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1. Introduction 

Findings from international large-scale assessment studies in primary and lower secondary school, such as the Progress in Inter-
national Reading Literacy Study (PIRLS), the Trends in International Mathematics and Science Study (TIMSS), and the Programme for 
International Student Assessment (PISA), consistently show gender achievement gaps across countries taking part in these studies: 
While girls perform significantly better in reading than boys, there is a male advantage in mathematics, albeit less consistent and less 
pronounced (see, e.g., McElvany et al., 2017; Mullis et al., 2017a, p. 36; Wendt et al., 2016, for primary education; see, e.g., OECD, 
2016, pp. 168–169, 196–197, for secondary education). 

Researchers propose multiple possible explanations for gender achievement gaps which range from focussing on biologically based 
sex differences to psycho-sociological perspectives stressing the importance of gender-based socialisation, education, and teaching 
(see, e.g., Halpern, 2011; Hyde, 2014, for an overview). According to the psycho-sociological perspective, gender differences in ac-
ademic interests and behaviours can, for example, emerge as a child observes and imitates the (gender-based) behaviours of people or 
when a child’s behaviour gets confirmed or invalidated by significant others, such as parents, peers, or teachers, based on their 
gender-specific beliefs (Bussey and Bandura, 1999). When children enter school, teachers and their expectations and judgements 
become important to them (e.g., Gentrup and Rjosk, 2018). Even though teachers’ evaluations of student characteristics are generally 
accurate (e.g., Südkamp et al., 2012), there is emerging research showing that teachers’ stereotypes coinciding with student gender (e. 
g., Carlana, 2019; Dersch et al., 2022) can lead to gender bias in teacher judgements (Jussim et al., 1996; Tenenbaum and Ruck, 2007). 
Gender stereotypes are defined as generalised beliefs about the characteristics, attributes, and behaviours female and male persons 
(allegedly) have or should have (Eagly, 1987; Hannover and Wolter, 2019). Such stereotypical beliefs can influence the perceptions a 
person forms about individual group members (Lorenz, 2018; Mast and Krings, 2008), such as teacher judgements and expectations of 
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the academic performance of a specific boy or girl. Biased teacher judgements and expectations can, in turn, trigger different verbal (e. 
g., less warm and supportive, low-quality feedback; Gentrup et al., 2020; Rubie-Davies, 2007) and non-verbal teacher behaviours (e.g., 
reduced eye contact; Babad, 1990, 1993), and, eventually, result in self-fulfilling prophecies confirming the initially biased expec-
tations (Wang et al., 2018). In the case of self-fulfilling effects of teacher judgements and expectations on student achievement, such 
processes could exacerbate gender achievement gaps. 

Current findings on the existence and extent of gender bias in teacher judgements are mixed. While there is research that did not 
find bias related to student gender (e.g., Jussim et al., 1996; Karing et al., 2011; McKown and Weinstein, 2008), some studies identified 
gender differences in teacher judgements even after controlling for actual student achievements. The latter points to domain-specific 
results with boys’ achievement often being overestimated in mathematics (e.g., Gentrup and Rjosk, 2018; Lee and Newton, 2021; 
Riegle-Crumb and Humphries, 2012), while girls’ skills are overestimated in the language domain (e.g., Campbell, 2015; Lorenz et al., 
2016; Ready and Wright, 2011). Further, research on the effects of biased judgements and expectations on girls’ and boys’ achieve-
ments is also rather sparse. The few existing studies mainly suggest that biased teacher expectations may contribute to gender 
achievement gaps (e.g., Muntoni and Retelsdorf, 2018; Robinson-Cimpian et al., 2014). 

In our study, we want to provide new evidence on these topics. First, we investigate whether teacher judgements of students’ skills 
at the beginning of primary school are biased by student gender. Second, we examine whether these (potentially biased) teacher 
judgements contribute to gender gaps in student achievement at the end of primary education (age 10 to 11). Third, by considering 
three national contexts, namely England, Germany, and the US, we explore whether patterns are robust. Fourth, as our study relies on 
data from three different countries, we tentatively address the question of whether systematic cross-country variation might exist.1 

Linked to this, we refer to two types of features which might contribute to cross-country variation: gender (in)equality within a country 
which might be a constituent element of stereotypes and specific characteristics of the education system, such as ability grouping, that 
have been discussed in studies on the moderating role of the (educational) context (e.g., Geven et al., 2021). 

All analyses are based on ex-post harmonised data from three large-scale longitudinal surveys, the Millennium Cohort Study (MCS) 
for England, the Starting Cohort 2 of the National Educational Panel Study (NEPS-SC2) for Germany, and the Early Childhood Lon-
gitudinal Study, Kindergarten Class of 2010–11 (ECLS-K:2011) for the US. 

2. Theoretical considerations and empirical findings 

2.1. Teacher judgements and judgement bias 

Conceptually, teacher judgements are the result of cognitive information processing and diagnostic thinking (see Loibl et al., 2020, 
for a conceptional framework). According to dual-process theories, the degree to which judgements involve the deliberate integration 
of target information or are based on stereotypes and generalisations varies (e.g., Fiske et al., 1999). Whether target information is 
comprehensively considered in forming judgements or not depends, amongst other factors, on teachers’ personal characteristics (e.g., 
attitudes, knowledge, or mindsets) and situational characteristics such as time pressure or judgement goals (see, e.g., Loibl et al., 2020, 
for an overview). Furthermore, teacher judgements are more likely to be based on categorisation and generalisations when information 
is ambiguous (Gawronski et al., 2003). 

Research shows that, in general, teachers estimate students’ achievements in different domains relatively accurately (Hoge and 
Coladarci, 1989; Südkamp et al., 2012). However, systematic gender differences in teacher evaluations also have been observed 
pointing in part to domain-specific gender biases. In the language domain, teachers usually rate girls’ achievement higher than the 
achievement of boys, even after controlling for achievement test scores (for England see, e.g., Campbell, 2015; Lee and Newton, 2021; 
Plewis, 1997; for Germany see, e.g., Gentrup and Rjosk, 2018; Lorenz et al., 2016; Stahl, 2007; Hinnant et al., 2009; Ready and Wright, 
2011). In mathematics, on the contrary, girls’ achievement is often underestimated compared to equally performing boys (for England 
see, e.g., Campbell, 2015; Lee and Newton, 2021; for Germany see, e.g., Gentrup and Rjosk, 2018; Tiedemann, 2000, 2002; for the US 
see, e.g., Jussim and Eccles, 1992; Riegle-Crumb and Humphries, 2012). As the aforementioned studies controlled for students’ scores 
on standardised performance tests, the observed differences in teacher judgements can be interpreted as gender bias. However, there 
are also studies that did not report differences in teacher judgements of girls’ and boys’ achievements after controlling for students’ test 
scores and, therefore, did not identify gender bias in the language domain (for Germany see, e.g., Karing et al., 2011; for the US see, e. 
g., Doherty and Conolly, 1985; Hoge and Butcher, 1984; McKown and Weinstein, 2008) or in mathematics (for Germany see, e.g., 
Schrader and Helmke, 1990; for the US see, e.g., Hinnant et al., 2009; Jussim et al., 1996; Jussim and Eccles, 1995; Madon et al., 1998; 
McKown and Weinstein, 2008). 

2.2. Teacher judgements and achievement development 

Teacher judgements of current student performance are strongly related to teachers’ expectations about students’ future perfor-
mance and can affect learning and achievement development similarly. Referring to the concept of the self-fulfilling prophecy (Merton, 
1948), Rosenthal (1973) proposed four dimensions of teacher behaviour that may mediate such effects of teacher expectations on 

1 In a previous paper, the authors used the same data sets to address teacher bias by student’s social origin in a cross-country perspective (Olczyk 
et al., 2022). Therefore, the data and operationalisation section (Section 3), as well as the analytical approach section (e.g., Table 3) have a high 
degree of overlap with this previous work. 
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student development: (1) input that the children receive by the teacher, (2) student’s opportunities for output such as calling on 
students, (3) the feedback given by the teacher, and (4) the climate of the teacher-student relationships. Empirical evidence on these 
four potential processes and their (relative) relevance for transmitting biased judgements is scarce (see, e.g., Harris and Rosenthal, 
1985; Urhahne and Wijnia, 2021). Because of this, our review on the relevance of teacher judgement and expectations for achievement 
development focuses on research investigating associations instead of testing specific mechanisms. 

For the US, Robinson-Cimpian and colleagues (2014) examined to what extent gender gaps in mathematics are mediated by prior 
and current teacher perceptions of primary school students’ math proficiency. They reported that teacher perceptions accounted for 
varying shares of the gender gap in mathematics ranging from 42% up to 85% (see Models 5 to 7 in Tables 4 and 5 in Robinson-Cimpian 
et al., 2014). For Germany, Muntoni and Retelsdorf (2018) showed for secondary school students from Grades 5 and 6 that teacher 
expectations mediated the link between student gender and reading achievement. For the first year of primary education (Grade 1), 
Gentrup and Rjosk (2018) found no substantial contribution to gender gaps in reading and mathematics by teacher expectations in 
Germany. However, they reported that strongly underestimated girls were more vulnerable to negative teacher expectation effects in 
mathematics than boys (Gentrup and Rjosk, 2018). Other studies also showed that girls are more sensitive to lower teacher expec-
tations in mathematics than were boys (Jussim et al., 1996; McKown and Weinstein, 2002). For England or the UK, to our knowledge, 
no studies until now have investigated the contribution of self-fulfilling teacher judgements to gender achievement gaps. Thus, even 
though a few earlier studies investigated whether self-fulfilling teacher judgements and expectations contribute to gender gaps in 
student achievement, empirical evidence on this issue is still scarce. 

2.3. Relevance of national contexts for teacher judgement bias and its impact on achievement 

In Sections 2.1 and 2.2, we introduced general theoretical considerations. As information processing and stereotypes are embedded 
in and could be affected by the broader institutional context, the extent of judgement bias should differ across countries (see, e.g., 
Geven et al., 2021; Olczyk et al., 2022; Weinstein, 2002, for a similar argumentation). Besides the conditions and regulations of schools 
and teacher training, the broader institutional context also refers to norms, values, as well as cultural-cognitive beliefs that frame and 
guide social action (see Geven et al., 2021, for a similar argumentation). Further, the institutional setting may also alter the extent to 
which teacher judgements and expectations may result in self-fulfilling prophecies and, eventually, contribute to gender achievement 
gaps. Teachers shape educational careers not only by teaching students but also by grading and sorting them. Hence, it might be the 
case that in some contexts, teachers might have a greater impact on the educational careers of students than in others, for example, 
with the presence/absence of ability grouping (e.g., Finnigan and Gross, 2007; Geven et al., 2021; Kelly and Carbonaro, 2012; Lee 
et al., 2014; Lerner and Tetlock, 1999; Pit-ten Cate et al., 2020). 

In our study, we examine the robustness of gender bias in teacher judgements, how bias predicts later student achievement, and 
how it contributes to gender achievement gaps in three countries. Thus, we also explore differences in the effects between countries. 
Although the data sets do not allow consideration of specific features of the institutional and societal setting potentially causing any 
cross-country variations, we outline and provide some examples of how the national context might shape the extent of gendered 
judgement bias and its effects on later achievement as a starting point for future research. 

The extent of gender bias in teacher judgements might be associated with gender (in)equality in a specific country. As gender (in) 
equality in education and the labour market are important sources of gendered beliefs of persons (Hilton and von Hippel, 1996), 
gender stereotypes mirror to some extent actual differences in girls’ and boys’ educational success as well as women’s and men’s 
position in the labour market. Therefore, one might argue that an overall higher degree of (vertical) gender equality in a country 
should be accompanied with less prevalent gender stereotypes. However, some recent studies have observed that gender differences in 
diverse societal areas tend to be larger in wealthier countries that have reached a higher degree of formal gender equality in the sense 
of equal economic opportunities and legal rights. This unintuitive pattern of higher (vertical) gender equality and stronger (horizontal) 
gender gaps, the so-called “gender equality paradox” (Stoet and Geary, 2018), has, for example, been observed for self-reported 
personality traits (Fors Connolly et al., 2020), self-esteem (Zuckerman et al., 2016), math-related values (Stoet et al., 2016) or ado-
lescents’ occupational aspirations (Stoet and Geary, 2022). To explain this phenomenon, some scholars rely on the assumption that 
genetically based differences in the preferences of women and men come more easily into play in wealthier countries in which women 
and men share similar rights (Schmitt et al., 2017). From a sociological and socio-psychological perspectives, it seems more likely that 
the higher degree of horizontal gender segregation is rooted in a reshaping of gender-related beliefs. Recent research supports the latter 
and shows that gender stereotypes that assume female and male persons will succeed in different areas (e.g., the “math is for males” 
stereotype) are more pronounced in wealthier countries that have reached a higher degree of formal gender equality (Breda et al., 2020; 
Napp and Breda, 2022). In combination with structural changes in the labour market, such as more job opportunities in the service 
sector, gendered choices and job pressures can reinforce horizontal gender segregation even in formally more gender-equal countries 
(Barone, 2011). Hence, in line with these results, we would expect more pronounced gender bias in accordance with domain-specific 
gender stereotypes in countries with higher formal gender equality, but pronounced segregation of the genders in different societal 
eras. That is, gender bias in mathematics in favour of boys and gender bias in favour of girls in the language domain should be more 
prevalent in countries with a higher degree of horizontal gender inequality. 

M. Olczyk et al.                                                                                                                                                                                                        



Social Science Research 116 (2023) 102938

4

In terms of the institutional setting, particularly a country’s education system, ability grouping and tracking might be associated with 
teachers’ judgement formation as well as its impact on student achievement. As Krolak-Schwerdt and colleagues (2018) argue, 
teachers could be encouraged to more thoroughly consider their students’ performance and learning in educational systems where 
forms of ability grouping are common. Therefore, we would expect teacher judgements to be more precise in these systems (see, e.g., 
Olczyk et al., 2022, for a similar argumentation). This should be particularly the case for teacher judgements preceding the separation 
of students into tracks and streams and, hence, in systems where grouping is more influential for the later educational career (see 
Krolak-Schwerdt et al., 2018, for evidence from experimental research). Furthermore, if course levels persist over multiple years – in 
the case of path dependencies – then the degree to which teachers feel responsible for their decisions may also increase. Consequently, 
teacher judgement bias might be even lower. On the contrary, attendance at a certain course level could also act as a signal or label and, 
in turn, shape future judgements by the teachers (e.g., Macqueen, 2013). In other words, initial groupings may function as an “anchor” 
for later judgements. With respect to the impact of teacher judgement bias on subsequent achievement, ability grouping might be 
relevant as well (see Ready and Chu, 2015, for a similar argumentation). Students whose ability is underestimated by their teachers 
will be assigned to less-demanding courses with lower quantity and slower pace of instruction (e.g., Gamoran, 1986; Pallas et al., 1994) 
and, therefore, will receive educational instruction that does not support them to achieve more highly. Furthermore, such ‘inadequate’ 
placements might de-motivate students. Both processes – less demanding input and student demotivation – can lead to lower per-
formance than would have been possible under other conditions. If teacher judgements correlate with students’ gender net of abilities 
and skills, ‘inadequate’ placements resulting from biased judgements would then contribute to the persistence and even exacerbation 
of gender achievement gaps. These effects should be strongest when students remain in the same ability group for a substantial period 
of time. In consequence, we would expect a stronger association between teacher judgement bias and later achievement in countries 
where ability grouping is common compared to countries where ability grouping is relatively uncommon during primary education. 

School accountability might be another institutional factor which could be relevant for bias in teacher judgements and expectations 
as well as its impact on gender achievement gaps. With respect to teacher judgements and expectations, accountability could frame and 
affect teachers’ diagnostic thinking and information processing (e.g., Krolak-Schwerdt et al., 2013, 2018), for example by setting 
specific governmental goals and evaluating the performance of schools according to these goals (Finnigan and Gross, 2007). 
Accountability could be accompanied by a stronger feeling of responsibility for the decisions made by teachers. An increasing re-
sponsibility, in turn, could increase the motivation to get an accurate sense of the situation and to avoid stereotypical judgements and 
expectations (Bodenhausen et al., 1999; Geven et al., 2018; Krolak-Schwerdt et al., 2013, 2018). Hence, teachers could be expected to 
have more incentive to judge student achievement accurately in systems in which they are held accountable for their work.2 

Standardisation that often accompanies accountability could be another factor that influences the probability that teacher judge-
ments and expectations affect student achievement and which could lead to cross-country differences (see also Olczyk et al., 2022, for a 
similar argumentation): the more input factors such as curricular goals, but also teaching and test materials are predetermined, the less 
“room” will exist for biased teacher judgements to impact teachers’ behaviours and, in consequence, students’ achievement devel-
opment (Klenowski and Wyatt-Smith, 2010). This argument mainly addresses the input mechanism of self-fulfilling prophecies, but 
may also shape student’s opportunities for output and the feedback given by the teacher (for more information on the dimension of 
teacher behaviour relevant for self-fulfilling prophecies, see Harris and Rosenthal, 1985). From a cross-country perspective, in line 
with this argumentation, we would expect a weaker association between teacher judgement bias and later achievement for countries 
with a comparatively high degree of standardisation. 

2.4. Gender (in)equality and features of the education system in England, Germany, and the US 

The three countries show a comparable and high degree of vertical gender equality when compared to gender equality worldwide – 
at least according to common indices such as the Gender Gap Index (GGI; Germany: 0.787, the UK: 0.767, the US: 0.724; World 
Economic Forum, 2019) or the gender wage gap (female to male disadvantage in employees’ median earnings; Germany: 14%, the UK: 
14%, the US: 17%; OECD, 2023). With respect to horizontal gender segregation, all three counties show substantial inequality. 
However, the rank order between the countries depends on the specific indicator used. For example, with regard to career aspirations, 
gender segregation seems to be more pronounced in the US than in Germany and the UK. In 2018 in the US, for every three 15-year old 
boys seeing themselves working as a science or engineering professional in the future there was only one girl sharing the same career 
aspiration (17% males and 6% females had the aspiration to work as a science or engineering professional in the future; OECD, 2019: 
Table II.B1.8.20). In Germany and the UK, the ratio was around two boys to one girl (Germany: 12% males and 7% females, the UK: 
19% males and 9% females). In tertiary education, in contrast, the share of female graduates from STEM programs was lowest in 
Germany (28%, 2017), followed by the US (34%, 2016) and the UK (38%, 2016; WorldBank, 2023). 

With respect to the educational system, the three national contexts show more variation. In England and the US, there is a well- 
established comprehensive school system, although within-school ability grouping is relatively common and flexible with low- 
threshold opportunities for changes over time (for the UK see Boliver and Capsada-Munsech, 2021; Hallam and Parsons, 2013; for 
the US see Condron, 2008; Lleras and Rangel, 2009; Loveless, 2013). In contrast, ability grouping during primary education is rela-
tively uncommon in Germany (Ammermueller and Pischke, 2009; Eckhardt, 2019). However, in Germany, at the end of primary 

2 Even if teachers undermined these processes – for example, by manipulating the data (e.g., Espeland and Sauder, 2007), they should have a more 
informed view of which students are especially low performers. The expected positive effects on teacher’s motivation and effort, however, could be 
offset if accountability policies increased teacher’s stress (e.g., Berryhill et al., 2009; Jerrim and Sims, 2022; Perryman and Calvert, 2020). 
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education (usually at the end of Grade 4 but at the end of Grade 6 in a few federal states), teachers recommend the school track the 
student should attend in lower secondary education based on, amongst other things, students’ school performance in primary edu-
cation. This is an important recommendation, which is also binding in some federal states, and which has an impact on students’ 
educational careers (i.e., attending a vocational or academic track in secondary education). It remains open whether and how teachers’ 
knowledge that they will have to recommend a school track for each student at the end of primary education already affects teachers’ 
judgements in Grade 1. 

Furthermore, each of the three countries developed accountability policies, whereby accountability policies in England and the US 
may be more consequential for school organisation; here, results from standardised tests are used to monitor school quality and are 
related to further policies such as allocation of teaching staff or funding of schools (Hartong, 2014; Muench and Wieczorek, 2022). In 
particular, in England, primary education is divided into Key Stage (KS) 1, which covers ages 5 to 7 (Years 1 and 2), and Key Stage 2, 
which covers ages 7 to 11 (Years 3–6). At the end of Key Stage 2 (age 11), national standardised exams take place. Key Stage results are 
published as aggregate statistics and determine ranking in public school league tables, which then affects school desirability to parents, 
enrolment numbers, and the money schools receive (Burgess and Greaves, 2009; Hall and Ozerk, 2010). As a consequence, schools 
have an interest to score high in Key Stage exams. These policies are complemented by agencies ensuring that teachers meet set 
performance standards (Muench and Wieczorek, 2022). In addition, school quality is monitored through self-evaluations by school 
management and independent school inspectorates (Muench and Wieczorek, 2022). In the US, since the No Child Left Behind Act of 
2001, there also have been state-wide standardised tests (at least once between Grades 3 and 5) in public schools (e.g., Abernathy, 
2007; Figlio and Loeb, 2011; Hanushek and Rivkin, 2010). Results from standardised tests in public schools are used to identify 
whether schools have met the required progress for a specific year (Adequate Yearly Progress, AYP; Hartong, 2014) defined by each 
state. The AYP holds schools, school districts, and states accountable for the performance of (groups of) students as it forms the basis for 
educational governance and financial allocations and, hence, is linked to a series of school policy rewards and punishments (Aber-
nathy, 2007; Hartong, 2014). In Germany, in contrast, results from standardised tests in Grade 3, which assess the level of students’ 
competencies compared to the binding cross-states educational standards (the so-called VERA 3; see, e.g., KMK, 2015) are not linked 
to, for example, resource allocation. Teachers receive feedback on VERA 3 test results at class and student level, each supplemented by 
descriptions of proficiency levels and the national reference values. 

Linked to this, in all three countries, there is a certain degree of standardisation in the form of defined learning goals and curricula 
(see, e.g., Burgess and Greaves, 2009, 2013; Hall and Ozerk, 2010, for more information on England; see, e.g., Eckhardt, 2019; Muench 
and Wieczorek, 2022, for Germany; see, e.g., Hartong, 2014, for the US), whereby schools have some autonomy over the learning 
material used in lessons (Mullis et al., 2016, 2017b). However, especially England shows a high degree of standardisation accompanied 
by standardised testing, while Germany and the US are characterised by more decentralisation. 

Overall, the theoretical considerations from Section 2.3 refer to general processes and applying them to specific contexts might be 
over-simplified due to the fact that within-country variation could lead to a weakening or strengthening of patterns. In our study, this 
should especially apply to Germany and the US. In Germany, the federal states are responsible, for example, for the curricula (Eck-
hardt, 2019, p. 110). In the US, the educational system is also characterised by decentralisation (McGuinn and Manna, 2013): Each 
state has its own standards and subject-specific accountability requirements (e.g., Figlio and Loeb, 2011; Hanushek and Rivkin, 2010). 
Further, curricula and funding are determined by school districts (Yanushevsky, 2011) and there are large differences between schools 
in different districts with respect to curriculum, school resources etc. In addition, the extent of and the use of students’ ability as a 
criterion for grouping varied within the US (e.g., Loveless, 2013, pp. 15–17). For example, for 4th grade reading instruction, Loveless 
(2013) showed that in 2009, although ability was the criterion for most groupings, in some cases students’ interest or aspects of di-
versity were considered. 

3. Data and operationalizations 

3.1. Data 

In the present study, we analysed data from three large-scale longitudinal studies conducted in England, Germany, and the US. For 
the purposes of our study, we only used information from the period of primary education (see Table 1 for further information). 

The Millennium Cohort Study (MCS) is an ongoing observational cohort study that began in 2000–2001 (Joshi and Fitzsimons, 
2016; University College London, UCL Institute of Education, Centre for Longitudinal Studies, & Department for Education, 2021; 
University of London, Institute of Education, Centre for Longitudinal Studies, 2021). In its first wave, the MCS drew a representative 
sample of 18,552 families from across the UK. For data availability reasons, we focus on children resident in England only (i.e., one of 
the four countries in the UK; N = 8,883 at T1). Information on Key Stage test results at the end of primary school (i.e., our measures of 
language and mathematics skills at T2) were matched to the MCS from administrative National Pupil Database (NPD) and were 
administered only to children in state schools. Matches were achieved for 7,625 children (86%) with valid Key Stage mathematics 
scores at T2 (7,602 children with matched language scores). Of the approximately 1,250 cases without matched Key Stage scores, 
around 450 (5% of the baseline sample) are estimated to be children educated in private schools, while the remaining 9% are pre-
dominantly due to lack of parental consent for NPD data linkage (see Rihal and Gomes, 2021, for further information on the MCS-NPD 
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data linkage). Another major source of data loss in the analytical sample was lack of response on the teacher postal questionnaire, the 
source of the teacher assessments of student ability at T1 (38.1% of missing cases from the initial sample). Around 10% of the missing 
teacher questionnaires were due to lack of parental consent, or insufficient provision of teacher contact details, to send out the postal 
questionnaire; the remaining missing responses were overwhelmingly due to the failure of teachers to return the postal questionnaires, 
even after two reminders (Johnson et al., 2011). At the end, the analytical samples for England included 4,721 (language skills) resp. 4, 
717 (mathematical skills) students. 

The German National Educational Panel Study (NEPS) is an ongoing national longitudinal study aimed at providing data on 
competence development, educational decisions, and returns to education throughout the lifespan using a multi-cohort sequence 
design (Blossfeld and Roβbach, 2019). In the present study, we used data from the Starting Cohort 2 (NEPS-SC2; https://doi.org/10. 
5157/NEPS:SC2:9.0.0; NEPS Network, 2020), which is assumed to be representative for children in Grade 1 in the school year 
2012/13.3 6,733 students from 374 schools were tested in Grade 1, spring 2013, and 5,636 parents were interviewed by telephone. In 
general, participation in the NEPS is voluntarily. This does not only lead to missing teacher assessment in Grade 1, but also to panel 
drop-outs at later waves (see Zinn et al., 2020: 194f., Table 9, for more information on selectivity in panel drop-outs in the NEPS). The 
analytical samples for Germany comprised 3,870 (language skills) resp. 3,738 (mathematical skills) students. 

The Early Childhood Longitudinal Study, Kindergarten Class 2010–11 (ECLS-K:2011) is a longitudinal study which followed a 
nationally representative sample of students across the US from kindergarten through the fifth grade (Tourangeau et al., 2015).4 The 
baseline sample size is approximately 18,170 children enrolled in about 970 schools. In Grade 1, about 15,110 students took part 
(sample sizes are rounded to nearest 10, as required by the National Center for Education Statistics). At T2, when students attend Grade 
5, approximately 20% of the baseline sample became ineligible for the survey due to various reasons, including moving out of the 
country, transferring to schools that fall outside the scope of the study, or passing away. The analytical samples for the US included 
information on 8,420 (language skills) resp. 8,410 (mathematical skills) students. 

3.2. Instruments 

3.2 1. Teacher judgements at the beginning of primary education (T1) 
In England, teachers rated each students’ reading, writing, and speaking ability in relation to all children of the same age (1 = well 

below average to 5 = well above average).5 For our analyses, we used the mean score of these three ratings (α = 0.91). In Germany, too, a 
mean score of teacher rating (three items; α = 0.91) was calculated. Here, teachers assessed students’ general language skills (e.g., 
vocabulary, sentence construction) and students’ written language abilities (e.g., ability to understand and write texts) in relation to 
those of same-aged children (1 = much worse to 5 = much better). Furthermore, teachers rated the statement “The child has very good 
language skills” (1 = does not apply to 4 = does apply). In the US, a single item was used: teachers reported how they would rate the 
language and literacy skills of a student in comparison to other children of the same grade level (1 = far below average to 5 = far above 
average). 

In addition, in all three studies, teachers were asked to rate mathematical skills of each student on a 5-point-scale (1 = much worse to 
5 = much better in Germany; 1 = well/far below average to 5 = well/far above average in England and in the US). While teachers in the US 
compared the child to other children of the same grade level, teachers in England and Germany were asked to compare the student to 
same-aged children. 

3.2 2. Tests on language skills, mathematical skills, and cognitive abilities 
Language skills. In England, language skills at the beginning of primary education were captured by the British Ability Score II (BAS 

II) Word Reading test (Elliott et al., 1996). The BAS II assessed students word decoding ability such as the recognition and oral reading 
of single words, as well as vocabulary knowledge. We used IRT-scaled ability scores to scale the results, accounting for the set of 

Table 1 
Survey and data information by country.   

England Germany US 

Survey MCS NEPS-SC2 ECLS-K:2011 
Primary sampling units electoral wards schools schools 
Birth cohorts 2000/1 2005/6 2004/5 
T1: begin of primary education Y2: age 7 Grade 1: age 6-7 Grade 1: age 6-7 
T2: end of primary education Y6: age 11 Grade 4: age 9-10 Grade 5: age 10-11 

Note. MCS: Millennium Cohort Study; NEPS-SC2: National Educational Panel Study Starting Cohort 2; ECLS-K: Early Childhood Longitudinal Study 
kindergarten. 
Source. Compilation according to Olczyk et al. (2022). 

3 The NEPS is carried out by the Leibniz Institute for Educational Trajectories (LIfBi, Germany) in cooperation with a nationwide network.  
4 All reported ECLS-K:2011 sample sizes are rounded to the nearest 10 in accordance with National Center for Education Statistics (NCES) 

regulations.  
5 In England, the original scale goes form well above to well below average so we reversed it. 
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responses the child was presented with (adaptive routing led to variation in the difficulty of the items with which children were 
presented). At the end of primary school, we relied on the Key Stage 2 reading test score marks. 

In Germany, we used the information on students’ receptive vocabulary (as measured by a modified Peabody Picture Vocabulary 
Test; PPVT) tested in Grade 1 (Berendes et al., 2013) and receptive grammar skills (as measured by the Test for Reception of Grammar 
[TROG] in Grade 1; Lorenz et al., 2017). At Grade 4, we relied on students’ performance in reading comprehension. The NEPS 
developed a test of reading comprehension (see Gehrer et al., 2013; Weinert et al., 2011, for the description of the theoretical 
framework) which aims to assess three cognitive requirements (i.e., finding information in texts, drawing text-related conclusions, and 
reflecting and assessing). The test consists of five texts that each represent one text type or text function (i.e., information, commenting 
or arguing, literary, instruction and advertising) and five item sets referring to these texts. All test results are IRT-scaled by the NEPS 
data centre. 

In the US, students language skills assessment in Grades 1 and 5 in the ECLS-K:2011 were largely based on the National Assessment 
of Educational Progress (NAEP) Reading Frameworks for 2009 and 2011, respectively (Najarian et al., 2018, 2020). The test included 
items on basic literacy skills (e.g., print familiarity, word recognition), vocabulary knowledge, and reading comprehension (Tour-
angeau et al., 2019). We used an IRT-scaled score provided in the ECLS-K:2011, which measures a child’s latent ability in each domain 
(i.e., language and mathematics). 

Mathematical skills. In England, mathematical skills were captured by an adapted version of the National Foundation for Educa-
tional Research (NFER) Progress in Maths test (which assessed numbers, space, measurement, and data handling) when children were 
7 years old. We used the NFER Progress in Maths test ability score. At the child age of 11 years (end of Year 6), we relied on Key Stage 2 
mathematics test score marks (i.e., a component of the compulsory standardised assessment) from the National Pupil Database. 

In Germany, we used results from mathematical tests constructed by the NEPS and assessed in Grade 1 and Grade 4. The tests cover 
content-related (i.e., quantity, space and shape, change and relationships, data and change) and process-related components (i.e., 
applying technical skills, representing, modelling, communicating, problem solving; Schnittjer et al., 2020). Again, test results are 
IRT-scaled by the NEPS data centre and available in the Scientific Use Files. 

Table 2 
Descriptive statistics by country.    

England Germany US  

Time M/% SD M/% SD M/% SD 

Language skills 
Teacher assessment: lang. (std.) T1 0 1 0 1 0 1 
Lang. achievement (std.) T1 0 1 0 1 0 1 
Lang. achievement, grammar (std.) T1 n.a.  0 1 n.a.  
Lang. achievement (std.) T2 0 1 0 1 0 1 
Cognitive abilities (std.) T1 0 1 0 1 0 1 
Late assessment at T1 T1 59.7  36.4  61.5  
Age-in-months at T1 testing T1 86.75 2.92 84.85 4.67 85.57 4.38 
Time span testing T2-T1 (in months) T2-T1 48.47 1.96 32.13 1.56 48.10 1.08 
Student female T1 50.5  50.9  49.3  
Highest parental education T1       
High  32.9  37.8  42.7  
Medium  27.4  52.0  29.3  
Low  39.6  10.1  28.1  
Student of immigrant descent T1 19.3  22.0  31.5  
N  4,721 3,870 8,420a 

Mathematics 

Teacher assessment: math. (std.) T1 0 1 0 1 0 1 
Math. achievement (std.) T1 0 1 0 1 0 1 
Math. achievement (std.) T2 0 1 0 1 0 1 
Cognitive abilities (std.) T1 0 1 0 1 0 1 
Late assessment at T1 T1 59.6  35.8  61.5  
Age-in-months at T1 testing T1 86.75 2.91 84.83 4.66 85.57 4.38 
Time span testing T2-T1 (in months) T2-T1 48.46 1.96 32.13 1.57 48.10 1.08 
Student female T1 50.2  51.1  49.3  
Highest parental education T1       
High  32.7  38.0  42.7  
Medium  27.4  51.7  29.3  
Low  39.9  10.4  28.1  
Student of immigrant descent T1 19.3  22.1  31.5  
N  4,717 3,738 8,410a 

Notes. n.a.: not applicable. std.: z-standardised. 
Time refers to measurement time with T1 indicating Grade 1 (Germany, US) or Year 2 (England) and T2 indicating Grade 4 (Germany), Grade 5 (US) 
or Year 6 (England). 

a For the US, sample sizes are rounded to nearest 10, as required by the National Center for Education Statistics. 
Sources. Own calculations based on MCS, NEPS-SC2, and ECLS-K:2011 (see also Olczyk et al., 2022). 
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In the US, mathematical skills were assessed by mathematical tests conducted in Grades 1 and 5. The ECLS-K:2011 mathematics 
framework for Grade 1 is primarily based on the mathematics assessment from the older cohort of the ECLS-K. The ECLS-K framework 
was developed based on the NAEP 1996 framework. The ECLS-K:2011 mathematics framework was updated to reflect recommen-
dations in the NAEP 2005, the Principles and Standards for School Mathematics guidelines of the National Council of Teachers of 
Mathematics, and state standards (California, New Jersey, Tennessee, Texas, and Virginia; Najarian et al., 2018). The mathematics 
framework for Grade 5 was largely based on the framework for Grade 1 and also integrated recommendations in the NAEP 2011 
framework. The framework aims to measure skills in number properties and operations, measurement, geometry, data analysis and 
probability, and algebra (Najarian et al., 2020). We used an IRT-scaled score to measure mathematical skills of children in the US. 

Nonverbal cognitive abilities (T1). In England, nonverbal cognitive abilities were measured by the British Ability Score II Pattern 
Construction test (Elliott et al., 1996; Jones and Schoon, 2008). Children’s task was to replicate patterns presented to them using solid 
plastic cubes. In the present study, we used the ability score, as the number of items administered depended on students’ performance 
during the assessment. 

In Germany, we used results from the NEPS-MAT test (sum score; Lang et al., 2014) administered at Grade 2 to assess nonverbal 
cognitive abilities. The test included horizontally and vertically arranged fields with different geometrical elements. Children’s task 
was to select the right complement for one free field from several offered solutions on the basis of deduced logical rules which underlie 
the patterns of the geometrical elements. 

In the US, working memory was measured by the Numbers Reversed task (Blackwell, 2001). Children’s task was to recall an orally 
presented sequence of numbers and repeat the sequence in reverse order. In our analyses, we used the age-standardised score (the W 
score), representing both a child’s ability and the task difficulty (Tourangeau et al., 2015). 

We z-standardised all indicators for student’s achievement and teacher judgements to allow for cross-country comparisons. 

3.2 3. Time aspects 
In all three studies, the data collection spanned over several months in the case of teacher judgement. As in earlier work (Olczyk 

et al., 2022), we accounted for this variation in the present study by creating a dummy variable (0 = a teacher rated the students early; 1 
= a teacher rated the students later in the data collection process). In England, where the school year runs from September to July, students 
who were assessed by teachers between September and January were assigned to early, and those assessed between February and July 
to late. In Germany, we considered early assessments to take place between February and March and late ones between April to June. 
In the US, we defined assessments between January and March as early ones and those between April and June as late. Besides the time 
of assessment, we also considered the age in months at the time of testing at T1. Furthermore, examining the effects of biased assessment 
on later achievement, the time span between testing at T2, towards the end of primary education, and testing at T1, at the beginning of 
primary education (in months), were controlled for. 

3.2 4. Student characteristics 
A central variable in our analyses was student gender (0 = male; 1 = female). 
Furthermore, we considered the highest education (i.e., low, middle, and high) of parents living together with the child at the 

beginning of primary education. Hence, where there was only one co-resident parent, the family was categorised based on her or his 
level of education, whilst in case a child lived with two resident parents, the family was categorised based on the more highly educated 
of the two. 

As an indicator of immigration status, we considered information provided by parents on whether a student and/or at least one 
parent was foreign born (0 = no immigration; 1 = foreign-born student and/or at least one parent). 

In general, in all three countries information provided by parents was used; if missing, in the case of Germany, we relied on further 
information sources from teachers. 

Descriptive statistics of the study variables are displayed in Table 2. 

3.3. Analytic strategy 

To identify the proportion of bias in teacher judgements, we followed the residual approach suggested by Madon and colleagues 
(1997; see, e.g., Gentrup et al., 2020; Hinnant et al., 2009, for other studies applying this approach). Therefore, we conducted multiple 
regression analyses predicting teacher judgements in language and mathematics skills from students’ results in language or mathe-
matical achievement tests as well as students’ general cognitive abilities. We used cluster robust standard errors, as students are 
clustered by teachers (see also our earlier work, Olczyk et al., 2022). The residuals of these regressions show the variance which could 
not be explained by the abovementioned student characteristics and, hence, could be interpreted as teacher judgement bias. We 
z-standardised the residuals. A positive residual score represents positively biased judgements (i.e., teacher overestimation), while a 
negative one reflects a negatively biased judgement (i.e., teacher underestimation). Values close to zero indicated unbiased judge-
ments, which represent an accurate prediction of student achievement (Madon et al., 1997). Aiming to investigate whether teacher 
judgement bias varied with student gender, we compared the mean residual scores for boys and for girls in the language domain and in 
mathematics, respectively. 

To examine whether teacher judgement bias was related to gender achievement gaps, we separately estimated linear regression 
models for language and mathematical skills towards the end of primary education and applied a stepwise approach (see also our 
earlier work, Olczyk et al., 2022). In particular, in Model 1, we studied whether there are gender gaps in achievement development by 
using information on test results from Grade 1 (Germany and US) or Year 2 (England), as well as further controls (i.e., parental 
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education and immigration status); again, we estimated clustered standard errors. In Model 2, the residual score was added with the 
aim of investigating the question of whether gender gaps are mediated by teacher judgement bias. 

All results are based on complete case analysis. Inspection of the distribution of variables available for the initial samples revealed 
only very minor differences compared to the distributions in the analysed samples with only complete cases (see Tables S1a–S1c in the 
supplementary material, for information on sample characteristics including the share of missing values based on the initial samples). 

4. Results 

4.1. Teacher judgement bias and students’ gender 

Table 3 displays results from linear regressions with teacher judgement of student’s mathematical and language skills as outcomes. 
Overall, the share of explained variance was highest for teacher judgements in the language domain in England (54% versus 37% for 
mathematics) and in the US (51% versus 40% for mathematics), and much lower in Germany (25% for both domains). 

Next, we examined whether the standardised residuals from these regressions and, hence, the degree and direction of inaccuracy 
varied systematically by students’ gender (see Fig. 1, for the mean residuals by gender). In the language domain, teacher judgements of 
female students showed on average a positive bias while male students on average were underestimated by their teachers. In math-
ematics, the reversed pattern was observable, indicating on average a positive bias for boys and a negative bias for girls. 

However, the extent of gender-specific bias varied between the three countries (see Table S2b in the supplementary material): For 
language skills, the extent of gender-specific bias was largest in England (β = 0.30, SE = 0.03, p < .001), followed by Germany (β =
0.15, SE = 0.03, p < .001), and the US (β = 0.07, SE = 0.02, p = .002). For mathematics, the bias was largest for Germany (β = − 0.27, 
SE = 0.03, p < .001), followed by England (β = − 0.10, SE = 0.03, p < .001), and the US (β = − 0.06, SE = 0.02, p = .005). 

Table 3 
Results of regression models for teacher judgement (z-standardised) by country.   

England Germany US 

β (SE) β (SE) β (SE) 

Language skills 
T1 lang. achievement (std.) .64* .19* .68* 

(.02) (.02) (.03) 
Late assessment at T1 (ref. early) .15* .01 − .04* 

(.02) (.04) (.02) 
Interaction between late assessment at T1 and T1 lang. achievement (std.) .03 − .00 .01 

(.02) (.04) (.03) 
T1 lang. achievement, grammar (std.) n.a. .30* n.a.  

(.02)  
Interaction between late assessment at T1 and T1 grammar (std.) n.a. − .01 n.a.  

(.04)  
T1 cognitive abilities (std.) .16* .16* .05* 

(.01) (.01) (.01) 
Age-in-months at T1 testing .01* − .01* − .00 

(.00) (.00) (.00) 
Constant − 0.94* 1.07* 0.05 

(.31) (.26) (.17) 

R2 .539 .253 .506 

N 4,721 3,870 8,420a 

Mathematics 

T1 math. achievement (std.) .48* .43* .57* 
(.02) (.02) (.02) 

Late assessment at T1 (ref. early) .22* − .12* − .01 
(.03) (.04) (.02) 

Interaction between late assessment at T1 and T1 math. achievement (std.) .00 .04 .00 
(.02) (.03) (.02) 

T1 cognitive abilities (std.) .18* .15* .10* 
(.01) (.02) (.01) 

Age-in-months at T1 testing .02* − .01 − .00 
(.00) (.00) (.00) 

Constant − 1.66* 0.44 0.20 
(.36) (.28) (.18) 

R2 .365 .255 .401 
N 4,717 3,738 8,410a 

Notes. *p < .05. n.a.: not applicable. std.: z-standardised. 
a Sample sizes are rounded to nearest 10, as required by the National Center for Education Statistics. 

Sources: Own calculations based on MCS, NEPS-SC2, and ECLS-K:2011 (see also our earlier work, Olczyk et al., 2022). 
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4.2. Teacher judgement bias, students’ gender, and student progress in primary school 

Our second research question pertained to the association between teacher judgement bias and later student achievement (see 
Table 4). M0 shows the difference between boys’ and girls’ achievement at T2 without considering any controls. All further models 
(M1-M2) controlled for test results measured at T1, at the beginning of primary education, as well as for socio-demographic char-
acteristics of the student/family and the time elapsed between testing at T1 and T2. In all three countries, at T2, there was a gender 
achievement gap in advantage of girls in the language domain and in advantage of boys in mathematics (see M0 in Table 4). In the 
language domain, girls’ advantage increased throughout primary school in England and Germany, whereas the gender gap narrowed 
in the US. In mathematics, the gender achievement gap in advantage of boys increased in all three countries throughout primary 
education (see M1 in Table 4). 

Next, we added the standardised residuals (see M2 in Table 4). Inaccurate teacher judgements at the beginning of primary edu-
cation were associated with students’ achievement at later time points, such that overrated students performed better later on. With 
respect to the gender effect, for language skills in England and Germany, we observed a significant reduction in the effect of students’ 
gender after controlling for biased judgements (England: Δβ = 0.14 − 0.22 = − 0.08, SE = 0.01, p < .001; Germany: Δβ = 0.08 − 0.11 
= − 0.03, SE = 0.01, p < .001). Hence, 36% (England) resp. 27% (Germany) of the gender achievement gap between T1 and T2 was 
explained here by biased teacher judgements at T1 (Δβ/βM1). In the US, in contrast, there was a significant increase of the gender effect 
indicating a more pronounced narrowing of the gender gap throughout primary education when teacher judgement bias was 
controlled for (Δβ = − .07 − (− 0.06) = − 0.01, SE = 0.00, p = .005).6 For mathematics, the gender effect significantly decreased in all 
three countries after controlling for biased judgement (England: Δβ = 0.03, SE = 0.01, p = .003; Germany: Δβ = 0.05, SE = 0.01, p <
.001; the US: Δβ = 0.01, SE = 0.00, p = .004). Overall, this pattern supported our expectation that biased teacher judgements would 
contribute to widening gender achievement gaps over time. 

Fig. 1. Teacher judgement bias (mean residuals) for students’ achievement by student gender and country 
Note. Displayed are the means and 95% confidence intervals for girls and boys (values are in Table S2a in the supplementary material). 
Sources. Own calculations based on MCS, NEPS-SC2, and ECLS-K:2011. 

6 We used the suest command implemented in Stata to compare the coefficients (Mize et al., 2019). 
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4.3. Sensitivity checks and further analysis 

Students’ motivation and work habits. As earlier research has shown, teacher beliefs about students’ motivation and work habits vary 
substantially by student gender and are related to teacher judgements of student abilities. Thus, girls are seen by their teachers as 
academically more motivated and more eager to learn than boys (e.g., Gentrup et al., 2018; Jussim et al., 1996; Trautwein and 
Baeriswyl, 2007). These differences also relate to gender bias in ability judgements: Whereas in the language domain teacher 
judgements of motivation and work habits have been shown to fully account for the advantage of girls, in mathematics, the bias in 
favour of boys increased when teacher judgement of student motivation and work habits were controlled for (Duckworth and 
Seligman, 2006; Gentrup et al., 2018; Robinson-Cimpian et al., 2014). Therefore, to check the robustness of the results presented 
above, we included teacher perceptions of students’ motivation and work habits and re-calculated the models for Germany and the US 
(see Table S4 and Table S5 in the supplementary material; for England, no information on teacher perceptions of students’ motivation 
and work habits at T1 are available in the data). With respect to judgement bias, results for both countries supported previous findings. 
In particular, first, teacher beliefs about students’ motivation and work habits were positively related to teacher judgement bias of 
student achievement (see Table S4). Second, the gender effect in the language domain reduced, while it increased in mathematics (see 
Table S4). Interestingly and inconsistent to the findings of earlier studies, a weak, but statistically significant male advantage became 
visible in the language domain after controlling for the teachers’ perception of students’ motivation and work habits. With respect to 
later achievement, the results changed slightly compared to the baseline findings presented above. In the language domain, in Ger-
many, controlling for teacher perceptions of students’ motivation and work habits reduced the gender effect on student later 
achievement and adding teacher judgement bias to the model did not further reduce the gender effect (see Table S5). In the US, the 
narrowing of the gender gap in the language domain was somewhat more pronounced when teacher perceptions of student motivation 
and work habits were considered. But, contradicting our results presented above, this effect did not increase but decreased when 
teacher judgements of student motivation and work habits were controlled for (see Table S5). However, the change in the coefficient is 
very small in both cases (without teacher perceptions of student motivation and work habits: Δβ = − .01; with teacher perceptions of 
student motivation and work habits Δβ = 0.01). In mathematics, in both countries, the gender achievement gap in the disadvantage of 
girls was somewhat more pronounced when teacher perceptions of students’ motivation and work habits were controlled for (see 
Table S5). Nevertheless, teacher judgement bias of student achievement accounted for an additional amount of the gender gap. In 

Table 4 
Results of regression models for later student achievement (z-standardised) by country.   

England Germany US 

M0a M1 M2 M0 M1 M2 M0 M1 M2 

β (SE) β (SE) β (SE) β (SE) β (SE) β (SE) β (SE) β (SE) β (SE) 

Language skills 
Student female (ref. male) .28* .22* .14* .17* .11* .08* .07* − .06* − .07* 

(.03) (.02) (.02) (.03) (.03) (.03) (.02) (.02) (.01) 
Teacher judgement residuals (std.)   .25*   .19*   .11*   

(.01)   (.02)   (.01) 
Controls  ✓ ✓  ✓ ✓  ✓ ✓ 
Constant  − 1.83* − 0.43 − 0.09* − 0.86* − 0.88* − 0.04 − 1.38* − 1.18*  

(.28) (.28) (.03) (.31) (.30) (.02) (.33) (.33) 

R2 .020 .418 .474 .007 .350 .383 .001 .568 .581 

N 4,721 3,870 8,420b 

Mathematics 

Student female (ref. male) − .11* − .10* − .07* − .15* − .06* − .01 − .11* − .06* − .05* 
(.03) (.02) (.02) (.03) (.03) (.03) (.02) (.01) (.01) 

Teacher judgement residuals (std.)   .34*   .17*   .11*   
(.01)   (.01)   (.01) 

Controls  ✓ ✓  ✓ ✓  ✓ ✓ 
Constant  − 1.85* − 0.10 0.08* − 1.71* − 1.75* .06* − 1.69* − 1.69*  

(.27) (.25) (.03) (.31) (.30) (.02) (.33) (.32) 

R2 .003 .458 .567 .006 .406 .433 .003 .651 .663 
N 4,717 3,738 8,410b 

Notes. *p < .05. std.: z-standardised. 
Controls included T1 achievement, cognitive abilities, time span between testing, highest parental education, immigration status. Complete models in 
the supplementary material, Table S3. 
Testing of significant changes between M1 and M2 of the gender effect revealed. 
England: language skills: Δβ = − 0.08, SE = 0.01, p < .001; mathematics: Δβ = 0.03, SE = 0.01, p = .003. 
Germany: language skills: Δβ = − 0.03, SE = 0.01, p < .001; mathematics: Δβ = 0.05, SE = 0.01, p < .001. 
US: language skills Δβ = − 0.01, SE = 0.00, p = .005; mathematics: Δβ = 0.01, SE = 0.00, p = .004. 

a The estimated constant for England is suppressed under the statistical disclosure rules of the UK Data Service. 
b Sample sizes are rounded to nearest 10, as required by the National Center for Education Statistics. 

Sources: Own calculations based on MCS, NEPS-SC2, and ECLS-K:2011. 
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Germany, this additional explanatory effect was of the same magnitude as in our baseline results presented in Table 4 (both without 
and with teacher perception of student motivation and work habits: Δβ = .05), indicating robust findings. In the US, an even larger 
amount of the gender gap was explained by teacher judgement bias when teacher perception of student motivation and work habits 
were held constant (Δβ = .03 compared to Δβ = 0.01). 

Language skills. In the German survey, the language tests in Grade 1 focus on more specific skills (i.e., vocabulary and grammar skills) 
than the tests in England and the US. As for Germany data regarding students’ early reading skills are also available (measured in Grade 
2 with the modified ELFE; Lenhard and Schneider, 2006), we additionally considered this more direct measure of early reading skills in 
sensitivity checks. Test results for vocabulary, grammar, early reading skills and cognitive abilities should then cover to a larger degree 
students’ “true” language skills that are observed and assessed by the teachers. Variations in teacher ratings beyond these compre-
hensive indicators of student performance should then map bias. The results regarding biased judgements and their association with 
achievement development are largely comparable to the results presented in the main text (see Tables S6–S8), although the effect of 
teacher judgement bias on later achievement was smaller in these models where additionally early reading skills were considered. 
However, as the ELFE test took place in Grade 2, the performance in this test may already have been influenced by teacher judgement 
bias. 

Heterogeneous effects of biased teacher judgements. As some student groups have been found to be more sensitive to teacher judgements 
than others (Gentrup and Rjosk, 2018; Jussim et al., 1996; McKown and Weinstein, 2002), we tested whether the effects of teacher 
judgements on later student achievement differed for boys and girls. Only in the US, we found that the association of biased teacher 
judgements with math achievement was significantly stronger for female students as compared to male students (see Table S9). In England 
and Germany, the effects of teacher judgement bias on language and mathematical skills did not significantly vary with students’ gender. 

5. Conclusion and discussion 

In the present study, we examined teacher judgements of student achievement and their role in gender achievement gaps. We 
analysed, first, whether inaccurate teacher judgements of students’ language and mathematical skills correlate with students’ gender 
and, second, whether such bias is associated with achievement development in primary school. 

With respect to the first research question, for the language domain, we found that teacher judgements of female students showed 
on average a positive bias, while male students on average were underestimated by their teachers. In mathematics, the reversed pattern 
was observed with positive bias for boys and negative bias for girls. This finding is in line with previous research on systematic 
variations in teacher judgements based on students’ gender in the UK, Germany, and in the US (e.g., Campbell, 2015; Gentrup and 
Rjosk, 2018; Geven et al., 2021; Hinnant et al., 2009). 

With respect to the second research question, the association between teacher judgement bias and later achievement, in the lan-
guage domain, we observed that the girls’ advantage in achievement widened throughout primary school in England and Germany (for 
similar findings, see, e.g., Cavaglia et al., 2020; Machin and McNally, 2005, for England; see, e.g., Ehrtmann and Wolter, 2018, for 
Germany), whereas the gender gap slightly narrowed in the US (see, e.g., Robinson and Lubienski, 2011, for similar evidence; for 
contrasting evidence reporting an increasing gender effect, see, e.g., Petersen, 2018; Reilly et al., 2019). In mathematics, the gender 
achievement gap in advantage of boys increased in all three countries throughout primary education (for similar findings, see, e.g., 
Cavaglia et al., 2020; Machin and McNally, 2005, for England; see, e.g., Cimpian et al., 2016; Robinson and Lubienski, 2011, for the US; 
for deviating results, see, e.g., Winkelmann et al., 2008, for Germany). Furthermore, the results showed that teacher judgement bias 
predicted students’ end of primary school achievement in all three countries, even when considering prior achievement, cognitive 
abilities, and students’ background characteristics. This finding could be understood as the product of a self-fulfilling prophecy. 
Regarding the contribution of teacher judgement bias to gender achievement gaps, in all three countries the effect of gender on later 
student achievement was partly mediated by inaccurate teacher judgements. 

Besides these robust patterns, there were also cross-country variations (see also Table 5). For judgement bias, we found that the 
extent of biased teacher judgements differed by country and domain: While in the language domain the gender bias was strongest in 
England, followed by Germany, and was lowest in the US, in mathematics, the gender bias was strongest in Germany, followed by 
England and the US. Overall, gender-related teacher judgement bias was less pronounced in the US compared to England and Germany. 

With respect to the impact of teacher judgement bias on subsequent achievement, we found that judgement bias in general contributed 
to achievement development. However, in both domains, these effects were strongest in England, followed by Germany, and least pro-
nounced in the US. Furthermore, we observed, for England and Germany, that judgement bias partly mediated the effect of gender on later 
achievement. In the US, only a negligible mediation was observable, which is not surprising since there was a very weak relation between 
inaccurate teacher judgements and gender as well as between inaccurate teacher judgements and later student achievement. 

Table 5 
Summary of results on teacher judgement bias in comparison between countries.  

Domain Degree of bias Bias and later achievement Contribution of bias to gender gap in achievement 

England Germany US England Germany US England Germany US 

Language high middle low high middle low high middle low 
Mathematics middle high low high middle low middle high low 

Source. Own compilation based on findings presented in Sections 4.1 and 4.2. 
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Unfortunately, we could not directly account for the underlying mechanisms such as the degree of gender (in)equality in society or 
ability grouping and actual accountability approaches used in schools and/or classes, and, hence, we do not know which of the 
supposed mechanisms actually lead to the patterns observed and if and how the different processes interplay. Also, the patterns found 
for the cross-country variations do not allow direct conclusions on the presumed underlying processes as they partly deviate from the 
theoretical considerations: For example, England and the US are characterised by ability grouping and school accountability, which 
should support a lower teacher judgement bias according to the theoretical considerations. While the findings for the US support these 
assumptions, they do not for England. 

The situation is further complicated by the fact that we examined post-hoc harmonised data which differed in survey designs, 
measurement points, test materials, and wording of questions (Law et al., 2021). Even though we have tried to make the data as 
comparable as possible, some issues remain. For example, despite the fact that mathematics achievement tests should measure similar 
facets of mathematical skills (e.g., number knowledge, knowledge of geometry, and spatial sense), single test items were not accessible. 
Hence, we could not eliminate variations that are grounded in different instruments (e.g., Winkelmann et al., 2008). Consequently, 
country differences in the inaccuracy of teacher judgements could be due to, for example, country differences in the measures used (but 
also the time of measurement) to capture teacher judgements and student ability. 

Nevertheless, we were able to show that there are generally robust associations and that teacher bias – if present – contributes to 
gender differences in achievement, so more attention to this topic is merited. Further limitations of our study are: 

First, we linked results from standardised assessments with global teacher judgements which might raise concerns (e.g., Arens 
et al., 2017; Hübner et al., 2022; Jussim and Harber, 2005). The reason is that teacher judgements could be more accurate than test 
results as teachers might have “valid” information above and beyond what tests measure. The additional information teachers 
potentially possess would also account for the fact that children with higher teacher judgements perform better in later achievement 
tests. 

Second, analyses of gender bias in teacher judgements should consider teachers’ assessments of students’ motivation and work 
habits as our sensitivity checks for Germany and the US showed. Unfortunately, we were not able to consider teacher assessments of 
students’ motivation and work habits for England. In consequence, a systematic comparison of the results with and without consid-
ering the teachers’ views of the students’ motivation between the three countries under consideration was not possible. Future studies 
should deal with this desideratum and examine whether the findings occur in the same way in the UK/England as well as further 
countries. 

Third, previous research revealed that direct teacher judgements such as those referring to the expected number of correctly solved 
tasks of a math or language test correlate more strongly with actual student skills and abilities compared to the indirect measures we 
used (Hoge and Coladarci, 1989; see also Südkamp et al., 2012). Hence, direct teacher judgements tend to be more accurate than 
indirect ones. According to this finding, it might be the case that (cross-country variation in) teacher judgement bias would be less 
pronounced if more specific measures of teacher judgement measures are used. 

Fourth, we did not consider teachers’ gender. Primary education tends to be dominated by female teachers (OECD.Stat, 2022), as 
reflected in our data with, for example, a share of 94% resp. 93% at T1 in Germany resp. England. However, as empirical findings from 
earlier studies have not tended to find that the match between teacher and student gender matters substantively for students’ 
achievement development (see, e.g., Antecol et al., 2015; Coenen and van Klaveren, 2016; Neugebauer et al., 2011; Watson et al., 
2019), this should be less relevant for our findings. 

Despite these limitations our findings stress the existence of gender bias in teacher judgements and its relevance for boys’ and girls’ 
achievements in reading and mathematics. They highlight the need for future research, in particular, to consider the implications of the 
institutional and societal setting for bias in teacher judgements and its effects on student achievement. This refers not only to cross- 
country studies, but also to within-country studies, especially when the educational setting varies within a country between specific 
entities such as states or even schools and classes. Besides studying the underlying processes, future studies should also examine to 
what extent there is mutual reinforcement or weakening between the societal and institutional features under study such as, for 
example, accountability and ability grouping. Related to this, different mechanisms may operate in different settings, but could lead to 
similar gender achievement gaps between these entities. Hence, it is worthwhile to examine specific mechanisms for various entities 
such as countries – even if there is no variation between them in the extent of gender achievement gaps. 
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