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1. Introduction

Low academic performance of minority or immigrant students has been a stable phenomenon for decades in many
Western countries, as documented by large-scale international assessments such as the Programme for International
Student Assessment (PISA). Results from PISA indicate that immigrant students often perform at levels significantly lower
than non-immigrant students, even though they are often motivated learners (Organisation for Economic Cooperation and
Development [OECD], 2004; Stanat & Christensen, 2006). On a societal level, the performance gap between minority and
majority students poses many problems, and researchers from different fields and countries have discussed the role
education should play in days of rising cultural pluralism (cp. Phillips & Callan, 2001). The performance gap has been found to
be especially pronounced in Germany, where immigrant students are overrepresented in groups at risk for academic failure
and underrepresented in college-bound school tracks (Organisation for Economic Cooperation and Development [OECD],
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A B S T R A C T

Accurate teacher evaluations of student performance are crucial for effective teaching.

This study examined whether students’ immigration and language background affect

teachers’ evaluations. Multilevel analyses tested whether teachers overestimate the

performance of immigrant relative to that of non-immigrant students. As part of the

German PISA 2003 assessment, 305 teachers predicted the performance of seven of their

students on two mathematics problems of different linguistic complexity. Results revealed

an interaction effect of students’ language background and linguistic complexity of the

problem on teachers’ predictions. Teachers overestimated the performance of bilingual

students more than the performance of monolingual immigrant or non-immigrant

students on a linguistically complex problem. Teachers need to consider both students’

language background and linguistic demands of the material used to appropriately

support bilingual students.
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2004; Stanat & Christensen, 2006). At the same time, the number of students who are foreign-born or have foreign-born
parents is growing rapidly. In the following, these students will be referred to as immigrant students.

Since the publication of the first PISA results, teachers have been blamed for failing to provide immigrant students with
proper support, and thereby perpetuating the achievement gap. Teachers have been held responsible for the achievement
gap for several reasons: First, students spend much of their time in interaction with their teachers, and teachers play a key
role in determining how and what children learn (Ferguson, 2003). Second, teacher expectations have been shown to
influence student outcomes (Alexander & Schofield, 2006). Third, many decisions (e.g., lesson planning, grading, tracking)
are based on teachers’ evaluations and predictions of students’ achievement (Helmke & Schrader, 1987; Hoge & Butcher,
1984; Hoge & Coladarci, 1989). Accurate evaluations of student performance are hence highly relevant for students’ learning
progress. Based on the existing literature, it is unclear whether teachers have different expectations for immigrant and non-
immigrant students, whether their evaluations and predictions of student performance differ across student groups, and
whether these differences are caused by ethnicity or other related factors.

In the following, we first summarize research on teacher expectations for minority students, the findings of which are
inconsistent. Secondly, we discuss research on teacher evaluations and predictions and how inaccurate teacher evaluations
can perpetuate the achievement gap between immigrant and non-immigrant students. In the following, the terms
evaluation and prediction will be used interchangeably to refer to the process of evaluating or judging a performance of a
given student by the teacher. Third, we suggest that students’ language background systematically influences the accuracy of
teachers’ evaluations.

We argue that teachers do not purposefully perpetuate the achievement gap, but that they are inadequately prepared to
accurately assess the performance of immigrant students from different language backgrounds. Accordingly, we take a closer
look at bilingual immigrant students and the linguistic complexity of the teaching material used.

The approach we take has been labeled ‘conditional neutrality’ (Ferguson, 2003). Conditional neutrality takes other
relevant predictors into account when investigating ethnic bias. From this perspective, bias can be defined as the difference
between teachers’ assessments and a defined benchmark. Controlling for other relevant variables acknowledges potential
differences between groups whose effects would otherwise be classified as bias. Teacher expectations or evaluations are thus
unbiased ‘‘if they are based on legitimate observable predictors of performance’’ (Ferguson, 2003, p. 466).

1.1. Teacher expectations

Research has shown that teacher expectations can serve as self-fulfilling prophecies (Eckert, Dunn, Codding, Begeny, &
Kleinmann, 2006; Jussim, Eccles, & Madon, 1996; Rosenthal & Jacobson, 1968) and that low teacher expectations can
undermine students’ academic performance (Schofield, 2006). Students from socially stigmatized groups that fare less well
in school may be especially vulnerable to the negative effects of teacher expectations (Jussim & Harber, 2005). Three meta-
analyses show that teachers in the United States expected more of White students than they do of African American or
Hispanic students (Baron, Tom, & Cooper, 1985; Dusek & Joseph, 1983; Tenenbaum & Ruck, 2007). Auwarter and Aruguete
(2008) found that teachers are likely to judge children from low-socioeconomic status as less favorably. Jussim et al. (1996)
discuss the possibility that students from stigmatized groups may be more strongly affected by teachers’ expectations as a
result of erroneous social stereotypes. In this case, inaccurate expectations could have a self-fulfilling prophecy effect.

However, there is also evidence for a positive bias towards minority or culturally stigmatized groups of students (Jussim
et al., 1996). Findings reported by Lehmann, Peek, & Gänsfuß (1997) suggest that immigrant students in Germany may even
benefit from a positive grading bias. One of the reasons for these conflicting results may lie in the different methods used
(Tenenbaum & Ruck, 2007).

A common methodological approach to investigating expectations involves vignettes providing varying amounts of
information on students’ background (Auwarter & Aruguete, 2008; Cooper, Baron, & Lowe, 1975; DeMeis & Turner, 1978). As
Guttmann and Bar-Tal (1982) have shown, however, this approach has a decided tendency toward biased results. The
authors conducted three studies in which they systematically varied the amount of information teachers received about
students, who were to be rated on academic indicators. Results show that teachers indeed have stereotypical perceptions
and expectations based on students’ ethnic origin and gender. The less information was available to the teachers, however,
the more pronounced the effects of stereotypical perceptions on their expectations were found to be. The results highlight
the importance of investigating teacher bias in real-life situations rather than in artificial experiments (Dusek & Joseph,
1983); further, they show how closely teacher expectations and evaluations are linked. Teachers’ expectations influence not
only the support that teachers provide for individual students but also their evaluations of student performance.

1.2. Teacher evaluations

In their study on anti-immigrant sentiments in Danish classrooms, Wagner, Camparo, Tsenkova, and Camparo (2008) cite
evidence that teachers treat and evaluate minority and majority students differently. Inaccurate teacher evaluations of
students’ academic abilities have been shown to hinder students’ learning processes by obstructing effective teacher behaviors
(Dusek & Joseph, 1983). Accurate evaluations of students’ academic abilities are crucial for instructional planning and,
eventually, positive student outcomes (Herman & Choi, 2008; Schrader & Helmke, 1990). Inaccurate evaluations, on the
contrary, can impede the learning process: teachers can only select teaching materials on an appropriate level and offer the
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support needed if they understand where their students stand. If teachers’ evaluations are systematically biased, specific groups
of students may benefit less from the instruction and thus be systematically disadvantaged. Such processes could result in a
systematic performance gap. Previous studies of teacher prediction accuracy report an overall median correlation of .66
between teachers’ predictions of student performance and actual student performance (Hoge & Coladarci, 1989). This moderate
to high correlation suggests that teachers are generally quite accurate in their evaluations. Nevertheless, the range of
correlations reported is wide, suggesting that moderators (e.g., student ethnicity and linguistic background) may play an
important role.

In a study with 32 German classes and their teachers, Schrader and Helmke (1990) investigated which factors influence
mathematics teachers’ predictions of their students’ performance. Each student completed a curriculum-based mathematics
test, an IQ test, and a questionnaire assessing sociodemographic (e.g., nationality) and motivational variables. Teachers were
asked to judge how many points students would score in the mathematics test. Results from multilevel analyses indicated
that intelligence, students’ mathematical self-concept, students’ effort, and learning-conducive activities were significant
predictors of the accuracy of teachers’ predictions, but that ethnicity had no effects.

However, it is possible that no effects were found because ethnicity was operationalized in terms of nationality. Hence, the
study could not distinguish between students from immigrant families who hold a German passport and students from non-
immigrant families. Yet data from the microcensus show that about half of German residents with an immigration background
hold a German passport (Woellert, Kröhnert, Sippel, & Klingholz, 2009). Thus, this approach fails to identify many students with
an immigration background, and potentially a different language background, and may thus mask the effects of ethnicity.

1.3. Language of instruction

The relationship between proficiency in the language of instruction and academic outcomes has been widely discussed.
Many studies show that immigrant students’ lower educational outcomes are closely related to their lower reading skills
(Baumert & Schümer, 2001; Lehmann et al., 1997). At the same time, there is empirical evidence that teachers have difficulty
identifying students with very low levels of reading proficiency (Artelt, Stanat, Schneider, & Schiefele, 2001). Hence, students
with poor reading skills are less likely to succeed in school, but their academic failure is less likely to be attributed to their
reading deficiencies. As a consequence, many of these students do not receive the necessary support. In Germany, immigrant
students are significantly more likely than majority students to belong to this ‘‘at-risk’’ group (cf. Stanat & Christensen,
2006).

It is only recently that attention has been drawn to the importance of language proficiency for academic success in
subjects other than language arts (Abedi & Lord, 2001, p. 219). For example, research has shown that students tend to have
more difficulty solving mathematics problems expressed in words (word problems) than in numeric format (Abedi, Lord, &
Plummer, 1997). In particular, English language learners (ELL students) score lower than native speakers in mathematics
proficiency tests, and the performance difference is especially pronounced on linguistically complex items (Abedi et al.,
1997).

In their experiment, Abedi and Lord (2001) found that students – especially low-achieving, low socioeconomic status, and
ELL students – perform better when the linguistic complexity of mathematics problems is reduced but the mathematical
content kept constant. In similar vein, Wolf, Herman, et al. (2008) used a differential item functioning (DIF) approach to
examine systematic bias against ELL students in standardized mathematics tests administered in three U.S. states. Wolf,
Herman, et al. (2008) indeed found DIF against ELL students in some test items, meaning that an ELL student was less likely to
solve the item than a non-ELL student with the same mathematical ability. The items identified featured substantially more
academic English than the non-DIF items, suggesting that the abilities of ELL students may be masked by language
difficulties. Drawing on these and similar findings, Abedi et al. (1997) concluded that ‘‘bilingual students keep pace with
monolinguals in mechanical arithmetic but fall behind in solving word problems’’ (p. 5).

Mathematical word problems are often couched in academic language, and some researchers have argued that immigrant
students often lack sufficient cognitive academic language proficiency (CALP), even if their basic interpersonal
communication skills (BICS) are good (cf. Cummins, 2002, for a distinction of BICS and CALP). Teachers may not recognize
the specific linguistic challenges that mathematical word problems pose for an immigrant student, especially if that student
has good communication skills and generally good mathematical content knowledge. As a consequence, they may
overestimate the student’s performance (cf. Cummins, 2002).

Additionally, the linguistic complexity of word problems can vary, potentially affecting the ability of ELL students to respond
(Wolf, Kao, et al., 2008). Teachers may not take such linguistic considerations into account when choosing their teaching
materials. Again, the result may be that they overestimate the performance of second language learners, in particular.

1.4. Research questions

To summarize, student characteristics such as ethnicity or language background may influence teacher expectations,
evaluations, and predictions of students’ performance. However, empirical findings to date are mixed, and the precise roles
played by ethnicity and language in teachers’ evaluations remain unclear.

In an attempt to close this research gap, the present study investigated the accuracy of mathematics teachers’ predictions
of students’ performance on mathematics problems, taking the students’ language background into account. Because
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previous research has shown that these relations should preferably be investigated in real-life settings, where teachers can
be asked to evaluate their own students (Dusek & Joseph, 1983), we used data from a large-scale field assessment rather than
vignettes.

In a first step, we investigated the accuracy of mathematics teachers’ predictions of student performance in general. We
hypothesized that mathematics teachers would not be more likely to overestimate the performance of bilingual immigrant
students relative to the performance of non-immigrant or monolingual immigrant students.

Instead we hypothesized that teachers’ accuracy in predicting immigrant students performance is related to linguistic
complexity of the task. Therefore, we investigated whether teachers’ accuracy in predicting immigrant students’
performance differs between linguistically simple and complex mathematical problems. We hypothesized that mathematics
teachers would only overestimate the performance of bilingual immigrant students relative to that of non-immigrant or
monolingual immigrant students on linguistically complex problems.

2. Method

2.1. Sample

Data were collected as part of the COACTIV study (Kunter et al., 2007), which was embedded in the 2003/2004 cycle of the
German national component of the Programme for International Student Assessment (PISA, Prenzel et al., 2006). PISA is an
internationally standardized assessment that is administered to 15-year-olds in schools around the globe at 3-year intervals.
Data for the present study come from the 2003 assessment, which investigated student achievement in three domains –
mathematics, reading, and science – with a focus on mathematics literacy. As part of the German national extension to PISA
2003, the COACTIV study assessed the teachers teaching in the respective PISA classrooms. The data set thus draws on a
representative sample of teachers of grade 9 mathematics in Germany, which includes teachers from all German school tracks.
As a part of teacher competence, the COACTIV study also assessed teachers’ diagnostic evaluations of student achievement. The
project group explicitly chose mathematical problems that were given to the students and to the teachers to predict the
students’ performance (for teacher competences see also Blum, Neubrand, & Krauss, 2008; Krauss, Baumert, & Blum, 2008;
Krauss, Brunner, et al., 2008). The analyses of the present study are based on this prior selection by the research group.

2.1.1. Participating teachers

The 305 mathematics teachers (41% female) in the present sample were on average M = 48.50 years old (SD = 8.58 years;
range: 26–65 years). On average, they had been in the profession for M = 22.36 years (SD = 10.19 years; range: 3–42 years)
and had been teaching the PISA classes for 0–5 years (M = 1.89, SD = 1.17). Finally, 85.3% had majored in mathematics at
university.

2.1.2. Participating students

Seven students were randomly selected from each of the 305 classes taught by the teachers in our sample, and the
teachers rated these students’ performance on given mathematics problems that were included in the PISA test. Of the 305
teachers, 36 rated only six students, 4 teachers rated only five students, and 1 rated only four students. Hence, the final
sample comprised N = 2088 students. Because of the real-life sample, not all teachers rated students from all three student
groups (German, monolingual immigrant, bilingual immigrant). On average, students (50.5% female) were 15.25 years of age
(SD = 0.66; range: 13–18 years). The students were very heterogeneous in terms of socioeconomic status (ISEI: M = 50.94,
SD = 16.2; sample range 16–90, scale is described in the measures section). Further, 543 students (26%) reported that at least
one of their parents was foreign-born (immigrant students) and 152 students (8%) spoke a language other than German at
home with their families. Of the immigrant students, 149 (35%) reported that they spoke a language other than German at
home.

2.2. Measures

2.2.1. Independent variables

2.2.1.1. Mathematics problems. Two mathematics problems (see Figs. 1 and 2) from PISA 2003 for which teachers’
predictions of students’ performance and actual student performance data were available were chosen (Jordan et al., 2008).
These problems displayed comparable mathematical complexity but differed in terms of linguistic complexity, making them
especially suitable for investigating how linguistic complexity interacts with students’ language background to influence the
accuracy of teachers’ evaluations.

The first problem was a geometric one that asked students to calculate the surface area of a kite. The second problem
required knowledge of percentage calculation. Both problems exhibited curricular validity but differed with respect to their
linguistic complexity and hence the language-related demands on the problem solver. In the kite problem, all relevant
metrics could be read off the geometrical figure. In the percentage problem, the sentences had to be deconstructed and the
relevant figures found and translated into the right equation. Therefore, any misunderstanding of the wording or phrasing of
the problem would result in the wrong answer.
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Within the German PISA assessment framework, the mathematical complexity of the problems were rated and they were
classified as comparable regarding their curricular level, the problem category, the intensity of mathematical ideas implicit
in the problems, and the low level of mathematical reasoning required for solving each problem. However, they differed
slightly in what the PISA classification refers to as ‘inner-mathematical modeling’, that is the degree to which students need
to translate mathematical ideas, and relate and coordinate the (mathematical) information provided by the problem (cf.
Jordan et al., 2006). Whereas the percentage problem requires no ‘inner-mathematical modeling’, the kite problem is
classified on a low level. Still, across all students, the probability of giving the correct answer did not differ between the two
problems (t(2087) =�1.02, n.s.). The predictions of the teachers, however, differed significantly for the two problems
(t(1984) =�7.71, p> .001). In line with the expert ratings, teacher estimates of percentage correct for all students was higher
for the kite problem. Apparently, teachers rated the kite problem as mathematical more complex and hence more difficult to
solve than the percentage problem.

To assess differences in the linguistic complexity of the problems in more detail, we asked 12 experts in mathematics and
education to rate the degree of language proficiency needed to solve each problem on rating scales adopted from Wolf,
Hermann, et al. (2008). The first rating scale tapped the extent to which a test taker has to draw on language proficiency to
solve the test item correctly. The scale ranged from 0 (‘‘no language proficiency required’’) to 3 (‘‘language proficiency
required to understand the relations between sentences’’). For the percentage problem, all raters agreed that a high level of
language proficiency was needed (M = 3.00, SD = 0). For the kite problem, language proficiency was rated to be less important
(M = 2.08, SD = 0.29). The difference in ratings between the problems was statistically significant (t(11) =�11.00, p< .001).
The second rating scale assessed linguistic vs. non-linguistic aspects of the test item. The scale ranged from 0 (‘‘item consists
entirely of non-linguistic features’’) to 3 (‘‘item consists entirely of linguistic features’’). The expert ratings indicate that the
percentage problem consists mainly of linguistic features (M = 2.67, SD = 0.49) and the kite problem more of non-linguistic
features (M = 1.17, SD = 0.39). The difference in ratings between the problems was again significant (t(11) =�6.51, p< .001).

In sum, the experts concluded that the problems differed substantially with regard to their linguistic complexity,
linguistic features, and the demands made on students’ language skills. Linguistic complexity was classified as high for the
percentage problem and as low for the kite problem, and dummy coded (1 = high). In the following, we thus refer to the
percentage problem as the linguistically high problem and to the kite problems as the linguistically low problem.

2.2.1.2. Student characteristics. Mathematical achievement, reading achievement, and socioeconomic status were included
in the background model and served as control variables. Mathematical and reading achievement were operationalized by
students’ z-scores on the PISA test (Prenzel et al., 2006). z-Scores were used to interpret results as standardized coefficients.

[()TD$FIG]

Fig. 1. Linguistically low mathematics problem (kite problem).

[()TD$FIG]

Fig. 2. Linguistically high mathematics problem (percentage problem).
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Socioeconomic status (SES) was assessed by the International Socio-Economic Index of Occupational Status (ISEI, Ganzeboom,
De Graaf, Treimann, & De Leeuw, 1992). The ISEI is based on international data on the income and educational background of
different vocations. The scale covers the theoretical range from 16 (low SES; e.g., cleaning person) to 90 (high SES; e.g., judge).

Students’ immigration and language background was of special theoretical interest. Following the PISA 2003 assessment
(Prenzel et al., 2006), immigration background was operationalized in terms of students’ and parents’ place of birth, with
students who were foreign-born or who had at least one foreign-born parent being characterized as immigrant.
Operationalizing immigration background via place of birth of participants and their parents instead of via nationality only
has the advantage that children with immigrant background but German passport are included in the immigrant group.
Information on students’ language background was obtained by a question asking which language they spoke most often at
home. For the present study, data on immigration background was combined with data on the language spoken at home to
distinguish three groups of students: non-immigrant (German) students (80%), German-monolingual immigrant students
(monolingual, 7%), and immigrant students who speak a language other than German at home (bilingual, 13%).

2.2.2. Dependent variable

The dependent variable was teachers’ accuracy in predicting students’ ability to solve the two mathematics problems
chosen from the PISA test (Prenzel et al., 2006). Teachers were asked to predict whether each of the randomly selected
students would be able to solve each problem. These predictions were then compared with the student’s actual performance.
Hence, the dependent variable was not students’ achievement, but the accuracy of teachers’ predictions of students’
achievement. We chose this combined outcome variable, because it gives a direct measure of teachers’ predictive accuracy.
Teacher responses were coded as follows: When teachers overestimated student performance, predicting that a student who
in fact failed to do so would solve the problem, responses were coded as +1. When teachers predicted student performance
correctly, responses were coded as 0 (whether the student solved the problem correctly or not). Finally, when teachers
underestimated student performance, predicting that a student who in fact gave the right answer would not solve the
problem, responses were coded as �1. Consequently, values higher than 0 indicate overestimation, whereas values lower
than 0 indicate underestimation of student performance. A value of 0 corresponds to a perfect match between the teacher’s
predictions and the student’s actual performance. Because our hypotheses focused on teacher overestimation of student
performance, we were specifically interested in values in the positive range between 0 and 1.

2.3. Analyses

2.3.1. Missing data

All students were administered a mathematics assessment including the two focal mathematics problems and a
sociodemographic questionnaire. Due to the rotation design implemented in PISA 2003, reading achievement data were
available for only 54% of the students. Hence, reading achievement data are missing by design, while all other missing values
are missing at random (MAR). Missing data represent a potentially serious methodological problem in any study for three
reasons: loss of efficiency due to reduced sample size, biased estimations due to differences between observed and non-
observed data, and difficulty dealing with the data because most standard statistical packages depend on complete data
matrices (Peugh & Enders, 2004). There is growing consensus – especially in the case of missing by design or MAR – that
imputation of missing observations is preferable to pairwise or listwise deletion (Schafer & Graham, 2002). We therefore
used a multiple imputation method to estimate missing observations. This method produces several independent data sets
taking estimation errors into account and can be used even when the proportion of missing data is high (up to 50%, Graham,
2009). The auxiliary variables we used for the imputation procedure were students’ characteristics (e.g., immigration and
language background, gender), SES, mathematics and reading achievement, cognitive ability, and other school-related
variables. Using the NORM software (version 2.03, Schafer, 2000), we generated ten data sets in which all missing data were
replaced with imputed values. All subsequent data analyses were applied to these ten datasets, which were then combined
according to the procedure proposed by Rubin (1987).

2.3.2. Multilevel modeling

Multilevel analyses assessed the effects of immigration and language background on the accuracy of teachers’ evaluations
of students’ performance while controlling for students’ mathematical and reading achievement and SES. In most studies
conducted in the school setting, student and classroom characteristics are confounded because students are not randomly
assigned to groups. In our data set, students were not randomly assigned to teachers, and each teacher rated several
students: Teachers (level 3) rated the performance of each student (level 2) on two mathematics problems (level 1). We used
a three-level multilevel modeling approach to handle this data structure. The teacher level (level 3) was included to account
for common variance, but no predictor was entered on this level. The student level (level 2) contained individual student
characteristics such as mathematics and reading achievement (z-scores) and SES. Level 2 also included information on
immigration and language background. For the analyses, we computed two dummies. The first (‘‘monolingual dummy’’)
contrasted monolingual immigrant students (=1) with all other students (=0). The second (‘‘bilingual dummy’’) contrasted
bilingual immigrant students (=1) with all other students (=0). Both dummy variables served as predictors for the accuracy of
teachers’ evaluations of students’ performance. Because the reference category of the two dummy variables is always coded
as 0, a positive regression coefficient for the dummy variables indicates an overestimation of the monolingual immigrant or
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bilingual immigrant students’ performance. At level 1, linguistic complexity of the problems was entered as a dummy, with
low linguistic complexity as the reference category. Random-intercept models were estimated in which the intercepts on all
three levels were allowed to vary randomly but with fixed effects for all predictor variables and cross-level interactions. The
model specifications for each hypothesis are presented in the Appendix. The data were analyzed using the HLM 6.0 software
(Raudenbush, Bryk, Cheong, & Congdon, 2004). Estimation problems were not encountered. The method of estimation
applied for all models was full maximum likelihood, using an empirical Bayes algorithm. Hypotheses about fixed effects were
tested. Because the continuous nature of the data is debatable, we repeated our analyses with a binary outcome variable
(student overestimated vs. student underestimated) using logistic regression (see Raudenbush & Bryk, 2002). Results were
nearly identical. To avoid redundancy and to simplify the presentation and interpretation of results, we therefore present
only the analyses using over- and underestimation simultaneously as the outcome variable.

Hypothesis 1 states that mathematics teachers do not overestimate the performance of bilingual immigrant students
relative to that of monolingual immigrant or non-immigrant students in general. To test hypothesis 1, we examined the main
effect of language and immigration background on the accuracy of teachers’ predictions.

Hypothesis 2 tests the interaction and states that mathematics teachers overestimate the performance of bilingual
immigrant students on linguistically high problems. To test hypothesis 2, we examined the cross-level interaction between
immigration and language background (level 2) and the complexity of the task (level 1).

3. Results

3.1. Descriptive results

Table 1 shows the percentages of students who solved the problems correctly by linguistic complexity of the problem and
student group (non-immigrant, monolingual immigrant, bilingual immigrant). In all cases, less than one-third of the
students solved the problems correctly. For the linguistically low problem, we found no performance differences between
the student groups (x2(2, N = 2022) = 3.13, ns). For the linguistically high problem, we found a significant difference in
student performance (x2(2, N = 2047) = 20.45, p< .001), with the group of bilingual immigrant students showing a
significantly lower percentage correct than the other two groups.

Table 1 also reports teachers’ predictions of student performance (percentage correct for all students). In all cases,
teachers estimated that at least half of the students would solve the problems correctly. Teacher predictions were slightly
higher for the linguistically high problem than for the linguistically low one. However, teacher predictions did not differ
significantly across the three student groups—for either the linguistically low problem (x2(2, N = 2083) = 2.89, ns) or the
linguistically high problem (x2(2, N = 1989) = 0.43, ns). In sum, Table 1 shows that bilingual immigrant students performed
significantly worse on the linguistically high problem than the other two groups. However, this difference was not reflected
in the teachers’ predictions.

Comparison of students’ actual performance and teachers’ predictions yielded the dependent variable shown in the last
column of Table 1. Positive values indicate that teachers overestimated student performance. Teachers’ predictions differed
significantly from 0 for both the linguistically low problem (t(2082) = 25.49, p< .001) and the linguistically high problem
(t(1988) = 28.76, p< .001), indicating that teachers generally tended to overestimate the performance of their students.

The accuracy of teachers’ evaluations of student performance on the two problems was positively correlated (r = .24,
p< .001, N = 1985); teachers who overestimated their students’ performance on one problem were more likely to
overestimate performance on the other problem as well.

To test whether teachers overestimated the different student groups equally on both problems, we computed a 2
(linguistic complexity: high vs. low)� 3 (student groups: non-immigrant, monolingual immigrant, bilingual immigrant)
ANOVA. Overall, there was no difference in the degree to which the teachers overestimated the three student groups, F(2,
1982) = 1.54, ns, but they did overestimate students’ performance on the linguistically high problem more strongly than

Table 1

Percentage of students who solved the mathematics problems correctly (student performance) and teacher estimates in terms of percentage correct for all

students (teacher predictions) and accuracy of teachers’ predictions of students’ performance by student group and linguistic complexity of the problem.

Group Student performance:

percentage correct

Teacher predictions: teacher

estimates of percentage correct

for all students

Mean accurarcy of teachers’

predictions of students’

performance (SD)

Linguistically low problem

Non-immigrant students 27% 58% .32 (.58)

Monolingual immigrant students 23% 57% .34 (.58)

Bilingual immigrant students 21% 51% .31 (.56)

Linguistically high problem

Non-immigrant students 29% 66% .37 (.62)

Monolingual immigrant students 23% 68% .44 (.60)

Bilingual immigrant students 12% 66% .53 (.54)
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their performance on the linguistically low problem, F(1, 1982) = 21.78, p< .001. The interaction term was also significant,
F(2, 1982) = 4.21, p< .05. As post hoc tests showed, the student groups did not differ for the linguistically low problem, F(2,
1982) = 0.56, ns, but for the linguistically high problem, with teachers overestimating bilingual immigrant students’
performance on this problem significantly more strongly than they did the performance of the other two groups, F(2,
1982) = 4.36, p< .01. These analyses provide first support for our hypotheses, but do not take the multilevel structure of our
data into consideration. Hence, in a next step, we used multilevel modeling, including control variables to the satisfy
requirements of a ‘conditional neutrality’ approach.

As mentioned above, a ‘conditional neutrality’ approach to studying bias takes into account additional predictors that are
relevant to the outcome (Ferguson, 2003). According to this approach, teachers should expect the same performances for
students of different origins only if the students are comparable on relevant variables. If students are not comparable, the
relevant variables should be controlled for. Hence, our analyses included variables that are related to performance on the
mathematics problems and that differ across the three student groups.

Performance on the mathematics problems was significantly correlated with mathematical achievement, reading
achievement, and SES (for the linguistically low problem: .34, .23, .12; for the linguistically high problem: .38, .32, .18,
respectively; all correlations p< .001). The differences between the correlations for the linguistically low and the
linguistically high problem were significant only for reading achievement, t(1067) =�2.48, p< .01, and SES, t(1887) =�2.14,
p< .05, and not for mathematical achievement (t< 2).

The three student groups differed significantly on all three variables (mathematical achievement: F(2, 2067) = 36.49,
p< .001; reading achievement: F(2, 1119) = 34.51, p< .001; SES: F(2, 1980) = 42.02, p< .001).

Non-immigrant students had the highest SES (M = 52.46, SEM = 0.40), followed by monolingual immigrant students
(M = 46.84, SEM = 1.00), and bilingual immigrant students (M = 40.92, SEM =�1.46). Post hoc tests showed that all differences
were significant. Effect sizes as measured with Cohen’s d for the comparisons are as follows: d = 0.35 (non-immigrant vs.
monolingual immigrant students), d = 0.71 (non-immigrant vs. monolingual immigrant students), and d = 0.36 (monolingual
vs. bilingual immigrant students).

The pattern of results for mathematical achievement was the same: non-immigrant students had the highest scores
(M = 0.01, SEM = 0.02), followed by monolingual immigrant students (M =�0.26, SEM = 0.07), and bilingual immigrant
students (M = 0.67, SEM = 0.09). Again, post hoc tests showed that all differences were significant (non-immigrant vs.
monolingual immigrant students: d = 0.27, non-immigrant vs. monolingual immigrant students: d = 0.67, and monolingual
vs. bilingual immigrant students: d = 0.38).

Post hoc tests for reading achievement revealed a slightly different pattern. The best results in the reading test were
achieved by non-immigrant (M =�0.02, SEM = 0.03) and monolingual immigrant students (M =�0.20, SEM = 0.09). The
difference between these groups was not significant. Bilingual immigrant students performed significantly worse than these
two groups (M =�1.00, SEM = 0.13, non-immigrant vs. bilingual immigrant students: d = 0.91, monolingual vs. bilingual
immigrant students: d = 0.72). In the multilevel analyses reported below, we controlled for all three variables: SES,
mathematical achievement, and reading achievement.

3.2. Results from multilevel models

3.2.1. Hypothesis 1

Results for the first hypothesis are shown in the first column (Model 1) of Table 2. In Model 1, we tested whether
immigration and language background influenced the accuracy of teachers’ predictions. More specifically, we compared
prediction accuracy across the three student groups by regressing teachers’ prediction accuracy on language and
immigration background, while controlling for mathematical achievement, reading achievement, and SES.

As indicated by the positive and significant intercept (see first row of Model 1), teachers generally overestimated the
performance of their students. However, as predicted, there was no significant difference between overestimation of the
performance of non-immigrant and immigrant students, and both group contrasts (b04k and b05k, ns) were not significant.

None of the three background variables (SES, mathematical achievement, reading achievement) were significant. At first
sight, this result seems incongruent with the influence of the three variables on students’ actual performance. However, the
three background variables were only related to students’ performance (percentage correct) and not to teachers’ prediction
accuracy.

Hence, the results do support the hypothesis that the accuracy of teachers’ predictions do not differ between students
with and without immigrant background in general. However, in the next step, we tested whether this pattern persisted
when we controlled for the linguistic complexity of the problem. Hence, in hypothesis 2, we tested whether the interaction
between students’ language and immigration background and the linguistic demands of the problem affected the accuracy of
teachers’ evaluations.

3.2.2. Hypothesis 2

Results for the second hypothesis are presented in the second column (Model 2) of Table 2. In Model 2, we tested whether
teachers overestimated the performance of bilingual immigrant students only on linguistically high problems. In addition to
the variables entered in Model 1, Model 2 included the linguistic complexity of the problem (level 1) and the interaction
between linguistic complexity and students’ immigration and language background (cross-level interaction). As in Model 1,
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results show that teachers generally overestimated the performance of their students. Model 2 further shows a significant
main effect of the linguistic complexity of the problem (p1jk): Teachers were more likely to overestimate students’
performance on the linguistically high problem. Most importantly, and confirming our hypothesis, a significant cross-level
interaction between immigration and language background and linguistic complexity of the problem was observed. Fig. 3
illustrates this interaction by presenting the means of each group: For the linguistically high problem, overestimation was
least pronounced for non-immigrant students (M = 0.373, SEM = 0.02), followed by monolingual immigrant students
(M = 0.469, SEM = 0.15), and most pronounced for bilingual immigrant students (M = 0.545, SEM = 0.06). For the linguistically
low problem, in contrast, there were no significant differences between the three student groups (b04k and b05k, ns). As in
Model 1, none of the background variables were significant. In other words, mathematical achievement, reading
achievement, and SES did not influence the accuracy of teachers’ predictions. In sum, on the linguistically high problem,
teachers overestimated the performance of bilingual immigrant students relative to that of non-immigrant students.

4. Discussion

4.1. Summary

Do teachers evaluate the performance of immigrant students less accurately than that of non-immigrant students? To
address this question, we analyzed mathematics teachers’ predictions of their students’ performance on two mathematics

Table 2

Results from multilevel analyses predicting teachers’ evaluation accuracy.

Parameter Model 1 Model 2

Estimate SE Estimate SE

Level 1 predictors

Intercept (p0jk) .351* .014 .330* .017

Linguistic complexity (P1jk) .043* .018

Level 2 predictors

Student group

Monolingual immigrant students (b04k) .035 .033 �.013 .043

Bilingual immigrant students (b05k) .051 .041 �.035 .053

Cross-level interactions

Monolingual immigrants� complexity .096 .057

Bilinguals immigrants� complexity .172* .064

Background model

SES (b01k) �.001 .001 �.001 .001

Mathematics achievement (b02k) .01 .013 .010 .013

Reading achievement (b03k) .019 .014 .019 .014

Variance estimates

Level-1 variance .267 .267

Level-2 variance .064 .065

Level-3 variance .020 .020

Note: The level-1 intercept represents the average overestimation for non-immigrant students. The problem variable is dummy coded (0 = low linguistic

complexity); SES, mathematics, and reading achievement are grand mean centered. The monolingual dummy is coded 1 for monolingual immigrant

students; the bilingual dummy is coded 1 for bilingual immigrant students.
* p< .05.

[()TD$FIG]

Fig. 3. Net overestimation of teachers’ evaluations of students’ performance on the two mathematics problems by student group. Low: linguistically low

mathematics problem (kite problem); High: linguistically high mathematics problem (percentage problem). Error bars indicate standard error. The means

for the monolingual immigrant and bilingual immigrant students were calculated by adding the regression coefficients of the respective dummy to the

coefficients of the non-immigrant students (intercept) and the linguistically high problem.
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problems and compared these evaluations with the students’ actual performance. Data were provided by the COACTIV study,
which was embedded in the 2003 cycle of the PISA assessment in Germany.

In multilevel analyses, we tested the hypothesis that teachers systematically overestimate the performance of immigrant
students relative to that of non-immigrant students. Our findings suggest that it is not ethnic background per se that affects
the accuracy of teachers’ predictions, but the interaction of students’ ethnic and language background with the linguistic
demands of the mathematics problem to be solved. Results showed that teachers tended to overestimate the performance of
all students, as reported in previous studies (Anders, Kunter, Brunner, Krauss, & Baumert, 2010). Overall, we found no specific
effect of immigration or language background. However, once we considered the linguistic features of the problems, we
observed an interaction between students’ immigration and language background and the linguistic complexity of the task.
Results showed that teachers were significantly more likely to overestimate the performance of bilingual immigrant
students on a linguistically high problem, even when we controlled for mathematical achievement, reading achievement,
and SES. These results are consistent with the idea that teachers are not always aware of bilingual students’ language
difficulties or of the linguistic demands that specific mathematics problems may pose.

4.2. Limitations

Unfortunately, our data do not allow us to determine whether teachers took the differing linguistic demands of the
problems and the language background of the students into account when predicting students’ performance. Hence, we can
only speculate that teachers overestimated the performance of bilingual immigrant students on the linguistically high
problem because they did not recognize the language difficulties involved. Based on their study on the accuracy of teacher
assessments of second-language students at risk for reading disability, Limbos and Geva (2001) concluded that teachers may
‘‘inappropriately use oral language proficiency as their gauge for the child’s overall academic performance’’ (p. 149) As has
also been suggested by other researchers, good oral language skills of bilingual students may mask potential language
problems in the academic domain (Cummins, 2002).

Due to small group sample size, our data also do not allow us to compare the accuracy of teacher predictions for students
from different countries of origin. However, it is possible that teachers predictions of the performance of students with an
European background differ from those for students with a non-European background. Further research should investigate
this more closely. The data did also not provide equal distribution of teacher evaluations for each of the three student groups,
and some teachers evaluated only German or monolingual immigrant students. While unavoidable when using real-life data
sets, this procedure might affect teachers’ reference categories and thereby influencing their predictions for the individual
student. However, because teachers were not asked to evaluate their students’ performance relative to that of other students,
their predictions should be independent.

Another limitation of the present study is that we focused on just two mathematics problems from different
mathematical fields. However, both problems exhibited curricular validity and pertained to mathematical fields that the
students had covered in school. Although for the students the percent correct of the problems did not differ, teacher
estimates of percent correct were higher for the linguistically high problem. That is, teachers predicted that students
rather solve the linguistically high than the linguistically low problem. It is conceivable that teachers found the
linguistically high problem to be mathematical less complex and focused only on mathematical reasoning instead of
taking linguistic complexity into account when making their prediction This interpretation is supported by the PISA
expert ratings that classified the linguistically high problem as requiring less ‘inner-mathematical’ reasoning. To be able
to generalize the results and disentangle the effects of mathematical and linguistic complexity, future analyses should be
based on a broader range of items. Disentangling the effects of mathematical and non-mathematical content (e.g.,
language complexity) can help researchers to gain a better understanding of differences in the performance of specific
student groups. Findings showing that performance differences are not solely attributable to differences in student
ability, but that certain item characteristics discriminate against specific students groups, would have major implications
for research and practice.

Based on their differential item functioning (DIF) analyses of items from standardized mathematics tests administered in
three U.S. states, Wolf, Hermann, et al. (2008) have concluded that the language demands of test items is one of the factors
contributing to the achievement gap between language minority and majority students. To our knowledge, the performance
of language minority and majority students on standardized tests in Germany has not yet been compared. A first step was
taken by PISA 2003. Items from the PISA test suggest that problems from some areas of the natural sciences contain more
linguistic features than do problems from other areas (e.g. problems with graphs). However, first analyses do not show that
immigrant students perform systematically worse on items with more linguistic features (Ramm, Prenzel, Heidemeier, &
Walter, 2004). Yet, more systematic analyses are necessary to come to a final conclusion.

We have argued that the problems examined in the present study differed with respect to their linguistic complexity;
however, we did not assess students’ or teachers’ perceptions of linguistic complexity. Instead, we obtained ratings of
linguistic features from experts in mathematics and education. Although it is possible that student and teacher subjective
appraisals differ from our expert ratings, previous research indicates that linguistic features influence the difficulty of
mathematics problems. It has been shown that word problems are more difficult to solve than are mathematics problems
presented in numeric format, and that the percentage correct is higher when problems contain less academic language
(Abedi & Lord, 2001). Bilingual students, in particular, seem to perform better when the linguistic complexity of mathematics
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problems is reduced (Abedi & Lord, 2001). These results support our finding that student reading literacy affects performance
on mathematical word problems. We thus controlled for student reading achievement in all multilevel analyses predicting
teachers’ prediction accuracy.

4.3. Strengths

A major advantage of the present study is that it examined the accuracy of teacher predictions in a real-life (classroom)
situation in which teachers knew their students well. Previous research has shown that teachers who have little knowledge
about the students they are asked to evaluate rely on biasing information (Guttmann & Bar-Tal, 1982). Hence, investigating
bias in a naturalistic setting strengthens the ecological validity of the findings. Another advantage is that the assessment was
embedded in the national component of the PISA study and could therefore draw on a large and representative students
sample with high response rates.

The approach we have taken to investigate general bias in teachers’ evaluations has been termed ‘conditional neutrality’
(Ferguson, 2003). According to this approach, teachers should expect the same performances for students of different origins
only if the students’ competences and test scores are comparable. Hence, neutrality is conditioned on observable and
measurable criteria. We were able to control for mathematical achievement, reading achievement, and SES while testing for
a general overestimation of immigration and language background. We operationalized immigration background in terms of
the parents’ and child’s place of birth and included information on the language spoken at home. We were thus able to
differentiate between monolingual immigrant students (who have at least one foreign-born parent but speak German at
home) and bilingual immigrant students. But our analyses moved beyond testing for a general overestimation of immigrant
students. Our study shifts the focus from investigating general bias and instead examines the specific student–task
interactions that affect teachers’ predictive accuracy. Future studies should continue to investigate such interplays, how it
affects teachers, and how teachers can be sensitized for such interactions.

4.4. Implications

The findings presented have several implications. First and foremost, our results do not support the claim made
elsewhere that teachers have lower expectations for immigrant students. On the contrary, teachers even overestimated their
performance. While this may sound as good news, overestimation might impede effective teaching just as much as
underestimation as we will discuss below.

Secondly, the results again highlight the importance of proficiency in the language of instruction. Most studies to date
have examined the direct role of proficiency in the language of instruction for academic outcomes. Clearly, students who do
not speak the language of instruction will not be able to follow, to participate in, or to benefit from lessons.

Going beyond this, our study shows that language proficiency can also influence academic success more indirectly:
namely via its impact on teachers’ evaluations. Our results suggest that mathematics teachers ignore the interplay between
linguistic complexity of mathematical problems and linguistic background, leading to less accurate predications of the
performance of bilingual immigrant students. However, predicting student performance is an integral part of teachers’ daily
professional lives (Demaray & Elliot, 1998; Hoge & Butcher, 1984) and the ability to make accurate predictions is an
important aspect of teaching skills. It enables teachers to adapt their lessons to students’ needs, to choose appropriate
teaching materials and assessment tools, and to provide effective learning opportunities (cf. Anders et al., 2010; Edelenbos &
Kubanek-German, 2004).

Inaccurate evaluations, in turn, interfere with all of the above-mentioned processes and can thus impede students’
learning progress (for mathematics, cf. Anders et al., 2010). Accurately evaluating what students understand and where
their deficits are during the learning process can be seen as the basis for adaptive teaching (Baumert & Kunter, 2006).

In one of the few studies investigating the effects of judgment accuracy of teachers on student achievement, Helmke and
Schrader (1987) showed that high judgment accuracy combined with – and only if combined with – appropriate
instructional techniques were particularly favorable for classroom growth of achievement. The authors argue that
‘‘diagnostic sensitivity, therefore, can be regarded as a necessary precondition for the successful use of structuring cues.’’
(p. 96) At the same time, high judgment accuracy was negatively related to growth of achievement when individual support
was not provided by the teacher. While these results applied for all students, they might be especially relevant when
considering implications of our findings for bilingual immigrant students. If quality of instruction is influence by the
diagnostic sensitivity of teachers (Helmke & Schrader, 1987, p. 97), it is problematic when the diagnostic sensitivity
systematically differs for different students groups. Although our data do not allow conclusions about the individual
support that teachers supply for their students, an overestimation of bilingual students’ performance could result in less
support for that particular group. More research is still necessary to investigate implications of diagnostic accuracy on the
learning progress of students.

International large-scale assessments have documented an academic achievement gap between majority and minority
students, especially in Germany (Stanat & Christensen, 2006). Educational and social scientists have investigated several
potential causes of this ethnic achievement gap, such as differences in allocation of resources (including financial, cultural,
and social capital), and differences in aspirations related to education; however, the role of teachers and how they evaluate
students of different origins remains an important issue.
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Previous research has focused on potential bias in teachers’ expectations, assessments, beliefs, and behavior. In this
article, however, we have argued that teachers may have difficulty to accurately evaluate, and thus appropriately support,
minority students’ performance because they fail to recognize these students’ language difficulties. Another implication we
can draw is thus that teachers need to be trained to assess the linguistic complexity of their teaching materials and to
recognize their students’ language problems (especially where bilingual students are concerned). As our study shows, this
does not apply solely to teachers of language arts. Accurate evaluations of what students know and where they need special
assistance are vital for improving the quality of instruction. Chang (2008) has argued that improving the quality of classroom
practice will lead to better cognitive outcomes, especially for language minority students. Her research has revealed that
teacher-directed whole-class activities pose problems for language minority students. One reason for this finding may be
that such activities do not give teachers the opportunity to obtain feedback on the accuracy of their evaluations and to learn
more about their students’ individual problems (e.g., language or comprehension problems). If teachers fail to identify
students’ learning problems, however, those students will fall behind. In the case of students with immigration background,
this is clearly already happening—not only in Germany.
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Appendix A. Appendix

Level Model Description

Equations for model 1

Level 1: Yijk = p0jk + eijk (Level 1)

Level 2: p0jk = b00k + b01k X1jk + b02k X2jk

+ b03k X3jk + b04k X4jk + b05k X5jk + r0jk

(Model for level-1 intercept parameter plus random component)

Level 3: b00k = g000 + u00k (Model for level-2 intercept parameter plus random component)

b01k = g010 (Model for level-2 slope parameter)

b02k = g020 (Model for level-2 slope parameter)

b03k = g030 (Model for level-2 slope parameter)

b04k = g040 (Model for level-2 slope parameter)

b05k = g050 (Model for level-2 slope parameter)

Equations for model 2

Level 1: Yijk = p0jk + p1jk E1jk + eijk (Level 1)

Level 2: p0jk = b00k + b01k X1jk + b02k X2jk

+ b03k X3jk + b04k X4jk + b05k X5jk + r0jk

(Model for level-1 intercept parameter plus random component)

p1jk = b10k + b11k X4jk + b12k X5jk + r0jk (Model for level-1 slope parameter plus random component)

Level 3: b00k = g000 + u00k (Model for level-2 slope parameter plus random component)

b01k = g010 (Model for level-2 slope parameter)

b02k = g020 (Model for level-2 slope parameter)

b03k = g030 (Model for level-2 slope parameter)

b04k = g040 (Model for level-2 slope parameter)

b05k = g050 (Model for level-2 slope parameter)

b10k = g100 (Model for cross-level interaction)

b11k = g110 (Model for cross-level interaction)

b12k = g120 (Model for cross-level interaction)

Criterion and predictor variables: Yijk: criterion; teachers’ overestimation of students’ performance for word problem i and student j in classroom k. P1jk:

Level-1 predictor; linguistic complexity of problem for student j in classroom k (dummy coded: 0 = linguistically low, 1 = linguistically high). X1jk: Level-2

predictor; socioeconomic background of student j in classroom k; X2jk: Level-2 predictor; mathematical achievement of student j in classroom k. X3jk: Level-

2 predictor; reading achievement of student j in classroom k. X4jk: Level-2 predictor; immigration background of student j in classroom k (monolingual

dummy; 1 = monolingual immigrant students). X5jk: Level-2 predictor; language background of student j in classroom k (bilingual dummy; 1 = bilingual

immigrant students).
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Leistungen ihrer Schülerinnen und Schüler. [Mathematics teachers’ diagnostic skills and their impact on students’ achievements]. Psychologie in Erziehung und
Unterricht, 57, 175–193.

A. Hachfeld et al. / International Journal of Educational Research 49 (2010) 78–91 89



Author's personal copy

Artelt, C., Stanat, P., Schneider, W., & Schiefele, U. (2001). Lesekompetenz: Testkonzeption und Ergebnisse [Reading literarcy: Test conception and results]. In J.
Baumert, E. Klieme, M. Neubrand, M. Prenzel, U. Schiefele, W. Schneider, P. Stanat, K.-J. Tillmann, & M. Weiß (Eds.), PISA 2000. Basiskompetenzen von
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