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Abstract
Previous research revealed that students who are overestimated in their ability by 
their teachers experience school more positively than underestimated students. In 
the present study, we compared the socio-emotional experiences of N = 1516 stu-
dents whose cognitive abilities were overestimated, accurately judged, or under-
estimated by their teachers. We applied propensity score matching using students’ 
cognitive ability, gender, language, parental education, and teacher’s acquaintance 
with them as covariates for building the three student groups. Matching students 
on these variables, reduced the original sample size to subsamples with n1 = 348, 
and n2 = 312 with exact matching including classroom. We compared overestimated, 
accurately judged, or underestimated students in both matching samples in their 
socio-emotional profiles (comprised of academic self-concept, joy of learning, at-
titude towards school, willingness to make an effort, social integration, perceived 
class climate, and feeling of being accepted by the teacher) by linear discriminant 
analyses. Groups significantly differed in their profiles. Overestimated students had 
the most positive socio-emotional experiences of school, followed by accurately 
judged students. Underestimated students experienced school most negatively. Dif-
ferences in experiences were most pronounced for the learning environment (me-
dium to large effects for academic self-concept, joy of learning, and willingness to 
make an effort; negligible effect for attitude towards school) and less for the social 
environment (medium effects for feeling of being accepted by the teacher; negli-
gible effects for social integration and perceived class climate).
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1 Theoretical background

1.1 Introduction

How students experience school influences their socio-emotional and personal devel-
opment. A positive attitude towards school and good social integration at school fos-
ter students’ socio-emotional and personal growth (Aviles et al., 2006) and academic 
success (Lam et al., 2018). Teachers are heavily involved in students’ socio-emo-
tional experiences of school (SEES); they are central reference persons for students 
and influence the class’s academic and social climate. Accordingly, students’ posi-
tive SEES are associated with teacher support and their relationship with the teacher 
(Aviles et al., 2006; Heller et al., 2012; Rucinski et al., 2018), teachers’ early child-
hood specialization (Nocita et al., 2020), and teachers’ classroom management skills 
(Korpershoek et al., 2016).

Several studies have investigated the relation between students’ SEES and 
whether they are over- or underestimated by their teachers. The results consistently 
show that students who are underestimated in their achievement are at a disadvantage 
compared to students who are overestimated. For example, underestimated students 
have a more negative self-concept, enjoy school less, and feel less supported by their 
teachers and peers (e.g., Rubie-Davies & Peterson, 2016; Urhahne, 2015). Most stud-
ies in this research field have focused on teacher judgments of students’ achievement. 
However, examining teacher judgments of students’ cognitive ability—rather than 
academic achievement—in relation to students’ SEES is important because teachers 
tend to make larger misjudgments for students’ cognitive abilities compared to their 
academic achievement (Machts et al., 2016; Südkamp et al., 2012). There is initial 
evidence supporting the idea that students’ SEES is related to their teachers’ judg-
ments of their cognitive ability. A longitudinal study with primary school students 
by Baudson (2011) found that children who were underestimated by their teachers 
in terms of cognitive ability developed less positively in their academic self-concept, 
interest, and attitude towards school one year later compared to students who were 
overestimated. However, other factors could be responsible for the observed differ-
ences in the students’ development in this study and more research is needed with 
matched student samples. In addition, most studies in this area have only investigated 
students in Grade 4 and above. However, positive experiences in school are particu-
larly relevant in the early school years, and they are a crucial starting point for further 
learning and socio-emotional development (Aviles et al., 2006). Therefore, there is a 
need for studies with younger students in their primary school years.

In the present study, we add to the literature by investigating a large sample of 
primary school students in Grades 1 to 4. We assessed multiple dimensions of stu-
dents’ SEES and teacher judgments of students’ cognitive ability, and controlled for 
potential confounding variables by matching underestimated, accurately judged, and 
overestimated students on these variables using propensity score matching (PSM). 
Our findings may serve to heighten the awareness of possible positive and negative 
associations between teacher judgments of students’ abilities and students’ SEES.

1 3



Socio-emotional experiences of primary school students: Relations to…

1.2 Students’ socio-emotional experiences of school

Students’ SEES constitute mental representations of the school environment gained 
from their experiences. It is a collective term for a multitude of constructs related 
to the experience of school. De Fruyt et al. (2015) defined students’ SEES rather 
broadly as thoughts, feelings, and behaviors developed through learning experiences. 
Primi et al. (2021) proposed more specific skills covering socio-emotional function-
ing in adolescents (i.e., self-management, engaging with others, amity, negative emo-
tion regulation, and open-mindedness). Rauer and Schuck (2003) defined SEES as 
the perception and evaluation of the school environment, one’s social relationships 
and integration, school- and learning-related climate, and one’s own competency. 
The different dimensions of students’ SEES can broadly be grouped into relation-
ships (with other students and the teacher) and characteristics of the classroom and 
the school (Eder, 2018; Grewe, 2017). Similarly, Gnas et al. (2022a) distinguished 
between the experience of the learning environment and the experience of the social 
environment. The experience of the learning environment includes students’ aca-
demic self-concept, their joy of learning, their attitude towards school, and their will-
ingness to make an effort; the experience of the social environment includes students’ 
perceptions of their social integration, their feeling of being accepted by the teacher, 
and the class climate (see Rauer & Schuck, 2003; for definitions, see Table 1).

Several factors are associated with students’ SEES. First, girls experience school 
more positively than boys on average (Bergold et al., 2020; Likhanov et al., 2020; 
Van Rossem & Vermande, 2004). Secondly, positive SEES are related to a positive 
working atmosphere at school (e.g., high levels of teacher acquaintance with the 
student, existence of rules in the classroom, low performance goals and competitive 
pressure; Hofmann & Siebertz-Reckzeh, 2008; Johns, 2020). Thirdly, social support 
from peers or adults, such as parents, caregivers, or teachers, promotes positive SEES 
(Aviles et al., 2006). Since students spend a significant part of their lives in school, 
teachers play a particularly important role. Students’ SEES are associated with their 
relationship with the teacher (Heller et al., 2012; Rucinski et al., 2018), teachers’ 
classroom management (Korpershoek et al., 2016), and teachers’ specialization in 
early childhood education and care, which might be explained by the fact that they 
gain specialized knowledge and skills that enable them to interact with children in 
ways that are effective at supporting their future development (Nocita et al., 2020). 
Moreover, teacher judgments of students’ achievement or ability are related to stu-
dents’ SEES (Wang et al., 2018).

1.3 Teacher judgments and students’ socio-emotional experiences of school

In the following, we introduce teacher judgments and their accuracy, and present 
findings on teacher judgments of students’ achievement and ability. Below, we sum-
marize methods for studying over- and underestimation. We then review findings of 
studies comparing the SEES of students who are overestimated and underestimated 
by their teachers.
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1.3.1 Teacher judgments of students’ achievement and ability

One central part of teachers’ professional competency is their diagnostic competency 
(Baumert & Kunter, 2011). It can be defined as the competency to correctly judge 
a student or task concerning a specific characteristic (Urhahne & Wijnia, 2021). In 
research, the term is used interchangeably with teacher judgment accuracy (TJA; 
Urhahne & Wijnia, 2021). Teachers high in this competency can judge task char-
acteristics, such as the demands that certain learning tasks make for students, and 
student characteristics, such as their cognitive ability. Teachers who are low in judg-
ment accuracy, to various extents, over- or underestimate student or task characteris-
tics. Research distinguishes between relative and absolute TJA (Urhahne & Wijnia, 
2021). Relative TJA concerns the relation (e.g., the correlation) between the teacher 
judgment of task or student characteristics and the actual characteristics of the task or 
student. Absolute TJA concerns the difference between the judged and actual task or 
student characteristic and allows consideration of both the magnitude and direction 
of judgment inaccuracies (i.e., over- and underestimation).

Dimension Definition
Experience of the learning environment
Academic 
self-concept:

Mental representation of one’s own aca-
demic abilities in general and in different 
academic domains (Brunner et al., 2010).

Joy of learning: Overarching concept that covers all 
emotions and emotional states occurring 
at school or learning (e.g., the emotion 
of achievement resulting from persistent 
work; Rantala & Määttä, 2012).

Attitude towards 
school:

Interests in school in relation to classroom 
factors (e.g., boredom or fun activities), 
views of teachers (e.g., helpfulness), and 
relations with classmates (Şeker, 2011).

Willingness to make 
an effort:

Willingness to exert one’s best effort 
toward learning (e.g., to comprehend 
complex ideas or master difficult skills; 
Fredricks et al., 2004).

Experience of the social environment
Social integration: Process by which an individual interacts 

and connects with others and assimilates 
within a group (Jung et al., 2022).

Feeling of being 
accepted:

Perception of feeling liked and treated 
with kindness, caringly, and supportively 
by the teacher (Košir & Tement, 2014; 
Rauer & Schuck, 2003).

Class climate: Perceived typical environment within 
a classroom resulting from individual 
perception, processing, and evaluation 
of meaningful environmental conditions 
(Götz et al., 2008; Peter & Dalbert, 2010).

Table 1 Definitions for the 
dimensions of students’ socio-
emotional experiences of school
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To date, most of the studies on TJA have focused on relative TJA concerning judg-
ments of students’ academic achievement and cognitive ability1. Three meta-analyses 
examined TJA by correlating teacher judgments with students’ actual achievement or 
cognitive ability. The results demonstrate that teachers are more accurate in judging 
students’ achievement (r =.66 in 16 studies with 55 effect sizes, Hoge & Coladarci, 
1989; r =.63 in 75 studies with 73 effect sizes, Südkamp et al., 2012) than students’ 
cognitive ability (r =.43 in 33 studies with 106 effect sizes; Machts et al., 2016).

1.3.2 Studying overestimated versus underestimated students: methodological 
considerations

Absolute TJA allows researchers to investigate over- and underestimation. The lit-
erature reports two ways of operationalizing absolute TJA: residuals and the level 
component. Residuals are derived from regressing teacher judgments on student 
characteristics or vice versa. They display the share of variance in teacher judgments 
not explained by the actual student characteristic (e.g., Gentrup et al., 2020). The 
level component represents the difference between the values of teacher judgments 
and the actual student values (e.g., Zhou & Urhahne, 2013)

For studying over- and underestimation, the residuals or the level component can 
be used either as continuous variables or by using cut-offs to build groups of under-
estimated, overestimated, or accurately judged students. Both approaches have been 
used for the comparison of over- and underestimated students and their SEES (see 
Table 2). The comparison has been conducted by using TJA as a cut-off variable (e.g., 
binary: overestimated vs. underestimated students) or as a continuous variable (e.g., 
increasing residuals for decreasing TJA). Furthermore, for studying the relation of 
over- and underestimation with SEES, the studies either conducted group compari-
sons (e.g., comparing overestimated and underestimated students in their SEES) or 
analyzed relations (e.g., TJA served as a predictor for/was correlated with students’ 
SEES).

1.3.3 Overestimated versus underestimated students’ socio-emotional experiences 
of school

Table 3 summarizes the findings from studies on students’ SEES in relation to teach-
ers’ over- and underestimation. Most of the findings are related to the experience of 
the learning environment, and only a few are related to the experience of the social 
environment. In five studies, students’ achievement was the characteristic judged by 

1  Academic achievement can be defined as “performance outcomes that indicate the extent to which a 
person has accomplished specific goals that were the focus of activities in instructional environments, 
specifically in school, college, and university.” […] (Steinmayr et al., 2014). It is mostly operationalized 
by school grades or standardized test performance. Cognitive ability can be defined as “any ability that 
concerns some kind of cognitive task” as “any task in which correct and appropriate processing of mental 
information is critical to successful performance” (Carroll, 1993, p.10). The relation between cognitive 
ability and academic achievement is high but far from perfect. Meta-analyses reveal 29% common vari-
ance for school grades (Roth et al., 2015) and 54% common variance for standardized achievement tests 
(Zaboski et al., 2018).
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the teachers; in two studies, it was students’ cognitive or mathematical ability. Six 
studies reported actual TJA, and one study by Gniewosz and Watt (2017) reported 
students’ perception of TJA. Four studies took place in primary school, and three took 
place in secondary school. Half the studies did not include any control variables; the 
other half included only a few (mostly student achievement). Five studies were car-
ried out cross-sectionally, whereas two studies investigated the long-term effect of 
over- and underestimation on students’ SEES using a longitudinal design. The sam-
ples varied between 144 and 1271 students; however, six of eight studies had samples 
with N < 300. Finally and most importantly, most of the findings were significant and 
all were in favor of overestimated students. That is, overestimated students perceived 
their learning and social environment more positively than underestimated students.

Furthermore, Table 3 shows the effect sizes by which over- and underestimated 
students differed in various dimensions of the experience of the social and learning 
environment2. More specifically, effects for the experience of the social environment 
were either small or not significant. Small effects were found for perceived teacher 

2  The studies used the following effect parameters: d (Urhahne et al., 2011), β (Baudson, 2011; Gniewosz 
& Watt, 2017), r (Rubie-Davies & Peterson, 2016), and η2

p (Stang & Urhahne, 2016; Urhahne, 2015; Zhou 
& Urhahne, 2013). The categorization into different effect sizes was based on Cohen’s (1988) classifica-
tion, according to which d ≥ 0.2 is regarded as a small effect, d ≥ 0.5 as a medium effect, and d ≥ 0.8 as a 
large effect. β, r, and η2

p were converted correspondingly (Lenhard & Lenhard, 2016).

Cut-off vari-
able& group 
comparison

Cut-off vari-
able& analysis 
of relations

Continuous 
variable& 
analysis of 
relations

Description Absolute TJA is 
divided into cat-
egories (usually 
overestimation 
and under-
estimation); 
analyses are 
based on group 
comparisons

Absolute TJA is 
divided into cat-
egories (usually 
overestimation, 
accurate judg-
ment, and un-
derestimation); 
categorical 
variable serves 
as predictor in a 
regression

Absolute 
TJA (in 
some cases 
only over-
estimation) 
serves as 
continuous 
predictor in 
a regression

Methods used (Multivariate) 
analysis of vari-
ance, t-test

(Multilevel) 
regression, 
correlation

(Multilevel) 
regression

References Stang and 
Urhahne (2016), 
Urhahne (2015), 
Urhahne et al. 
(2011), Urhahne 
et al. (2010), 
Zhou and 
Urhahne (2013)

De Boer et al. 
(2010), Rubie-
Davies and 
Peterson (2016), 
Gentrup et al. 
2020)

Baudson 
(2011), 
Gentrup et 
al. (2020), 
Gniewosz 
and Watt 
(2017), 
Ready and 
Chu (2015), 
Rubie-
Davies et 
al. (2014)

Table 2 Methodological ap-
proaches for comparing over- 
and underestimated students

Note. 8 of 12 studies 
compared overestimated 
and underestimated students 
in terms of their socio-
emotional experiences of 
school (see Table 3), the other 
4 studies examined students’ 
achievement (development).
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Study Learning 
environment

Social 
environment

Directionof 
effect

Judged-
student 
characteristic

Control 
variables

Grade 
level

Study 
design

N
(students)

Baudson 
(2011)

Change in 
academic 
self-concept 
(M)
Change in 
academic 
interest (S)
Change 
in attitude 
towards 
school (S)

Change 
in feeling 
of being 
accepted 
(n.s.)
Change 
in social 
integration 
(n.s.)
Change in 
perceived 
class cli-
mate (n.s.)

Positive 
predictiona

Positive 
predictiona

Positive 
predictiona

Cognitive 
ability

Grade 
level

1–4 Lon-
gitudi-
nal
(1-
year 
time 
lag)

216

Gniewo-
sz and 
Watt 
(2017)

Change in 
intrinsic 
value of 
math (S)
Change in 
utility value 
of math (S)

Positive 
predictionbc

Positive 
predictionbc

Mathemati-
cal ability

Gender
Socio-
eco-
nomic 
status
Math-
ematics 
test 
grade

7–10 Lon-
gitudi-
nal
(1-
year 
time 
lag)

1271

Rubie-
Davies 
and 
Peterson 
(2016)

Perfor-
mance 
goals (S)
Self-effica-
cy (S)

Perceived 
teacher sup-
port (S)
Perceived 
peer sup-
port (S)

Positive 
correlationc

Positive 
correlationc

Positive 
correlationc

Positive 
correlationc

Math-
ematical 
achievement

/ 7–8 Cross-
sec-
tional

834

Stang 
and 
Urhahne 
(2016)

Perceived 
teacher be-
havior (S)

O > U Math-
ematical 
achievement

Math-
ematical 
achieve-
ment

5 Cross-
sec-
tional

294

Urhahne 
(2015)

Academic 
self-concept 
(L)
Enjoyment 
(L)
Expectancy 
of success 
(L)
Level of 
aspiration 
(M)
Learning 
goal orien-
tation (M)
Test anxiety 
(S)

Perceived 
teacher 
behavior 
(S/n.s.)

O > U
O > U
O > U
O > U
O > U
O < U
O > U

Linguistic 
achievement

Lin-
guistic 
achieve-
ment

6 Cross-
sec-
tional

246

Table 3 Studies on students’ socio-emotional experience of school in relation to teacher over- and 
underestimation
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support and behavior as well as perceived peer support (Rubie-Davies & Peterson, 
2016; Stang & Urhahne, 2016; Urhahne, 2015); nonsignificant effects were found 
for changes in feelings of being accepted, social integration, and perceived class cli-
mate (Baudson, 2011). Effects for the experience of the learning environment were 
heterogeneous. Looking at the dimensions more closely, it becomes clear that the 
largest effects (medium to large effect sizes) were consistently present for academic 
self-concept and enjoyment (Baudson, 2011; Urhahne, 2015; Urhahne et al., 2010, 
2011). Furthermore, (consistently) small effects were found for changes in academic 
interest and attitude towards school, as well as students’ self-efficacy and test anxiety 
(Baudson, 2011; Rubie-Davies & Peterson, 2016; Urhahne, 2015; Urhahne et al., 
2010, 2011). The remaining dimensions were more heterogeneous: small, medium, 
and large effects were found for expectancy of success and attribution for success/
failure (Urhahne et al., 2010, 2011; Urhahne, 2015; Zhou & Urhahne, 2013); and 

Study Learning 
environment

Social 
environment

Directionof 
effect

Judged-
student 
characteristic

Control 
variables

Grade 
level

Study 
design

N
(students)

Urhahne 
et al. 
(2011)

Academic 
self-concept 
(M)
Expectancy 
of success 
(S)
Text anxi-
ety (S)
Level of 
aspiration 
(n.s.)
Learn-
ing goal 
orientation 
(n.s.)

O > U
O > U
O < U

Math-
ematical 
achievement

/ 4 Cross-
sec-
tional

235

Urhahne 
et al. 
(2010)

Academic 
self-concept 
(L/M)
Expectancy 
of success 
(L/M)
Test anxiety 
(M/S)
Level of 
aspiration 
(n.s.)
Learning 
motivation 
(n.s.)

O > U
O > U
O < U

Math-
ematical 
achievement

/ 4 Cross-
sec-
tional

144/
272

Zhou 
and 
Urhahne 
(2013)

Attribution 
for success/
failure 
(M/S)

O > U Math-
ematical 
achievement

/ 4 Cross-
sec-
tional

144

Note L = large effect, M = medium effect, S = small effect, n.s. = (p <.05), O = overestimation, 
U = underestimation; a residuals, b level component, c only overestimation

Table 3 (continued) 
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nonsignificant, small, and medium effects were found for motivational variables (i.e., 
students’ learning motivation, learning goals, level of aspiration, and changes in util-
ity and intrinsic values; Gniewosz & Watt, 2017; Rubie-Davies & Peterson, 2016; 
Urhahne, 2015; Urhahne et al., 2010; Urhahne et al., 2011). Altogether, overesti-
mated and underestimated students descriptively differed more in their experience 
of the learning environment compared to their experience of the social environment. 
However, the findings mainly concern the TJA of academic achievement and there 
are more findings for the experience of the learning environment than for the social 
environment.

Relations between TJA and socio-emotional experiences of school are often 
explained by the relationship—or more specifically the interaction—between teachers 
and their students. In general, research shows that the relationship between teachers 
and their students is highly relevant for the socio-emotional experiences, develop-
ment, and learning at school. The large-scale meta-study by Hattie (2009) with over 
800 meta-analyses showed that, among various factors related to the teacher, the 
teacher-student interaction (e.g., allowing the experiences of the child to be recog-
nized in the classroom, listening or empathy) had one of the strongest effects on 
student learning. Moreover, several recent meta-analyses showed small to moderate 
correlations between teacher-student relationships and student outcomes in (primary) 
school (e.g., motivation, well-being, engagement, learning participation, academic 
emotions; Emslander et al., 2023; Lei et al., 2018; Li & Xue, 2023).

In this context, relations between TJA and socio-emotional experiences of school 
are often explained by a teacher-student interaction model by Brophy and Good 
(1970) and Brophy (1983). In their 6-step model, the authors elaborated the processes 
of interaction between students and the teacher: (1) The teacher has different expecta-
tions regarding students’ performance or ability. (2) Consistent with these expecta-
tions, the teacher behaves differently toward his or her students. (3) The students 
react differently to the teacher because they have been treated differently by him or 
her. (4) If teacher behavior remains stable over time and if students do not change 
their behavior over time, it is likely to affect their experiences in the classroom, such 
as their self-concept, motivation, and social interactions. (5) These effects then con-
firm and reinforce teacher expectations, and students conform more to these expecta-
tions than they would have done otherwise. (6) Finally, this will lead to differences in 
students’ performance and other outcomes such as their SEES.

1.4 The present study

Previous research has shown that overestimated and underestimated students sys-
tematically differ in their SEES—always in favor of overestimated students (e.g., 
Urhahne, 2015). Most of this research deals with the TJA of academic achievement, 
and rarely with cognitive ability. However, especially in primary school, it is relevant 
to focus more on judging academic ability than achievement, since primary school 
students have relatively short learning histories in which they have received formal-
ized instruction. Differences between overestimated and underestimated students 
seem to be stronger for the experience of the learning environment compared to the 
experience of the social environment. However, there are very few findings for the 
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social environment. Thus, our research goal is to describe and compare students who 
are overestimated, underestimated, or accurately assessed by their teachers in terms 
of their cognitive abilities in their SEES in both the learning and social environment. 
Based on our literature review, our hypotheses were as follows:

1. Students’ SEES of school differ depending on the TJA of the teachers judging 
their cognitive ability, such that: (a) overestimated students experience school 
more positively than accurately judged and underestimated students, and (b) 
accurately judged students experience school more positively than underesti-
mated students. That is, the three TJA groups differ in their experiences of the 
learning environment and of the social environment in school with overestimated 
students reporting the best experiences, followed by accurately judged students, 
and underestimated students reporting the worst experiences.

2. Differences in SEES between overestimated, accurately judged, and underesti-
mated students are stronger for the experience of the learning environment than 
for the experience of the social environment.

For our research design, we used group comparisons (see Table 2) because the pres-
ent study focuses on the description of different student groups. Group comparisons 
are more consistent with the person description approach whereas regression models 
are consistent with a variable-centered approach. Controlling the potential confounds 
in group comparisons can be achieved by matching students on relevant variables 
with statistical methods like PSM. The PSM approach has several strengths regard-
ing our study aims: as overestimated, underestimated, and accurately judged students 
cannot be randomly assigned to these groups, PSM allows for a quasi-experimental 
design. Further, instead of comparing all students, PSM compares only those that are 
particularly similar, which reduces biased estimates. Finally, PSM overcomes poten-
tial weaknesses in the regression approach: First, a causal direction has to be chosen, 
which is only partially suitable for cross-sectional data and, moreover, does not fit the 
student description approach of the present study. Second, in a regression, only the 
variance in the dependent variable (e.g., SEES) that has not already been explained 
by other covariates can be explained by the predictor variables. That is, when includ-
ing possible confounds in regression models as covariates, we would only explain 
partial variability in students’ SEES. This problem can be circumvented by PSM 
through matching students with regard to their teacher, classroom, cognitive ability, 
gender, parental background, and their teacher’s acquaintance with them. Matching 
for cognitive ability is crucial in order to only investigate relations with TJA and stu-
dents’ SEES without potential cognitive ability differences between students. Further, 
several studies have found that teacher judgments vary by student gender (e.g., Ber-
gold et al., 2021; Golle et al., 2023; Lavrijsen & Verschueren, 2020), level of parental 
education, and language background (Alvidrez & Weinstein, 1999; Baudson et al., 
2016a; Bergold et al., 2021; Gnas et al., 2022b; Golle et al., 2023; Wollschläger, 
2016), and teachers’ acquaintance with a student (Baudson et al., 2016a; Gnas et al., 
2022b), which can all be matched with PSM. The matched groups were then com-
pared using linear discriminant analyses, which allowed the investigation of students’ 
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SEES as a multidimensional profile of their experiences of the learning environment 
and the social environment.

2 Method

2.1 Sample

The sample originated from Project THINK, which is associated with the chair of 
giftedness research and education at the University of Trier, Germany. Within the 
project, an intelligence test for primary school students was developed (THINK 1–4; 
Baudson et al., 2016). The norm sample of THINK 1–4 included N = 2850 students 
(Grades 1 to 4) from 209 classrooms in 70 German schools, as well as their teachers 
and parents. They constitute a quasi-representative cross-sectional sample of students 
at public primary schools in Germany. Data collection was conducted between Sep-
tember 2012 and February 2014. In addition to the assessment of cognitive abili-
ties, the students, teachers, and parents filled out self-report questionnaires. Detailed 
information on data collection and the composition of the sample can be found in the 
THINK 1–4 manual (Baudson et al., 2016). Since the analyses of this study repre-
sent secondary analyses of the data, approval by the University of Trier IRB was not 
required.

After the data preparation (see below), the full sample included N = 1516 students 
(12.7% in Grade 1, 21.8% in Grade 2, 19.0% in Grade 3, and 46.4% in Grade 4) from 
32 schools and 119 classrooms. Of the students, 48.8% were girls and 51.2% were 
boys, with an average age of M = 8.50 years (SD = 1.28).

In addition to the student sample, data from 119 teachers were used, of whom 
89.4% were female and 10.6% were male, with an average age of M = 41.88 years 
(SD = 11.56) and an average work experience of M = 14.26 years (SD = 11.18). The 
teacher sample is representative in terms of age and gender distribution of the Ger-
man teacher population (88.5% female primary school teachers; Statista, 2023a; 68% 
teachers between 30 and 54 years; Statista, 2023b).

2.2 Propensity score matching

To minimize the impact of relevant covariates (i.e., students’ cognitive ability, gen-
der, language, parental education, and teacher acquaintance with them), we balanced 
these variables between the three TJA groups (i.e., overestimated, accurately judged, 
and underestimated students) using PSM (Rosenbaum & Rubin, 1983, 1984). In the 
process, original group subsamples are compared and matched on relevant covariates 
(i.e., matching variables), reducing original group sample sizes. The goal is to create 
a selected constellation of grouped triplets showing high equivalence in a composite 
measure representing all matching variables. The propensity score (PS), a person’s 
conditional probability of belonging to one of the index groups given their individual 
set of matching variable scores, has proven to be a reliable composite measure for 
matching procedures (Gu & Rosenbaum, 1993; Li, 2013).
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Our PSM procedure consisted of three steps. In step one, we estimated boosted 
regression PSs (cf., McCaffrey et al., 2004) representing individual conditional prob-
abilities pertaining to Group 1 (overestimated students) for all study participants 
given their cognitive ability, gender, language, parental education, as well as a score 
indicating teacher acquaintance with the student. This was achieved by using the 
twang-package (version 2.5; Ridgeway et al., 2015) in R statistics (4.2.0; R Core 
Team, 2021).

In step two, we applied a matching algorithm called the MAny-Group-MAtch-
ing-algorithm (MAGMA; Urban et al., 2023, 2024), which is uniquely capable of 
matching individuals from two or more groups. With previously estimated PSs as 
input, MAGMA iteratively matches triplets that have the lowest Mahalanobis dis-
tance scores regarding these PSs. This iterative procedure is repeated until all cases 
from the group with the lowest sample size (in this case Group 2, accurately judged 
students, n = 286) are matched. Meanwhile, MAGMA extracts the iteration of match-
ing, the respective distance, and a weight for inclusion. We conducted step two a sec-
ond time, adding the restriction of matching only individuals in the same classroom 
(i.e., exact matching) to acknowledge potential class-level context influences (i.e., 
to control for the nested data structure of students grouped in the same classes and, 
accordingly, judged by the same teacher).

In step three, continuous and binary covariates (ν = 4; language was dismissed 
from the balance assessment, as it only has nominal measurement properties) formed 
the input for balance estimation. Using the extracted step-variable and starting with a 
minimum sample size of n = 20 per group, we increased the sample size iteratively to 
find the optimal model considering balance and sample size. To do this, we compared 
the balance of all possible models with 20 ≤ n≤ 286 per group. Balance estimation 
builds on pairwise standardized mean differences (Cohen’s d), Pillai’s trace from a 
MANOVA across all covariates, and an average effect of absolute standardized mean 
differences (mean g) extracted with meta-analytical techniques (Fisher et al., 2017; 
Viechtbauer, 2010). The number of effects (Cohen’s d) smaller than a conventionally 
small effect (i.e., d < 0.20; Cohen, 1988) served as our main criteria for judging the 
models. For Pillai’s trace and mean g, smaller values indicate a better balance.

The PSM process was conducted for both matching variants—(1) matching with-
out restrictions and (2) exact matching including classroom. We applied the R pack-
ages psych (version 2.2.9.; Revelle, 2022) and robumeta (version 2.0; Fisher et al., 
2017) for balance estimation.

2.2.1 Matched sample 1

In the first matched sample, we did not consider the nested data structure resulting 
from classroom membership (i.e., matching without restrictions model). Matched 
Sample 1 included n = 348 students (13.8% in Grade 1, 26.4% in Grade 2, 16.4% 
in Grade 3, and 43.4% in Grade 4) from 32 schools and 109 classrooms. Of the stu-
dents, 53.3% were girls and 49.7% were boys with an average age of M = 8.44 years 
(SD = 1.28).
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2.2.2 Matched sample 2

In the second matched sample, we considered the nested data structure (i.e., exact 
matching including classroom). Matched Sample 2 included n = 312 students (10.6% 
in Grade 1, 21.2% in Grade 2, 21.2% in Grade 3, and 47.1% in Grade 4) from 28 
schools and 69 classrooms. Of the students, 56.4% were girls and 43.6% were boys 
with an average age of M = 8.60 years (SD = 1.24).

2.3 Measures

2.3.1 Socio-emotional experiences of school

Students’ SEES were measured by the FEESS-K (Baudson & Preckel, 2015) which 
comprises a short-version of the FEESS (Fragebogen zur Erfassung emotionaler und 
sozialer Schulerfahrungen von Grundschulkindern; in English ‘Questionnaire for the 
Assessment of Emotional and Social School Experiences of Primary School Chil-
dren’) by Rauer and Schuck (2003, 2004). The validity of the FEESS has been dem-
onstrated in Baudson et al. (2016), Rauer and Schuck (2003, 2004), Scherrer et al. 
(2016), and Schmidt et al. (2017). The validity of the FEESS-K was shown in Gnas 
et al. (2022a).

Experiences of the learning environment were assessed with the following scales: 
academic self-concept (e.g., ‘I do well in school’), joy of learning (e.g., ‘I enjoy 
learning’), attitude towards school (e.g., ‘I like to go to school’), and willingness to 
make an effort (e.g., ‘I do my best in school’). Experiences of the social environment 
were assessed with the following scales: social integration (e.g., ‘My classmates are 
nice to me’), class climate (e.g., ‘In the class, we all stick together’), and feeling of 
being accepted (e.g., ‘My teachers have time for me’). Each scale had 3 items, which 
were answered on a 3-point visual scale with a laughing smiley (= 2), a neutral smiley 
(= 1), and a sad smiley (‘frowny face’; = 0). Additionally, the scale points were ver-
bally anchored as ‘yes, that’s actually always true’, ‘that’s sometimes true, sometimes 
not’, and ‘no, that’s not quite true’.

2.3.2 Teacher judgments of cognitive ability

The scale for measuring teacher judgments of students’ cognitive ability was devel-
oped within the THINK project. The validity of the scales has been demonstrated in 
prior studies (Baudson et al., 2016a; Bergold et al., 2021; Gnas et al., 2022b). Teach-
ers judged their students’ cognitive ability on a rating scale with six items which 
describe student behaviors as indicators of general cognitive ability. The items are 
translated from the original German wording, for example: ’understands new learn-
ing content quickly’, ‘can remember most things the first time’, ‘recognizes connec-
tions very quickly’. The items were rated on a six-point Likert scale (1 = not correct 
at all, 6 = fully correct).
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2.3.3 Teacher judgment accuracy

Absolute TJA was measured by the z-standardized residuals of the regression of 
students’ cognitive ability (see below) on teachers’ judgment of students’ cognitive 
ability. While some other studies on TJA calculated the regression in the opposite 
direction (e.g., Gentrup et al., 2020), the regression in this study was calculated in 
the direction described because it corresponds to the content of the construct TJA 
(i.e., how predictive are teachers’ judgments of students’ cognitive ability of students’ 
actual cognitive ability?). This further ensured the comparability of our findings with 
previous studies of TJA using the same dataset (Gnas et al., 2022a, b; Wollschläger, 
2016). A residual of 0 corresponds to an accurate judgment, residuals > 0 indicate 
underestimation (i.e., higher cognitive ability than predicted by the teacher judg-
ment) and residuals < 0 indicate overestimation (i.e., lower cognitive ability than pre-
dicted by the teacher judgment).

2.3.4 Cognitive ability

Students’ cognitive ability was measured by the THINK 1–4 (Baudson et al., 2016). 
The test estimates the general cognitive ability of children in Grades 1 to 4 and con-
sists of 36 items. There are three subdimensions: figural reasoning (e.g., recognizing 
and applying regularities in graphic figures; three subscales), verbal reasoning (e.g., 
selecting an image that matches a word; two subscales) and numerical reasoning (e.g., 
completing incomplete number series; three subscales). The internal consistency in 
the norm sample was α = 0.77 to 0.82 (depending on the grade level). It is standardized 
and provides an IQ score (M = 100, SD = 15) for overall test performance. The factor 
structure could be confirmed by confirmatory factor analyses. Moreover, the test has 
good internal validity (strong correlation with other intelligence tests, e.g., Wechsler 
Intelligence Scale for Children, Petermann, F. & Petermann, U., 2011) and criterion-
related validity (e.g., positive relations to school grades and their development).

2.3.5 Language and parental educational attainment

Students’ native language was assessed in the parents’ questionnaire, differentiating 
between three categories: ‘only German’, ‘German and another language’, and ‘only 
another language’. Furthermore, parents’ highest educational attainment was assessed 
with 1 = ‘no graduation from secondary school’, 2 = ‘graduated from lowest second-
ary level’, 3 = ‘graduated from intermediate secondary level’, 4 = ‘graduated from 
highest secondary level’, 5 = ‘degree in tertiary education’, 6 = ‘doctoral degree.’ 
Only the highest educational attainment within each parent couple was reported.

2.3.6 Teacher acquaintance with the student

Teacher acquaintance with the student was measured in the teacher questionnaire 
by a single item (‘How well do you know the child?’) on a five-point Likert scale 
(1 = virtually not, 5 = very well).
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2.3.7 Gender

The students provided information on their gender during the testing process. It was 
collected binarily (1 = girl, 2 = boy).

2.4 Data analyses

2.4.1 Data preparation

To prepare the data, we used SPSS version 25.0 (IBM, 2021) and Mplus version 8.4 
(Muthén & Muthén, 1998–2019). First, we calculated scale scores when at least 70% 
of the items for that scale were answered. After this step, only cases without missing 
values on the main variables necessary to calculate TJA (i.e., ‘cognitive ability’ and 
‘teacher judgment of student cognitive ability’) were retained within the sample. Fur-
thermore, we deleted cases with missing values on the covariates for PSM.

2.4.2 Reliability estimation

We estimated reliability for our scales measuring the socio-emotional experiences 
of school and for the scale measuring the teacher judgments of cognitive ability. 
As a first indicator, we estimated Cronbach’s alpha (α). Cronbach’s alpha has some 
prerequisites such as tau equivalence, uncorrelated residuals, and normally distrib-
uted items (McNeish, 2018). Therefore, we also estimated the greatest lower bound 
(GLB; McNeish, 2018; Trizano-Hermosilla & Alvarado, 2016) and Raykov’s omega 
(ω; Raykov, 1997) as reliability indicators with less stringent assumptions. We used 
confirmatory factor analysis (CFA) to estimate Raykov’s omega and to test whether 
essential tau equivalence holds. Further model information and the results of the CFA 
are included in Appendix B (supplementary materials).

2.4.3 Underestimated, accurately judged, and overestimated students

In previous studies, different cut-offs were chosen for accurate vs. inaccurate teacher 
judgments. Some researchers argued that any value different from the actual cog-
nitive ability constitutes inaccurate judgments (e.g., Urhahne et al., 2011; Zhou & 
Urhahne, 2013). Others specified specific cut-off values, for example, inaccuracies 
of at least 0.25 SD (e.g., De Boer et al., 2010) or 0.5 SD (e.g., Urhahne, 2015). We 
set the cut-off at 0.25 SD, as, on the one hand, teachers cannot be expected to always 
judge their students perfectly (Urhahne, 2015); on the other hand, slight inaccuracies 
need to be treated as such (De Boer et al., 2010). Hence, our three TJA groups were z 
< -0.25 (overestimated students), z = − 0.25 to 0.25 (accurately judged students), and 
z > 0.25 (underestimated students).

2.4.4 Linear discriminant analyses

We used the matched data to calculate linear discriminant analyses in SPSS version 
25.0 (IBM, 2021). The method has the advantage of examining students’ SEES in 
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the form of a multidimensional profile of student experiences rather than comparing 
students on individual dimensions. First, the results show the extent to which the 
linear combination of all SEES dimensions discriminates between n = 3 TJA groups 
(overestimated students, accurately judged students, underestimated students)—in 
other words, the extent to which the groups differ in their experiences related to the 
learning and social environment (Hypothesis 1). Secondly, the results show the rela-
tive importance of each dimension within the linear combination for the discriminant 
function—in other words, the contribution of each dimension to the differentiation 
of underestimated vs. accurately judged vs. overestimated students (Hypothesis 2). 
Altogether, n-1 discriminant functions are calculated in each analysis (i.e., 2 func-
tions). The second function explains the variance that is not explained by the first 
function and therefore does not necessarily have to be significant to interpret the 
results (see Rudolf & Buse, 2020).

We carried out the discriminant analysis for each PSM sample. The quality of 
the linear discriminant analyses was tested by the following parameters (Backhaus 
et al., 2015): The Eigenvalue 𝛾 indicates the relation of explained to unexplained 
variance. The canonical correlation c indicates how much of the total variance of 
the discriminant values can be explained by the discriminant function. Both values 
(𝛾 and c) are to be as large as possible. Wilks-Lambda (Λ) describes the relation 
of unexplained variance to total variance; subsequently, small values correspond to 
high discriminant qualities of the discriminant function. The inferential statistical χ2 
test demonstrates whether the linear combination significantly determines the group 
differences between overestimated versus accurately judged versus underestimated 
students. Finally, the overall classification rate reveals the assignment accuracy to the 
three TJA groups by the linear combination of students’ SEES.

3 Results

3.1 Descriptive statistics

Missing values for the dimensions of SEES were ≤ 2.50%, with the exception of joy 
of learning (4.12%) and feeling of being accepted (4.19%). Descriptive statistics of 
the continuous variables can be found in Table 4. There were no meaningful differ-
ences from the overall norm sample (see last column in Table 4). Data were normally 
distributed, except for willingness to make an effort, which was left-skewed. Reli-
ability was acceptable to excellent for most of the scales (except for two scales: 
willingness to make an effort and class climat

Bivariate correlations with corrected standard errors for all analysis variables for 
the full study sample are reported in Table 5. All dimensions of the SEES correlated 
positively with each other (r = .18 to .71, p < .01). Teacher judgments of students’ cog-
nitive ability positively correlated with almost all variables. TJA correlated weakly or 
not significantly with the dimensions of the SEES (all correlations < .10). Moreover, 
TJA strongly correlated with students’ cognitive ability (r = .82, p < .01) and slightly 
correlated with parental education (r = .17, p < .01). This means that low cognitive 
ability and lower parental education was more likely associated with overestimation, 
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whereas high cognitive ability and higher parental education was more likely associ-
ated with underestimation.

3.2 Propensity score matching

3.2.1 Balance estimation

Relative influences of matching covariates on the PSs were 95.86% for students’ cog-
nitive ability, 2.89% for parental education, 0.94% for teacher acquaintance with the 
student, 0.23% for students’ gender, and 0.07% for students’ native language. Table 6 
shows balance criteria for the different matching solutions. For both the unrestricted 
(Sample 1) and the exact matching approach (Sample 2), the best d/max d model 
was preferable. This model reduced (almost) all pairwise effects below the threshold 
of a small effect size (d < 0.20), showed comparable balance on other estimates, but 
excelled in having a considerably larger sample size per group compared to the best 
mean g or the best Pillai’s trace solutions. Thus, the selected analytic sample con-

Table 4 Descriptive statistics and reliabilities of the continuous variables in the full sample, and compari-
son with the norm sample (Cohen’s d)

N Min. Max. M SD Skew-
ness 
(SE)

Kurto-
sis
(SE)

α GLB ω d

Academic 
self-concepta

1482 0.00 2.00 1.61 0.43 -0.79 
(0.06)

-0.23 
(0.13)

0.73 0.74 0.73 0.05

Joy of learninga 1456 0.00 2.00 1.63 0.47 -1.22 
(0.06)

0.83 
(0.13)

0.77 0.78 0.78 0.01

Attitude towards 
schoola

1482 0.00 2.00 1.46 0.62 -0.93 
(0.06)

-0.20 
(0.13)

0.88 0.88 0.88 0.00

Willingness to 
make an efforta

1479 0.00 2.00 1.84 0.30 -2.31 
(0.06)

6.37 
(0.13)

0.57 0.60 0.60 0.02

Social integrationa 1487 0.00 2.00 1.67 0.41 -1.24 
(0.06)

1.27 
(0.13)

0.66 0.67 0.65 0.02

Class climatea 1485 0.00 2.00 1.60 0.41 -0.83 
(0.06)

0.01 
(0.13)

0.58 0.60 0.60 0.04

Feeling of being 
accepteda

1455 0.00 2.00 1.75 0.38 -1.74 
(0.06)

3.04 
(0.13)

0.69 0.70 0.70 0.03

Teacher judg-
ment of cognitive 
abilityb

1516 1.17 6.00 4.58 1.08 -0.73 
(0.63)

− 0.022 
(0.13)

0.96 0.97 0.94 0.01

Teacher judgment 
accuracyc

1516 -3.15 3.26 0.00 1.01 0.07 
(0.06)

-0.26 
(0.13)

n/a n/a n/a 0.00

Cognitive abilityd 1516 60.68 149.76 102.11 15.13 0.01 
(0.06)

-0.53 
(0.13)

.79f n/a n/a 0.01

Parental educationb 1516 1.00 6.00 3.88 1.15 -0.04 
(0.06)

-0.87 
(0.13)

n/a n/a n/a 0.07

Teacher acquain-
tance with studente

1516 1.00 5.00 3.96 0.71 -0.95 
(0.06)

2.55 
(0.13)

n/a n/a n/a 0.01

Note a scale = 0 to 2; b scale = 1 to 6; c value = 0 denotes accurate judgments, values > 0 denote 
underestimation, values < 0 denote overestimation; d IQ scale with M = 100, SD = 15; e scale = 1 to 5; 
fαnorm sample = 0.77 to 0.82; α = Cronbach’s alpha; GLB = greatest lower bound; ω = Raykov’s omega
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sisted of n = 348 for matching without restrictions and n = 312 for exact matching. 
Further statistics regarding the sample and the balance are reported in Appendix A.

3.2.2 Subsample comparisons

Table 7 shows the central tendency and dispersion for all matching covariates, 
including subsample comparisons using appropriate standardized difference values 
according to the respective scale of measurement (Sedlmeier & Renkewitz, 2013). 
In the full study sample, students in the three TJA groups differed in their cogni-
tive ability, with large effect sizes (d = -1.34 to -2.47). Underestimated students on 
average had the highest cognitive ability (M = 114.86, SD = 10.69), accurately judged 
students were in the middle (M = 102.17, SD = 8.58), and overestimated students had 
the lowest cognitive ability (M = 89.54, SD = 9.77). Moreover, students differed in 
their native language and their parental education, with small effect sizes (w = 0.24 
to 0.25, d = -0.38). Overestimated students showed a lower proportion of German 
native speakers compared to other languages (73.9%) than accurately judged (81.1%) 
or underestimated students (80.7%). Furthermore, overestimated students had a 
lower parental education (M = 3.66, SD = 1.14) compared to underestimated students 
(M = 4.11, SD = 1.21).

Overall, appropriate balance was achieved by PSM. In matched Sample 1, all dif-
ferences in students’ cognitive ability were smaller than 0.10. We found some small 
differences in students’ native language (w = 0.29): accurately judged students were 
more often German native speakers compared to underestimated students. In matched 
Sample 2, two pair comparisons exceeded the target value for Cohen’s d: underesti-
mated students had a higher cognitive ability than accurately judged (d = -0.55) and 
overestimated (d = -0.73) students.

3.3 Linear discriminant analyses

3.3.1 Assumptions

We tested the assumptions of linear discriminant analyses by bivariate correlations 
(independence), boxplots (outliers), and histograms (normal distribution) of the 
dimensions of SEES (Büyüköztürk & Çokluk-Bökeoğlu, 2008). There was no mul-
ticollinearity in either matched sample (r ≤.65Sample 1, r ≤.71Sample 2). Furthermore, 
in both samples, three dimensions had no outliers (academic self-concept, attitude 
towards school, class climate), and the other dimensions had one to ten outliers. 
Finally, all distributions visually appeared skewed to the left. However, we only 
identified critical skewness and kurtosis values for willingness to make an effort both 
in Sample 1 (skewness = -2.15, SE = 0.13; kurtosis = 5.52, SE = 0.26) and Sample 2 
(skewness = -2.15, SE = 0.14; kurtosis = 4.78, SE = 0.28).

3.3.2 Main analyses

Due to their low reliability, we conducted the linear discriminant analyses with and 
without (see Appendix C, supplementary materials) the variables willingness to make 
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an effort and class climate. There were no meaningful statistical differences in the 
findings: in both cases, the χ2 test was significant for discriminant function 1 but not 
for discriminant function 2. Further, the correlations within the structure matrix were 
very similar (see Table 10 and Table C.2). Finally, the quality parameters of both 
analyses (see Table 8 and Table C.1) were very similar (i.e., 𝛾 = Eigenvalue, which 
indicates the ratio of explained to unexplained variance; c = canonical correlation, 
which indicates how much variance can be explained by the discriminant function; 
Λ = Wilks-Lambda, which describes the ratio of unexplained to total variance; % cor-
rect classification, which indicates the assignment accuracy to the groups). In the 
following, we therefore report the results of the analyses calculated with all variables.

Table 8 shows that the linear combination of all dimensions of SEES significantly 
determined differences between the three TJA groups for both matched samples 
(Hypothesis 1). Only discriminant function 1 was significant. Quality parameters 
were acceptable and very similar in both matching samples, with a slightly higher 
correct classification rate in Sample 1 compared to Sample 2 (45.0 vs. 42.0%). Within 
the three TJA groups, overestimated and underestimated students had the highest 
classification rates (Sample 1: 61.5 and 56.3%; Sample 2: 51.5 and 46.5%).

In order to take a closer look at differences between the three TJA groups, we cal-
culated discriminant function 1 at group centroids (i.e., the mean of the discriminant 
function scores by group; see Table 9; Fig. 1). Greater differences in values represent 
greater differences between the groups. Discriminant values and the group centroid 
of discriminant function 1 were on the negative side for underestimated students, 
in the middle for accurately judged students, and on the positive side for overesti-
mated students. In both matched samples, differences between accurately judged stu-
dents and overestimated students were similar to those for accurately judged students 
and underestimated students. In contrast, there were substantially larger differences 
between overestimated and underestimated students. To examine the direction of dif-
ferences, we calculated the structure matrix (see Table 10). It shows the correlation 
of each dimension with discriminant function 1. All dimensions showed positive cor-
relations, implying that more positive scores on the dimensions of SEES were associ-
ated with more positive scores on discriminant function 1—this means that positive 
scores were closest to overestimation, less close to accurate judgments, and least 
close to underestimation (see Fig. 1). Given the significant difference between the 
three TJA groups (see Table 8), the SEES of school were more positive for overesti-
mated compared to accurately judged students and underestimated students (Hypoth-

Criterion 
optimized

d/max d Pillai’s trace Mean g n per group

Matching without restriction (Sample 1)
Best Mean g 12/12 < 0.01 0.03 38
Best Pillai’s trace 11/12 < 0.01 0.03 58
Best d/max d 12/12 0.02 0.09 116

Exact matching (Sample 2)
Best Mean g 8/12 0.05 0.15 49
Best Pillai’s trace 6/12 0.04 0.18 46
Best d/max d 10/12 0.12 0.19 104

Table 6 Balance criteria for 
three group matching solutions

Note. d/max d represents how 
many d’s are below d < 0.20. 
If there are models with equal 
values for each criterion, the 
model with the highest n per 
group is presented
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esis 1a) and more positive for accurately judged students compared to underestimated 
students (Hypothesis 1b).

The next step was considering the relative importance of the dimensions of SEES 
for the discriminant function (i.e., dimensions on which students differed; Hypoth-
esis 2). High correlations within the structure matrix (see Table 10) indicate a high 
relative importance of the dimension for the classification. In line with the effect 
size classification used to present the studies in Table 3, we considered medium and 
large correlations (r ≥.3 or close to 0.3) as important for the classification (Cohen, 
1988). Students’ academic self-concept was most important in determining differ-
ences between the three groups of TJA (both samples; r = .965 or .740). Willingness 
to make an effort also considerably contributed to the group discrimination (both 
samples; r = .406 or .577). Furthermore, in both samples, joy of learning and feel-
ing of being accepted made an important contribution, however, with some slight 
differences between the samples. In Sample 1, the joy of learning had a higher rela-
tive importance than the feeling of being accepted (r = .407 vs .277); in Sample 2, 
the reverse pattern was present (r = .297 vs .413). The other variables (i.e., attitude 
towards school, social integration, and class climate) did not contribute meaningfully.

Figure 2 shows the characteristic profiles (based on z-standardized group means) 
for students in the three TJA groups (compact bars = experience of the learning 
environment, striped bars = experience of the social environment). In both samples, 
overestimated students experienced school more positively than the average of all 
students, whereas accurately judged students lay in the middle, and underestimated 
students experienced school more negatively than the average of all students. This 
pattern was also evident for the individual dimensions that emerged as particularly 
important within the linear discriminant analyses (academic self-concept and will-
ingness to make an effort). For the joy of learning, differences descriptively existed 
between overestimated and accurately judged or underestimated students but less 
between accurately judged and underestimated students. Overestimated students had 
an above-average enjoyment of learning, whereas accurately judged and underesti-
mated students lay near the average. For the feeling of being accepted, differences 
descriptively existed between underestimated and accurately judged or overestimated 
students but less between overestimated and accurately judged students. Underesti-
mated students felt less accepted by their teachers than the average, whereas accu-
rately judged and overestimated students lay near the average. Altogether, the results 
show that differences between overestimated, accurately judged, and underestimated 
students are stronger for dimensions of the experience of the learning environment 
(differences for the academic self-concept, willingness to make an effort, and joy of 
learning) than for dimensions of the experience of the social environment (differ-
ences found only for the feeling of being accepted; Hypothesis 2).
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Table 8 Quality parameters for the linear discriminant analyses
γ c Λ X2 (df) p % correct classification

Sample 1
function 1 0.155 0.366 0.857 50.193 (14) < 0.001 45.0
function 2 0.011 0.102 0.990 3.411 (6) 0.756
Sample 2
function 1 0.076 0.265 0.914 25.965 (14) 0.026 42.0
function 2 0.017 0.130 0.983 4.926 (6) 0.553
Note 𝛾 = Eigenvalue, which indicates the ratio of explained to unexplained variance; c = canonical 
correlation, which indicates how much variance can be explained by the discriminant function; 
Λ = Wilks-Lambda, which describes the ratio of unexplained to total variance

Structure matrix
Sample 1 Sample 2

Academic self-concept 0.965 0.740
Joy of learning 0.407 0.297
Attitude towards school 0.186 0.012
Willingness to make an effort 0.406 0.577
Social integration 0.072 0.039
Class climate 0.078 0.092
Feeling of being accepted 0.277 0.413

Table 10 Structure matrix of 
discriminant function 1
 

OE AJ UE
Sample 1 0.455 0.057 − 0.499
Sample 2 0.316 0.034 − 0.349
Note OE = overestimation, AJ = accurate judgment, 
UE = underestimation

Table 9 Discriminant function 1 
at group centroids
 

Fig. 1 Discriminant functions at group centroids and discriminant values for the three TJA groups. Note 
OE = overestimation, AJ = accurate judgment, UE = underestimation
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4 Discussion

4.1 Summary

In the present study, we investigated whether students differed in their SEES depend-
ing on the TJA of their cognitive ability. Furthermore, within the characteristic profile 
of various dimensions of SEES, we investigated whether possible differences were 

Fig. 2 Characteristic profiles (based on z-standardized group Means) for students of the three TJA 
groups. Note OE = overestimation, AJ = accurate judgment, UE = underestimation
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stronger for the experience of the learning environment compared to the experience 
of the social environment. We controlled possibly confounding variables by using 
PSM, which enables building groups of students who are comparable regarding these 
variables. Groups of overestimated, accurately judged, and underestimated students 
were then compared by linear discriminant analyses.

In line with Hypothesis 1, we found that students who were overestimated in their 
cognitive ability had more positive SEES than students who were accurately judged 
or underestimated (Hypothesis 1a), and students who were accurately judged had 
more positive SEES compared to students who were underestimated (Hypothesis 1b). 
In line with Hypothesis 2, we found that the three TJA groups especially differed 
in their academic self-concept, their willingness to make an effort, and their joy of 
learning (which are dimensions of the experience of the learning environment), but 
also, and not as expected, in their feeling of being accepted by teachers (which relates 
to the experience of the social environment). We found no substantial differences in 
students’ attitude towards school, social integration, and perceived class climate.

4.2 Matching samples

We compared overestimated, accurately judged, and underestimated students who 
were comparable in their cognitive ability, gender, parental background, and their 
teachers’ acquaintance with them. We used PSM to match students on these poten-
tially confounding factors. In research on over- and underestimated students, PSM 
has not been used before. In general, few studies have (systematically) controlled 
for confounding factors (e.g., Gniewosz & Watt, 2017; Urhahne, 2015; see Table 3). 
Compared to regression analysis or analysis of variance, PSM has the particular 
strength that information on common variance of covariates is preserved.

Two samples were created, with one that ignored the nested structure of the data 
(Sample 1) and one that additionally matched students based on their classroom 
(Sample 2). Both of the resulting matching samples had strengths and limitations. 
There were no relevant differences between students of the three TJA groups in 
almost all matching covariates in Sample 1. However, the process did not control for 
the possible influence of the class context or the judging teacher. By contrast, Sample 
2 considered this limitation, but students of the three TJA groups still differed in their 
cognitive ability with underestimated students having higher cognitive abilities than 
accurately judged or overestimated students.

4.3 How are students’ socio-emotional experiences of school related to teachers’ 
judgment accuracy?

There were no differences in findings between the matching samples with regard 
to Hypothesis 1. That is, findings were robust, with and without controlling for the 
nested data structure. Our findings with respect to Hypothesis 1 are well aligned with 
previous studies on SEES depending on TJA. Most studies compared students who 
were overestimated and underestimated in their achievement. The studies robustly 
suggest that overestimated compared to underestimated students are at advantage 
with respect to their SEES (e.g., Rubie-Davies & Peterson, 2016; Urhahne, 2015; 
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Urhahne et al., 2010). Our findings are also well aligned with findings showing that 
overestimation is not only more beneficial than underestimation, but also more ben-
eficial than accurate judgments— and that accurate judgments are more beneficial 
than underestimation for students’ SEES (Baudson, 2011; Gentrup et al., 2020). 
The findings are also consistent with studies showing a relation between students’ 
achievement and TJA, which demonstrated that overestimated compared to under-
estimated students have a higher academic achievement (Baudson, 2011; Gentrup et 
al., 2020; Rubie-Davies et al., 2014; Rubie-Davies & Peterson, 2016; Urhahne, 2015) 
and develop more positively in their achievement (De Boer et al., 2010; Stang & 
Urhahne, 2016). Furthermore, in a longitudinal study by Rubie-Davies et al. (2020), 
TJA at class level predicted students’ academic achievement and their perceived 
teacher support (higher values for students in overestimated compared to underesti-
mated classrooms).

One plausible explanation for these findings is the self-fulfilling prophecy—a 
false definition of the situation evoking a behavior which makes the original false 
expectation come true (Merton, 1948). This explanatory approach relates to the 
so-called expectation effects, which have often been studied in connection with 
achievement outcomes. In their systematic review, Wang et al. (2018) found that in 
primary and secondary schools, positive teacher expectations for students’ achieve-
ment were mostly associated with positive concurrent and future student outcomes. 
This included achievement outcomes, psychosocial outcomes such as students’ self-
concept and academic motivation, and other school-related behavioral outcomes. The 
findings on the relation between teacher expectations and psychosocial outcomes 
are also in line with the above described 6-step teacher-student interaction model by 
Brophy and Good (1970) and Brophy (1983).

Teacher expectation effects imply reciprocal effects between TJA and students’ 
SEES over time. Findings of two longitudinal studies found that initial TJA influ-
enced change in students’ SEES (Baudson, 2011; Gniewosz & Watt, 2017). At the 
same time, a teacher’s perception of a student’s SEES might affect the teacher’s judg-
ment of that student’s abilities. In line with this assumption, Gnas et al. (2022a) found 
that teachers judged comparable students’ cognitive abilities higher for those students 
who had higher academic self-concepts. Similarly, in their review, Wang et al. (2018) 
found that socio-psychological factors such as self-concept, self-efficacy, and self-
expectations partially mediated teacher expectation effects on academic achievement.

Overall, our results imply that, similar to TJA of achievement (e.g., Urhahne, 
2015;Urhahne et al., 2010, 2011), students differ depending on whether they are 
overestimated, accurately judged, or underestimated in their cognitive ability by their 
teachers. Our findings support the assumption that overestimation is more beneficial 
than accurate judgments and that underestimation has the most negative effects.

4.4 Experience of the learning versus social environment

The results of the present study revealed that students who were overestimated, accu-
rately judged, and underestimated in their cognitive ability, especially differed in their 
academic self-concept, willingness to make an effort, joy of learning, and feeling of 
being accepted by their teachers. That is, and in accordance with Hypothesis 2, TJA 
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was primarily related to the experience of the learning environment and less related 
to the experience of the social environment. Students differed most in their academic 
self-concept compared to other dimensions of the learning environment (for simi-
lar findings, see Baudson, 2011; Urhahne, 2015; Urhahne et al., 2010; Urhahne et 
al., 2011). These findings might be explained by the fact that the teacher judgments 
referred to an achievement- and learning-related construct (i.e., cognitive ability) and 
not to social variables such as social competence or popularity. Therefore, possible 
effects of TJA should be seen more strongly in students’ achievement- and learning-
related experiences.

However, and not as expected, overestimated or accurately judged and underesti-
mated students also differed in their feeling of being accepted by their teacher among 
students in Sample 2, but not in Sample 1. In Sample 2, students who were underes-
timated felt less accepted by their teachers than the other groups. These students also 
had higher cognitive abilities than the other groups. How can one explain the differ-
ent findings between the two matching samples for the feeling of being accepted by 
the teacher? In Sample 1, differences between teachers in their individual propensity 
to give their students the feeling of being accepted—independently of over- or under-
estimating individual students’ cognitive ability—might have masked differences 
between the three TJA student groups. When controlling for this between-teacher 
variability, more cognitively able students who were underestimated by their teachers 
felt less accepted. This finding might indicate that for more cognitively able students, 
the acknowledgement of their cognitive ability is especially important for their feel-
ing of acceptance by others. However, this interpretation has to be treated with cau-
tion as it is only done a posteriori and the finding could alternatively be explained 
by statistical differences (e.g., larger variability of cognitive abilities in Sample 2). A 
more complex explanation could be derived from Self-Determination Theory (Deci 
& Ryan, 1985), according to which the needs for competence, autonomy, and related-
ness determine individuals’ motivation and actions. Students who feel accepted by 
their teachers are more likely to engage in actions that they believe will be evaluated 
positively by the teacher. For example, they exert themselves, participate in lessons, 
and work conscientiously. This might tempt teachers to overestimate these students’ 
abilities. In contrast, students who feel less accepted by their teacher might engage 
less in actions that are positively evaluated by their teachers. This might tempt teach-
ers to underestimate these students. However, these assumptions are rather specula-
tive and need further testing with longitudinal data.

4.5 Practical implications

Our findings clearly demonstrated that primary school students who were underesti-
mated in their cognitive ability were at a disadvantage in terms of their SEES com-
pared to primary school students who were accurately judged and those who were 
overestimated. Although no causal effects of TJA on students’ SEES can be tested 
by the present cross-sectional findings, the link between TJA and SEES implies that 
there is a need to pay closer attention to underestimated students and to support and 
encourage them in their SEES if necessary.
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To become aware of misjudgments in the first place, an important implication for 
teachers is to reflect on one’s own judgment accuracy. A procedure based on a 5-step 
diagnostic cycle by Wahl et al. (2007) is one option for this. (1) In a first step, teachers 
choose a student characteristic they want to judge (e.g., achievement in mathemat-
ics). (2) Next, they predict this characteristic for their students (e.g., predicting their 
grade in the next mathematics test). (3) In a third step, they measure the chosen 
characteristic (e.g., grading the mathematics test). (4) Next, teachers compare their 
prediction with the result of the measurement. (5) In a final step, teachers reflect on 
the result, particularly with respect to discrepancies. In the event of misjudgments, 
teachers should ask themselves about reasons for these misjudgments. Are misjudg-
ments (especially underestimation), for instance, due to student characteristics (e.g., 
their gender or native language)? Or, which assessment standards did I use (e.g., 
social vs. criterial reference norm)? A repeated use of this 5-step diagnostic cycle can 
also help to indicate improvements in TJA. The use of this tool should be accompa-
nied by information on typical judgment errors, teacher expectation effects, and basic 
information on educational assessment.

In the present study, we used a primary school sample. This focus is relevant, 
as the primary school years are an important starting point for future academic and 
socio-emotional development (Aviles et al., 2006). Overall, the pattern of findings 
seems to be the same in primary and secondary school (see Table 3). Previous stud-
ies, however, mostly examined only Grade 4 in primary school (Urhahne et al., 2010, 
2011; Zhou & Urhahne, 2013). Our findings suggest that TJA might play an impor-
tant role for students’ SEES not only at this point in time but throughout the entire 
primary school years. Therefore, teachers should reflect on their own TJA as early 
as Grade 1.

Another important implication of the present study is that students should be sup-
ported in their SEES. The findings suggest that in particular underestimated students 
may need this support. The present findings specifically imply interventions for 
fostering students’ academic self-concept. Students’ experience of school and feed-
back with regard to their performance or achievement—especially from important 
reference persons such as teachers—influence the development of their academic 
self-concept (Moschner & Dickhäuser, 2018). Teachers can support their students’ 
academic self-concept by using an individual reference norm. For example, they can 
provide feedback on individual developmental progress, and they can adapt require-
ments to individual student competencies (e.g., providing tasks of varying difficulty). 
Furthermore, they can provide positive performance feedback related to effort rather 
than abilities, thus creating a sense of achievement. At the class level, teachers can 
support their students’ academic self-concept by establishing a positive classroom 
climate (e.g., through clear rules, a calm working atmosphere, and an appreciative 
culture of dealing with mistakes; Langenkamp, 2018; Trautwein & Möller, 2016). 
Prior research shows that social support and positive teacher-student interactions 
(Aviles et al., 2006; Hofmann & Siebertz-Reckzeh, 2008) contribute to more positive 
perceptions of the classroom climate as well as the development of socio-emotional 
competencies. A positive teacher-student relationship starts with the teacher and 
manifests in behaviors such as closeness, warmth, care, and support (Bouchard & 
Smith, 2017; Inman, 2019), as well as quantitative indicators, such as the amount of 
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interaction with a specific student, and qualitative indicators, such as type and tone of 
feedback a teacher provides (see Endedijk et al., 2022).

It can be summarized that the present findings indicate on the one hand a need for 
action in terms of teachers’ reflection of their judgment accuracy and its improvement 
in the event of systematic underestimation. On the other hand, a practical implication 
for teachers is the importance of supporting students in their SEES, paying special 
attention to underestimated students.

4.6 Limitations

Although the present study has clear strengths, such as the large sample cover-
ing students in Grades 1 to 4, the assessment of multiple dimensions of students’ 
SEES, and the use of PSM that allowed us to compare the three TJA groups within 
a quasi-experimental design, our study also has limitations. One limitation concerns 
the cross-sectional analysis of the data. Although some of the findings are discussed 
causally, an actual causal interpretation of the findings is not possible. Another limita-
tion concerns the fact that students’ school grade could not be added as a matching 
covariate, as it was not available in Grades 1 and 2. Furthermore, there was limited 
variance in students’ cognitive ability in the matched samples, because of the diffi-
culty in finding matches for students from the more extreme cognitive ability groups 
who are also similar in all other matching covariates. In addition, two out of three 
Cohen’s d’s (for differences in students’ cognitive ability) in our creation of the three 
TJA groups in Sample 2 exceeded the desired value of 0.2, as it is unlikely to find 
overestimated, accurately judged, and underestimated students with similar cognitive 
abilities within one classroom. Nevertheless, PSM was able to considerably reduce 
the large Cohen’s d’s representing differences between overestimated, accurately 
judged and underestimated students of the full Sample (dfull sample = -1.34 to -2.47 vs. 
dSample 2 = -0.19 to -0.73). Furthermore, the strength of Sample 2 lies in accounting for 
the nested data structure. A further limitation relates to the rather moderate classifica-
tion rate within linear discriminant analyses, which would probably have been larger 
if only overestimated and underestimated students were compared.

Moreover, two scales had low reliabilities (i.e., willingness to make an effort and 
class climate). Such low reliabilities are a known issue of short scales (Rammstedt & 
Beierlein, 2014; Ziegler et al., 2014), which often include comparatively heteroge-
neous items to retain content validity (Loevinger, 1954). However, reliabilities of the 
other short scales used in this study were acceptable to excellent. For the willingness 
to make an effort scale, its deviation from normality may result in Cronbach’s alpha 
underestimating the reliability (Sheng & Sheng, 2012; Xiao & Hau, 2023). For the 
class climate scale, its lack of essential tau-equivalence (see Table B.1; supplemen-
tary materials) may explain its low Cronbach’s alpha. When we estimated reliability 
with indicators less prone to deviations from normality and that do not assume tau-
equivalence (i.e., GLB and Raykov’s omega), reliabilities of both scales only slightly 
increased to .60. However, excluding the scales class climate and willingness to make 
an effort from the analyses did not change the pattern of results. Furthermore, lower 
internal consistencies are acceptable if group differences—and not individual differ-
ences—are investigated (Nunnally & Bernstein, 1994).
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Two final limitations concern the secondary analyses of the data as well as the 
representativity of the present sample in terms of students’ educational background 
and native language. Children with a migration background and children whose 
parents had lower school leaving certificates were underrepresented in the present 
sample (migration background: 22.1% in the present sample vs. 40.4% of all German 
primary school students; Federal Statistical Office, 2019; higher education degree: 
35.8% in the present sample vs. 17.6% in the population, Federal Statistical Office, 
2020).

4.7 Outlook and conclusion

Given the cross-sectional data, we described students’ characteristic profiles with 
regard to their SEES depending on whether they were overestimated, accurately 
judged, or underestimated by their teachers. It would be interesting to investigate the 
presumed direction of the effect of TJA on SEES in a longitudinal study. Additionally, 
it would be interesting to investigate the reciprocal effects of TJA and SEES. It is pos-
sible that overestimation and underestimation in the long term manifest themselves in 
a positive and negative spiral, respectively.

Overall, the present results suggest that primary school students who are over-
estimated in their cognitive ability by their teachers socio-emotionally experience 
school most positively, followed by students who are accurately judged. Students 
who are underestimated in their cognitive ability experience school most negatively 
and, most importantly, below the average of all students. We conclude that teachers’ 
attention in terms of the support of SEES might be directed especially to underesti-
mated students. This particularly applies with regard to the experience of the learn-
ing environment and the feeling of being accepted by the teacher. Furthermore, the 
present results imply that teachers should assess and reflect on their TJA of cognitive 
ability. Encouragingly, inaccuracy only seems to be negative when directed toward 
underestimation. This suggests that teachers and researchers should focus primarily 
on reasons for underestimating students.

Appendix

Table A.1 PSM details as recommended by Thoemmes and Kim (2011)
Thoemmes and Kim (2011) criteria Relevant information for the present study
1 List of variables collected n/a (outside of the scope of this study)
2 List of variables that were used to 

estimate PS
See method section of main manuscript

3 Method to determine set of covari-
ates used for estimation

Parsimonious model (i.e., all featured variables were 
included in PS estimation)

4 Inclusion of polynomial or inter-
action terms

Up to three-way interaction depth

5 Estimation method for PS Boosted regression
6 Conditioning strategy Matching
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Table A.1 PSM details as recommended by Thoemmes and Kim (2011)
Thoemmes and Kim (2011) criteria Relevant information for the present study
7 Region of common support Unmatched: PSmin = 0.02, PSmax = 0.94, range of PS = 0.92;

Matchedwithout restrictions: PSmin = 0.11, PSmax = 0.85, range 
of PS = 0.74
Matchedexact: PSmin = 0.02, PSmax = 0.94, range of PS = 0.91

8 Details on matching scheme
8.1 Type of matching algorithm Nearest neighbor, with and without exact matching on 

schoola

8.2 Number of units that were 
matched with each other

1:1:1

8.3 Matching with or without 
replacement

Without replacement

8.4 Caliper width n/a (MAGMA does not require caliper specifications)
9 Details of stratification n/a (stratification not included in conditioning strategy)
10 Details on weighting n/a (weighting not included in conditioning strategy)
11 Sample size before and after 

matching
Unmatched: nOE = 620, nAJ = 286, nUE = 610;
Matchedwithout restrictions: nOE, matched = nAJ, matched = 
nUE, matched = 116
Matchedexact: nOE, matched = nAJ, matched = nUE, matched = 104

12 Standardized differences before 
and after matching

See Table 7

13 Point estimate of treatment effect 
and associated SE

See Tables 8, 9 and 10; Figs. 1 and 2 (SE not included)

14 Inclusion of covariates in outcome 
model

none

Note PS = propensity score. n/a = not applicable. Caliper width in SD-units of estimated PS. 
OE = overestimation, AJ = accurate judgment, UE = underestimation. PSs were estimated in “twang”, 
using the “ES.mean”-stopping rule for the average treatment effect, with group 1 as reference group 
(Ridgeway et al., 2014). To control for context effects, only students from the same school were matched 
via exact matching as an addition to unrestricted matching. MAGMA (Urban et al., 2024) was used as 
matching algorithm
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