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Abstract

Students’ personal interest is hypothesized to be an important resource for
learning, but only a few empirical studies have investigated the effect of interest
on academic achievement and motivational outcomes of university studies. This
lack of empirical studies is remarkable, because inadequate individual prerequi-
sites are considered one reason for study drop-out. High drop-out rates in
mathematics studies highlight students’ difficulties at the transition from school
to university mathematics. The main aim of this contribution is to analyze the
impact of cognitive learning prerequisites and mathematics interest on the out-
comes in the first semester of a university mathematics program. In line with
person—object theories of interest, we differentiate interest facets that reflect the
changing nature of mathematics at the transition. We report results of a prediction
study with 202 students enrolled in a university mathematics program. Correla-
tion analyses show weak relations between interest and cognitive prerequisites.
Regression analyses indicate that interest in proof and formal representations is a
strong predictor for study satisfaction and motivation, whereas only cognitive
prerequisites show an impact on achievement. Our results indicate how and to
what extent the specified instruments measuring individual interests may inform
study guidance before and student support during the first semester of a univer-
sity mathematics program.
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Introduction

Students’ problems with the transition to university mathematics have been described
internationally for more than a decade (Clark & Lovric, 2009; Gueudet, 2008; Tall, 2008;
Ulriksen, Moller Madsen & Holmegaard, 2010). Higher drop-out rates in university
mathematics programs than in other subjects support this impression (Dieter, 2012;
Heublein, Richter, Schmelzer & Sommer, 2014). It has been suggested that during the
transition to university mathematics, the content of mathematics learning, as well as the
learning environment change (Rach, Kosiol & Ufer, 2017). One reason for students’
problems might be that their individual learning prerequisites, such as interest and
knowledge, are not well aligned with the learning environment at university. These
learning prerequisites influence facets of study success, e.g., academic achievement or
study satisfaction, and may inform student selection, advice, and support (Sonnert &
Sadler, 2015; Trapmann, Hell, Weigand & Schuler, 2007). To design study advice
materials and adjust the learning environment for students with less beneficial prerequi-
sites, it is necessary to know what characterizes students who have trouble in the transition.

While the role of cognitive prerequisites, e.g., prior knowledge and prior achievement,
for academic achievement in the transition to university mathematics is well established
(e.g., Rach et al., 2017), the picture is less clear for other learning prerequisites. Radford
(2015) argues that affect and cognition are inseparable; therefore, it seems necessary to
investigate the relation of affective as well as cognitive variables. Interest is theoretically
assumed to influence students’ motivation, effort, and strategies (e.g., Krapp & Prenzel,
2011) as well as academic success, including satisfaction and achievement (Harackiewicz
& Hulleman, 2010). Recent studies, however, have failed to identify an effect of interest
on academic achievement (e.g., Rach et al., 2017). In contrast, interest has been found to
influence study drop-out in the past (Schiefele, Streblow & Brinkmann, 2007).

One reason for the missing link between interest and achievement could be that the
interest questionnaires applied in these studies are not well aligned with the learning content
at university (Ufer, Rach & Kosiol, 2017). According to Holland’s (1973) congruence
hypothesis, such an alignment would be necessary to identify meaningful relations between
interest and study success. Moreover, as interest reflects a person—object relationship and the
learning content changes at the transition to university, it is not clear what mathematics
students actually refer to in their general interest ratings. It has been proposed to differentiate
interest in mathematics relating to university mathematics versus school mathematics, and
the corresponding mathematical practices in both institutions (Ufer et al., 2017).

Another reason may be that the influence of interest on drop-out is not mediated strongly
by academic achievement, but primarily by other variables that are relevant for students
decision to continue or leave a study program, such as study satisfaction. Indeed, previous
research from higher education in general indicates that interest may affect these subjective
criteria of study success stronger than academic achievement (Nagy, 2006). However,
empirical data on these subjective study success criteria are scarce in the transition to
university mathematics, and it is yet unclear to which extent the respective relationships
might depend on the specific facets of mathematics interest taken into account.

The main goal of this contribution is to provide empirical evidence about the specific
roles of interest in school and university mathematics for academic achievement (in the
sense of exam scores) in the transition to university mathematics, as well as for subjective
criteria of study success (such as study satisfaction) when controlling cognitive prerequisites.
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Background
The Transition from School to University Mathematics

High drop-out rates, especially in the early years of academic programs with a focus on
scientific mathematics (Dieter, 2012; Heublein et al., 2014), have drawn researchers’
attention towards the transition from school to university mathematics in the past years.
Two major differences between school and university probably play an important role
in this transition: (1) a changing character of mathematics as a scientific discipline, and
(2) different cultures of learning (Clark & Lovric, 2009; Gueudet, 2008).

One main focus of school mathematics is on solving more or less realistic problems
(KMK, 2012; Organization for Economic Co-operation and Development [OECD],
2016). Therefore, applications of mathematics to real-world problems and related calcu-
lations are central mathematical practices within school mathematics. In contrast, math-
ematics in the study entry phase is mostly presented as a scientific discipline in a
definition—theorem—proof structure (Engelbrecht, 2010; Hoyles, Newman & Noss,
2001). Formal definitions of abstract concepts and formal-deductive proofs are charac-
teristic. These differences between mathematics in upper secondary school and in the first
semesters at university can be observed in textbooks from the two contexts, even when
they relate to the same mathematical concepts (e.g., limit of functions: Vollstedt, Heinze,
Gojdka & Rach, 2014). Summarizing, the character of mathematics shifts from a school
subject with a focus on calculations and applications to a scientific discipline based on
explicit definitions, deductive proofs, and formal representations (cf. Gueudet, 2008).

With regard to the second aspect, the transition to university mathematics is ana-
lyzed as an enculturation process to a new institution (cf. Gueudet, 2008). Students are
confronted with a new culture of how mathematics is taught and learned. It is up to now
unclear which learning prerequisites, such as knowledge or interest, support students in
coping with this new learning culture (Rach et al., 2017). Researchers hypothesize that
poor learning strategies, the unfamiliar pedagogical approach, and the need to construct
a legitimate identity in this new context lead to difficulties at this transition to the new
learning culture (Ulriksen et al., 2010).

As it is widely accepted that the shift in character and the new learning environment
have a major impact on success and drop-out in a university mathematics program (cf.
Gueudet, 2008), we analyze in this study how individual learning prerequisites, such as
students’ prior knowledge, achievement, and different interest facets affect different
measures of study success.

Conceptualizing Study Success in the Transition Phase

Even though study success is often equated with successful graduation from university,
current conceptualizations view it as a multidimensional construct (e.g., Nagy, 20006;
Sorge, Petersen & Neumann, 2016). Objective criteria of study success comprise
acquired knowledge, competence, skills, duration of studies, as well as drop-out
(negative criterion). Following, for example, Nagy (2006), we integrate certified
indicators such as grades in university courses or the graduation grade (Sorge et al.,
2016) under the label objective criteria. Subjective criteria refer to students’ ratings of
study satisfaction, intentions to continue or leave a study program, (de-)motivation
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regarding the study program, or perceived learning gain. In the past, research on the
transition to university mathematics has predominantly focused on objective criteria of
study success (e.g., Halverscheid & Pustelnik, 2013; Rach et al., 2017; Ufer, 2015).

Study satisfaction, as one subjective criterion, refers to a person’s appraisal of their
study program that is based on affective experiences and cognitive comparisons. A
definition of satisfaction as congruence of expectations and experiences would be too
restrictive, because it ignores the affective element of study satisfaction (Bliithmann,
2012). Satisfaction is the result of a person’s interaction with an environment. In this
sense, satisfaction is a postdecision experience construct, as it refers to an environment
that a person dealt with. Brandstitter, Grillich, and Farthofer (2006) report that low
study satisfaction predicts drop-out in university programs even if achievement is
controlled. For the development of study satisfaction, the entry phase of a study
program seems to play an important role (Bliithmann, 2012), indicating a specific
importance for the transition to university mathematics.

Furthermore, demotivation is considered another key reason for drop-out from study
programs with a focus on mathematics. Schiefele et al. (2007) reports that students who
drop out of their study program differ from the persistent students with regard to their
motivation already at the start of their studies. Furthermore, student motivation has
shown a high impact on students’ study satisfaction (Bliithmann, 2012).

Summarizing, subjective criteria of study success such as study satisfaction and
student motivation have turned out to be early indicators of study drop-out beyond
objective criteria such as academic achievement (Brandstitter et al., 2006; Trapmann
etal., 2007). Thus, they represent important learning outcomes during the transition to a
university mathematics study. However, studies investigating study success in terms of
different criteria simultaneously are scarce (Brandstitter et al., 2006; Nagy, 2006).

Predictors of Study Success

Bliithmann, Lepa, and Thiel (2008) distinguish four categories of factors influencing
study success: students’ prerequisites, conditions of the study program, students’ studying
and learning behavior, and situational factors. In this contribution, we focus on individual
prerequisites, because they seem to have a stronger influence on study success in
mathematics than, for example, situational factors (Sonnert & Sadler, 2015). Specifically,
we investigate prior knowledge, prior school achievement, and interest in mathematics.

Interest as a Predictor of Study Success. The interest construct captures two of the
components that have been subsumed under the term affect in the mathematical education
literature in the past (Di Martino & Zan, 2015): emotions and values. Hannula (2011), as
well as works from educational psychology (e.g., Hidi & Renninger, 2006), propose a
strong link to motivation and, further, to action regulation. Following Zan, Brown, Evans,
and Hannula (2006), we conceptualize interest not as an intrinsic property of an individual,
but as a characteristic which researchers ascribe to individuals based on a specified
theoretical understanding of the construct and observations of the individual.

In the context of person—object theories, interest is defined as a specific relation
between an individual and an object (Krapp, 2002). This object may be any cognitively
represented entity from the persons’ life-space (Krapp, 2007), comprising objects,
topics, ideas, or school subjects. Situational interest is seen as a certain motivational
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state (Hidi & Renninger, 2006). Individual interest, in contrast, describes a relatively
stable personal trait which allows individuals to activate interest states in specific
situations (Krapp, 2002; see also Hannula (2011) framework). Individual interest is
understood as the multi-faceted associations of a person with the object of interest
(Marsh, Trautwein, Liidtke, Koller & Baumert, 2005). Schiefele, Krapp, and Winteler
(1992) distinguish between (1) an emotional component of interest, usually related to
joy or other positive emotions experienced when dealing with the object of interest, (2)
a value-based component, referring to the value a person attributes to the object, and (3)
an intrinsic component, understood as the individual’s tendency to re-engage with the
object mainly because of his or her relation to the object itself. The determinants of
strength of motivation are studied within expectancy—value theories of motivation
(Eccles & Wigfield, 2002) or self-efficacy theory (Schunk, 1991). Individual interest
in this context can be hypothesized as an antecedent of situational interest and
motivation, with a strong focus on a specific object (Schiefele, 2009).

Interest is assumed to be an important factor in learning processes (Hidi &
Renninger, 2006) and for students’ success in the transition phase to university
mathematics (Pyzdrowski et al., 2013; Rach et al., 2017). It has been suggested that
its positive effect on learning is caused by a sustained attention (Ainley, Hidi &
Berndorff, 2002; Hidi & Renninger, 2006), a positive mood and goal-directed process-
ing (Hidi & Renninger, 2006), and self-regulative processes (Lee, Lee & Bong, 2014;
Richardson, Abraham & Bond, 2012) during learning. In addition, there is evidence
that interest is related to the use of elaborative learning strategies, leading to an indirect
influence of interest on achievement (Schiefele, Krapp & Wild, 1995).

Studies investigating the expected effect of interest on achievement in mathematics
measured by grades and tests show seemingly inconsistent results. Some analyses have
reported moderate correlations (around » = .32 in Schiefele et al., 1992) between
interest and achievement in school mathematics (cf. Heinze, Reiss & Rudolph, 2005),
and Schukajlow and Krug (2014) found correlations with performance in mathematics
(.18 < r < .40 for task-specific and task-unspecific interest). However, it has not been
possible to verify a direct influence of interest on achievement in longitudinal studies.
Koller, Baumert, and Schnabel (2001) found only a small effect of interest on learning
in school settings when prior achievement was controlled (cf. Marsh et al., 2005) and
Rach et al. (2017) could not identify such an effect in the transition phase to university
mathematics. The results of Koller et al. (2001) indicate that a longitudinal relation
between mathematics interest and achievement is mediated at least partially by stu-
dents’ choices during their learning biography. Indeed, interest predicts the choice of
study programs (Lapan, Shaughnessy & Boggs, 1996; Nagy, 2006).

As stated above, interest is linked to the use of deep-level learning strategies (Schiefele
etal., 1995), which are assumed to stimulate understanding. However, newer results (e.g.,
Senko, Hama & Belmonte, 2013) indicate that sometimes surface-level learning strategies
lead to better achievement due to a more goal-driven selection of course material, rather
than following individual interests. Another reason for the missing effect of interest on
achievement in the study entrance phase could be that students’ reported interests mainly
refer to school mathematics, and not to university mathematics (Ufer et al., 2017). The
character of mathematics (object of interest) changes in the transition from school to
university mathematics, and Liebendorfer and Hochmuth (2013) report that university
mathematics students indeed differentiate between school and university mathematics as
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objects of interest. Thus, Holland’s (1973) congruence hypothesis, which assumes that a
positive relation between interest and study success can only be expected if individual
interests correspond to the contents of a study program, would explain the missing effects.
Ufer et al. (2017) distinguish between interest in school mathematics and interest in
university mathematics, and corresponding mathematical practices (cf. Héaussler &
Hoffmann, 2000 for a similar approach in physics education). Without differentiating
between different domains, Assouline and Meir’s (1987) meta-analysis could not estab-
lish an effect of interest congruence on achievement. For studies in science, technology,
engineering, and mathematics, Nagy (2006) reported a weak correlation between interest
congruence and self-rated achievement. To the best of our knowledge, there are no studies
on interest congruence from contexts where the object of interest changes its nature, as in
the transition to university mathematics. Beyond the classical interpretation of the con-
gruence hypothesis described above, interests which are not in line with the contents of
the study program (e.g., interest in applying mathematics or in school mathematics) might
even be detrimental to subjective and possibly also objective criteria of study success.
However, results on such an incongruence hypothesis are even more scarce.

Concerning higher education in general, results on the influence of interest on
subjective criteria of study success are more conclusive than for objective criteria.
Without differentiating between different study programs, various researchers have
found that domain-specific interest predicts study satisfaction even when controlling
other individual characteristics (Bliithmann, 2012; Schiefele & Jacob-Ebbinghaus,
20006). Interest congruence has been found to go along with study satisfaction
(Assouline & Meir, 1987; Nagy, 2006). Moreover, Bergmann (1992) found interest
congruence to be a predictor of study satisfaction, especially in science and technology.
Even though evidence is quite consistent for higher education in general, there are to
our knowledge no studies investigating the effect of interest and interest congruence on
subjective criteria of study success in the transition to university mathematics.

Summarizing, theoretical arguments support the conclusion that individual interest
(person—object relationship) is an important learning prerequisite. However, empirical
studies on the transition to university mathematics have failed to find a relation between
interest and objective criteria of study success. On the one hand, this may be due to low
interest congruence between general measures of interest applied in these studies and
the specific contents of a university mathematics program (Ufer et al., 2017). On the
other hand, interest may be more relevant for subjective criteria of study success than
for objective criteria. Since subjective as well as objective criteria of study success
predict drop-out (Bliithmann et al., 2008; Schiefele et al., 2007), it is of high relevance
to understand the role of interest in the transition for both kinds of success criteria.

Cognitive Prerequisites and their Influence on Study Success. Prior research has mainly
applied three measures of cognitive prerequisites and investigated their effect on study
success: (overall) final school qualification grade,' mathematics school grades, and math-
ematics knowledge test scores (cf. Halverscheid & Pustelnik, 2013). Final school qualifi-
cation grades are usually subsumed under cognitive variables, although they include non-
cognitive aspects, such as willingness to learn, diligence etc. (Trapmann et al., 2007).

! The final school qualification grade is similar to the GPA and consists of grades in many courses in the last
2 years and performance in exams in the last year of schooling.
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With respect to objective criteria of study success, some studies identify the (overall)
school qualification grade as the strongest predictor of achievement in the transition to
university mathematics (Rach et al., 2017; Ufer, 2015) and in tertiary education in
general (Robbins et al., 2004; Trapmann et al., 2007). This holds for the first year of
study (Rach et al., 2017; Ufer, 2015) and beyond (Blémeke, 2009; Geiser & Santelices,
2007). Evidence on the influence of mathematics school grades for achievement at
university mathematics is rarely reported. The mathematics grade seems to be a
significant, but weaker predictor of achievement at university than the (overall) school
qualification grade (Bengmark, Thunberg & Winberg, 2017; Halverscheid & Pustelnik,
2013; Rach et al., 2017; Trapmann et al., 2007). Domain-specific knowledge, measured
by specific tests, proved to be a valid predictor of later achievement in a university
program in general (cf. Liston & O’Donoghue, 2009), as well as in mathematics
programs (Halverscheid & Pustelnik, 2013; Kuncel, Hezlett & Ones, 2001; Rach
et al., 2017; Ufer, 2015). Beyond objective criteria of study success, there are few
studies on the predictive power of grades and knowledge test scores on study satisfac-
tion and motivation in mathematical and technical programs (Blomeke, 2009).

Summarizing, it is well established that school qualification grades and, with a smaller
effect, domain-specific prior knowledge predict objective criteria of study success in
general, as well as in university mathematics programs. However, the influence of interest
beyond prior knowledge is still an open question. Moreover, only few studies have
investigated the effect of cognitive prerequisites on subjective criteria of study success.
Based on the scarce evidence, only a small influence of cognitive prerequisites on study
satisfaction may be expected during the transition to university mathematics.

The Current Study

The goal of the current study is to provide evidence about the effect of different facets of
mathematics interest — relating to school and university mathematics and corresponding
practices — on objective and subjective criteria of study success in the transition to a
university mathematics program. It is part of the project “Self-Concept and Interest in the
Study entry phase Mathematics, SISMa” (Ufer et al., 2017) that explores reasons for the
seemingly inconsistent results regarding the role of affective variables in the transition
phase. In a prediction study, we surveyed students’ learning prerequisites at the first day of
their studies. To measure the different facets of interest, we applied a scale that refers to
mathematics as the object of interest in general terms, as well as specific interest scales (Ufer
et al., 2017; see Table 1 and the Instruments subsection below). As indicators of study
success, we measured satisfaction and demotivation regarding the study program after
8 weeks of study and we gathered data on exam achievement at the end of the first semester.
Our investigation aims to provide answers to the following questions:

1. To what extent is exam achievement at the end of the first semester of a university
mathematics program predicted by cognitive learning prerequisites and different

facets of interest in mathematics?

In line with prior studies (Rach et al., 2017; Trapmann et al., 2007), we expected that
exam scores would be predicted strongly by school qualification grades and by prior
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knowledge for academic mathematics (H1.1). Also in line with prior studies on the
transition to advanced mathematics (Rach et al., 2017), we did not expect a significant
effect of general interest in mathematics on exam scores (H1.2). Regarding differenti-
ated measures of interest, we did expect interest in proof and formal representations
(H1.3) as well as interest in university mathematics (H1.4) to predict exam scores
positively, in line with the congruence hypothesis. We had no specific hypotheses with
regard to the interest in school mathematics, in using calculation techniques, and in
applying mathematics.

2. To what extent are subjective criteria of study success during the first semester of a
university mathematics program predicted by cognitive learning prerequisites and
different facets of interest in mathematics?

We expected at most weak relations to cognitive learning prerequisites (H2.1; see
Blomeke, 2009; Brandstitter et al., 2006; Nagy, 2006). Consistent with prior findings
on satisfaction (Blithmann, 2012) and motivation (Schiefele & Jacob-Ebbinghaus,
2006), we expected significant relations of general mathematics interest and subjective
criteria of study success (H2.2). Based on the congruence hypothesis, we hypothesized
that a high interest in proving and using formal representations (H2.3) and the interest
in university mathematics (H2.4) predict lower demotivation and higher study satisfac-
tion. We had no specific hypotheses about the effects of interest in school mathematics,
in using calculation techniques, and in applying mathematics on subjective criteria.
However, a negative relation would support an incongruence hypothesis, since both
aspects play a minor role in first semester university mathematics courses.

Method
Design and Sample

The presented data is part of a prediction study with first semester mathematics students at
one university in Germany. The study comprised three measurement occasions. Background
data, interest, and cognitive learning prerequisites were surveyed in the first session of the
first course of the semester (T;). Eight weeks after the start of the first semester, students
completed a questionnaire on study satisfaction and demotivation (T5). At the end of the
semester, students were asked to provide their exam scores of the course “Analysis I” (T3).

Our sample consists of 202 first semester university mathematics students (95 female,
107 male; age M = 19.40, SD = 1.83), who participated in the study voluntarily, and
based on informed consent. They were enrolled in three different study programs: two
bachelor programs (“mathematics” and “business mathematics”, 128 students) and one
mathematics teacher education program for the high-attaining secondary school track in
Germany (“Gymnasium”, 74 students). All students participated in a specific course
“Analysis 17, which is an obligatory standard course for first-semester mathematics
students. The bachelor students and the students in the teacher education program
attended slightly different “Analysis 1” courses. Moreover, the mathematics bachelor
students took courses in a minor subject, the business mathematics students had economy
lectures, and the students in the teacher program studied a second subject and took courses
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in psychology and education. Ninety-one of the students participated in a 2-week
preparatory course before the first semester started. Out of the students participating in
the final exam, 120 agreed that their scores would be reported for use in the project (69
from the bachelor program, 51 from the teacher education program).

Statistical analyses (correlation and regression analyses) were conducted with Mplus 7
(Muthén & Muthén, 1998-2015), using full information maximum likelihood (FIML)
estimations to account for missing data. To increase model stability, we included data into
the background models for all prerequisites covered in this contribution from all those
students in the respective study programs who participated in the first measurement.

Instruments

School Qualification Grade (T;). On the first measurement, students were asked to
report their school qualification grade, which is an aggregate of a variety of oral and
written examinations from the final two years in upper secondary school as well as final
examinations. Grades were recoded so that 4.0 is the best and 1.0 is the worst value
(M = 3.12, SD = 0.59).

Prior Knowledge for Advanced Mathematics (T;). A test of eight items was used to survey
knowledge about a broad spectrum of school mathematics concepts which are relevant for
benefiting from an “Analysis I” course (cf. Rach et al., 2017). The items targeted conceptual
understanding of involved concepts beyond the typical tasks in upper secondary school

(e.g., a multiple-choice item on the value of lim;_,q 7M). Each item was scored
g p h

dichotomously, awarding 1 point for a correct solution and 0 points for other or missing
solutions. The scale’s mean score was 3.24 (SD = 1.80, possible range from 0 to 8). The
reliability (Cronbach’s o) was .58, which was considered acceptable, as the test covered a
broad spectrum of concepts.

Interest in Mathematics (T;). As outlined, the character of mathematics changes as well
as the learning environment. Therefore, it is reasonable to differentiate between different
objects of interest to explore in which type of mathematics the students are interested. As
such scales were not available, we developed two types of scales that differentiate
between different objects of interest (Ufer et al., 2017). These developed and validated
scales measure the individual relationship towards the object of interest based on emotion-
related, value-related, and intrinsic components (Ufer et al., 2017). The first type of scale
addresses the individual relationship towards mathematics as it has been experienced or is
anticipated in a specific institutional context (school vs. university). A second type of
scale (three scales) surveys interest in mathematical practices that are characteristic for
university mathematics (proof and formal representations), school mathematics (applying
mathematics), or for both contexts (using mathematical calculation techniques). The
applied items can be found in Ufer et al. (2017). In addition, to compare the results of
the newly developed scales to general interest in mathematics and to embed the results in
the context of existing studies, we applied a widely-accepted scale of general interest in
mathematics from Pekrun, Goetz, Titz, and Perry (2002).

Students were asked to rate the items on a four-point Likert scale from 0 (disagree)
to 3 (agree). Table 1 shows the descriptive data for all interest scales. With regard to the
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Table 1 Reliability, means, and standard derivation of the interest scales

Example Item Neof N « BA TE
items M (SD) M (SD)

General interest in Mathematics is one of the things that is 6 202 .76 2.32 (42) 2.17 (46)
mathematics (IG) most important for me, personally.

Interest in applying Solving problems from my own life 6 202 .83 2.01 (.63) 2.03 (.53)
mathematics (IA) with mathematics is fun for me.

Interest in proof and It is exciting for me to show that a 8 202 .81 2.02(.52) 1.77 (.51)
formal mathematical statement is valid in
representations (IP) general.

Interest in using I like to deal with complicated 5 202 .72 2.30(49) 2.37(48)
calculation calculations.
techniques (IC)

Interest in university Mathematics as practiced in university 5 174 .87 2.17 (57) 1.83(.59)
mathematics (IU) is really important for me.

Interest in school I am interested in mathematics as itis 5 198 .77 2.03 (.56) 2.30(.52)
mathematics (IS) practiced in school.

N number of participants with less than half missing items on the scale, o Cronbach’s alpha, M mean, SD
standard derivation; Likert-scale from 0 (disagree) to 3 (agree), BA Bachelor program, TE Teacher education
program

missing data on the interest in university mathematics scale, some of the students may
have felt that they could not answer these items before starting their studies, although
they had been instructed to report their interest as they anticipate university mathemat-
ics. Previous studies have shown that students do have realistic expectations of their
studies in mathematics even on the first study day (Rach, Heinze & Ufer, 2014), so we
used the existing data and applied missing data techniques.

Subjective Criteria of Study Success (T,). We surveyed satisfaction with the study
program, and demotivation as subjective criteria of study success using two different
scales (see Table 2; Schiefele & Jacob-Ebbinghaus, 2006; Schiefele, Moschner &
Husstegge, 2002). Students were asked to rate the items on a four-point Likert scale
from O (disagree) to 3 (agree).

Exam Scores (T3). To study objective criteria of study success, we asked for students’
agreement to obtain their exam scores of the course “Analysis I” at the end of the
semester. As the exams were different for the two study programs, this data was
analyzed separately. In both courses, students had a second chance to retry the exam
at the end of the semester break. Results from both exams were aligned on separate
scales initially, which were then linked using linear regression models (in each study
program) based on the data from students participating in both exams. We used the
maximum of the two aligned scores (Table 2).

The correlation between the subjective criteria of study success is positive and high
(7] = .681, p < .001). The correlation coefficients between subjective and objective criteria
(exam scores) are positive, but weak and not significant (.060 < |1 < .095, p > .438 for
bachelor students; .006 < || < .116,p > .417 for students in a teacher education program).
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Table 2 Reliability, means, and standard deviation of the study success scales

Example Item N° of items N x M (SD)
Satisfaction with the In total, I am content with 7 202 .83 1.76 (.56)*
study program my studies in mathematics.
Demotivation in the The studies in mathematics 6 202 .85 1.00 (.66)*
study program are really frustrating for me.
Exam analysis I, bachelor program, maximum: 36 points 6 69 .85 12.88 (8.06)
71
Exam analysis I, teacher education program, maximum: 60 points 6 51 .78 22.54 (10.33)
.67

N Number of participants with less than half missing items on the scale, there were no missing items in the
exams, o Cronbach’s alpha (main exam and retry exam), M mean, SD standard deviation, * Likert-scale from
0 (disagree) to 3 (agree)

Results
Preliminary Analyses

Low correlations between interest and the (overall) school qualification grade (Table 3)
met our expectations, since this grade combines achievement over a range of subjects.
In line with prior findings (Schiefele et al., 1992; Schukajlow & Krug, 2014), interest in
university mathematics and interest in proof and formal representations correlated
moderately positively with prior knowledge for advanced mathematics. Interest in
school mathematics and interest in calculation techniques as well as applications
correlated negatively with prior knowledge for advanced mathematics. This indicates
that in our — highly selective — sample of mathematics university students, those
participants with a low prior knowledge tend to be more interested in school mathe-
matics, application, and calculation than those with high prior knowledge for advanced
mathematics. General interest in mathematics can be considered an amalgam of the
more specific interest facets to a large extent (Ufer et al., 2017). Thus, it is plausible that
the opposite relations described above average out for the general interest measure, and
lead to a non-significant correlation with prior knowledge.

We conducted regression analyses with the different criteria of study success as
dependent variables. First, we entered the study program as a predictor (model 1, only

Table 3 Pearson correlations between measures of learning prerequisites

1G 1A IC 1P I U
School qualification grade 12 —-.06 12 12 .18° .08
Prior knowledge of advanced mathematics .09 =21% —.20"" 24 —26"* 11

IG general interest in mathematics, /A interest in applying mathematics, /C interest in using calculation
techniques, /P interest in proof and formal representations, /S interest in school mathematics, /U interest in
university mathematics

" p <05, p<.0L,,"™ p<.00]
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Table 4 Standardized regression coefficients and standard errors from regression analyses with dependent
variable achievement bachelor

Independent variable Mod. 2 Mod. 3 Mod. 4 Mod. 5 Mod. 6
School qualification grade S 427 A2 427 447
(.08) (.08) (.08) (.08) (.08)
Prior knowledge of advanced mathematics AT AT 457" 447
(.08) (.08) (.09) (.09)
General interest in mathematics .06 .14 .07
(1D (14) (.13)
Interest in university mathematics -.09
(13)
Interest in school mathematics -.05
(.10)
Interest in applying mathematics 12
(12)
Interest in proof and formal representations .06
(11
Interest in using calculation techniques -.16
(.11)
R? .26 A48 48 49 .51

N = 69 for dependent variable, N = 122 for background model, **p < .0011

for subjective criteria) and then successively school qualification grade (model 2), prior
knowledge (model 3), and general interest (model 4). In two separate further models,
we added the measures of interest in mathematics as taught in the two different
institutions (model 5) or the interest regarding the different practices (model 6). Model
7 contains all predictors, but was only estimated for subjective criteria due to small
sample sizes for objective criteria.

Objective Criteria of Study Success (Exam Scores)

Bachelor Program Sample? The regression analyses (see Table 4) for exam scores
of bachelor students show that across all models, school qualification grade and
prior knowledge for advanced mathematics are significant predictors of roughly
equal strength, confirming H1.1. Beyond these, general interest does not predict
exam scores significantly (H1.2).> Contrary to H1.3 and H1.4, neither interest in
university mathematics nor in proof and formal representations predict exam
scores significantly. Also, no negative relation of interest in school mathematics
or in applying mathematics could be identified.

Teacher Education Program Sample. The corresponding analyses for the teacher edu-
cation program (Table 5) show that the school qualification grade is a significant

2 Because the two subsamples in our study received different exams, the relation between learning prerequi-
sites and exam scores was analyzed separately for each program.

? The sample size of each subsample (bachelor vs. teacher) provides sufficient statistical power to identify a
medium effect for each predictor in the final model (x = .05, = .80, £2 = .15).
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Table 5 Standardized regression coefficients and standard errors from regression analyses with dependent
variable achievement teacher education

Independent variable Mod. 2 Mod. 3 Mod. 4 Mod. 5 Mod. 6
School qualification grade 537 537 497 607" 527
(11 (.11) (11 (.12) (.12)
Prior knowledge of advanced mathematics .08 .09 .08 11
(.12) (12) (11) (.12)
General interest in mathematics 12 30" 21
(12) (.15) (17)
Interest in university mathematics -.15
(15)
Interest in school mathematics -28t
(.15)
Interest in applying mathematics .03
(13)
Interest in proof and formal representations -13
(.15)
Interest in using calculation techniques -.04
(.14)
R? 29 29 31 .38 .32

N = 51 for dependent variable, N = 73 for background model, tp < .10, , " p < .05, , ™ p < .001

predictor of exam scores in all models (model 2, first part of H1.1). Contrary to our
expectations, the prior knowledge has no significant effect on exam scores (model 3).
General interest does not predict exam scores beyond cognitive prerequisites (model 4),
supporting H1.2. However, upon including interest in school mathematics, weak
predictions in opposite directions occur for general interest (positively) and interest in
school mathematics (negative tendency, model 5). Given the moderate correlation
(r = .32; p < .05) between the two measures, this is probably not due to multi-
collinearity. The result indicates that higher general interest only goes along with higher
exam scores for students with a comparable level of interest in school mathematics. The
other interest facets did not predict exam scores significantly (model 6).

Subjective Criteria of Study Success

We conducted separate regression analyses for the dependent variables satisfaction and
demotivation (Tables 6 and 7). As expected, there are no significant effects of the school
qualification grade and advanced mathematical knowledge in the pretest for both sub-
jective criteria of study success, confirming H2.1 (models 2 and 3 in Tables 6 and 7).*

Study Satisfaction. Bachelor students report a slightly higher satisfaction with their
study program (model 1), but this difference decreases strongly when entering interest

4 The sample size provides sufficient statistical power to identify a small effect for each single predictor in the
final model (x = .05, 3 = .80, 2 = .04).
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measures (models 4 and 5). This indicates that the differences in study satisfaction
between the programs can be explained by different interest profiles. As expected,
general interest positively predicts study satisfaction (model 4, H2.2), and beyond this
both interest in university mathematics (H2.4, model 5) and in proof and formal
representations (H2.3, model 6) contribute. The effect of interest in university mathe-
matics is reduced substantially, but not significantly when all indicators are entered into
the joint model 7 (Clysq,: [.07, .35], model 5; Clysq,: [—.07, .26], model 7). Beyond this,
higher interest in school mathematics predicts lower study satisfaction (model 5), and
this effect is mostly independent of interest in applying mathematics or performing
mathematical calculations (models 6 and 7). General interest accounts for more than
half (14%) of the variance share explained by interest measures (23%).

Demotivation. Even though there are no significant differences between the study
programs in the initial model, the final model indicates that bachelor students report
more demotivation compared to the teacher education students than would be expected
based on their interest profile. The further pattern of results for demotivation is similar
to study satisfaction: general interest, interest in university mathematics, and interest in
proof and formal representations go along with lower demotivation, while interest in

Table 6 Standardized regression coefficients and standard errors from regression analyses with dependent
variable satisfaction

Independent variable Mod. I Mod.2 Mod.3 Mod.4 Mod.5 Mod. 6 Mod. 7
Study program? A9 19" 17" 11 .03 .08 .03
07)  (07) (07) (07) (07) (07)  (07)
School qualification grade -.05 —.06 -.10 —-.05 -.10 —.06
07y  (07) (07) (O7) (07)  (.07)
Prior knowledge of advanced mathematics .09 .08 .01 .03 —.00
(.07) (.07) (.07) .07) .07)
General interest in mathematics 387 327 217 247
(06) (09 (08 (.09
Interest in university mathematics 22 .10
(:09) (.10)
Interest in school mathematics —22™ —.22"
(07) (.08)
Interest in applying mathematics .02 .05
07)  (.06)
Interest in proof and formal representations 30" 23"
(08)  (.09)
Interest in using calculation techniques -.03 .05
07 (07)
R? .00 .04 .04 .18 24 23 27

N = 202; 2 dummy coding; 1: bachelor program, 0: teacher education program
p<.05,"p<.0l,," p<.001
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Table 7 Standardized regression coefficients and standard errors from regression analyses with dependent
variable demotivation

Independent variable Mod. 1 Mod.2 Mod.3 Mod.4 Mod.5 Mod. 6 Mod. 7
Study program? .09 .09 .10 15" 247 19" 247
07)  (07)  (07) (07) (07) (07) (07)
School qualification grade .05 .06 .09 .05 .09 .06
07y  (07) (07) (O7) (07) (.07)
Prior knowledge of advanced mathematics —.06 —-.05 .01 —.00 .03
(.07) (.07) (.07) (.07) (.07)
General interest in mathematics =36 —28" —17" -.19"
(06) (09 (08 (.09
Interest in university mathematics —.24 —11
(.09) (11)
Interest in school mathematics 21 21
(.07) (.08)
Interest in applying mathematics —.06 -.09
07 (07)
Interest in proof and formal representations =347 =26
(08)  (.09)
Interest in using calculation techniques .05 —-.02
(.07) (.08)
R? .00 .01 .01 .14 .20 .20 23

N = 202;* dummy coding; 1: bachelor program, 0: teacher education program
“p<.05™ p<.0l,,"p<.001

school mathematics predicts higher demotivation, supporting H2.2, H2.3 and H2.4.
General interest accounts for about half (13%) of the variance share explained by
interest measures (22%).

Discussion

The starting point of our study was the seemingly inconsistent results with regard to the
role of students’ interest for their study success in a university mathematics program
(e.g., Rach et al., 2017) beyond cognitive learning prerequisites (Robbins et al., 2004;
Trapmann et al., 2007). Moreover, we put a specific focus on learning outcomes that
may indicate drop-out already in the transition phase to university mathematics
(Brandstitter et al., 2006). Our study implements two main innovations: (1) we applied
differentiated measures of interest to account for the changing nature of the object of
interest “mathematics” in the transition phase (cf. Ufer et al., 2017) from an
application-oriented school subject to a scientific discipline focusing on proof and
formal representations (Engelbrecht, 2010; Gueudet, 2008; Hoyles et al., 2001), and
(2) beyond exam scores as objective measures of study success, we also surveyed
subjective measures such as study satisfaction and demotivation (Bliithmann, 2012).
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Effects of Cognitive Learning Prerequisites

In line with prior research (Bengmark et al., 2017; Rach et al., 2017; Robbins et al.,
2004; Trapmann et al., 2007), school qualification grade and prior knowledge for
advanced mathematics showed a strong impact on exam scores (objective criteria of
study success, H1.1). However, prior knowledge predicted exam scores only for
students from a bachelor mathematics program. For students in the teacher education
program, exam scores were largely independent of prior knowledge when controlling
for school qualification grade. Future research could study possible reasons for this
finding. For example, a lecturer in the teacher education program might have connected
to students’ prior understanding of mathematical concepts more explicitly, when trying
to highlight the relevance of the content for students’ teaching career. However, the
importance of general prior achievement and domain-specific prior knowledge for the
transition to university mathematics is well established.

Beyond this, our study extends prior evidence from higher education that subjective
measures of study success in the transition phase are largely independent of cognitive
learning prerequisites (H2.1, Blomeke, 2009; Brandstitter et al., 2006; Nagy, 2006). It
may be of interest in the future to study the mutual influences between academic
achievement and subjective appraisals, such as study satisfaction, later in the study
program. Given the importance of study satisfaction for students’ drop-out, this remains
an important desideratum.

Effects of Interest as a Learning Prerequisite

Even though a relation would be expected from a theoretical perspective (Ainley et al.,
2002; Krapp, 2002), past research has not succeeded in providing evidence that prior
interest in mathematics predicts study success in the transition to university mathemat-
ics (Rach et al., 2017). Following the idea that existing interest scales may not
sufficiently account for the changing character of the object of interest in the transition
phase, we applied an instrument that differentiates between interest in school and
university mathematics, and related practices (Ufer et al., 2017). The main background
was the congruence hypothesis (Holland, 1973) that interest will only show an influ-
ence on study success if it is congruent with the contents of the program. Moreover, an
incongruence hypothesis would posit that interests, which are incongruent with the
contents, could even be detrimental for study success.

With regard to exam scores as objective criteria of study success, our results
replicate the conclusion that general interest in mathematics has at most a small
influence on learning gain in the first semester of a mathematics program (H1.2).
However, the same must be admitted for the more differentiated measure of interest
applied in our study. Neither interest in university mathematics (H1.3) or interest in
proof and formal representation (H1.4) predicted learning gain positively, nor did the
school-related interest facets such as applying mathematics or using calculation tech-
niques show a negative relationship. In line with existing studies (Rach et al., 2017;
Ufer, 2015), we could not find an indication that individual interest would matter
strongly for exam achievement at the end of the first semester. Since past studies also
only found weak effects of individual interest on learning, the influence of interest
facets on achievement most likely requires large samples to be detected, and might even
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be too small to be of practical relevance. Even though small effects might not have been
identified due to the small sample size, the (in)congruence hypotheses could not be
supported by our results for objective measures of study success. Given the established
role of situational interest in learning processes (Hidi & Renninger, 2006), it remains an
open question which individual and contextual factors, beyond individual interest,
determine situational interest during learning, and how the high levels of interest in
university students may be put into effect for learning. Our results indicate, however,
that low congruence of students’ individual interest with the contents of the study
program is not a strong reason for low learning gains. The link between interest and
deep-level strategies (Schiefele et al., 1995) might have been hidden, because also
surface-level learning may have a positive effect on performance under specific
circumstances (Senko et al., 2013). Students focusing on the exam may achieve better
exam scores due to an applied vigilance than students who follow their interest during
exam preparation. Studying learning strategies might clarify this picture in future
studies (Dinsmore & Alexander, 2012).

Our study adds to the few existing results on the relation of interest and study
satisfaction. Coinciding with previous results (Bliithmann, 2012; Nagy, 2006; Schiefele
& Jacob-Ebbinghaus, 2006), general interest in mathematics predicted subjective
criteria of study success positively (H2.2). For subjective criteria, our approach to use
differentiated measures of interest was powerful, indeed raising the amount of ex-
plained variance substantially. Interest in proof and formal representations (H2.3) and
university mathematics (H2.4) predicted study satisfaction positively and demotivation
negatively, beyond general interest. Since these practices are predominant in university
mathematics (Engelbrecht, 2010; Hoyles et al., 2001), this finding supports the con-
gruence hypothesis, extending first results by Bergmann (1992).

On the other hand, students reporting high interest in school mathematics seem to
develop less positive appraisals of their programs. In line with an incongruence
hypothesis, interest in school mathematics predicted lower study satisfaction and higher
demotivation (Tables 6 and 7, models 5 and 7). Interestingly, this effect occurred only
for the institution-related measure of interest, and not for the related practice of
applying mathematics (Tables 6 and 7, models 6 and 7). Authentic application prob-
lems are rare in German school classrooms (Jordan et al., 2008) and are less valued by
students than calculation problems (Krug & Schukajlow, 2013). Students might not
connect (authentic) applications strongly with school mathematics, but rather expect
them for later periods of their university studies.

Since study satisfaction predicts actual drop-out (Brandstétter et al., 2006; Schiefele
et al., 2007), our results indicate that individual interests which are congruent to the
contents of the program may support students to retain in the program during the
transition to university mathematics. Moreover, incongruent interests seem to pose an
additional risk for drop-out.

Limitations

The presented study has some limitations. First of all, we relied on self-reports of
individual interest, since we were interested if easily accessible information about
beginning mathematics students allows conclusions about later study success. Studying

situational interest in learning situations may provide deeper insights into the role of
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interests for academic achievement. Moreover, even though students seem to have
fairly realistic expectations about mathematics at university (Rach et al., 2014), students
rated interest in school mathematics as they experienced it, while the rated interest in
university as they anticipated it. Further research should thus address the development
of interest facets as well as students’ beliefs about the nature of mathematics when
students get acquainted with university mathematics.

We included the school qualification grade as a predictor into our regression models.
This is reasonable due to its undisputed status as a predictor of achievement. However,
since grades also capture affective learning prerequisites (Trapmann et al., 2007), the
unique effect of interest facets might have been underestimated. This is less probable
for subjective criteria of study success, which are mostly independent of school grades,
than for objective criteria.

Finally, we focused on interest and cognitive learning prerequisites, even though
there are many factors influencing study success (Bliithmann et al., 2008). Interest is a
variable that is clearly specific to the subject and particularly sensitive to the shift from
school to university mathematics. However, future research should also consider other
relevant subject-related factors, such as subject-specific emotions or mathematical self-
concept (Di Martino & Gregorio, 2018), or more overarching student characteristics,
such as resilience or conscientiousness (De Feyter, Caers, Vigna & Berings, 2012).

With regard to methodological aspects, our study was restricted with respect to small
sample size, in particular when analyzing exam scores. While we considered this by
including power analyses, replications are necessary. This applies also to replications in
other countries, where similar shifts are present in the transition to university mathe-
matics (France: Gueudet, 2008; China, Hong Kong: Luk, 2005; New Zealand and
Canada: Clark & Lovric, 2009). In Germany, the situation in classrooms may differ
from the intended curriculum that is described in the standards (KMK, 2012). It is an
open question whether the effects of the shift might be even stronger if the standards
were implemented to a larger extent. Larger studies could also explore if and how the
specific design and context of the study programs moderates the observed relations.
Furthermore, the first semester of a mathematics program might be considered a very
special context to study the effects of interest, facing students with diverse challenges.
Although researchers have repeatedly highlighted the importance of the first semester
for study success (Bliithmann, 2012; Brandstitter et al., 2006), the long-term effects of
interest on study success remain an open desideratum. Long-term studies could also
gather data on dropout beyond students’ self-reports. In this context, it might be
promising to differentiate between students who drop out of the program and those
who retain. Finally, we applied self-developed scales of interest that differentiate
between different mathematical practices. To our knowledge, there are no other scales
measuring specific facets of mathematics interest in a similar way; therefore, it remains
an open question if other ways to differentiate interest facets would yield results
regarding the role of these interest facets in the transition phase.

Conclusion

Despite its limitations, our study indicates that beyond the school qualification grade,
students’ reports of individual interest at the start do not carry strong information that
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allows to predict achievement at the end of the first semester. In addition, differentiating
facets of mathematics interests does not improve this. However, results indicate that
interest may still be relevant for later drop-out from a mathematics university study
because a possible effect may be mediated by subjective appraisals such as study
satisfaction and demotivation. To predict these, congruence of interests with the
contents of the mathematics program is important.

Based on our results, three practical implications can be drawn:

(1) Study advice for students aiming at a university mathematics program should
take into account not only students’ school grades and prior knowledge, but also
their individual interests with respect to different facets of mathematics and
mathematical practices. It may be a useful idea to inform students explicitly about
the central differences between school and university mathematics.

(2) Study support might take students’ interest profile into consideration more
carefully and try to support interest development. Studies from the school context
have successfully evaluated approaches based on Deci and Ryan’s (2002) self-
determination theory. For example, professional classroom communication
(Kiemer, Groschner, Pehmer & Seidel, 2015) and a structured organization of
instruction and student involvement (Stroet, Opdenakker & Minnaert, 2015) were
positively connected to the development of interests and motivation.

(3) Given the strong influence of cognitive aspects, interventions that support
students with less prior knowledge concerning central practices in the first semester
should be explored, e.g. by explicitly connecting formal mathematical definitions and
theorems to the understanding of mathematical concepts from school instruction.
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