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Abstract

The transition from school to university mathematics is a challenging process for many
students, which is reflected in high dropout rates during the first year at university. Using
mediation analysis, we want to shed light on the role of students’ attitudes towards math-
ematics—especially their interest in mathematics and their mathematical self-concept—for
early dropout and investigate the underlying mechanisms for the relations between attitudes
and dropout. Informed by frameworks of person-environment-fit and results from educa-
tional psychology, we consider satisfaction with one’s studies and achievement as poten-
tial mediators, influencing the relations between attitudes and early dropout. Our results
within a sample of 274 first-year students, enrolled in a pure mathematics or a teacher edu-
cation program at a German university, show that interest in university mathematics and
mathematical self-concept are associated with less risk to drop out. In the case of inter-
est, this relation is mediated by students’ satisfaction, and in the case of self-concept, this
relation is mediated by satisfaction and achievement. Based on these results, we discuss
how to support students during the transition from school to university mathematics in
order to prevent early dropout.

Keywords Transition from school to university mathematics - Attitudes - Satisfaction -
Achievement - Dropout - Person-environment-fit

Many students struggle during the transition from school to university mathematics. This
fact is revealed by high dropout rates in many countries (e.g., Chen, 2013). In Germany,
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where our study took place, up to 80% of the mathematics students give up their studies
and leave university or change their subject, half of them during the first year at univer-
sity (Dieter & Torner, 2012)—so called early dropout. These high numbers illustrate the
individual and social relevance of this phenomenon and justify the need of knowing rea-
sons to drop out. According to Artigue (2016), previous research concerning the transition
from school to university mathematics mainly focused on cognitive variables and processes
(overview in Ulriksen et al., 2010). These studies, which often use a longitudinal design
and a quantitative approach, have shown that cognitive variables have an important impact
on a successful transition (e.g., Halverscheid & Pustelnik, 2013; Rach & Heinze, 2017). As
the variance in indicators of dropout is not totally explained by cognitive variables, these
variables alone cannot explain why some students succeed during the transition while oth-
ers decide to drop out (Rach & Ufer, 2020).

In order to better understand students’ decisions to drop out, recent studies also consid-
ered affective variables—such as students’ attitudes (e.g., Di Martino & Gregorio, 2019;
Martinez-Sierra & Garcia-Gonzélez, 2016). However, many studies used students’ dropout
intention instead of actual dropout (e.g., Fellenberg & Hannover, 2006; Hohne & Zander,
2019; Schnettler et al., 2020) and these studies concerning dropout intention naturally pro-
vide valuable insights, but it remains uncertain to what extent these results can be trans-
ferred to actual dropout (cf. Sarcletti & Miiller, 2011). Therefore, we want to extend the
aforementioned studies by relating students’ attitudes, in particular their interest and self-
concept, with actual dropout from mathematics study programs in the first year.

To enhance our theoretical understanding of the dropout phenomenon and to deepen
our understanding in which way interest and self-concept have an effect on dropout, we
also want to analyse underlying mechanisms of these relations. Informed by frameworks
of person-environment-fit that propose the fit between characteristics of persons and of
the environment as the key for a successful transition, we use mediation analysis to better
understand the mechanisms of the relations between attitudes and dropout. A clearer pic-
ture of these mechanisms might also help mathematics instructors to support students who
are at risk to drop out.

In the following, we give a brief overview about frameworks of person-environment-
fit before discussing characteristics of mathematics programs at university and the role of
students’ attitudes during the transition, mainly from educational psychology and math-
ematics education. This theoretical background sets the frame for our quantitative study
which is based on longitudinal data from 274 first-year students enrolled in mathematics
programs.

1 Frameworks of person-environment-fit

Having their origin within the theory of work adjustment (Swanson & Fouad, 1999),
frameworks of person-environment-fit have been applied to the transition from school
to university in general (Nagy, 2006) and in mathematics in particular (Blomeke, 2009;
Rach & Heinze, 2017). According to frameworks of person-environment-fit, a sufficient fit
between students’ characteristics (e.g., attitudes, knowledge, needs) and the characteristics
of the learning environment (e.g., demands, characteristics of the major) is necessary for
a successful transition. An insufficient fit may increase the risk for dropout (Nagy, 2006).
As we want to analyse mechanisms to understand dropout in university study pro-
grams, frameworks of person-environment-fit can serve as a resource to identify possible
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mechanisms. We therefore follow the conceptualization of person-environment-fit by
Lubinski and Benbow (2000) who proposed two different fit dimensions (Fig. 1): first, the
fit between students’ abilities and knowledge on the one hand and the demands of the uni-
versity on the other hand, which we assume to be visible by students’ achievement, for
example achieving competences and passing exams; second, the fit between students’ atti-
tudes and needs on the one hand and the characteristics of the specific subject (major) on
the other hand, which we assume to be visible in students’ satisfaction with their study
program (Lubinski & Benbow, 2000). According to Bliithmann (2012), we hereby under-
stand satisfaction as an evaluative rating which is based on students’ affective experiences
and comparisons with the learning environment. Both achievement and satisfaction serve
in this study as indicators for the fit between persons and environment in the sense that the
extent of satisfaction and achievement indicates the extent of fit. We assume that both vari-
ables are relevant with regard to dropout because of the following reasons: in the case of
low achievement, students may have to quit their studies due to restrictions of the univer-
sity (e.g., in the case of finally failed exams) or decide to withdraw voluntarily; low satis-
faction may result in voluntary withdrawal as well (Nagy, 2006). As students’ attitudes may
be related to their learning behaviour (Kolter et al., 2016) and therefore influence achieve-
ment as well, attitudes may be relevant to both fit dimensions which is an extension of the
framework of person-environment-fit by Lubinski and Benbow (dotted arrow in Fig. 1).

In this study, we focus on the left-hand side of the model and restrict our analyses to
persons’ characteristics. To examine systematically these characteristics, we do not vary
the characteristics of the environment but analyse the impact of persons’ characteristics, in
particular of students’ attitudes, in one specific environment.

Empirical findings from studies with participants from different study programs sup-
ported the assumed relations between satisfaction and achievement as indicators of a suc-
cessful fit and dropout (intention). Within the German context, Fleischer et al. (2019)
reported that satisfaction is a negative predictor of dropout intention in natural science and
engineering programs. Moreover, Brandstitter et al. (2006) found that students’ satisfaction
as well as their achievement during the first term is related negatively with actual dropout.

In this contribution, we restrict our attention to students’ mathematics-related
attitudes. Reasons why these attitudes have effects on study dropout are based on

/Characteristics of thh ﬂharacteristics of thm

Person (Student) Environment
(University)
IKnowIedge, Abilities : * Achievement [+ JIDemands, Requirements |
¥
Decision
to drop out
1

K |Attitudes, Needs } Satisfaction I Characteristics of the Major |/

Fig.1 Person-environment-fit during the transition from school to university; variables and relations
focused in the present study are marked in red; self-developed figure inspired by Lubinski and Benbow
(2000, p. 140)

@ Springer



362 S. Geisler et al.

theoretical assumptions which are brought together in frameworks of person-environ-
ment-fit. To our knowledge, there are no empirical studies which confirm these reasons
in whole. Before we sum up theoretical and empirical results which support single
assumed relations in the model, we describe characteristics of the context in which the
study took place.

2 Characteristics of university mathematics

Especially with regard to study programs in pure mathematics and mathematics teacher
education, a sufficient fit between students’ characteristics and characteristics of the
university is not obvious even amongst those students who were successful in school
mathematics (cf. Di Martino & Gregorio, 2018). An insufficient fit can be explained
by substantial differences between mathematical learning processes at school and at
university, which involve institutional (e.g., study conditions by learning contracts) as
well as subject-specific facets (e.g., demands located in typical tasks for students) and
have been widely discussed (cf. Engelbrecht, 2010; Gueudet, 2008).

Advanced mathematics lectures usually have a strong focus on formal definitions
and deductive proofs (Dreyfus, 1991; Engelbrecht, 2010). New concepts are often
introduced via formal definitions from which properties of concepts are deductively
derived and students only seldom identify properties through experimentation with
(counter) examples (Rach & Heinze, 2017; Tall, 1992). Usually, proofs are presented
in a finished and formal way, and the proving process remains invisible (Pinto, 2017).
The aspects which are reported in many parts of the world apply for the German con-
text as well: both lecture courses—real analysis and linear algebra—that German
mathematics students usually attend during their first year at university mainly deal
with proofs and formal definitions (Halverscheid & Pustelnik, 2013).

Normally, lecture courses in advanced mathematics are accompanied by homework
tasks (Pritchard, 2015). These tasks typically differ from those tasks students know
from school. In school, tasks that can be solved using schematic calculations are prev-
alent (De Guzman et al., 1998). Empirical projects like COACTIV (Cognitive Acti-
vation in the Mathematics Classroom and Professional Competence of Teachers) and
TALIS (Teaching and Learning International Survey) showed that cognitively demand-
ing tasks are only seldomly implemented in mathematics high school classrooms in
Germany as well as in other countries (Jordan et al., 2008; OECD, 2020). In particular,
Engelbrecht (2010, p. 143) stated that “most students’ perception of being successful
in mathematics in school does not involve much inquiry but mostly just the applica-
tion of different methods”. Comparing typical tasks at university with typical tasks in
school, a clear shift to proving is reported (Vollstedt et al., 2014; Weber & Lindmeier,
2020). As these proving tasks usually cannot be solved by using only schematic calcu-
lations or algorithms and most students are unfamiliar with formal proofs when enter-
ing university (De Guzman et al., 1998), cognitive and affective problems can occur
when students have to deal with proofs on their own: cognitive in the sense that they
are not able to cope with homework tasks and affective in the sense that they do not
dare to work on the tasks to avoid failures and that they are more interested in school
mathematics, focusing on schematic calculations, compared to university mathematics,
focusing on proofs.
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3 Attitudes towards mathematics

As described in the last paragraph, the learning environment, and especially the learning
content, change during the transition from school to university. According to frameworks
of person-environment-fit, students have to adapt their attitudes towards the characteristics
of the new learning environment university to be successful in this environment. Here-
inafter, we restrict our attention to students’ interest and self-concept because of the fol-
lowing reasons: Previous studies suggested that both attitudes are relevant factors during
the transition from school to university mathematics (e.g., Di Martino & Gregorio, 2019;
Rach & Heinze, 2017) because according to expectancy-value theories (Eccles & Wig-
field, 2020), interest and self-concept influence decision making in educational settings,
for example the decision to drop out. Furthermore, interest and self-concept are compat-
ible with and explicitly addressed by frameworks of person-environment-fit (e.g., Lubinski
& Benbow, 2000). In addition, both concepts can be clearly distinguished theoretically as
well as empirically (Corbiere et al., 2006).

3.1 Interest

Interest is considered to have an important impact on learning processes because persons
engage more deeply with learning contents they are interested in (Hidi & Renninger, 2006).
The person-object theory describes interest as a special relation between a person and an
object (in our case: mathematics) and distinguishes between interest as a state and a trait
(Krapp, 2007). Situational interest (state) is caused by external factors and refers to a spe-
cific situation or task, whereas individual interest is viewed as a rather stable disposition
(trait) comprising an emotion-related (positive emotions towards the object of interest) and
a value-related (subjective esteem for the objects of interest) component.

Individual interest can emerge through the recurring experience of situational interest
(cf. Hidi & Renninger, 2006). Once developed, individual interest can induce the psycho-
logical state of actualized individual interest in certain learning situations (Krapp, 2007,
Krapp et al., 1992). According to Krapp et al. (1992), beneficial outcomes of this state
involve more attention and concentration as well as affective reactions like pleasant feel-
ings. Given these beneficial outcomes in the learning process that are based on theoretical
assumptions, individual interest should also lead to achievement and satisfaction with one’s
studies as indicators of the person-environment-fit.

In previous research, there is some empirical evidence that individual interest relates to
achievement, study satisfaction and dropout. However, the results are rather ambiguous.
Geisler and Rolka (2018) found that students who failed in their final exam in the first term
at university reported less interest in mathematics than students who succeeded, but Rach
and Heinze (2017) observed no relation between interest and students’ achievement. Schie-
fele and Jacob-Ebbinghaus (2006) reported that students with more interest were also more
satisfied with their study programs.

Even if it is not yet clear whether results concerning dropout intention can be transferred
to actual dropout, we sum up some relevant results concerning the relation between interest
and dropout intention, because quantitative studies concerning actual dropout from math-
ematics are scarce. Individual interest is closely negatively connected to dropout intention
in STEM (science, technology, engineering, mathematics) subjects (Fellenberg & Hanno-
ver, 2006) and in mathematics in particular (Blomeke, 2009). Furthermore, mathematics
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students who did not attend the final exams at the end of the first term reported less interest
in mathematics at the beginning of the first term than those who participated in the exams
(Geisler & Rolka, 2018). This result underlines the role interest probably plays for early
dropout in mathematics, as students who do not attend the exams are at risk to drop out
(Baars & Arnold, 2014).

The inconsistent results concerning the role of interest during the transition—especially
regarding achievement—might be explained by the fact that the mentioned studies used
general measurements of interest in mathematics. When students estimated their interest
concerning mathematics, it remained unclear which character of mathematics, mathematics
in school or in university (see Section 3), they referred to. Thus, Ufer et al. (2017) argued
that it is essential to differentiate in questionnaires between interest in school mathematics
and interest in university mathematics. Indeed, Kosiol et al. (2019) showed that interest in
school mathematics was negatively associated with students’ satisfaction while interest in
university mathematics was positively associated with satisfaction. A possible explanation
might be that individual interest in school mathematics does not lead to actualized indi-
vidual interest in learning situations involving university mathematics and therefore does
also not contribute to the person-environment-fit. However, no empirical relations between
students’ achievement and the two interest facets have been found in their study.

3.2 Mathematical self-concept

Mathematical self-concept can be understood as students’ mental image concerning their
knowledge and abilities in the domain of mathematics (cf. Gourgey, 1982; Marsh et al.,
2019; Trautwein et al., 2006). Hierarchical models of self-concept describe mathematical
self-concept as one facet of students’ academic self-concept which comprises affective as
well as cognitive evaluations and is merely based on past experiences of success and failure
as well as the attribution thereof (e.g., Bong & Skaalvik, 2003). Furthermore, frames of
reference (e.g., comparisons with other students, evaluation by others) influence students’
self-concept.

With regard to possible effects, self-concept is considered to influence achievement-
related outcomes (Bong & Skaalvik, 2003). In the school context, previous studies have
reported evidence for a positive bidirectional relation between mathematical self-concept
and achievement (e.g., Chen et al., 2013; Trautwein et al., 2006). A reason discussed in
the literature for the influence of self-concept on achievement is that students with a higher
mathematical self-concept are more likely to engage in demanding mathematical tasks and
show more persistence when working on these tasks (cf. Rach et al., 2019). Indeed, in the
school context, Cai et al. (2018) reported that the relation between self-concept and mathe-
matics achievement was mediated by students’ engagement with the tasks. Due to students’
unfamiliarity with proving, the tasks in university can be considered very demanding. For
dealing successfully with such tasks, a high self-concept could be even more important.
Following this theoretical argumentation, high mathematical self-concept can lead to more
achievement as an indicator for the person-environment-fit.

However, empirical results concerning the role of self-concept in the transition from
school to university draw a less clear picture. With regard to engineering students, Lis-
ton and O’Donoghue (2009) reported a weak correlation between mathematical self-
concept and achievement. Rach and Heinze (2017) found no influence of mathematics
and teacher education students’ mathematical self-concept on their achievement during
the first term. In contrast to that, Hailikari et al. (2008) studied effects of mathematical
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self-beliefs—which are closely connected to self-concept (Eccles & Wigfield, 2020)—
on students’ achievement and reported indirect effects which were mediated by students’
prior knowledge. Geisler and Rolka (2018) reported lower mathematical self-concept at the
beginning of the first term amongst students who failed the mathematics final exams com-
pared to those students who passed the exams. Studies relating self-concept and satisfac-
tion are scarce. Bernholt et al. (2018) reported a positive impact of teacher education stu-
dents’ academic self-concept on their satisfaction with their major. Given the sample which
consists of students from very different study programs and the measurement (academic
instead of mathematical self-concept) used by Bernholt et al. (2018), it remains uncertain
whether these results can be transferred to the relation between mathematical self-concept
and satisfaction in a mathematics program.

Qualitative research has suggested a relation between mathematical self-concept and
early dropout (e.g., Bampili et al., 2017; Di Martino & Gregorio, 2018, 2019). Di Martino
and Gregorio (2018) described the phenomenon that students, who had been high achiev-
ers in school, reported low mathematical self-concept in the study entry phase. In this
study, it is unclear if students start their study with a low self-concept or if students’ self-
concept declines in the first weeks of study. Rach and Heinze (2017) found that students
with low mathematical self-concept at the beginning of term were more likely not to attend
the exams (see also Geisler & Rolka, 2018)—which is a resilient predictor of early dropout
according to Baars and Arnold (2014).

Given the inconsistent results concerning the relation between students’ self-concept
and achievement and the aforementioned differences between school and university mathe-
matics, it has been discussed whether differentiating between self-concept regarding school
mathematics and self-concept regarding university mathematics may enable more insights
(Rach et al., 2019). For the study at hand, we have decided to use a general measure of
mathematical self-concept as a differentiated instrument was not available at the time of
data collection. We consider this decision as appropriate because self-concept is hierarchi-
cally organized (Marsh et al., 2019), school and university mathematics are both part of the
domain mathematics and we expected that students would rate their abilities concerning
school and university mathematics as rather similar. Thus, the differentiation between self-
concept regarding school and university mathematics seems to be less clear than differen-
tiating between interest in school and in university mathematics. Indeed, empirical results
with a newly developed instrument, which differentiates between self-concept concerning
school and self-concept concerning university mathematics, indicated a strong relation
between general mathematical self-concept and self-concept for university mathematics
(Rach et al., 2021).

4 The current study

The overarching aim of this study is to extend our knowledge of the dropout process by
analysing and confirming the underlying mechanisms of relations between students’ atti-
tudes towards mathematics and actual dropout. Based on the already discussed theoretical
mechanisms, informed by frameworks of person-environment-fit and previous empirical
studies, we propose a path model (Fig. 2) that describes the assumed relations between
students’ interest facets or self-concept and early dropout as well as the underlying mech-
anisms. This path model takes into account total effects (overall relations between atti-
tudes and dropout without differentiating between different mechanisms), indirect effects
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Interest: School

Mathematics /

Achievement

Interest: University
Mathematics

Early Dropout

Mathematical
Self-Concept Satisfaction

Fig.2 Assumed path model for the relation between students’ attitudes towards mathematics and early
dropout

(relations between attitudes and dropout that are mediated by satisfaction or achievement)
and direct effects (relations between attitudes and dropout while the mediators are con-
trolled) (for a detailed explanation see Hayes, 2018). The specific research questions and
related hypotheses are presented in the following.

4.1 Relations between attitudes towards mathematics and early dropout (total
effects)

With regard to interest, we distinguished between interest in school and university math-
ematics (see Ufer et al., 2017). As self-concept concerning school mathematics and self-
concept concerning university mathematics cannot be clearly distinguished empirically
(Rach et al., 2019), we decided to measure general mathematical self-concept to answer the
following question:

1) In which way do students’ interest in school and university mathematics as well as
mathematical self-concept predict early dropout from university mathematics?

Based on the aforementioned arguments (see Sections 4.1 and 4.2), we assume that stu-
dents’ interest in university mathematics is related to less risk for early dropout (H 1.1). As
many demands of school mathematics do not play a prominent role in university mathemat-
ics, we have no specific hypothesis concerning interest in school mathematics. Besides, we
expect that a higher mathematical self-concept decreases the risk for early dropout (H 1.2).

4.2 Mechanisms underlying the relation between attitudes and early dropout
(direct and indirect effects)

We want to further understand the mechanisms underlying this relation. According to
frameworks of person-environment-fit, the fit between students’ characteristics and char-
acteristics of the university is visible by high achievement and satisfaction (Lubinski &
Benbow, 2000; Swanson & Fouad, 1999). Achievement and satisfaction are assumed to be
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related with less risk to drop out (Brandstitter et al., 2006). Therefore, we use achievement
and satisfaction as two (potential) mediators for the relations between attitudes and early
dropout (see Fig. 2):

2) In which way do students’ interest and self-concept predict achievement and satisfaction?
Are students’ achievement and satisfaction predictors of early dropout?

In the case of interest in university mathematics, previous studies (Section 4.1) found
only relations with satisfaction but not with achievement. Therefore, we assume a posi-
tive relation between interest and satisfaction and no significant relation with achievement
(H 2.1). Due to the fact that school mathematics is not the learning content in university,
we have no specific hypothesis concerning interest in school mathematics. As theoretical
considerations as well as empirical results have suggested relations of self-concept with
achievement as well as with satisfaction (see Section 4.2), we expect a positive relation
between self-concept and satisfaction and achievement (H 2.2). We assume that satisfac-
tion and achievement are related to decreasing risk for early dropout (H 2.3).

3) Are the relations between students’ attitudes towards mathematics and early dropout
mediated by students’ achievement or satisfaction (direct and indirect effects)?

Based on the aforementioned assumptions of person-environment-fit, we expect that
both indicators of a successful fit—achievement and satisfaction—mediate the relations
between students’ attitudes and early dropout (H 3.1). Concretely, we assume satisfac-
tion to be a stronger mediator than achievement (H 3.2) because attitudes probably relate
stronger to satisfaction than to achievement (see Section 2).

However, we have no specific hypothesis as to whether satisfaction and achievement
will explain the whole relations between attitudes and early dropout or if there will still be
a significant direct relation of attitudes on early dropout when achievement and satisfaction
are controlled (direct effects).

5 Methods
5.1 Context and participants

Our sample consists of two cohorts of first-year students enrolled in a mathematics
teacher education program (for upper secondary education) or a pure mathematics pro-
gram at a large public university in Germany. Students from both mathematics programs
attended exactly the same two mathematics lecture courses during the first year: real
analysis and linear algebra. Both lecture courses had a strong focus on formal definitions
and proofs. In addition, students in pure mathematics had some courses in a minor sub-
ject, whereas students in the teacher education program had courses in a second subject.
There were no specific required mathematics courses for students in the pure mathemat-
ics program or for students in the teacher education program during the first year. The
mathematics programs at this university were not selective, but students had to decide
on their major upon enrolment. Changing major meant to quit the actual program and to
reenrol in another program.
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In our study, 286 students voluntarily participated and 274 (62 in the math program, 212
in the teacher education program) of them gave permission to check whether they would
drop out during their first year at university. From these students, 135 were male while 138
were female—one student did not indicate the gender. At the time of enrolment, the stu-
dents were between 17 and 33 years old (M (age) =19 years; SD (age) =2.4 years).

5.2 Design and instruments

In order to answer the research questions, a quantitative study with a longitudinal design
and three measurement points was conducted. Students filled in a first questionnaire in the
first weeks of the term (T'1) during the lecture courses real analysis and linear algebra. The
questionnaire captured students’ interest in school as well as university mathematics and
their mathematical self-concept (see Table 1 for an overview). The interest scales differ-
entiate between interest in school and interest in university mathematics and include items
that address the emotion-related component of interest (e.g., The kind of mathematics that
is done at university is fun for me) as well as the value-related component of interest (e.g.,
The kind of mathematics that I learned at university belongs to the most important things to
me) (Ufer et al., 2017). The mathematical self-concept scale was adapted from the Palea-
project (Kauper et al., 2012) and focuses on students’ self-concept regarding their studies
of mathematics (e.g., I am very good in my study subject mathematics). An exploratory
factor analysis confirmed the intended structure of the interest and self-concept scales: both
screeplot and Kaiser criterion suggested three factors (interest in university mathematics,
interest in school mathematics, mathematical self-concept) with main loadings bigger than
0.5 and crossloadings smaller than 0.4. The three scales showed satisfactory to good reli-
abilities (see Table 1). Furthermore, demographical data like gender, age and self-reported
school qualification grade (the German equivalent to grade point average) were captured by
the first questionnaire.

A second questionnaire, capturing students’ satisfaction, was handed out 8 weeks later
(T2) in the middle of the term (see Table 1). The scale was taken from Schiefele and Jacob-
Ebbinghaus (2006) and focuses on students’ satisfaction with their mathematics study pro-
gram overall and the content of the program in particular. Students estimated all items for
attitudes and satisfaction on a 5-point Likert scale where 1 indicated totally disagree and 5
totally agree.

Only 23% of the students in our sample, who finally dropped out of the mathematics
program, attended the final exams at the end of the first term—thus, some might have
dropped out prior to the exam. Therefore, we decided not to use the exam marks as an
indicator for students’ achievement in the first term because we had only little informa-
tion on the exam marks of students who are considered dropout students in our study.'
Instead, we used students’ homework sheets in real analysis to assess their achievement
during the term. Students were allowed to work on these sheets alone or in pairs, form-
ing the pairs on their own. Working on tasks was voluntarily, but students could receive
extra points for the final exam if they handed in correct task solutions. Participation on
the tasks was high—over 92% of all students and 85% of the students who later dropped

! By dropout students, we mean those students in our sample that dropped out from their mathematics pro-
gram in the first year.
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Table 1 Measurement instruments of constructs with timing, number of items, reliability (Cronbach’s @)
and sample items

Construct (timing) Source #Items « Sample item

Interest, school (T1) Ufer et al. (2017) 5 0.77 In school, mathematics
was very important
for me

Interest, university (T1) Ufer et al. (2017) 5 0.88 The kind of mathematics

that is done at univer-
sity is fun for me

Self-concept (T1) Kauper et al. (2012) 4 0.84 I am very good in my
study subject math-
ematics

Satisfaction (T2) Schiefele and Jacob- 4 0.84 All in all, T am satisfied

Ebbinghaus (2006) with my studies of

mathematics

Note: N, =274 for attitude variables at T1, N,=181 for satisfaction at T2. Ratings on a 5-point Likert scale
between [ (totally disagree) and 5 (totally agree)

out of the program in our sample handed in homework sheets. Handed in solutions were
corrected and graded by tutors. These tutors were PhD students or experienced Masters
students who also taught the sections that accompanied the real analysis lectures. Tutors
used a grading guide provided by the lecturer in order to ensure fair and comparable grad-
ing. The grading guide included expected solutions and detailed rules for granting points
to the solutions. For our analysis, we considered those homework sheets handed in during
3 consecutive weeks around T2 (the week prior to T2 and the following 2 weeks). As the
achievable points of the tasks differed from week to week, we standardized the points stu-
dents received.

In order to determine whether students dropped out during the first year or continued
their studies, we checked whether they were still enrolled in a mathematics program at this
university at the beginning of the second year (T3). Dropout was defined as changing the
study program or leaving the university.

5.3 Data analysis

In order to answer the research questions, we examined the assumed path model (Fig. 2)
using Mplus. Mplus allows to calculate all total, direct and indirect effects simultane-
ously within one model (Muthén & Muthén, 1998-2017) and therefore offers the pos-
sibility to test our hypotheses within one single analysis. As the dependent variable
dropout is dichotomous, we used a maximum likelihood estimator with robust stand-
ard errors using numerical Monte Carlo integration (Muthén & Muthén, 1998-2017).
In order to test inference for indirect effects, bootstrap confidence intervals (based on
10,000 bootstrap samples) were used (Hayes, 2018). As previous studies reported that
prior achievement in school was an important predictor of study success (e.g., Brand-
stitter et al., 2006; Schneider & Preckel, 2017) and was also correlated to academic
self-beliefs (Hailikari et al., 2008), we controlled for students’ self-reported school

@ Springer



370 S. Geisler et al.

qualification grade (1&very good, 4Z&sufficient) as an indicator for prior achievement
during the whole analysis. By doing so, we wanted to ensure that the relation between
self-concept and dropout (as well as between self-concept and satisfaction and achieve-
ment) is not overestimated.

In both questionnaires (T1 and T2), 175 students took part. We used a MANOVA
(in order to prevent accumulation of the alpha error compared to single t-tests) with the
dependant variables “interest in university mathematics”, “interest in school mathematics”
and “mathematical self-concept” to screen for differences between students who partici-
pated only at T1 and those who filled out both questionnaires. The MANOVA reveals a sig-
nificant main effect: F(4, 263)=7.26, p<0.001, ;72 =0.10. In particular, students who filled
out both questionnaires report more interest in school (F(1, 266)=6.69, p <0.01, 772 =0.03)
and university mathematics (F(1, 266)=13.22, p<0.001, #°=0.05) as well as a higher
mathematical self-concept (F(1, 266)=18.12, p<0.001, 42=0.06) and better school quali-
fication grade (F(1, 266)=11.58, p<0.001, s2=0.04). This indicates that the subsample
with full data is positively selected. Therefore, we applied the full information maximum
likelihood algorithm (as implemented in Mplus) to estimate the path coefficients for the
full sample.

6 Results

Overall, 100 students in our sample (36%) dropped out during or directly after the first year
in a mathematics program. Table 2 summarizes descriptive statistics of the attitude varia-
bles as well as the self-reported school qualification grade, which served as an indicator for
prior achievement. Students who dropped out already started their studies with less interest
in school and less interest in university mathematics as well as a lower mathematical self-
concept and less prior achievement than those students who continued the mathematics
programs after the first year. All differences between the two groups of students are statisti-
cally significant (p <0.05).

Table2 Means and standard deviations of the attitude variables and the self-reported school qualification
grade

Total (N=274) Dropout (n;=100)  No Dropout
(n,=174)
M SD M SD M SD
Interest, school mathematics 3.55 0.46 3.43 0.64 3.63 0.69
Interest, university mathematics 2.99 0.71 2.67 0.80 3.17 0.82
Mathematical self-concept 2.82 0.50 2.54 0.63 2.96 0.71
Self-reported school qualification grade 2.19 0.63 2.32 0.61 2.12 0.63

Note: Ratings on a 5-point Likert scale between I (totally disagree) and 5 (totally agree); self-reported
school qualification grade between I (very good) and 4 (sufficient)
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6.1 Relations between attitudes towards mathematics and early dropout (total
effects)

In order to analyse the overall relations between attitudes and early dropout (RQ 1), we
tested the total effects of interest in school and in university mathematics as well as mathe-
matical self-concept on early dropout (see Table 3, first column). No significant total effect
of interest in school mathematics could be found (B= —0.24, exp(B)=0.79, p> 0.40). In
contrast, increasing interest in university mathematics was related to decreasing risk for
early dropout. However, the total effect of interest in university mathematics was only mar-
ginally significant (B= —0.50, exp(B)=0.61, p <0.10) which is only a weak support for H
1.1. Contrary to that, H 1.2 could be confirmed: mathematical self-concept was negatively
related with early dropout (B= —0.72, exp(B)=0.49, p <0.05). We controlled for students’
self-reported school qualification grade (as an indicator for prior achievement) during the
whole analysis and only a marginal significant total effect of the self-reported school quali-
fication grade was observed (B=0.48, exp(B)=1.62, p<0.10).

The path coefficients in Table 3 are in a log-odds metric, so a negative path coefficient
indicates a negative relation and a positive coefficient indicates a positive relation. For
B=-0.72, a resulting exp(B) =0.49—Ilike in the case of mathematical self-concept—indi-
cates that the proportion of the probability to drop out and the probability to continue ones
mathematics program (P(dropout= 1)/P(dropout=0)) decreases by 51% as the self-concept
increases by one point on the Likert scale.

6.2 Mechanisms underlying the relation between attitudes and early dropout
(direct and indirect effects)

While the total effects discussed in the previous section represent the overall relations
between students’ attitudes and early dropout, research questions 2 and 3 are concerned
with the underlying mechanisms of these relations. We therefore deconstructed the total
effects into direct effects (effects of attitudes on early dropout when the mediators achieve-
ment and satisfaction are controlled) and indirect effects (effects of attitudes on early

Table 3 Overview of all total, direct and indirect effects on dropout estimated in the path model

Total Direct Indirect effects via achievement Indirect effects via

effects effects satisfaction

B B B 95% CI B 95% CI
Interest, school -0.24 -0.24 —-0.03 [-0.23,0.16] 0.03 [-0.10, 0.25]
Interest, university —0.50" 0 -0.10 [-0.31, 0.08] —0.40%* [-0.79,-0.02]
Self-concept —0.72* -0.10 —0.29%* [-0.59,—0.08] —0.33* [-0.75,-0.03]
Achievement - -0.95%%#%* - - - -
Satisfaction - -0.86* - - - -

Note: N=274; 'p<0.10, *p<0.05, **p<0.01, **%p <0.001; path coefficients controlled for self-reported
school qualification grade; inference of indirect effects tested via bootstrap confidence intervals based on
10,000 bootstrap samples; all path coefficients are presented in a log-odds metric
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dropout via achievement and satisfaction). The total effects are the sums of the related
direct and indirect effects whereas the indirect effects are calculated as the product of the
path coefficient from the predictor (e.g., self-concept) to the mediator (achievement or sat-
isfaction) and the path coefficient from the mediator to the outcome (early dropout) (Hayes,
2018).

Hypothesis H 2.3 could be confirmed because both potential mediators—achieve-
ment (B=—0.95, exp(B)=0.39, p<0.001) and satisfaction (B= —0.86, exp(B)=0.42,
p <0.05)—were related to dropout (see Fig. 3 and Table 3). In the following, we describe
the relations between students’ attitudes towards mathematics and achievement or satisfac-
tion (RQ 2) as well as the direct and indirect effects of students’ attitudes on early dropout
(RQ 3) ordered by the attitude variables.

With regard to interest in school mathematics, we found neither significant effects on
achievement (B=0.03, p>0.70) and on satisfaction (B= —0.03, p>0.60) nor a significant
direct effect on early dropout (B= —0.24, exp(B)=0.79, p>0.30). Likewise, the indirect
effects of interest in school mathematics via achievement (B= —0.03, exp(B)=0.97, 95%
CI=[-0.23, 0.16]) and via satisfaction (B=0.03, exp(B)=1.03, 95% CI=[-0.10, 0.25])
were not significant. All in all, we found no relation between interest in school mathemat-
ics and early dropout (see Table 3 and Fig. 3).

As expected, (H 2.1), interest in university mathematics was positively associated with
satisfaction (B=0.46, p <0.001) but no significant relation with achievement could be con-
firmed (B=0.11, p>0.20). Likewise, a negative indirect effect on early dropout via satis-
faction could be detected (B= —0.40, 95% CI=[-0.79,—0.02], exp(B)=0.67), whereas
the indirect effect via achievement was not significant (B= —0.10, 95% CI=[-0.31, 0.08],
exp(B)=0.90). Furthermore, no direct effect on early dropout was found in our sample
(B=0,exp(B)=1,p=1).

Regarding mathematical self-concept, positive relations with achievement (B=0.30,
p<0.01) as well as satisfaction (B=0.38, p <0.001) could be confirmed (H 2.2). Achieve-
ment and satisfaction both served as mediators of the relation between self-concept and

- 0.03
Interest: School
Mathematics
”- - <
041
- < -
_- 0.30**
Interest: University
Mathematics [~~~ ~ "~ /2" """""------ 0:00----—-==—=-== Early Dropout
-0.03 -
_ --0:10
0:46%** -7

Mathematical | _ -~
Self-Concept 0.38%%*

Satisfaction

T1 T2 T3

Fig.3 Path model for the effects of students’ attitudes towards mathematics on early dropout. Note:
N=274; *p<0.05, **p<0.01, ***p <0.001; path coefficients controlled for self-reported school qualifica-
tion grade; not significant paths (p>0.05) are presented as dashed lines; effects on early dropout are pre-
sented in log-odds metric. R tuction = 0-52, R pchicvement =0-27 R2propou =040
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early dropout leading to significant indirect effects (B= —0.29, 95% CI=[-0.59,—0.08],
exp(B)=0.75 and B=—0.33, 95% CI=[-0.75,—0.03], exp(B)=0.72). Similar to inter-
est, no significant direct effect on early dropout was revealed (B= —0.10, exp(8)=0.90,
p>0.70).

Summarizing, the relation between interest in university mathematics and early dropout
was only mediated by satisfaction and the relation between self-concept and early dropout
was mediated by achievement and satisfaction. Thus, our hypothesis that achievement and
satisfaction will mediate the relation between attitudes and early dropout (H 3.1) but satis-
faction will be the stronger mediator (H 3.2) could be confirmed only partially.

All in all, the tested model (see Fig. 3) is suitable to explain nearly 40% of the variance
in dropout, 52% of the variance in satisfaction and 27% in achievement.’

7 Discussion

In order to understand the high dropout rates in university mathematics programs in Ger-
many (Dieter & Torner, 2012), we wanted to extend existing results concerning the role of
attitudes, firstly by focussing actual dropout. This approach goes beyond existing research
using indicators like exam attendance or dropout intention that come with uncertainty con-
cerning the actual dropout (cf. Brandstitter et al., 2006; Sarcletti & Miiller, 2011). Sec-
ondly, we deepen our understanding in which way attitudes predict early dropout by iden-
tifying mediators of this relation. To be able to compare our results with existing results in
the field, we measured students’ attitudes by well-known instruments, for example Schie-
fele and Jacob-Ebbinghaus (2006) and Ufer et al. (2017), which are based on prominent
theories like person-object theory and expectancy-value theory. In the following, we dis-
cuss the results of our study ordered by research questions.

7.1 Relations between attitudes towards mathematics and early dropout

All in all, students’ attitudes were related with early dropout. When controlling for all
attitude variables and prior achievement, interest in university mathematics was suit-
able to predict early dropout in mathematics, whereas interest in school mathematics
could not predict dropout. High interest in school mathematics is probably a reason why
students choose a mathematics study program (Ufer et al., 2017) but this interest facet
does not predict staying in the program. Thus, choosing a study program and staying
in this program seem to be two phenomena which are influenced by different students’
characteristics.

That interest in school and in university mathematics play different roles in the first term
is not too surprising because mathematics at school and at university differ substantially
as discussed in Section 3. Thus, interest in school mathematics might not lead to actual-
ized individual interest in learning situations at university because these involve different
characteristics compared to school. Therefore, different levels of interest in school math-
ematics do not lead to different psychological states in a learning situation at university

2 Within an alternative model without prior achievement as a control variable, only the explained variance
of students’ achievement was smaller (R, ievement = -13)-
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(cf. Krapp et al., 1992). However, more specific research linking individual interest and
actualized individual interest in the field of transition is needed to confirm this hypothesis.
The presented results underline the necessity to distinguish between interest in school and
in university mathematics (cf. Ufer et al., 2017). It remains an open question with which
expectations of the learning environment students started their studies. Daskalogianni and
Simpson (2002) as well as Liebendorfer and Hochmuth (2013) have argued that unfulfilled
expectations might result in low interest in university mathematics, which seems problem-
atic, as interest in university mathematics is related with less dropout. Thus, a hypothesis
derived from this study is that students decide to enrol in a mathematics program because
of high interest in school mathematics (see Table 2) but decide to quit the program after the
first year because of low interest in university mathematics.

Mathematical self-concept was a good predictor of early dropout in this study. This
result goes beyond the works of Rach and Heinze (2017) and Geisler and Rolka (2018)
who reported relations between students’ mathematical self-concept and participation in
the final exams. A reason for this strong relation between self-concept and early dropout
could be that students with a high self-concept dare to work on the demanding mathemati-
cal tasks and show high persistence during this work (cf. Rach et al., 2019). As there is
a bidirectional relation between self-concept and achievement (Wu et al., 2021), achieve-
ment in the first weeks may also have an effect on self-concept. As we wanted to explain
in this study why self-concept at the beginning of the study program has an effect on early
dropout, we focused on one of the two directions between self-concept and achievement. In
further studies, the other direction could bring new insights into the interplay between self-
concept and achievement in the first year of university.

As argued in Section 4.2, we did not differentiate self-concept into self-concept con-
cerning school mathematics and self-concept concerning university mathematics. How-
ever, combining two results of our study—the importance of self-concept for dropout and
the value of differentiating interest in school and university mathematics—the idea of
splitting self-concept into two facets could be valuable for analysing the role of attitudes
in the transition from school to university mathematics. Given the result that interest in
university mathematics is more relevant regarding dropout than interest in school math-
ematics, a stronger prediction of early dropout by self-concept regarding university math-
ematics seems possible. However, as self-concept is structured hierarchically (e.g., Bong &
Skaalvik, 2003) and the few empirical results available to date showed a strong correlation
between general mathematical self-concept and self-concept regarding university mathe-
matics (Rach et al., 2021), it is also possible that self-concept concerning school mathe-
matics and self-concept concerning university mathematics both are similarly relevant with
regard to early dropout. Thus, it is an open question up to now if it is worthwhile to split up
self-concept in two facets.

7.2 Mechanisms underlying the relation between attitudes and early dropout

Regarding the mechanism underlying the relation between attitudes and dropout, empiri-
cally represented in mediation effects, we could confirm assumptions proposed by research
using frameworks of person-environment-fit (Lubinski & Benbow, 2000; Nagy, 2006;
Swanson & Fouad, 1999) and triggered by empirical results in mathematics education
and educational psychology (e.g., Fellenberg & Hannover, 2006; Ufer et al., 2017). First,

@ Springer



The relation between attitudes towards mathematics and dropout... 375

achievement and satisfaction are both clearly related to early dropout in mathematics, sup-
porting the assumption that both are suitable indicators for the fit in the sense of person-
environment-fit frameworks (Lubinski & Benbow, 2000). Second, interest in university
mathematics was a predictor of satisfaction and self-concept was a predictor of achieve-
ment as well as of satisfaction. Thus, higher interest in university mathematics and higher
self-concept contribute to a better person-environment-fit, whereas low interest and low
self-concept can be a hindrance for the fit. For both interest in university mathematics and
mathematical self-concept, no significant direct effects on early dropout were found when
integrating the mediators (achievement and satisfaction) into the model. This underlines
the strong mediating role of achievement and satisfaction for early dropout and helps to
explain in which way attitudes affect early dropout.

In detail, two mechanisms explained the relation between attitudes and dropout from
mathematics programs in our study: (1) mathematical self-concept was positively related to
higher achievement, which in turn affected a lower risk for early dropout; and (2) interest in
university mathematics and mathematical self-concept led to higher satisfaction and higher
satisfaction was related to lower risk for early dropout.

We now present similarities and differences between our results and the existing lit-
erature. Concerning the first mechanism—attitudes predict achievement, which predicts
dropout—the context of our study has to be taken into account when comparing the results
of our study to other studies. Regarding the relation of self-concept and achievement in
mathematics programs, previous studies reported divergent results, probably because pre-
vious studies often used exam results as an indicator for achievement (Geisler & Rolka,
2018; Hailikari et al., 2008; Liston & O’Donoghue, 2009; Rach & Heinze, 2017). By using
points in homework sheets which students could voluntarily hand in to earn extra points
for the final exam, we measured achievement during the first term instead of at the end of
the term. Concerning the framework of person-environment-fit by Lubinski and Benbow
(2000), we enlarged this idea by relating attitudes, in particular self-concept, not only to
satisfaction but also to achievement.

Concerning the second mechanism—attitudes predicts satisfaction, which predicts
dropout—this study pointed out that both attitudes, interest in university mathematics and
mathematical self-concept, predicted satisfaction, whereas previous research (e.g., Kosiol
et al., 2019; Schiefele & Jacob-Ebbinghaus, 2006) concentrated on interest to predict sat-
isfaction. The relation between satisfaction and dropout intention, which is known from
the literature (Fleischer et al., 2019), was extended to the relation between satisfaction and
actual dropout. By analysing these mechanisms, we shed light on the question in which
way interest and self-concept have an effect on learning processes in the first term so that
students decide to drop out or stay in the study program.

7.3 Limitations

One limitation of our study lies in the sample. We administrated the questionnaires meas-
uring attitudes and satisfaction during lectures. Students who did not regularly attend lec-
tures were probably not captured. It seems plausible that this group of students contains a
lot of students that are at risk to drop out. Thus, our sample might be positively selected
and reported effects of interest in university mathematics and mathematical self-concept
may even be underestimated. Of course, a small number of students in our sample might
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have quit their studies of mathematics at the university where our study took place in order
to enrol in a mathematics program at another university.

A further limitation lies in the used instruments. Especially, the instrument measuring
interest in university mathematics reflects upon the mathematics students encounter in their
program. In programs that focus less on formal definitions and proofs, other results might
occur. Therefore, it is not clear whether our results can be transferred to other mathematics-
demanding study programs (like programs for elementary teachers or engineers).

Moreover, our data concerning the attitudes relies on self-reports that can be biased.
For example, some students could rate their interest higher due to effects like social desir-
ability. However, since students’ attitudes are latent and not directly observable variables,
self-reports are a common approach and can hardly be bypassed. As students were allowed
to work on their homework sheets alone or in pairs, the validity of the sheets for measuring
students’ achievement can be questioned. However, an advantage of considering three con-
secutive sheets instead of a single test is that the measurement was not based by students’
performance at one single time. Furthermore, the homework tasks represented the actual
demands students were faced with during the term.

7.4 Implications

Besides the theoretical implications of our results presented above, we want to propose
possible practical implications to support students during the transition to university. These
didactical measures, which are of course focused on the learning environment to improve
students’ characteristics, are inspired by our results and by works of other researchers.

As low interest in university mathematics at the very beginning of the study pro-
gram plays a substantial role for study success, support measures for this interest facet
should be provided before the term starts. Rach and Engelmann (2018) used workshops
to inform upper secondary students about the characteristics and demands of university
mathematics to enhance interest in university mathematics and foster realistic expecta-
tions about a mathematics study program. Of course, these workshops may on the one
hand affect students with low interest in university mathematics to decide not to enrol
in such a program but, on the other hand, other students who get to know university
mathematics for the first time in the workshops may enjoy this form of mathematics and
decide to enrol in a mathematics program. Thus, informing students about mathemat-
ics at university may enable students to perform a more appropriate study choice which
offers a stronger person-environment-fit and therefore a smaller risk to drop out.

With regard to mathematical self-concept, the validated mechanism—self-concept
predicts achievement, which predicts dropout—seems to be central. During the transi-
tion, many students struggle with mathematics tasks for the first time and show only
little achievement in the homework sheets (Liebendorfer & Hochmuth, 2017). The
assumption is that students, who start their study with a low self-concept, do not dare
to work on the demanding homework sheets and therefore show only little achievement.
Thus, it may be an arguable idea to design homework sheets partially less demanding
than they are at the moment in Germany. Especially, well-balanced homework sheets
with less demanding and demanding mathematical tasks at the same time would encour-
age students with less self-concept to work on the tasks while the learning goals of the
first term courses could also be achieved (Blomeke, 2016).
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7.5 Conclusion and outlook

All in all, we found evidence that students’ attitudes towards mathematics, in particular
their interest in university mathematics and their mathematical self-concept, played an
important role for predicting early dropout, and that satisfaction and achievement medi-
ated these relations. Thus, the fact that interest and self-concept lead to high study sat-
isfaction and partially to mathematics achievement in the first term illustrates that both
attitudes contribute to the person-environment-fit and thus explains how both attitudes
influence early dropout. In order to understand the mechanisms behind decisions to drop
out in more depth, methods of experience sampling that involve frequent data collec-
tions (cf. Akkerman & Bakker, 2019) could be applied. In particular, specific situations
as antecedents of the interplay of attitudes and effects on satisfaction and achievement
could be analysed in more detail.

Furthermore, we focused on students’ characteristics (namely their attitudes) and
did not collect data on the actual characteristics of the mathematics courses in which
students participated. According to frameworks of person-environment-fit (Lubinski &
Benbow, 2000; Swanson & Fouad, 1999), the interplay between students’ characteris-
tics and characteristics of the environment determines whether the transition to univer-
sity mathematics is successful. Characteristics of lecture courses could be captured via
structured observations (cf. Rach et al., 2016). Further studies could consider both stu-
dents’ attitudes and actual characteristics of lecture courses using multi-level analysis
to gain more detailed insights in the aforementioned interplay (cf. Sarcletti & Miiller,
2011). With this study, we give fruitful insight into students’ attitudes in a university
program which could be a starting point for such analyses.
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