/her fellow
students, how well do you expect this child to perform at the end of the
school year? … in German language/… in mathematics”; see Appendix
B). Three of the items originated from the BiKS-3-10 study (Artelt,
Blossfeld, Faust, Roβbach, & Weinert, 2013), and the other two were
developed in the KuL study.

To investigate teacher expectation inaccuracy, we applied the re-
sidual approach proposed by Madon, Jussim, and Eccles (1997). The
procedure is explained in section 4.4.2.

4.3.2. Student achievements and abilities
At the beginning and end of first grade, the students completed tasks

of the subscales phonological awareness (α = 0.82) and reading
(α = 0.96) from the Fähigkeitsindikatoren Primarschule (FIPS) computer-
based assessment (German version of the Performance Indicators in
Primary Schools (PIPS); Bäuerlein et al., 2012) as measures of language
skills and the subscale mathematics (α = 0.92) as a measure of math-
ematical skills. Students also completed a deductive reasoning test
(CFT; Weiβ & Osterland, 1997; α = 0.78) and the subscale working
memory implemented in the FIPS assessment (Bäuerlein et al., 2012;
α = 0.76) at the beginning of the school year. The two scales captured
students’ general cognitive abilities.

4.3.3. Student motivation
In addition to students' achievement and general cognitive abilities,

teachers might also rely on students’ motivation when forming their
expectations. In study wave 2, all participating children were inter-
viewed regarding their enjoyment of learning (13 items; α = 0.78) and
the effort that they invest in learning (13 items; α = 0.70). Both mo-
tivational traits were measured with an adapted version of a ques-
tionnaire by Rauer and Schuck (2004). For each item, the students in-
dicated whether it applied to them (enjoyment of learning: e.g., “I like
to learn at school”; effort: e.g., “I also try to solve very difficult tasks”).
To increase differentiation, we used a 3-point scale (0 = not true,
1 = partly true, 2 = completely true) instead of the original dichotomous
response scale (0 = not true, 1 = true). As indicated by mean scores
greater than the central point of the response scales (see Appendix A),
the first graders in this sample stated that they fully enjoyed learning
and were exerting much effort in learning. This pattern is typical for
young students (e.g., Jacobs, Lanza, Osgood, Eccles, & Wigfield, 2002;
Spinath & Steinmayr, 2008).

4.3.4. Teacher feedback practice
In the middle of the school year, we video-recorded between two

and four school lessons (approximately 45 min per lesson) in each class
that participated in the video study. Usually, two lessons were recorded
in each subject (i.e., German language and mathematics). We asked
teachers to set up their lessons as usual. We also asked them to include
phases in which they interact with the whole class as well as phases in
which the students work on their own. As we scheduled the specific
appointments for video-recording with each teacher, they knew
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beforehand which lessons would be video-recorded. The videos were
then coded by independent raters who had not been informed about
any specific research questions or hypotheses of the study. The coding
followed the method of event-sampling.

In a first step, the raters identified each time sequence in which the
teacher directed his or her attention, an action or a statement toward one
to three students at a time (coding of interaction sequences). Because the
coding aimed at identifying differences in teacher behavior for individual
students, time periods in which the teacher interacted with more than
three students at a time (for example, with the whole class) were ignored.
In a second step, each interaction sequence was chopped into sub-
sequences (coding of subsequences) based on changes in the content of the
interaction happening within the interaction sequence (e.g., feedback,
elaborations, and instructions). In a final step, each subsequence was then
rated in terms of its content (coding of content). Here, raters considered,
i.a., a range of feedback codes (i.e., very positive/positive/negative/very
negative performance/behavioral feedback) and elaboration codes (i.e.,
direct hint/prompt/supporting question).

The training of the raters was based on video recordings of school
lessons from the pretest study. We conducted two training periods and
assessed the raters' reliability after each period. For the first reliability
check, each rater coded an exemplary video with predefined interaction
sequences. Thus, the raters had to decide about the timing and content
of the subsequences. The results were compared to a master coding
performed by the first author of this study, who had also developed the
coding guidelines. Estimates of the rater-master agreement are dis-
played in the upper half of Appendix C. A second training period was
conducted after the raters coded video recordings of 14 school lessons
from the main study (21.5% of all video recordings). Part of this re-
liability check followed the same procedure as the first reliability check
(i.e., video raters had to decide about the timing and content of sub-
sequences within predefined interaction sequences). Additionally, the
raters coded a second exemplary video in which not only the interaction
sequences but also the timing of 168 subsequences were predefined.
Here, the video raters had to focus exclusively on the content of the
subsequences. Based on these two codings, we tested for three aspects
of reliability, all indicating the average agreement of the raters' codings
with the master coding (see the lower half of Appendix C). First, we
split every interaction sequence coded by the video raters into 100-
msec sections and calculated Cohen's kappa by comparing them with
the same 100-msec sequences from the master coding. The resulting
estimate indicates the content-related agreement between a rater's
coding and the master coding, while considering differences in the
coding of the timing of subsequences. Cohen's kappa varied between
κ = 0.62 and κ = 0.70, indicating substantial agreement (see Landis &
Koch, 1977). Second, we focused on the additional content-related
rating of 168 subsequences that had been predefined with regard to
their timing. The resulting kappa estimates amounted to values be-
tween κ = 0.96 and κ = 0.97, indicating high, almost perfect agree-
ment. Finally, we investigated the correlations between the rater coding
and master coding for each of the three teacher feedback variables used
in the analyses (see the following paragraphs for more information).
The correlations varied between r = 0.70 and r = 0.97. These scores
indicate medium to high agreement.

The coding of the videos focused on different contents of the in-
teractions that occurred between teachers and students. One type of
content relevant for the present study was feedback, which was further
categorized into performance feedback (e.g., “You read very well”) and
behavioral feedback (e.g., “Great! You really worked hard”). In addi-
tion, whether the feedback was very positive, positive, negative or very
negative was coded. Because very positive and very negative feedback
rarely occurred, we collapsed the categories into positive versus nega-
tive performance and behavioral feedback.

Based on the theoretical considerations (see sections 2.2.1 and 2.2.2),
in the present study, we investigated three characteristics of teacher
feedback: (1) the performance relatedness of feedback, that is, the extent to

which teacher feedback was performance-related and not related to the
students’ behavior; (2) the valence of performance feedback that a child
received, that is, the extent to which the performance feedback was po-
sitive and not negative; and (3) the elaborateness of negative performance
feedback, that is, whether in the case of negative performance feedback,
the teacher provided the child with further information about how to
proceed. To consider differences in the duration of school lessons and in
the number of interactions per child, we calculated intraindividual per-
centages for these three characteristics of teacher feedback.

First, the performance relatedness of feedback was calculated via the
ratio of performance feedback to total feedback that a child received. A
value of 0.5 on this measure indicates that a child received the same
amount of performance feedback as of behavioral feedback. Higher
values indicate that a child received more performance feedback than
behavioral feedback (e.g., a value of 0.8 means that the ratio of re-
ceived feedback was 80% performance and 20% behavioral feedback).

Second, the valence of performance feedback was calculated via the
ratio of positive performance feedback to total performance feedback
for each child. Values greater than 0.5 on this measure indicate that a
child received more positive and therefore affirmative performance
feedback than negative performance feedback.

Third, the elaborateness of negative performance feedback was calcu-
lated via the ratio of negative performance feedback with further ela-
boration to total negative performance feedback. That is, for negative
performance feedback (e.g., pointing to a mistake), we determined
whether the child received at least one tip or suggestion from the tea-
cher in the same interaction. This was the case if the code “very ne-
gative/negative performance feedback” and one of the elaboration
codes (i.e., direct hint/prompt/supporting question) occurred in the
same interaction sequence. A higher value on this measure indicates
that negative performance feedback was typically accompanied by
further elaboration, while lower values point to negative performance
feedback with little or no advice for improvement.

4.3.5. Background variables
Students' background characteristics can affect learning progress in

school, as well as teacher expectations. To account for these influences,
we considered two aspects of students’ social background: socio-
economic status and parental education. The Highest International Socio-
Economic Index of Occupational Status among the parents (HISEI;
Ganzeboom, 2010) was used to represent the socioeconomic status of
the family. The HISEI is an internationally established measure
(Baumert & Maaz, 2006; OECD, 2003) that quantifies the attributes of
occupations that convert education into income (Ganzeboom, Graaf, &
Treiman, 1992). Parental education was captured by a dummy-coded
variable differentiating between families with at least one parent with
an Abitur (higher education entrance qualification in Germany), coded
as 1, and parents without the Abitur, coded as 0.

We further controlled for whether the students came from im-
migrant families, defined as having at least one parent born in a country
other than Germany. Immigrant status was included in the analyses as a
dummy variable (0 = nonimmigrant family, 1 = immigrant family).
Furthermore, students' gender (0 = male, 1 = female) and students' age
in years at the start of school enrollment (grand-mean centered, that is,
the average student age constitutes the zero point) served as control
variables when investigating students’ learning progress.

4.4. Analytic strategy

4.4.1. General information
For all of the analyses we used Stata/SE data analysis software,

version 15.1 (StataCorp LLC, 1985–2017). Variables with missing in-
formation were imputed under the missing at random assumption using
the fully conditional specification (van Buuren, Brand, Groothuis-
Oudshoorn, & Rubin, 2006). The percentage of missing data varied
between 3 and 7% for achievement-related student variables
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(achievement, ability, motivation), between 2 and 6% for teacher ex-
pectations, between 13 and 17% for student background variables, and
between 1 and 16% for teacher feedback. The imputation models in-
cluded not only the variables used in the analyses but also further in-
formation from teacher and parent interviews. Missing data were im-
puted separately for the main sample and the video subsample. All of
the descriptive and regression analyses were conducted individually for
50 imputed data sets, and their parameters were subsequently pooled
according to Rubin's rules (Rubin, 1987). To calculate the standardized
regression coefficients, we re-ran all models with z-standardized metric
variables. In all of the regression analyses, we used the cluster com-
mand in Stata (StataCorp, 2017) to consider the clustered structure of
the data (students within classrooms). This procedure produces cluster-
robust standard errors (which are based on the sandwich estimator of
variance developed by Huber, 1967 and White, 1980, 1982), which
account for heteroskedasticity and dependencies within nested data.

4.4.2. Separating teacher expectation inaccuracy
As a first step, we explored teacher expectation inaccuracy (Research

Question 1), which we defined as teacher expectations that deviate from
students' prior achievement, general cognitive abilities and motivation. To
identify such inaccuracy at the beginning of the school year, we applied
the residual approach proposed by Madon et al. (1997). We conducted
multiple regression analyses with cluster-robust standard errors predicting
teacher expectations regarding German language and mathematics per-
formance from students’ achievements (German language: phonological
awareness and reading achievement; mathematics: mathematical
achievement), general cognitive abilities (deductive reasoning and
working memory), and motivation (enjoyment of learning and effort). The
residuals resulting from these regressions reflect the variance that re-
mained unexplained and served as our measure of teacher expectation
inaccuracy. Residual scores around zero indicated accurate expectations
based on the aforementioned student characteristics, positive values in-
dicated inaccurately high expectations, and negative values indicated in-
accurately low expectations.

In addition to the metric residual score, we used, in separate analyses,
a series of dummy variables distinguishing between inaccurately high ex-
pectations (residual score more than one standard deviation greater than
the mean), inaccurately low expectations (residual score more than one
standard deviation less than the mean) and accurate expectations (residual
score within one standard deviation of the mean). In these analyses, ac-
curate expectations served as the reference category. We used a tolerance
criterion of one standard deviation, as it is the changing point in normal
distributions. However, as the results may differ depending on the exact
criterion chosen, we additionally ran all models with 0.5 standard devia-
tions as the cut-off for robustness checks (results presented in footnotes).

4.4.3. Analyzing teacher expectancy effects
To estimate the relationship between teacher expectation in-

accuracy and teacher feedback (Research Question 2), we performed
linear regression analyses with cluster-robust standard errors for each
type of teacher feedback using the subsample. The models controlled
for students’ achievement at the beginning of the school year, general
cognitive abilities, and motivation.

Subsequently, to investigate teacher expectancy effects (Research
Question 3), we ran linear regression models with cluster-robust stan-
dard errors based on the main sample separately for students' reading
achievement and their mathematical achievement. In addition to stu-
dents' prior achievements, general cognitive abilities and motivation, in
these models, we controlled for students' age, gender and family
background, as these variables are known to predict students’ learning
progress. Since teacher expectation inaccuracy correlates with some of
these student characteristics, not controlling for them would have
caused the statistical relations between the teacher expectation in-
accuracy and later student achievement to be confounded by back-
ground-related influences that existed independently from teacher

expectations (e.g., advantageous home learning environments in fa-
milies with a higher socioeconomic status). In the first model, we in-
cluded the metric teacher expectation inaccuracy as a predictor. As
higher scores indicated either inaccurately high expectations or less
inaccurately low expectations, we expected a positive regression coef-
ficient for this variable on achievement. The second model included the
dummy variables for inaccurately high and low teacher expectations,
with the accurate-expectations category as the reference. This model
allowed us to examine differences in the effect sizes of inaccurately high
and inaccurately low teacher expectations. We expected positive re-
gression coefficients for inaccurately high expectations and negative
regression coefficients for inaccurately low expectations.

Finally, we directly investigated the assumed mediation of teacher
expectancy effects through teacher feedback (Research Question 4). We
explored whether teacher feedback predicted students’ achievement
development while controlling for teacher expectation inaccuracy, as
well as whether the direct link between teacher expectation inaccuracy
and student achievement significantly decreased when considering
teacher feedback. Fig. 1 illustrates our overall analytic strategy.

5. Results

5.1. Teacher expectations and teacher expectation inaccuracy

Table 2 displays descriptive statistics for teachers' expectations and
teachers' expectation inaccuracy in the main sample and the subsample.
On average, teachers’ expectations were slightly above the middle of
the scale (German language: M = 3.31, SD = 0.97, mathematics:
M = 3.36, SD = 0.88). That is, teachers assumed that their students
performed somewhat above the classroom average overall.

Regression analyses of teacher expectations based on the main
sample revealed that approximately 35% of the variation in teacher
expectations was explained by students’ achievements, general cogni-
tive abilities, and motivation (German language: 33.85%, mathematics:
37.08%; models not displayed)2. This result indicates, in accordance
with Hypothesis 1, that approximately 65% of the variation in teacher
expectations remained unexplained and was interpreted as teacher
expectation inaccuracy. However, it is possible that some part of this
unexplained variance was due to teacher observations of student
characteristics that were not measured in this study or to measurement
error. We will further debate this issue in the discussion section. Ac-
cording to the descriptive results displayed in Table 2, the teacher ex-
pectation inaccuracy varied substantially between students in both
domains, indicating that some teacher evaluations overlapped more
than others with actual student achievement, ability and motivation.
The intraclass correlations showed that the major part of the variation
occurred within classes (German language: ICC = 0.08, mathematics:
ICC = 0.05). Descriptive statistics of the categorical teacher expecta-
tion inaccuracy variable revealed that approximately 70% of teacher
expectations differed not more than one standard deviation from zero
and were thus, based on this tolerance criterion, defined as accurate
(German language: 66.81%, mathematics: 70.80%). At the same time,
approximately 15% of teacher expectations were categorized as either
inaccurately low or inaccurately high (German language: 16.04% in-
accurately low, 17.14% inaccurately high; mathematics: 14.62% in-
accurately low, 14.58% inaccurately high).3

To ensure that the metric residual scores were unrelated to students'

2 For further information on similar models, see Lorenz et al. (2016).
3 When the categorization was based on a tolerance criterion of 0.5 standard

deviations (instead of one standard deviation), approximately 40% of teacher
expectations were categorized as accurate (German language: 37.86%, mathe-
matics: 39.99%). Correspondingly, approximately 30% were categorized as
either inaccurately high (German language: 31.36%, mathematics: 30.35%) or
inaccurately low (German language: 30.78%, mathematics: 29.66%).
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initial achievements (as they should be, because initial achievement,
general cognitive abilities, and motivation were controlled for in the
regressions because we defined them as accurate influences on teacher
expectations), we checked for bivariate correlations between the re-
sidual scores and students’ beginning-of-year achievements. Except for
a weak correlation in the subsample between the teacher expectation
inaccuracy in the German language domain and phonological aware-
ness (r = 0.17, p = .002), the correlations were all nonsignificant.

5.2. Teacher feedback

Based on the subsample, Table 2 also contains descriptive statistics
of teacher feedback. During the videotaped lessons, students received,
on average, individual feedback about their performance or their

behavior 23 times (M = 23.02, SD = 18.97). On average, 66.69% of
the feedback that a student received was related to his/her perfor-
mance, and 33.31% was related to his/her behavior. The ratio between
performance and behavioral feedback varied substantially between
students (SD = 21.33). Some students received only performance
feedback (max = 100.00%), and some students received only beha-
vioral feedback (min = 0.00%). Taking a closer look at the valence of
performance feedback revealed that positive performance feedback was
more prevalent than negative performance feedback. For a student who
received at least one instance performance feedback during the video-
taped lessons, the feedback was positive in 72.57% of the instances
(SD= 19.51). Negative performance feedback accompanied by further
elaboration (e.g., how to fix a mistake) occurred in 42.52% of the in-
teractions that included at least one instance of negative performance

Fig. 1. Illustration of the overall analytic strategy.

Table 2
Descriptive statistics of teacher expectations, teacher expectation inaccuracy and teacher feedback.

Main sample Subsample

Variables N M SD Min Max n M SD Min Max

Teacher expectations
German language 1026 3.31 0.97 1 5 354 3.31 1.00 1 5
Mathematics 1004 3.36 0.88 1 5 354 3.38 0.89 1 5

Teacher expectation inaccuracy
German language 1026 0.00 0.79 −2.45 2.16 354 0.04 0.78 −2.45 2.15
Mathematics 1004 0.00 0.69 −2.47 2.58 354 0.04 0.70 −2.47 2.55

Categories of expectation inaccuracy % %
German language
Inaccurately low expectations 16.04 15.53
Accurate expectations 66.81 66.11
Inaccurately high expectations 17.14 18.37

Mathematics
Inaccurately low expectations 14.62 12.92
Accurate expectations 70.80 69.60
Inaccurately high expectations 14.58 17.49

n M SD Min Max
Teacher feedback (FB) practice
Absolute amount of FB 354 23.02 18.97 0 108
Performance relatedness of FB 351 66.69 21.33 0 100
Valence of performance FB 348 72.57 19.51 0 100
Elaborateness of negative performance FB 297 42.52 34.34 0 100
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feedback (SD = 34.34). Table 2 also reveals that the sample sizes for
the three characteristics of teacher feedback varied. This variation is
due to the fact that some students received no feedback (n = 3), no
performance feedback (n = 3) or no negative performance feedback
(n = 51) during the video-recorded school lessons. Thus, for these
students, we could not calculate intraindividual percentages (see sec-
tion 4.3.4 for more information) and had to exclude them from the
respective analyses.

5.2.1. Teacher expectation inaccuracy and teacher feedback
Based on the subsample, we investigated the relation between tea-

cher expectation inaccuracy and teacher feedback. The results of the
multivariate regressions with cluster-robust standard errors displayed
in Table 3 indicate positive relationships between teacher expectation
inaccuracy and two of the three characteristics of teacher feedback,
even after students' achievement, general cognitive abilities, and mo-
tivation were controlled. In accordance with Hypotheses 2a and 2b,
higher values on the variable of teacher expectation inaccuracy (that is,
inaccurately higher expectations or less inaccurately low expectations)
were associated with a higher intraindividual ratio of performance
feedback than of behavioral feedback (German language: β = 0.12,
p = .031; mathematics: β = 0.13, p = .047) and with more positive
than negative performance feedback (German language: β = 0.10,
p= .035; mathematics: β = 0.10, p= .021). That is, if the value of the
teacher expectation inaccuracy increased by 1 point, approximately 4%
more of the feedback a student received was performance feedback and
not behavioral feedback; similarly, the percentage of positive perfor-
mance feedback compared to negative performance feedback increased
by approximately 3% when the teacher expectation inaccuracy in-
creased by 1 point. In other words, regardless of students’ actual
achievements, teachers tended to give more performance feedback (in
comparison to behavioral feedback) and more positive than negative
performance feedback to students whom they inaccurately expected to
show higher achievement. Conversely, equally achieving lower-ex-
pectancy students received less performance feedback and more beha-
vioral feedback from their teachers, and the performance feedback was
less likely to be positive. Contradicting Hypothesis 2c, teachers did not
provide more elaboration in the case of negative performance feedback
for their inaccurately higher-expectancy students. On the contrary, the
results tend to point in the opposite direction, indicating more ela-
boration for inaccurately lower-expectancy students. However, this
weak association is significant on the 10%-level only in the German

language domain (German language: β = -.11, p= .055; mathematics:
β = -.07, p = .222).

5.3. Teacher expectancy effects on student learning

Based on the main sample, we further examined the direct link
between teacher expectation inaccuracy and student learning (see
Table 4). In the German language domain, the metric residual ex-
pectancy score significantly predicted reading achievement at the end
of the school year (model 1, β = 0.21, p < .001). Consistent with
Hypothesis 3, this result indicates that higher scores on teacher ex-
pectation inaccuracy (that is, inaccurately higher expectations or less
inaccurately low expectations) in the German language domain were
associated with higher reading skills at the end of first grade, even after
students’ prior achievements, general cognitive abilities, motivation,
gender, age, and family backgrounds were considered. The variation in
the end-of-school-year reading achievement that was additionally ex-
plained by teacher expectation inaccuracy amounted to 4.07% (model
without teacher expectation inaccuracy not displayed: R2 = 25.60%;
model 1: R2 = 29.67%). We further investigated the regression coef-
ficients of inaccurately high expectations and the coefficients of in-
accurately low expectations, while accurate expectations served as the
reference category. Model 2 confirmed that, compared to accurate ex-
pectations, inaccurately high expectations were related to higher end-
of-year reading achievement (β = 0.25, p = .002), and inaccurately
low expectations were related to lower (β = -.42, p< .001) end-of-year
reading achievement.

In mathematics, the association between teacher expectation in-
accuracy and student achievement was somewhat less pronounced.
Teacher expectation inaccuracy significantly predicted gains in end-of-
year mathematical achievement (model 3, β = 0.09, p = .001) when
controlling for students' prior achievements, general cognitive abilities,
motivation, gender, age, and family background (0.62% of the variance
was additionally explained by the teacher expectation inaccuracy;
model without teacher expectation inaccuracy not displayed:
R2 = 57.13%; model 3: R2 = 57.75%). Moreover, comparing in-
accurately high and inaccurately low expectations to accurate ex-
pectations revealed only small differences in students’ achievements
(model 4). Consistent with Hypothesis 3a, students who were exposed
to inaccurately high expectations gained somewhat more mathematical
skills during first grade (β = 0.14, p = .014). However, in contrast to
Hypothesis 3b, students for whom their teachers had inaccurately low

Table 3
Regression of three characteristics of teacher feedback (FB) on teacher expectation inaccuracy.

Performance relatedness of FB Valence of performance FB Elaborateness of negative performance FB

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Variable b (SE) β b (SE) β b (SE) β b (SE) β b (SE) β b (SE) β

Teacher expectation inaccuracy
German language 3.39 (1.44) .12* 2.58 (1.12) .10* −5.03 (2.43) -.11+

Mathematics 3.95 (1.84) .13* 2.84 (1.11) .10* −3.58 (2.81) -.07
Student achievement t0
Phonological awareness 0.09 (0.23) .02 0.40 (0.31) .09 −0.27 (0.67) -.04
Reading 0.02 (0.06) .03 0.13 (0.05) .15* 0.02 (0.12) .01
Mathematics −0.06 (0.20) -.02 0.32 (0.17) .14+ −0.43 (0.27) -.11

Student general cognitive abilities
Deductive reasoning 0.78 (0.45) .11 0.92 (0.55) .13 0.21 (0.38) .03 0.30 (0.39) .05 −1.05 (0.79) -.09 −0.62 (0.87) -.05
Working memory 0.79 (0.67) .06 0.85 (0.64) .07 0.13 (0.82) .01 −0.07 (0.82) -.01 −3.09 (1.08) -.15* −2.71 (1.01) -.13*

Student motivation
Enjoyment of learning 8.38 (4.31) .15+ 8.77 (4.09) .15* 0.38 (3.40) .01 0.97 (3.41) .02 −8.16 (6.59) -.09 −8.25 (6.54) -.09
Effort −2.64 (6.58) -.03 −2.19 (6.56) -.03 4.20 (4.09) .06 4.63 (4.05) .07 7.75 (9.21) .06 8.98 (8.87) .07

Intercept 49.08*** (8.05) 49.88*** (7.66) 55.05*** (6.05) 52.84*** (5.41) 61.20*** (9.33) 63.45*** (8.98)
R-squared 6.26% 6.23% 7.93% 5.25% 5.66% 5.48%
n 351 351 348 348 297 297
Cluster 19 19 19 19 19 19

Note. t0 = beginning of first grade.+p < .10. * p < .05. ** p < .01. *** p < .001.
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expectations did not differ from their accurately estimated classmates
(β = -.10, p = .188).4

5.4. Mediating role of teacher feedback

To investigate the mediating role of teacher feedback in the ex-
pectancy effects identified above, we first examined whether teacher
feedback predicted student achievement in reading and mathematics at
the end of the school year after controlling for teacher expectation in-
accuracy, as well as students' prior achievements, general cognitive
abilities, motivation, gender, age, and family background (see Tables 5
and 6). The multivariate regression analyses with cluster-robust stan-
dard errors were based on the subsample. The analyses revealed a po-
sitive association between the valence of performance feedback and
mathematical achievement at the end of the school year (β = 0.08,
SE = 0.03, p = .020, 95% CI [0.01, 0.14]); that is, the more positive
and the less negative performance feedback a student received, the
more mathematical skills the student gained during first grade. In
reading, the valence of performance feedback did not predict students’
learning (β = 0.04, SE = 0.04, p = .382, 95% CI [-0.05, 0.13]). This
result was also observed for the other two indicators of teacher feed-
back: no significant regression coefficients were found for the

performance relatedness of feedback (reading: β = 0.07, SE = 0.07,
p = .307, 95% CI [-0.08, 0.22]; mathematics: β = 0.02, SE = 0.04,
p = .547, 95% CI [-0.06, 0.11]) and the elaborateness of negative
performance feedback (reading: β = -.02, SE= 0.06, p= .730, 95% CI
[-0.15, 0.11]; mathematics: β = 0.02, SE = 0.04, p = .607, 95% CI
[-0.07, 0.11]) for reading or mathematical achievement.

Further, we investigated the potential mediation of the teacher ex-
pectancy effect in the German language (Table 5) and the mathematical
domain (Table 6) by the three characteristics of teacher feedback. We
compared the coefficient of teacher expectation inaccuracy in model 0,
which shows the expectancy effect in the subsample, to the coefficients
of teacher expectation inaccuracy in models 1, 2 and 3 in the same
table, each of which additionally controlled for teacher feedback. For
all three teacher feedback variables, the results did not indicate a
substantial mediation of teacher expectancy effects, which contradicted
Hypothesis 4 (for all changes in the coefficient of teacher expectation
inaccuracy, p > .10). For example, the direct effect of inaccurate tea-
cher expectations on mathematical end-of-year achievement decreased
marginally when additionally controlling for the valence of perfor-
mance feedback, from b = 0.97, β = 0.10, SE = 0.04, p = .030, 95%
CI [0.01, 0.18] to b = 0.93, β = 0.09, SE = 0.04, p = .041, 95% CI
[0.00, 0.18]. The reduction was not statistically significant.

Based on considerations by Zhao, Lynch, and Chen (2010), we ad-
ditionally examined the indirect effects of teacher expectation in-
accuracy on student achievement via each of the three teacher feedback
variables in order to examine mediation. We calculated the indirect
effects with structural equation models using a full information max-
imum likelihood procedure. Since the standard errors of indirect effects
are non-normally distributed (Jose, 2013), we applied a Monte Carlo
approach using the Stata package “medsem” (Mehmetoglu, 2018) in

Table 4
Teacher expectation inaccuracy as a predictor of student achievement.

Reading Mathematics

Model 1 Model 2 Model 3 Model 4

Variable b (SE) β b (SE) β b (SE) β b (SE) β

Teacher expectation inaccuracy
German language

Metric inaccuracy 9.91 (1.79) .21***
Inaccurately high expectations 9.35 (2.81) .25**
Inaccurately low expectations −15.93 (3.69) -.42***

Mathematics
Metric inaccuracy 0.89 (0.25) .09***
Inaccurately high expectations 0.98 (0.39) .14*
Inaccurately low expectations −0.71 (0.53) -.10

Student achievement t0
Phonological awareness 1.93 (0.28) .24*** 1.87 (0.28) .23***
Reading 0.05 (0.04) .03 0.04 (0.04) .03
Mathematics 0.54 (0.03) .62*** 0.54 (0.03) .62***

Student general cognitive abilities
Deductive reasoning 2.05 (0.41) .16*** 2.04 (0.41) .16*** 0.28 (0.06) .11*** 0.28 (0.06) .11***
Working memory 1.26 (0.55) .06* 1.24 (0.57) .06* 0.06 (0.09) .02 0.07 (0.09) .02

Student Motivation
Enjoyment of learning 3.28 (4.30) .03 3.26 (4.47) .03 0.69 (0.60) .04 0.71 (0.61) .04
Effort 23.75 (5.99) .18*** 23.56 (6.03) .18*** 0.96 (0.90) .04 0.86 (0.91) .03

Student background
Student age −0.54 (3.66) -.00 −0.53 (3.67) -.00 −0.55 (0.51) -.03 −0.52 (0.51) -.02
Female gender 0.86 (1.90) .02 1.40 (1.90) .04 −1.79 (0.32) -.25*** −1.79 (0.32) -.26***
HISEI 0.16 (0.07) .08* 0.17 (0.07) .09* 0.01 (0.01) .04 0.01 (0.01) .04
Abitur 0.49 (2.68) .01 1.00 (2.69) .03 0.36 (0.36) .05 0.43 (0.36) .06
Immigrant status −0.21 (2.78) -.01 −0.19 (2.70) -.00 −0.17 (0.36) -.02 −0.14 (0.36) -.02

Intercept 9.16 (9.01) 10.65 (9.08) 19.46*** (1.23) 19.43*** (1.22)
R-squared 29.67% 29.27% 57.75% 57.43%
N 1026 1026 1004 1004
Cluster 64 64 63 63

Note. t0 = beginning of first grade.+p < .10. * p < .05. ** p < .01. *** p < .001.

4 When the categorization of the teacher expectation inaccuracy was based on
a tolerance criterion of 0.5 standard deviations (instead of one standard de-
viation), the results point in the same direction, although the effect sizes were
somewhat lower (German language: inaccurately high expectation: β = 0.17,
p = .039, inaccurately low expectation: β = -.32, p < .001; mathematics: in-
accurately high expectation: β = 0.14, p= .005, inaccurately low expectation:
β = -.08, p = .188).
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order to test for the significance of the indirect effects. The results
(models not displayed) confirmed the insignificance of the indirect ef-
fects and therefore indicate direct-only nonmediation for all three in-
dicators of teacher feedback examined in this study.

6. Discussion

Contributing to the body of research on the role of teachers' ex-
pectations in students’ academic achievements, this study focused on
the mediating mechanisms and empirically traced all three steps of the

Table 5
Mediation of the relationship between teacher expectation inaccuracy and students’ reading achievement.

Model 0 Model 1 Model 2 Model 3

Variable b (SE) β b (SE) β b (SE) β b (SE) β

Teacher expectation inaccuracy
German language 8.50 (3.25) .19* 8.37 (3.32) .18* 8.63 (3.39) .19* 9.20 (3.30) .20*

Teacher feedback (FB)
Performance relatedness of FB 0.13 (0.12) .07
Valence of performance FB 0.07 (0.08) .04
Elaborateness of negative performance FB −0.02 (0.06) -.02

Student achievement t0
Phonological awareness 2.36 (0.53) .29*** 2.41 (0.53) .30*** 2.38 (0.52) .30*** 2.32 (0.48) .29***
Reading −0.03 (0.07) -.02 −0.04 (0.07) -.02 −0.04 (0.07) -.03 −0.01 (0.08) -.01

Student general cognitive ability
Deductive reasoning 1.10 (0.56) .09+ 1.07 (0.55) .09+ 1.23 (0.57) .10* 1.28 (0.67) .11+

Working memory 2.58 (0.92) .12* 2.48 (0.91) .11* 2.51 (0.92) .12* 2.11 (1.02) .10+

Student motivation
Enjoyment of learning −6.74 (6.94) -.07 −6.27 (7.02) -.07 −5.50 (6.87) -.06 −4.42 (8.56) -.05
Effort 30.58 (10.04) .24** 27.76 (10.09) .22* 27.05 (9.96) .21* 29.24 (10.80) .23*

Student background
Student age 4.69 (7.55) .05 4.39 (7.86) .04 4.70 (7.98) .05 6.52 (8.18) .06
Female gender 3.62 (3.17) .10 2.21 (3.56) .06 3.54 (3.46) .10 3.02 (3.39) .08
HISEI 0.15 (0.12) .08 0.17 (0.11) .10 0.17 (0.11) .09 0.13 (0.12) .07
Abitur −3.18 (4.52) -.09 −3.64 (4.38) -.10 −2.85 (4.71) -.08 −1.19 (5.09) -.03
Immigrant status 2.06 (3.85) .06 2.48 (3.98) .07 2.40 (4.01) .07 2.63 (3.96) .07

Intercept 13.02 (14.54) 8.30 (13.54) 10.15 (15.31) 12.15 (14.26)
R-squared 31.17% 31.43% 31.42% 31.76%
n 354 351 348 297
Cluster 19 19 19 19

Note. t0 = beginning of first grade.+p < .10. * p < .05. ** p < .01. *** p < .001.

Table 6
Mediation of the relationship between teacher expectation inaccuracy and students’ mathematical achievement.

Model 0 Model 1 Model 2 Model 3

Variable b (SE) β b (SE) β b (SE) β b (SE) β

Teacher expectation inaccuracy
Mathematics 0.97 (0.40) .10* 0.97 (0.43) .10* 0.93 (0.42) .09* 0.93 (0.43) .09*

Teacher feedback (FB)
Performance relatedness of FB 0.01 (0.01) .02
Valence of performance FB 0.03 (0.01) .08*
Elaborateness of negative performance FB 0.00 (0.01) .02

Student achievement t0
Mathematics 0.54 (0.05) .66*** 0.54 (0.05) .66*** 0.53 (0.05) .64*** 0.55 (0.05) .67***

Student general cognitive abilities
Deductive reasoning 0.20 (0.09) .08* 0.20 (0.09) .09* 0.21 (0.09) .09* 0.25 (0.10) .11*
Working memory 0.10 (0.17) .02 0.09 (0.17) .02 0.09 (0.17) .02 0.14 (0.18) .03

Student motivation
Enjoyment of learning 0.07 (0.87) .00 0.09 (0.88) .00 0.17 (0.87) .01 −0.13 (0.93) -.01
Effort 1.22 (1.61) .05 1.14 (1.67) .05 1.02 (1.66) .04 1.22 (1.66) .05

Student background
Student age −0.53 (0.60) -.03 −0.56 (0.61) -.03 −0.57 (0.63) -.03 −0.20 (0.69) -.01
Female gender −1.06 (0.49) -.15* −1.17 (0.51) -.17* −1.25 (0.51) -.18* −0.96 (0.49) -.14+

HISEI 0.03 (0.02) .10+ 0.03 (0.02) .09+ 0.03 (0.02) .09 0.03 (0.02) .09+

Abitur −0.64 (0.53) -.09 −0.68 (0.53) -.10 −0.62 (0.54) -.09 −0.63 (0.57) -.09
Immigrant status 0.08 (0.64) .01 0.09 (0.65) .01 −0.01 (0.64) -.00 0.19 (0.69) .03
Intercept 19.48*** (2.31) 19.29*** (2.33) 18.41*** (2.45) 18.73*** (2.50)
R-squared 59.69% 59.40% 59.76% 59.93%
n 354 351 348 297
Cluster 19 19 19 19

Note. t0 = beginning of first grade.+p < .10. * p < .05. ** p < .01. *** p < .001.
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assumed self-fulfilling prophecy process. Our first goal was to clarify
whether associations between teacher expectations and later student
achievement occurred due to differences in teacher behavior. The
second aim was to resolve open questions surrounding the role of tea-
cher feedback as a mediator of teacher expectancy effects. In this re-
gard, we examined the associations between teacher expectations,
teacher feedback practice and student learning.

In summary, the results showed that teacher expectations were in-
accurate to some extent. Further, this inaccuracy in teacher expecta-
tions significantly predicted students’ end-of-year achievement, even
when prior achievement, general cognitive abilities, motivation, and
student background characteristics were controlled. Specifically, in-
accurately high expectations were related to greater achievement gains
in reading and mathematics, whereas inaccurately low expectations
were related to lower achievement gains in reading only. In addition,
teacher feedback varied with teacher expectations but did not sub-
stantially mediate teacher expectancy effects.

The results are in line with existing findings indicating that teacher
expectations are partly inaccurate (Research Question 1). That is, in
accordance with Hypothesis 1, teacher expectations differ from actual
student achievement, general cognitive abilities, and motivation. The
shared variance between student characteristics and teacher expecta-
tions in the German language domain and in mathematics amounted to
approximately 35%, corresponding to estimates reported in the avail-
able meta-analyses (Hoge & Coladarci, 1989; Südkamp et al., 2012).
When using dichotomous inaccuracy categories, we defined teacher
expectations to be accurate in a range of one standard deviation below
and above the mean. This approach resulted in 65–70% of teacher ex-
pectations being defined as accurate. However, the exact proportion
depended on the tolerance range chosen. With a tolerance range of 0.5
standard deviations, for example, only 40% of the teacher expectations
were categorized as accurate. The exact proportions of the categories
should thus be interpreted with caution. As the robustness checks of all
analyses with different tolerance ranges of teacher expectation accuracy
revealed, the results and the conclusions did not differ substantially
depending on the definition of this criterion.

Teacher expectation inaccuracy was also significantly associated
with two dimensions of teacher feedback (Research Question 2). In line
with Hypotheses 2a and 2b, compared to similar-achieving lower-ex-
pectancy classmates, higher-expectancy students received more per-
formance feedback than behavioral feedback and somewhat more po-
sitive performance feedback than negative performance feedback. This
finding generally supports the assumption that teachers communicate
their expectations through different feedback practices. The frequency
of further elaboration provided by teachers in the case of negative
performance feedback, however, did not increase with inaccurately
higher expectations, which contradicted Hypothesis 2c.

The results further indicate that teacher expectations can result in a
self-fulfilling prophecy (Research Question 3). Associations between
initial teacher expectation inaccuracy and later student achievements
were found for the German language and mathematical domains, but
the regression coefficient was larger in the language domain (β = 0.21
compared to β = 0.09). Correspondingly, whereas we found positive
and negative teacher expectancy effects in the language domain, we
observed only positive expectancy effects in mathematics. Therefore,
the results support Hypothesis 3a for both domains but support
Hypothesis 3b for the German language domain only. There could be
various reasons for the differences between domains. One possible ex-
planation might be that the linguistic domain provides more room for
interpretation in the evaluation of achievement. The scope for inter-
pretation is smaller in the case of mathematics, in which most tasks
have objectively correct and incorrect responses. Another reason might
be related to the different levels of preknowledge that students bring
with them when entering first grade. Whereas many children can suc-
cessfully count to ten or twenty and have mastered the first rules of
arithmetic (cf. Deutscher & Selter, 2013), only a few already can read

when they enter school (cf. Juska-Bacher, 2013). As a result, the growth
in reading achievement is much steeper than that in mathematics, and
teachers (and their expectations) might therefore have a stronger im-
pact on reading development.

The sizes of teacher expectancy effects (β = 0.21 in the German
language domain and β = 0.09 in mathematics) correspond closely to
the findings of earlier studies (effect sizes of 0.10–0.20; see, e.g., Jussim
et al., 2009). According to the effect size guidelines for research on
individual differences based on 708 meta-analyses, the effects were
small to medium (Gignac & Szodorai, 2016). However, it seems ne-
cessary to consider the short time period of one school year covered in
the empirical study. Teacher expectancy effects might accumulate and
become stronger over longer periods (Rubie-Davies et al., 2014). Fur-
thermore, since teacher expectations have been found to be system-
atically biased toward different groups of students (based on student
socioeconomic background, country of origin, gender, or disability
status; e.g., Lorenz et al., 2016; Shifrer, 2016), the observed expectancy
effects might contribute to educational inequalities.

The mediation analyses yielded no signs of a strong mediation of
teacher expectancy effects by teacher feedback (Research Question 4)
and thus contradicted Hypothesis 4. Following the classification of
mediation and nonmediation by Zhao et al. (2010), the results indicate
direct-only nonmediation. Apart from a positive association between
positive performance feedback and mathematical achievement gains,
no significant correlations between teacher behavior and student
learning were found. Nevertheless, the results support the association of
teacher expectations with teacher feedback. One reason why the ana-
lyzed characteristics of teacher feedback did not predict student
achievement gains could be the difficulty of adequately measuring
high-quality feedback. Another reason for the weak support for a
mediation of the effects of teacher expectations by teacher feedback
might be that feedback is one of numerous channels through which
teachers communicate their expectations.

6.1. Limitations and future research

Although the design of the current study allowed us to address
several shortcomings of earlier research, the study also has limitations
that should be addressed in future research. One limitation concerns the
sample. Since teachers and students participated in the study volunta-
rily, the sample might be selective in terms of teacher engagement and
students’ socioeconomic background. A comparison of the average
HISEI values in the sample (M = 52.51) to the population average in
North Rhine-Westphalia (M = 48.10; Richter, Kuhl, & Pant, 2012) re-
vealed a positive bias in the student sample. Regarding teachers, one
would expect highly engaged teachers to participate more often in such
a study and to be particularly eager to evaluate students accurately. As
a result, the extent of inaccuracy in teacher expectations and its asso-
ciation with student learning might be somewhat underestimated in our
study.

In addition, as the current study examined data from teachers and
students in German primary schools, the conclusions are restricted to
this context, more precisely, to first grade classrooms in North Rhine-
Westphalia. Replication studies based on data from other countries,
different grade levels (e.g., after a school transition) or specific groups
of students (e.g., with different levels of self-perceptions of their ability)
are important next steps to better understand the processes underlying
teacher expectancy effects and ensure external validity of the current
findings.

Furthermore, the subsample including information on teacher be-
havior was rather small. Only 19 teachers (with 354 students) agreed to
be videotaped during lessons. In addition, based on the intraindividual
measures of teacher feedback, we had to exclude some students from
the analyses because they did not receive any feedback, performance
feedback or negative performance feedback during the videotaped
lessons. Therefore, the statistical power of the analyses was limited, and
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we could use only a restricted number of explanatory variables in the
models because of the limited degrees of freedom. Additionally, we
could observe only extracts of teacher-student interactions. This lim-
itation applies to the types of interactions, as well as to their duration.
Specifically, we could examine only three characteristics of teacher
feedback in four school lessons per class and were not able to consider
the quality and appropriateness of students' preceding answers and
behaviors. The main reason for this limitation is that video ratings are
complex and expensive. However, in light of these restrictions, it is all
the more remarkable that the analyses revealed statistically significant
associations among teacher expectations, teacher behavior and, partly,
student learning. Nevertheless, further studies should focus on the
mediating mechanisms with larger sample sizes and additional di-
mensions of teacher behavior, as well as finer-grained measures of high-
quality teacher feedback. Additional dimensions of teacher behavior
may include aspects covered by the four-factor model (Rosenthal,
1973), teacher behaviors that are discussed in the context of enhancing
student motivation (e.g., TARGET framework; Jussim et al., 2009) as
well as other channels for the mediation of teacher expectations such as
non-verbal communication (Babad, 2009). Finer-grained ratings of
high-quality feedback should, for example, provide more detailed in-
formation about the three aspects of effective feedback, that is, whether
the feedback contains information about (1) the learning goal, (2) how
well a student is doing, and (3) the next steps to be undertaken to reach
the learning goal (Hattie & Timperley, 2007). In addition, ratings
should include information about the quality of students’ preceding
answers and behaviors.

A further limitation concerns the residual approach that was applied
to identify teacher expectation inaccuracy. The unexplained variance in
teacher expectations might not necessarily reflect inaccuracy but could
at least partly be the result of measurement error or differences in
unobserved student characteristics. First, with regard to measurement
error, the risk of overestimating inaccuracy cannot be fully ruled out in
field studies because not even the best instruments to assess learning-
related student characteristics will represent students' true values of
achievement, general cognitive abilities or motivation without error.
However, as long as the potential misestimations varied randomly
around the true values, the problem of measurement error should not
have biased the examined relationships between teacher expectations,
teacher feedback and student achievement systematically. Second, the
unexplained variance in teacher expectations could partly be the result
of unobserved student characteristics. If, for example, teachers had
observed differences in student achievement and skills not captured by
the various instruments used in this study, the residuals would not re-
present teacher expectation inaccuracy; instead, they could reflect ac-
curate influences of unobserved student characteristics (cf. Lorenz,
2018). However, the various learning-related student characteristics
(including general cognitive abilities and motivation) and the way in
which the data were collected in our study should have minimized this
problem. Since teacher-student contact prior to the first survey wave
was minimal, it is fair to assume not only that teacher expectations had
not yet affected initial student achievement but also that teacher ex-
pectations had not yet been determined by comprehensive evaluations
of unmeasured individual student characteristics. This assumption is
supported by a study that showed that ethnic bias in teacher expecta-
tions varied with teachers' stereotypes (Lorenz, 2019). Thus, we can
assume that a substantial portion of the residual scores for teacher
expectations emerged due to teachers’ application of schemata and not
due to the processing of individual student information.

6.2. Conclusion

Our study provides evidence for the relevance of teacher expectancy

effects for students' learning during the first grade in two different
school domains and, in part, for the communication of teacher ex-
pectations through teachers’ feedback practices. Although the examined
characteristics of teacher feedback did not mediate teacher expectancy
effects, the effectiveness of high-quality feedback in supporting student
learning remains important (e.g., Hattie, 2009). High-quality feedback
is closely related to learning goals and informs students about their
progress as well as about how to proceed to reach their goals (Hattie &
Timperley, 2007). To be effective, such feedback requires that teachers
and students regularly set appropriate goals together. Such goals should
be specific, clear and challenging but achievable; they should be re-
viewed and updated regularly with each student (Clarke, Timperley, &
Hattie, 2003). Based on our results, teacher trainings that focus on
formative high-quality feedback should enable teachers to provide
supporting feedback to all their students, independent of what
achievement they perceive or expect from these students.

Furthermore, our findings support the idea that students learn best
if teacher demands are slightly higher than students' actual skills. This
finding implies that high expectations might be beneficial for all stu-
dents. Therefore, it seems worthwhile to inform teachers not only about
expectancy effects in general but also about the positive effects of high
expectations in particular. In addition, teachers may be encouraged to
form high expectations for all their students. This is particularly im-
portant, as teacher expectancy effects reflect mostly unconscious pro-
cesses. Hence, the prevention of such effects might not be entirely
realistic. A central challenge in the implementation of high expectations
for all students, however, may be to reduce biasing influences asso-
ciated with students’ gender, family backgrounds and disabilities, as
current research indicates group-specific biases in teacher expectations
(e.g., Hurwitz et al., 2007; Lorenz et al., 2016). This approach involves
knowledge about stereotypes and strategies to reduce their influence
when forming expectations.

An intervention study by Rubie-Davies, Peterson, Sibley, and
Rosenthal (2015) showed that a focus on high overall expectations for
all students might be a promising route. In four workshops spread over
two months, the authors trained the participating teachers in the
practices of teachers who had high expectations for all their students
(e.g., providing goal-related feedback; Rubie-Davies et al., 2007). These
workshops were supplemented by periods in which the teachers im-
plemented the learned practices in their classrooms, self-analyses of
their video-taped classroom practices and follow-up meetings with the
researchers as project partners. After the intervention program, the
students who were taught by teachers from the intervention group had
gained more competencies in mathematics over the year than the stu-
dents from the control group. This and similar training programs are
valuable and promising attempts to benefit from the positive effects of
high expectations and may support teachers in providing high-quality
feedback to all of their students.
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Appendix A. Descriptive statistics of all variables in the main sample and the subsample

Main sample (N = 1026) Subsample (n = 354)

Variable M SD Min Max M SD Min Max

Student achievement t0
Phonological awareness 13.25 4.64 1 26 13.40 4.45 2 26
Readinga 23.22 26.43 0 156 20.15 23.46 0 147
Mathematics 27.00 8.06 0 53 26.62 8.43 0 53

Student achievement t2
Phonological awareness 20.82 4.61 3 26 20.77 4.55 7 26
Reading 107.47 37.65 3 158 109.16 35.81 7 158
Mathematics 38.61 7.03 17 53 38.71 6.94 19 53

Student general cognitive abilities
Deductive reasoning 6.61 2.90 0 12 6.50 2.96 0 12
Working memory 3.11 1.70 0 8 2.88 1.66 0 7

Student motivation
Enjoyment of learning 1.53 0.38 0 2 1.54 0.37 0 2
Effort 1.69 0.28 0.31 2 1.69 0.28 0.62 2

Student background
Age 6.45 0.33 5.58 8.08 6.48 0.35 5.67 8
HISEI 52.51 19.44 14.21 88.96 52.03 19.69 14.21 88.96

% %

Gender: Female 48.11 47.18
Parental education: Abitur or higher 49.41 49.86
Immigrant status 35.55 38.40

Note. Descriptive statistics are based on the imputed data (pooled according to Rubin's rules; Rubin, 1987). For descriptive statistics on teacher expectations, teacher
expectation inaccuracy and teacher feedback, see Table 2 t0 = beginning of first grade. t2 = end of first grade.
a Because there are usually some students who have already learned how to read before they entered school, whereas most students have not, the reading variable
naturally shows a very large standard deviation at the beginning of first grade. Robustness checks excluding this variable from the regression models, displayed in
Tables 4–6, confirmed that the results are reliable.

Appendix B. Excerpt from the teacher questionnaire measuring teacher expectations (cf. Gentrup, Rjosk, Stanat, & Lorenz, 2018)
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Appendix C. Statistics on the agreement between rater coding and master coding of videotaped teacher-student interactions

Video-rater ID

Variable 1 2 3 4 5 6

First training period
Content-related agreement (kappa) without predefined subsequencesa .66 – .46 .70 – .48
Number of subsequently coded school lessons 6 0 4 1 0 3

Second training period
Content-related agreement (kappa) without predefined subsequencesa .69 .70 – – .62 .63
Content-related agreement (kappa) with predefined subsequencesb .96 .97 – – .97 .96

Bivariate correlation between rater coding and master coding regarding …
… performance relatedness of FBc .86 .97 – – .93 .95
… valence of performance FB .78 .92 – – .77 .81
… elaborateness of negative performance FB .70 .77 – – .78 .87

Number of subsequently coded school lessons 17 12 0 0 12 10

Note. Raters 2 and 5 did not participate in the first training period, whereas raters 3 and 4 were no longer available for the second training period.
a To calculate Cohen's kappa, every interaction sequence was split into 100-msec sections. The resulting estimate indicates the agreement between a rater coding and
the master coding, considering differences in the timing of subsequences.
b This measure is based on content-related ratings of 168 predefined subsequences and indicates the agreement beyond issues of the timing of subsequences.
c FB = feedback.
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