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Abstract
The transition from secondary to tertiary education is an exciting and yet challeng-
ing event in the educational biography of students. During this transition, students 
often meet with unexpected challenges, which may cause them to drop out from 
their degree program. Many universities offer bridging courses or longer-term inter-
ventions to support their incoming students in this period. To examine the effect of a 
bridging course designed to reduce gaps in prior mathematical knowledge, promote 
social-emotional well-being, and foster learning skills, we implement a repeated-
measures intervention study. We analyze the outcomes of the intervention, which 
features tutors with special training, autonomous choice of topic areas, peer learn-
ing, and materials for self-directed learning. We measure the development of moti-
vational beliefs reflecting the will to learn (achievement goals, satisfaction of basic 
psychological needs, implicit theories, self-efficacy) and the skills to learn (reac-
tions to errors, self-regulated learning) at the secondary-tertiary transition. These 
aspects are captured at multiple measurement points among students (N = 679) who 
participate in the bridging course (intervention group) and those who do not (control 
group). The intervention boosts motivational beliefs related to social embeddedness 
and learning skills in the short term. The observed decrease in autonomy, compe-
tence, and self-efficacy might be explained by higher standards that students use for 
their self-assessment in the new peer group. In the long term, all aspects of the will 
to learn, except for social relatedness, show stable to strongly negative developments 
in both groups. Among those students who do not participate in the bridging course, 
mostly strongly negative developments are observed. The results suggest that the 
peer tutoring strategy is highly effective and the need for longer-term interventions 
to uphold the positive short-term effects.
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Introduction

The transition from secondary to tertiary education is an exciting, yet challeng-
ing period in the biography of students. They are aware that success or failure 
at this transition may well decide whether they will be able to reach the educa-
tional goals they have set for themselves. For instance, between 2015 and 2020, 
roughly one third of bachelor level students in Austria dropped out from their 
programs within the first two semesters (Statistics Austria, 2019, 2020, 2021, 
2022). Heublein et al. (2017) have identified nine categories of motives of why 
students drop out from their chosen degree programs across all fields. The most 
important motives are problems in performance, lack of study motivation, and 
vocational orientation (e. g., the desire for practical activities). Code et al. (2016) 
have investigated the development of motivational indicators among first-year 
mathematics students and found that all of them decline within the first year at 
university. Liebendörfer (2018) has emphasized the important role of the institu-
tional environment on the development of mathematics students’ motivation.

The institutional environment at universities differs substantially from that of 
secondary schools. The ensuing challenges for mathematics students have been 
examined based on theories of person-environment fit, for example, by Geisler 
and Rolka (2021), who found that favorable student beliefs related to mathemat-
ics decrease significantly during the first eight weeks at university, fueling drop-
out intention. At universities, the student-teacher ratio is higher than at school, 
summative forms of assessment may be more prevalent (Yorke, 2003), and self-
organization skills and time management skills play a greater role. Furthermore, 
mathematics at university requires students to work more independently than 
many are used to at school (e.g., Christie et  al., 2013; O’Shea & Breen, 2021). 
This and the more scientific flavor of mathematics required at university may 
be unexpected for many students, trigger negative emotions, and cause students 
to perceive themselves as less able (Di Martino et al., 2022b). For students who 
have little or no previous experience with scientific mathematics, adapting suit-
able learning strategies for the transition to university may be a greater challenge 
(Rach & Heinze, 2016). At many universities, the successful completion of initial 
courses is necessary to continue further into the degree, with the consequence 
that incoming bachelor mathematics students experience high pressure and often 
engage in extrinsically motivated activities (Liebendörfer, 2018). Furthermore, 
they often attempt to adapt learning strategies geared to fulfilling passing require-
ments (Göller, 2020) such as aligning their time management to the requirements 
of mandatory courses and seeking help from other students to complete assign-
ments. To sum up, the challenges at the transition from secondary to tertiary edu-
cation are multi-layered (Heublein et al., 2017).

However, to facilitate the transition and to reduce dropout rates, universities 
can provide structured support to strengthen students’ prerequisite competencies 
for their degrees of study. Such “bridging courses” are offered before or at the 
beginning of the first semester. In German-speaking countries, many support pro-
grams in mathematics have been developed (e. g., Austrian Mathematical Society, 
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2022; Heublein et al., 2017). Lankeit and Biehler (2018) reported that, in German 
universities, the self-perceived readiness for university studies increased consid-
erably after participating in a mathematics bridging course. However, they also 
concluded that the students had a different perception of mathematics after the 
bridging course, supporting the assumption that there are qualitative differences 
in how mathematics is taught at universities and in secondary schools (Lankeit & 
Biehler, 2018).

Well aware that much research has been devoted to bridging courses, the scien-
tific literature – to the best of our knowledge – lacks evidence-based studies evaluat-
ing the design of interventions at the secondary-tertiary transition (Gueudet, 2023; 
Pinto & Koichu, 2023) and, in particular, the impact of bridging courses on the 
development of learning skills and motivation. To make such a contribution, this 
work reports results from a questionnaire study on the bridging course offered by 
the Faculty of Mathematics of the University of Vienna, whose main focus lies on 
closing gaps in prior mathematical knowledge and on fostering the social embed-
dedness and learning skills of students starting bachelor programs in the fields of 
science, technology, engineering, and mathematics (STEM). We build our investiga-
tions upon previous findings of features and expectable outcomes of interventions 
that have been found to have potential for facilitating the transition from school to 
university. Regarding teaching methods, the assessment of the intervention in this 
work is based on observations of peer tutoring facilitating student motivation and 
student onboarding (Mean & Maciejewski, 2021). Moreover, we rely on the find-
ing that mathematical tasks can guide students in getting acquainted with the nature 
of mathematics as taught and used at university (O’Shea & Breen, 2021). Finally, 
the central postulations of the self-determination theory (SDT; Deci & Ryan, 2000, 
2008, 2015), i. e., that the perception of autonomy, competence, and social related-
ness improves students’ well-being, shape large parts of the design and the investi-
gation of the intervention.

The constructs we investigated concern motivational beliefs and related aspects 
that are crucial for a positive attitude towards lifelong learning and studying at uni-
versity in particular.

Theoretical Background

In this work, we investigate the impact of a bridging course on the development of 
social embeddedness and learning skills. We aim to contribute empirical findings 
on which features of support programs students can benefit from at the secondary-
tertiary transition.

Intervention

In Austria, many universities offer bridging courses for incoming bachelor stu-
dents in degree programs that require a substantial amount of mathematics (Aus-
trian Mathematical Society, 2022). At the Faculty of Mathematics of the University 
of Vienna, a five-day bridging course is offered just before the start of the winter 
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semester. The intended effect of the bridging course has been operationalized by 
three goals. Firstly, the intervention aims to reduce the gaps in prior mathematical 
knowledge of beginning students. This includes the consolidation of procedural and 
conceptual knowledge typically expected from beginning students by university 
teachers, rectification of common mathematical misconceptions, and creating aware-
ness for discrepancies between the focus of the Austrian school leaving exam and 
the competencies needed at the beginning of study programs rich in mathematics. 
This bridging course does not anticipate new mathematical content of first-semester  
courses. Secondly, the intervention aims to foster social-emotional well-being and a 
confident attitude towards new challenges. The participants are introduced to their 
new environment at university, receive personal attention, meet peers, find study 
partners, and test their skills. Thirdly, the intervention aims to foster learning strate-
gies and learning skills including awareness and application of internal resources 
such as persistence and handling of setbacks as well as external resources such as 
actively seeking support from others. The overarching goal of the bridging course is 
to support able and dedicated students to succeed in their study programs.

To achieve these goals, the bridging course has several features (F1-F6) which are 
expected to be conducive to the outcomes O1-O6. For an overview of the features 
and expected outcomes, see Table 1. In the bridging course, the participants receive 
mathematical inputs from peer tutors and engage in self-directed and collaborative 
learning (F1). At the beginning of each day’s four-hour session, the tutors recall core 
concepts of the topic area chosen by their group, point out available learning materi-
als, and make suggestions on where and how to get started. The participants then 
engage in problem solving activities in the topic area with assistance and encour-
agement from their tutors. They collaborate with their peers or work on their own, 
as they prefer. Based on the recommendation of Mean and Maciejewski (2021) to 

Table 1  Overview of the features (F1-F6) of the bridging course and the expected outcomes (O1-O6)

Features

F1 Tutors give mathematical inputs and provide assistance with self-directed and collaborative 
learning

F2 Participants choose each day which topic to work on
F3 Participants work on a topic in small groups with a tutor
F4 Tutors are pre-service mathematics teachers
F5 Use of well-established materials designed for self-directed learning based on school 

curricula
F6 Active onboarding of participants

Expected outcomes

O1 Participants are eager to master mathematical concepts and to do well in their courses
O2 Participants gain confidence to take on academic hurdles
O3 Participants have an improved sense of well-being at university
O4 Participants apply coping, metacognitive, organizational, and peer learning strategies
O5 Participants consolidate their mathematical competencies and close gaps
O6 Participants are familiar with basic processes at university
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enhance student motivation by including peer instructors into learning environ-
ments, we expect the pedagogical setup of the bridging course to impact the par-
ticipants’ determination and how they manage their learning. Specifically, we expect 
that this approach motivates students to master the concepts of the topic area and 
fosters their determination to do well in their courses (O1) and also that it bolsters 
their confidence to take on hurdles such as exams (O2). In this way, we expect the 
intervention to be able to counteract the decline in confidence and favorable mind-
set as observed by Code et  al. (2016). Moreover, we anticipate that this approach 
fosters favorable coping, metacognitive, and organizational strategies in the partici-
pants (O4) and, finally, that it helps the participants consolidate their mathematical 
competencies (O5).

To accommodate individual needs, starting the second day of the bridging course, 
the participants choose themselves which mathematical topic area to focus on each 
day (F2). The five topic areas are (1) basic algebra & elementary functions; (2) trig-
onometry & vectors; (3) differentiation; (4) integration; and (5) stochastics & sta-
tistics. On the first day, all students work on basic algebra & elementary functions. 
This feature of the bridging course should foster the autonomy aspect of well-being 
in terms of the SDT by promoting a sense of autonomy (O3) and, again, help partici-
pants consolidate their mathematical knowledge and competencies (O5).

The participants work in small groups (F3) which should address the relatedness 
aspect of the SDT and thus increase their sense of well-being by establishing con-
nections with peers (O3), foster peer learning strategies by making students aware of 
peers as a resource for support (O4), and help them close gaps in their mathematical 
knowledge (O5). The participants are grouped by study program on the first day of 
the bridging course so they can get to know their immediate peers.

The tutors of the bridging course are experienced peers who are, for the 
most part, pre-service teachers at an advanced stage of their training (F4). They 
have previously completed a special course where they are trained in classroom 
management, use of materials on the aforementioned topic areas, and sensitiv-
ity towards gender, diversity, and math anxiety. Based on the work of Mean and 
Maciejewski (2021), we expect that the participants of the bridging course benefit 
from the experience and the advice of their tutors and that they adapt their sugges-
tions of strategies to organize their learning and cope with setbacks (O4). Moreo-
ver, we expect that the input and the guidance of the tutors on the mathematical 
topic areas support the participants in consolidating their mathematical knowledge 
(O5).

The tutors draw from a large range of well-established and quality-assured learn-
ing and practice materials designed for self-directed learning (F5). These materials 
are based on the curricula of Austrian upper secondary schools. Since the choice of 
mathematical tasks can have a substantial impact on getting acquainted with univer-
sity mathematics (O’Shea & Breen, 2021), this feature should support the partici-
pants in consolidating their mathematical knowledge (O5).

At the end of each session, the participants are encouraged to also ask ques-
tions on organizational matters related to their degree programs and benefit from 
the tutors’ experiences. The tutors offer tours of the infrastructure and its facilities 
(e.g., library, study areas). Since, according to Mean and Maciejewski (2021), such 
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peer group activities are perceived as particularly helpful for course participants, we 
expect that these onboarding activities (F6) foster the participants’ well-being (O3) 
and help them get acquainted with basic processes at university (O6).

The bridging course was affected by federal restrictions related to the COVID-
19 pandemic. To participate in the bridging course, students were required to have 
tested negatively for, to be vaccinated against, or to have recovered from COVID-19.

Successful Transition and Lifelong Learning

By entering university, high school graduates make a conscious choice to invest in 
their education in the sense of lifelong learning. The European Commission (2001, 
p. 9) defines lifelong learning as “all learning activities undertaken throughout life, 
with the aim of improving knowledge, skills, and competence within a personal, civic, 
social, and/or employment-related perspective”. The importance of promoting life-
long learning has been recognized and emphasized in many studies (e.g., Lüftenegger  
et al., 2012, 2016). For the promotion of lifelong learning, motivational dispositions 
for a positive attitude towards learning (will to learn) as well as resources and capa-
bilities for self-regulated learning (skills to learn) are considered crucial (Lüftenegger 
et al., 2012). The questionnaire used in this study to investigate how a bridging course 
can impact these attitudes and skills has been designed based on these constructs. 
Table 2 provides an overview of the theoretical constructs related to the will to learn 
and the skills to learn that are presented in the following sections.

Will to Learn

Lüftenegger et al. (2012) speak of the will to learn as “persisting motivation and an 
appreciation for learning and education”. To operationalize the notion of “will to 
learn”, a variety of aspects of achievement motivation can be taken into account. In 
this work, we view the will to learn of beginning university students as expressed in  
(1) the pursuit of favorable goals, (2) well-being in terms of satisfaction of basic psy-
chological needs in the university context, (3) beliefs related to the efficacy of learn-
ing, (4) self-efficacy, and (5) readiness to take on academic hurdles such as exams.

There are well-established theoretical constructs that correspond to these five 
aspects and which we have used to design the questionnaire for this study. Achieve-
ment goal theory explains the interplay of goal orientations and achievement moti-
vation (e.g, Dweck, 1986; Elliot & Thrash, 2001; Nicholls, 1984). This theory 
stresses the importance of goal orientation over specific goals to anticipate differ-
ent types of achievement motivation. Mastery goals, performance approach goals, 
and performance avoidance goals are widely considered the key manifestations of 
achievement goal orientations. Mastery approach goals refer to the aspiration and 
wish to master a subject, performance approach goals (e.g., “My goal at university 
is to perform better than the other students.”) refer to the incentive of surpassing 
others, and performance avoidance goals (e.g., “My goal at university is to avoid 
doing worse than other students.”) refer to the motive of fulfilling external expecta-
tions and of not being surpassed by others (Elliot & Thrash, 2001). Achievement  
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goals have been found to predict intrinsic motivation (positively: mastery approach 
goals; negatively: performance avoidance goals) and exam performance (positively: 
performance approach goals; negatively: performance avoidance goals) (Elliot & 
Thrash, 2001).

Well-being is a many-facetted psychological construct that has been identified as 
a key factor of successful learning. Self-determination theory (Deci & Ryan, 2000, 
2008, 2015) proposes that the basic psychological needs autonomy, competence, and 
social relatedness foster intrinsic motivation and that the satisfaction of these needs 
is indicative of well-being. Moreover, studies have shown that the satisfaction of 
these needs is positively correlated with persistence in learning (e.g., Holzer et al., 
2021; Lavigne et  al., 2007), and negatively correlated with procrastination (e.g., 
Holzer et al., 2021).

Students’ beliefs related to the efficacy of learning regulate their learning behav-
ior and, in particular, their behavior in the event of setbacks. Known as implicit 
theories, two main sets of beliefs related to efficacy of learning have been identi-
fied: incremental theories, where intelligence is considered a malleable quality, and 
entity theories, where intelligence is taken as a given (Dweck et al., 1995). Learners 
holding entity theories are more likely to show helpless reactions in the event of 
setbacks. By contrast, learners with incremental theories relate setbacks to lack of 
effort or a poor choice of learning strategies. Therefore, they react to setbacks by 
trying harder or by adapting their strategies (Dweck et al., 1995). In this work, we 
consider the manifestations of implicit theories as highly relevant for a persistent 
will to learn at the secondary-tertiary transition.

Self-efficacy is a domain-specific psychological construct related to the percep-
tion of one’s capabilities to achieve certain goals (Zimmerman, 1995) and is inti-
mately tied to the will to learn (Lüftenegger et  al., 2012). Self-efficacy correlates 
highly with persistence when performing tasks and with developing specific skills 
(e.g., Schunk, 1984). Van Dinther et al. (2011) summarize that “self-efficacy influ-
ences motivation and cognition by means of affecting students’ task interest, task 
persistence, the goals they set, the choices they make and their use of cognitive, 
meta-cognitive and self-regulatory strategies”. Self-efficacy has also been found to 
correlate with grades in mathematics courses (Hailikari et al., 2008). It can thus be 
expected that students at the secondary-tertiary transition with high self-efficacy in 
their domain are more likely to succeed in their degree programs than those without.

Skills to Learn

For learners to be successful, not only the appreciation for learning, i. e., the will 
to learn, is crucial, but also the ability to adopt suitable learning behaviors, i.  e., 
the skills to learn. We use the theory of self-regulated learning to operationalize the 
skills to learn. According to Zimmerman (2008), self-regulation is “significantly 
correlated with measures of course performance”. For this reason, self-regulation 
is an important determinant of a successful transition. McKeachie et al. (1986) dis-
tinguish between cognitive strategies, metacognitive strategies, and resource man-
agement strategies employed by learners. Cognitive strategies include organization 
strategies and elaboration strategies. Metacognitive strategies comprise strategies of 
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planning, monitoring, and regulating. From among the resource management strate-
gies proposed by McKeachie et al. (1986), we consider support of others and effort 
management in this study.

As students need to adapt to a new environment and engage with mathematics of 
a kind and in a way that differs from school, the way in which they are dealing with 
setbacks likely affects their success at the beginning of their degree programs. A  
framework for this is provided by Dresel et al. (2013) who found out that affective-
motivational reactions on errors (e.g., negative emotions, helpless coping style)  
lead to reduced effort, avoidance of challenges, and, eventually, to lower achieve-
ment on part of the students. In contrast, action-adaptive reactions on errors (e.g., 
adjusting learning strategies) lead to increased effort and a positive attitude towards 
future learning.

Research Aims and Hypotheses

In this study, we consider a transition successful if the development of the will to 
learn and the skills to learn is stable or positive. The transition period is defined as 
the time between the students’ arrival at university, i. e., the beginning of the bridg-
ing course or the first week of the semester, and their first exams. We assume that 
students generally set high expectations for themselves when entering university, so 
we also consider stable developments as indicative of a successful transition. We do 
not examine in this study the effect of the intervention on the consolidation of math-
ematical knowledge (O5) and on the participants’ familiarity with basic processes at 
university (O6).

In the intervention group, we expect the psychological constructs described above 
to develop positively in the short term and to remain stable in the intermediate term. 
In the control group, we anticipate a negative development of these constructs in the 
intermediate term since, according to Liebendörfer (2018), the demands of the first 
semester tend to foster extrinsic motivation and undermine intrinsic motivation.

Regarding the will to learn, we hypothesize that the intervention leads to the out-
comes O1, O2, and O3 presented in "Intervention". For an overview of our hypoth-
eses, see Appendix  "Hypotheses". Concerning the students’ eagerness to master 
mathematical concepts and to do well in their courses (O1), we hypothesize that 
the intervention leads to a favorable short-term development (H1a-c) of achievement 
goals. Anticipating a gain of participants’ confidence to take on academic hurdles 
(O2), we hypothesize that implicit theories (H3a) and self-efficacy (H5a) develop 
positively in the short term. The expected improvement in the participants’ sense of 
well-being at university leads us to hypothesize that the satisfaction of basic psycho-
logical needs increases (H2a-c).

Regarding the skills to learn, we expect that, as a result of the intervention, partici-
pants apply coping, metacognitive, organizational, and peer learning strategies (O4).  
Specifically, we hypothesize that reactions to errors (H4a-b), metacognitive strategies 
(H6b), organizational strategies (H6c) as well as help seeking (H6a) and peer learning 
strategies (H6d) develop positively in the short term. Exploratively, we have included  
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several items in the questionnaire that are related to effort regulation and elaboration,  
which the intervention might foster.

Furthermore, we expect the development of achievement goals (H1d-f), basic psycho-
logical needs (H2d-f), implicit theories (H3b), reactions to errors (H4c-d), self-efficacy 
(H5b), and self-regulated learning (H6e-h) to show a stable or positive development in 
the period between arrival at university and the first exams.

Regarding the group of students who did not participate in the bridging course, we 
hypothesize a decrease of achievement goals (H1g-i), basic psychological needs (H2g-i), 
implicit theories (H3c), reactions to errors (H4e-f), self-efficacy (H5c), and self-regulated 
learning (H6i-l).

Regarding comparisons between first-semester students who participated in the 
bridging course and those who did not, we expect the development of achievement 
goals (H1j-l), basic psychological needs (H2j-l), implicit theories (H3d), reactions to 
errors (H4g-h), self-efficacy (H5d), and self-regulated learning (H6m-p) between 
arrival at university and the first exams to be statistically significantly more favorable 
among the participants of the bridging course than among the other students.

A pilot study was set up to examine the suitability and quality of the constructs used; 
the main study was carried out with several amendments to test these hypotheses. The 
changes in the main study concern the composition of the intervention group, a replace-
ment of the measures of basic psychological needs, a shift from general measures to 
context-related measures, as well as the inclusion of additional measures.

Present Research

The purpose of this work is to determine the effect of an intervention at the secondary-
tertiary transition in STEM fields that is designed to reduce gaps in prior mathemati-
cal knowledge and to foster confidence, social-emotional well-being, and learning 
strategies. The intervention examined in this work is the mathematics bridging course 
offered by the Faculty of Mathematics of the University of Vienna. It is hypothesized 
that participation in the bridging course has positive short-term and stabilizing inter-
mediate-term effects. We measured the constructs underlying our hypotheses in a 
longitudinal study using a quantitative approach. We collected longitudinal data from 
incoming students at the beginning and the end of the mathematics bridging course 
in September 2019 and in the course of the winter semester 2019/20 as a pilot (see 
summary in "Pilot Study"). The main study was carried out in September 2021 and in 
the winter semester 2021/22. The data collection and analysis allow for comparisons 
in the development of students who participated in the bridging course (intervention 
group) and those who did not (control group).

Methods

Study Design

We set up a case-control study with repeated-measures design that focuses on 
the development of students’ will to learn and skills to learn. The intervention 
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group is made up of students starting a degree program at the Faculty of Com-
puter Science or the Faculty of Mathematics of the University of Vienna. These 
were the two faculties whose degree programs were best represented by the  
participants in the bridging course 2021. The participants were about to enter a 
degree program in mathematics or in a field related to mathematics (Bachelor 
Astronomy; Bachelor Mathematics – Teacher Training Program; Bachelor Math-
ematics; Bachelor Meteorology; Bachelor Physics – Teacher Training Program; 
Bachelor Physics) in the winter semester 2021/22. We expect that the mathemat-
ics bridging course has a positive effect on how the participants transition from 
secondary to tertiary education. Thus, the intervention group is composed of 
students who participated in the bridging course and the control group is made 
up of students who did not participate.

A questionnaire survey was conducted in the intervention group at the begin-
ning of the bridging course (measurement point 1 = MP1), one week later at the 
end of the bridging course (MP2), and – depending on the degree program, after 
another two to three months – shortly before the first exam of the first semes-
ter (MP3) to measure the hypothesized developments in the short term, i. e., 
between MP1 and MP2, and in the intermediate term, i. e., between MP1 and 
MP3 in the intervention group and between MP2 and MP3 in the control group. 
Since the bridging course was offered in three sections, participants received 
the first and the second questionnaire at different times (see Fig. 1) depending 
on the section they had registered for (Section A: afternoon sessions in week 1, 
B: morning sessions in week 2, C: afternoon sessions in week 2). In the con-
trol group, the students were surveyed at two measurement points, namely at 
the beginning of the first semester (MP2) and shortly before the first exam of 
the first semester (MP3). To increase the willingness to participate in the study, 
restaurant vouchers were raffled among students who participated at all meas-
urement points.

Fig. 1  Timeline of measurement points (MP) during the bridging course and the first semester in the 
intervention group and in the control group
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Pilot Study

To trial the measurement instrument, a pilot study with 514 students entering 
STEM fields was carried out. The original instrument was composed mostly of 
items related to the will to learn (achievement goals, basic needs, implicit theories). 
Regarding the skills to learn, reactions to errors and the use of peer learning strat-
egies were investigated. While the measures of achievement goals, implicit theo-
ries, and reactions to errors delivered reliable data, the scales of basic psychological 
needs did not fulfill minimum standards for reliability. The pilot study informed the 
selection of suitable measures for the main study (see "Measures").

The results of the pilot study show favorable development of achievement goals and 
implicit theories in the course of the intervention. The participants applied peer learn-
ing strategies much more at the end of the bridging course than at the beginning. In the 
intermediate term (MP3), perceived competence and affective-motivational reactions to 
errors developed negatively while most of the other constructs did not deviate statisti-
cally significantly from the initial level. Overall, the results of the bridging course indi-
cate that during the intervention, aspects of the will to learn develop slightly positively 
or remain stable; in the intermediate term, they remain stable or develop slightly nega-
tively. The same pattern emerged regarding the skills to learn in how students react to 
errors. However, peer learning strategies appear to be boosted during the intervention, 
which suggests that it might be worthwhile to consider also other learning strategies in 
the main study. For details on the results of the pilot study, see Appendix "Results of 
the pilot study".

Comparing the intermediate-term developments, the intervention shows a more 
favorable development than the control group. A closer examination of selection 
effects was implemented in the main study.

Measures

For measuring the constructs outlined in "Successful Transition and Lifelong Learn-
ing", we used scales from well-established questionnaires with a 6-point Likert scale 
(1 = “strongly disagree”, 6 = “strongly agree”). We used the German translation of 
three scales of the Achievement Goals Questionnaire-Revised (Elliot & Murayama, 
2008) to capture the achievement goals of incoming students: mastery approach goals, 
performance approach goals, and performance avoidance goals. We adhered to the 
established trichotomous model of achievement goal theory and omitted the subscale 
mastery avoidance goals since there is not yet substantial scientific support for inclusion  
of this aspect for this age group (Lee & Bong, 2016; Lüftenegger et al., 2019; Strunk 
et al., 2020).

To capture implicit theories of incoming students, we included three items of the 
SE-SÜBELLKO-ST scales (Spinath & Schöne, 2003) on the malleability of math-
ematics ability.

Adaptivity of reactions to errors in mathematics was measured using two short 
versions of Dresel et al.’s (2013) questionnaire on affective-motivational adaptivity 
and action adaptivity of reactions to errors. The wording of the items was adapted 
slightly to better fit the specific context of our study.
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Scales of Holzer et  al. (2021) consisting of adapted items from the Work-
related Basic Need Satisfaction Scale (W-BNS; Van den Broeck et  al., 2010) and 
the EPOCH Measure (Kern et  al., 2016) were used to measure the satisfaction of 
autonomy, competence, and social relatedness. Additionally, items to measure self-
efficacy of scales for general self-efficacy (Schwarzer & Jerusalem, 2003) and items 
to measure self-regulated learning from the Motivated Strategies for Learning Ques-
tionnaire (MSLQ; Pintrich et al., 1991) were included as context-specific versions in 
the questionnaire. Items from six subscales of the MSLQ were included in the ques-
tionnaire: effort regulation, elaboration, help seeking, metacognitive self-regulation, 
organization, and peer learning.

Sample

293 incoming students who were about to begin their studies for one of the afore-
mentioned degrees participated in the questionnaire study at at least one measure-
ment point, making up the intervention group. In the control group, 386 incoming 
students took part in the study at at least one measurement point.

672 of the 679 participants entered a study program at the University of Vienna. 
Most of the participants were in their first semester of their studies toward the 
degrees Bachelor Mathematics Teacher Training (25%), Bachelor Physics (24%), 
Bachelor Mathematics (21%), and Bachelor Astronomy (14%); the number of the 
participants starting their university career in the field of mathematics (N = 304) 
and in the field of physics (N = 304) is equal, each accounting for 45 % of the over-
all sample. Further details on the composition of the sample are provided in Appen-
dix "Participants per measurement point".

Statistical Analysis

We measured the internal consistency of the scales using McDonald’s omega and 
interpreted the measures as highly reliable for ꞷ > .8 and as sufficiently reliable for 
ꞷ >  .6. To increase the statistical power of the data, missing data in the outcome 
variables were imputed using multiple imputation with five iterations (Lüdtke et al., 
2007). The socio-demographic variables and the outcome variables were used as 
predictors for the imputed data. Imputation was carried out following the procedure 
of Rubin (1987). Missing data ranged between 0.3% and 3.0% for all items at each 
measurement point. For further details on the imputation procedure and imputation 
results see Appendix "Imputation".

To determine effect sizes, the Pearson correlation coefficient was used and inter-
preted as small for r = .1, medium for r = .3, and large for r = .5 (Cohen, 1988).

Considering the fact that neither participation in the bridging course nor in this 
study is mandatory for beginning students, a selection bias might appear in the inter-
vention group (see also Di Martino et  al., 2022a). Therefore, socio-demographic  
aspects and aspects related to the participants’ educational biographies were included  
as control variables. We assumed that these control variables would most likely reveal 
such a bias. To test for a potential selection bias, the outcome variables as well as the 
control variables were examined for initial differences between the intervention group  
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and the control group. Statistically significant differences were discovered in  
some variables, but, since they all have small effect sizes and do not all speak in favor 
of the same group, we considered the groups to be comparable at arrival at university. 
Details are provided in Appendix  "Checks for selection effects". To study a poten-
tial bias due to the loss of those participants with specific characteristics at the last  
measurement point, the outcome variables and the control variables were examined for 
initial differences between those who participated at the last measurement point and 
those who did not. Results suggest that students who have better grades in the math-
ematics school-leaving exam and better psychological well-being upon arrival at 
university are more likely to participate at MP3 and, supposedly, to remain in their 
degree program. Details are provided in Appendix  "Checks for selection effects". 
Since we did not detect further major differences between the intervention group 
and the control group upon arrival at university, we examined the development of  
the constructs using t-tests and analyses of variance (repeated-measures ANOVA).

For the intervention group, we examined the development of the outcome vari-
ables across the three measurement points by repeated-measures ANOVA. We used 
the results of the ANOVA to see whether the manifestation of constructs changes 
statistically significantly over time. To investigate when these changes arise, we 
considered within-subject contrasts between MP1 and MP2 and between MP1 and 
MP3. In the control group, we used paired-samples t-tests to examine developments.

Results

The results on the developments in the intervention group are presented in Table 3. 
The corresponding results for the control group are presented in Table 4. The overall 
intermediate-term developments across both groups and the interactions between the 
developments of the two groups are presented in Table 5.

Achievement Goals We measured achievement goals to examine the eagerness of 
participants to master mathematical concepts and to perform well (O1), which the 
tutoring strategy (F1) should foster. In the intervention group, mastery approach 
goals underwent statistically significant changes (see p-value for within-subject 
effects in Table 3). As can be seen in Fig. 2, contrasts confirm a statistically signifi-
cant increase (medium effect size; see p-value and r-value for the short-term devel-
opment in Table  3) in mastery approach goals in the short term, as hypothesized 
(H1a). A statistically significant decrease (large effect size; see p-value and r-value 
for the intermediate-term development in Table  3) in the intermediate term was 
observed in the intervention group, where a stable development had been hypoth-
esized (H1d). In the control group, no statistically significant changes of mastery 
approach goals were observed (see p-value in Table 4), though a decrease had been 
hypothesized (H1g). A comparison of the developments in the intervention and 
control groups shows that, in contrast to our hypothesis (H1j), the development of 
mastery approach goals in the intervention group is statistically significantly worse 
than in the control group. Even though mastery approach goals were bolstered 



 Int. J. Res. Undergrad. Math. Ed.

1 3

Ta
bl

e 
3 

 D
ev

el
op

m
en

ts
 in

 th
e 

in
te

rv
en

tio
n 

gr
ou

p

Fi
gu

re
s i

n 
bo

ld
fa

ce
 re

fle
ct

 st
at

ist
ic

al
 si

gn
ifi

ca
nc

e 
at

 th
e 

.0
5 

le
ve

l
M

 m
ea

n 
va

lu
e,

 S
D

 st
an

da
rd

 d
ev

ia
tio

n,
 F

 A
N

O
VA

 te
st 

st
at

ist
ic

s, 
df

 d
eg

re
es

 o
f f

re
ed

om
, d

f R
 d

f o
f r

es
id

ua
ls

, p
 si

gn
ifi

ca
nc

e,
 r 

Pe
ar

so
n 

co
rr

el
at

io
n 

co
effi

ci
en

t
a  G

re
en

ho
us

e-
G

ei
ss

er
 c

or
re

ct
io

n
b  H

uy
nh

-F
el

dt
 c

or
re

ct
io

n

C
on

st
ru

ct
M

P1
M

P2
M

P3
W

ith
in

-s
ub

je
ct

 e
ffe

ct
s

Sh
or

t-t
er

m
 d

ev
el

op
m

en
t

In
te

rm
ed

ia
te

-te
rm

 d
ev

el
op

-
m

en
t

M
 (S

D
)

M
 (S

D
)

M
 (S

D
)

F
df

df
R

p
F

df
R

p
r

F
df

R
p

r

A
ch

ie
ve

m
en

t g
oa

ls
M

as
te

ry
 a

pp
ro

ac
h

5.
52

 (.
58

)
5.

67
 (.

44
)

5.
13

 (.
83

)
18

.7
16

1.
49

8a
61

.4
30

a
<

.0
01

6.
70

3
41

.0
13

.3
8

13
.7

48
41

.0
01

.5
0

Pe
rfo

rm
an

ce
 a

pp
ro

ac
h

3.
55

 (1
.2

8)
3.

68
 (1

.1
9)

3.
36

 (1
.1

9)
2.

19
3

1.
89

4b
77

.6
73

b
.1

21
.9

26
41

.3
42

.1
5

1.
53

9
41

.2
22

.1
9

Pe
rfo

rm
an

ce
 av

oi
da

nc
e

3.
88

 (1
.2

6)
4.

04
 (.

99
)

3.
96

 (1
.2

5)
.4

40
1.

83
9b

75
.3

87
b

.6
29

1.
30

0
41

.2
61

.1
8

.2
06

41
.6

53
.0

7
Ba

sic
 p

sy
ch

ol
og

ic
al

 n
ee

ds
A

ut
on

om
y

5.
38

 (.
97

)
4.

41
 (.

91
)

3.
29

 (1
.1

8)
47

.9
54

2.
00

0
82

.0
00

<
.0

01
20

.1
95

41
<

.0
01

.5
7

10
6.

27
9

41
<

.0
01

.8
5

C
om

pe
te

nc
e

4.
98

 (.
78

)
4.

62
 (.

77
)

3.
87

 (1
.2

5)
16

.9
06

1.
83

9b
75

.4
10

b
<

.0
01

5.
08

9
41

.0
29

.3
3

25
.4

31
41

<
.0

01
.6

2
So

ci
al

 re
la

te
dn

es
s

4.
06

 (1
.3

0)
5.

06
 (.

96
)

4.
63

 (1
.2

5)
13

.7
29

1.
86

7b
76

.5
30

b
<

.0
01

24
.9

57
41

<
.0

01
.6

1
7.

26
7

41
.0

10
.3

9
Im

pl
ic

it 
th

eo
ri

es
5.

16
 (.

67
)

5.
22

 (.
68

)
4.

95
 (.

88
)

3.
27

9
1.

61
3b

66
.1

23
b

.0
54

.6
26

41
.4

33
.1

2
2.

61
5

41
.1

14
.2

4
R

ea
ct

io
ns

 to
 e

rr
or

s
A

ct
io

n 
ad

ap
tiv

ity
4.

90
 (.

87
)

5.
17

 (.
68

)
4.

85
 (.

95
)

4.
50

6
1.

83
1b

75
.0

80
b

.0
17

8.
78

6
41

.0
05

.4
2

.1
36

41
.7

14
.0

5
A

ffe
ct

iv
e-

m
ot

iv
at

io
na

l a
da

pt
iv

ity
3.

83
 (1

.2
8)

3.
84

 (1
.4

0)
4.

01
 (1

.3
5)

.7
25

2.
00

0
82

.0
00

.4
88

.0
04

41
.9

52
<

.0
1

.9
49

41
.3

36
.1

5
Se

lf-
effi

ca
cy

4.
72

 (.
94

)
4.

36
 (.

90
)

3.
24

 (1
.2

7)
35

.2
26

1.
88

2b
77

.1
52

b
<

.0
01

5.
74

8
41

.0
21

.3
5

52
.3

41
41

<
.0

01
.7

5
Se

lf-
re

gu
la

te
d 

le
ar

ni
ng

Eff
or

t r
eg

ul
at

io
n

4.
61

 (.
89

)
4.

93
 (.

66
)

4.
09

 (1
.1

4)
12

.5
35

1.
93

4b
79

.2
92

b
<

.0
01

4.
69

0
41

.0
36

.3
2

7.
60

7
41

.0
09

.3
9

El
ab

or
at

io
n

4.
30

 (1
.5

2)
5.

10
 (1

.0
1)

4.
60

 (1
.3

1)
6.

43
2

1.
72

3b
70

.6
60

b
.0

04
17

.0
32

41
<

.0
01

.5
4

1.
20

8
41

.2
78

.1
7

H
el

p 
se

ek
in

g
3.

10
 (1

.3
7)

4.
30

 (.
97

)
3.

02
 (1

.1
8)

17
.0

38
1.

68
5b

69
.0

71
b

<
.0

01
27

.2
30

41
<

.0
01

.6
3

.0
64

41
.8

02
.0

4
M

et
ac

og
ni

tiv
e 

se
lf-

re
gu

la
tio

n
4.

49
 (1

.4
8)

4.
79

 (.
94

)
4.

20
 (1

.4
2)

3.
14

9
2.

00
0

80
.0

00
.0

48
1.

77
1

40
.1

91
.2

0
1.

49
3

40
.2

29
.1

9
O

rg
an

iz
at

io
n

4.
04

 (1
.1

7)
4.

53
 (.

79
)

3.
28

 (1
.1

0)
32

.1
91

2.
00

0
82

.0
00

<
.0

01
10

.9
24

41
.0

02
.4

6
19

.9
42

41
<

.0
01

.5
7

Pe
er

 le
ar

ni
ng

3.
40

 (1
.1

4)
4.

46
 (.

96
)

3.
23

 (1
.2

9)
17

.4
20

1.
95

7b
80

.2
27

b
<

.0
01

22
.6

91
41

<
.0

01
.6

0
.4

30
41

.5
16

.1
0



1 3

Int. J. Res. Undergrad. Math. Ed. 

significantly by the bridging course, high mastery goal orientation was not retained 
in the intermediate term.

Performance approach goals (H1b, H1e; see Fig.  2) and performance avoid-
ance goals (H1c, H1f; see Fig.  2) did not change statistically significantly in the 
intervention group, quite as hypothesized. The intervention, which featured infor-
mal mathematical self-checks, did not impact performance goals noticeably. In the 
control group, no development of performance approach goals (H1h) was observed; 
however, performance avoidance goals (H1i) decreased statistically significantly 
(medium effect size).

Basic Psychological Needs Basic psychological needs were measured to study 
the well-being of students (O3), which should be fostered by autonomous choice 
of topic areas (F2), facility in the use of well-established materials designed 
for self-directed learning (F5), and social relatedness through the work in small 
groups (F3) and onboarding activities (F6). Perceived autonomy did not increase 
as hypothesized (H2a) but declined in the course of the intervention (large effect 

Table 4  Developments in the control group

Figures in boldface reflect statistical significance at the .05 level
M mean value, SD standard deviation, t t-test statistics, df degrees of freedom, p significance, r Pearson 
correlation coefficient

Construct MP2 MP3 Change

M (SD) M (SD) t df p r

Achievement goals
Mastery approach 5.13 (.95) 5.05 (.74) -.844 91 .401 .09
Performance approach 3.27 (1.23) 3.08 (1.20) -1.835 91 .070 .19
Performance avoidance 3.68 (1.39) 3.42 (1.22) -2.433 91 .017 .25
Basic psychological needs
Autonomy 5.43 (.65) 3.92 (1.20) -11.452 91 <.001 .77
Competence 5.14 (.89) 3.82 (1.09) -11.277 91 <.001 .76
Social relatedness 4.13 (1.34) 4.39 (1.41) 1.773 91 .080 .18
Implicit theories 4.96 (.81) 5.01 (.94) .558 91 .578 .06
Reactions to errors
Action adaptivity 4.91 (.91) 4.72 (.85) -2.196 91 .031 .22
Affective-motivational adaptivity 3.82 (1.21) 3.93 (1.20) 1.125 91 .264 .12
Self-efficacy 4.81 (.90) 3.34 (1.06) -12.286 91 <.001 .79
Self-regulated learning
Effort regulation 4.58 (.98) 3.88 (.93) -5.669 91 <.001 .51
Elaboration 4.20 (1.58) 4.07 (1.46) -.750 91 .455 .08
Help seeking 3.32 (1.08) 2.87 (1.09) -3.348 91 .001 .33
Metacognitive self-regulation 4.51 (1.37) 4.07 (1.29) -3.000 91 .003 .30
Organization 4.03 (1.27) 3.32 (1.09) -5.684 91 <.001 .51
Peer learning 3.54 (1.35) 2.97 (1.36) -3.441 91 .001 .34
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size; see Fig. 2). Moreover, a decrease in self-perceived competence was observed 
in the intervention group (medium effect size; see Fig. 2) at the end of the bridg-
ing course, other than hypothesized (H2b). In the intermediate term, the level of 
autonomy (H2d; large effect size) and of competence (H2e; large effect size) con-
tinued to decrease. In the control group, decreases in autonomy (H2g; large effect 
size) and competence (H2h; large effect size) of a similar extent could be observed. 
By contrast, the development of autonomy and competence was significantly more 
favorable in the pilot study. In this regard, we will discuss the potential impact of 
the COVID-19 pandemic (see "Discussion").

Groupwise comparisons show that autonomy decreased statistically sig-
nificantly more in the intervention group than in the control group (H2j). The 
development of competence did not differ statistically significantly between the 
groups (H2k).

Perceived social relatedness (see Fig.  2) showed a statistically significant 
increase among participants of the bridging course. The increase was large in 
the short term (H2c) and of medium effect size in the intermediate term (H2f). 
In the control group, no statistically significant change in social relatedness was 
observed (H2i). The developments did not differ significantly between the two 
groups (H2l).

Fig. 2  Development across the measurement points (MP) of aspects of the will to learn in the interven-
tion group (blue) and in the control group (red)
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Implicit Theories Implicit theories were measured to assess in broad terms how 
confident students feel that their effort can increase their mathematics ability (O2), 
which should be fostered by the assistance and encouragement of the tutors (F1). No 
statistically significant short-term (H3a) or intermediate-term (H3b, H3c) changes 
in implicit theories were observed in either group. The comparison of developments 
(H3d) between the two groups did not reveal statistically significant differences 
either (see Fig. 2).

Self‑efficacy Self-efficacy (see Fig. 2) was measured to obtain more specific information 
on how confident students are about learning mathematics at university level (O2) than 
that gleaned from implicit theories. We had hypothesized that self-efficacy increases 
in the short term (H5a) and remains stable in the intermediate term (H5b). However, 
we discovered a statistically significant decrease in the intervention group of medium 
short-term and large intermediate-term effect size. In the control group, the hypothesized 
intermediate-term decrease (H5c) was observed to be of large effect size. The develop-
ments in the groups do not differ statistically significantly from one another (H5d).

Reactions to Errors The reactions to errors of students were measured to gain insight 
into their use of coping strategies (O4), which we expected to increase on account 
of the assistance provided by the tutors (F1). As hypothesized, action-adaptive reac-
tions to errors (see Fig. 3) of the participants developed positively with a medium 
to large effect size in the short term (H4a). In the intermediate term (H4c), action-
adaptive reactions to errors returned to the initial level. Also as hypothesized, by 

Fig. 2  (continued)
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comparison, the control group exhibited a negative development (H4e) of small to 
medium effect size. The intermediate-term developments do not differ statistically 
significantly between the two groups (H4g). Affective-motivational reactions to 
errors (see Fig.  3) remained stable across all measurement points in both groups 
(H4b, H4d, H4f, H4h).

Self‑regulation We expected that the participants would benefit from the tutoring 
strategy (F1), from working in small groups (F3), and from the empathy of their 
tutors (F4), leading to the adoption of favorable strategies (O4). In the intervention 
group, with the exception of metacognitive self-regulation (H6b), all aspects of self-
regulation (see Fig. 3) included in this study increased statistically significantly in 
the short term (H7a, H7c-d) with medium to large effect sizes. As for intermedi-
ate-term developments, no statistically significant changes were observed in elabo-
ration, help seeking (H6e), metacognitive self-regulation (H6f), and peer learning 
(H6h), while effort regulation and organization (H6g) decreased with large effect 
size. In the control group, the changes in effort regulation, elaboration and organiza-
tion (H6k) are comparable with those in the intervention group. However, differ-
ent from the stable developments seen in the intervention group, statistically sig-
nificant decreases in help seeking (H6i), metacognitive self-regulation (H6j), and 
peer learning (H6l) strategies of medium effect size were observed in the control 
group. A general decrease was observed with regard to effort regulation, metacogni-
tive self-regulation, organization, and peer learning (all with medium to large effect 
sizes). The intermediate-term developments did not differ statistically significantly 
between intervention and control group (H6m-p).

Fig. 3  Development across the measurement points (MP) of skills to learn in the intervention group 
(blue) and in the control group (red)
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Summary

Short‑term Developments We observed an increase in mastery orientation and a 
stable development of performance orientation from the beginning of the bridging 
course until the end. The aspects of basic psychological needs measured in our study 
develop differently. While the sense of social relatedness increased substantially, 
autonomy and competence decreased unexpectedly. In the pilot study, the develop-
ment of autonomy and of competence was stable.

A strongly positive development of self-regulated learning strategies was observed 
in the participants of the bridging course, suggesting that the design of the bridging 
course bolsters the participants’ skills to learn. A similar positive development was 
seen in reactions to errors.

Intermediate‑term Developments We observed a decrease in the mastery orien-
tation of the participants of the bridging course and a stable development of their 
performance orientation. In the control group, mastery orientation and performance 
approach orientation remained stable, while performance avoidance orientation 
developed favorably. In this regard, we note that the initial level of mastery orienta-
tion of the participants of the bridging course was higher than that of the control 
group. By the last measurement point, the levels of mastery orientation of interven-
tion group and control group are comparable. Regarding basic psychological needs, 
autonomy and competence decreased in both groups; in the intervention group, 
autonomy decreased significantly more than in the control group. A positive inter-
mediate-term development was seen in social relatedness in the intervention group. 
By contrast, social relatedness remained stable in the control group. With regard to 

Fig. 3  (continued)
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confidence in learning mathematics at university level, implicit theories showed a 
stable development in both groups, while self-efficacy decreased in both groups.

In the intervention group, the skills to learn remained stable except for effort regula-
tion and organizational strategies, which developed negatively. By contrast, in the con-
trol group, all aspects of the skills to learn developed negatively except for affective-
motivational reactions to errors and effort regulation strategies, which were stable.

Discussion

The aim of the research presented in this paper is to assess the impact of an interven-
tion designed to support students at the transition from secondary to tertiary edu-
cation in STEM fields. The intervention is a bridging course designed to help the 
participants close gaps in their mathematical knowledge and to foster their motiva-
tional beliefs and learning skills. Our study focuses on the development of motiva-
tional beliefs and the development of learning skills, as well as their relationship to 
particular features of the bridging course. Below, we discuss to what degree these 
features (F1-F6) lead to the desired outcomes (O1-O6) of the bridging course and 
suggest explanations for the results of our study.

The bridging course aims to promote eagerness to master mathematical concepts 
and to perform well (O1) by adapting a tutoring strategy (F1) that should encourage 
students to consolidate their mathematical competencies and close gaps in their prior 
knowledge. Indeed, the participants exhibit a higher mastery goal orientation at the 
end of the intervention than at the beginning, which according to university math-
ematics teachers is an indicator that the intervention has brought about an essential 
improvement (Pinto & Koichu, 2023). Their performance orientation does not change, 
possibly due to the fact that the bridging course does not feature assessments except 
for informal self-checks. Rather, the participants work towards mastery of mathemati-
cal concepts that are typically expected of incoming students in STEM fields.

Academic requirements to proceed further in a degree program exert pressure 
on students and elicit extrinsically motivated behavior in students (Liebendörfer, 
2018). By adapting a particular tutoring strategy (F1), the intervention aims to foster 
confidence to take on academic hurdles (O2). The stable development of implicit 
theories and the decrease of self-efficacy seen in the participants suggest that the 
intervention is not able to accomplish this fully in the intermediate term. In com-
bination with the decline in confidence and favorable mindset observed by Code 
et al. (2016) in a context without a specific intervention, our study underlines how 
firmly the transition to university challenges students’ will to learn. Lankeit and Bie-
hler (2018) report on bridging courses in Germany where the development of self-
efficacy in the participants was stable in the short term; specific features of these 
bridging courses are not mentioned. The slight decrease of self-efficacy might be 
related to differences between university and school in how mathematics is taught 
(Rach & Heinze, 2016). This new way of learning and looking at mathematics might 
unsettle beginning students and undermine their confidence, but, on the other hand, 
lead to more realistic self-assessment of their current mathematical abilities. The 
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finding of Di Martino et al. (2022a) that students’ perception of competence changes 
on account of higher requirements and unfavorable comparisons with peers might 
also explain the decrease of self-efficacy in our study. We expect that the significant 
decrease in self-efficacy in the intermediate term is unrelated to the bridging course. 
Rather, it might be a consequence of the pressure to fulfil requirements to proceed 
in the degree. In fact, an intervention at the beginning of a degree program might 
not be sufficient to prevent feelings of doubt and overwhelming pressure later on, 
essentially confirming a conclusion of Pinto and Koichu (2023) regarding the period 
of effectiveness of short-term interventions. To accomplish a stable increase in self-
efficacy and confidence, a long-term intervention tailored to students’ individual 
needs might be necessary (Pinto & Koichu, 2023).

To promote psychological well-being at university, which is among the objectives 
of the bridging course (O3), the intervention features autonomous choice of topic areas 
(F2), work in small groups together with peers (F3), well-established materials for self-
directed learning (F5), and various onboarding activities (F6). Surprisingly, the par-
ticipants perceive themselves as less autonomous and less competent at the end of the 
bridging course. The possibility to choose freely which topic area to work on each day 
and thus to spend several days on the same topic area is used by some; most of the 
participants, however, proceed through the topic areas in a linear fashion. It is plausi-
ble that policies related to the COVID-19 pandemic and respective restrictions in the 
bridging course had a negative impact on how students perceived their autonomy (e. g., 
Holzer et al., 2021). This might help explain why, other than in the pilot study where 
the development of autonomy was stable across all measurement points in both groups, 
the development of autonomy was negative in this study. A possible explanation for the 
decrease in perception of competence is that students discover more gaps in their prior 
knowledge than they are able to close in the bridging course. This, in turn, could be a 
favorable outcome as the participants start into their degree program with more realistic 
self-assessment of their competence. The intervention signals to participants the need 
to catch up early on. For many participants, the bridging course is the first time where 
they do not perceive themselves as among the top students in mathematics in their peer 
group, causing them to feel less competent (see also Di Martino et  al., 2022a). The 
results of our study suggest that the design of the bridging course boosts social related-
ness among the participants, indicating that the intervention is a key event for establish-
ing social connections at the secondary-tertiary transition.

The negative developments of most aspects of the will to learn seen in both 
groups suggest that motivational beliefs of students in STEM fields are volatile at 
the secondary-tertiary transition and that short-term interventions have limited 
impact on them. By contrast, the participants of the bridging course showed a statis-
tically significant short-term increase in their skills to learn (O4). Even though the 
skills to learn decrease after the intervention, many aspects remain at a higher level 
in the intervention group than in the control group in the intermediate term.

The results suggest that an intervention of the design of the mathematics bridging 
course at hand fosters the establishment of social connections. Strategies regarding 
effort regulation and organization peak by the end of the intervention and then drop 
considerably towards the first exam, which suggests that the tutoring strategy of the 
intervention positively impacts persistence and self-organization in the short term. A 
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similar development is seen in elaboration and metacognitive self-regulatory strate-
gies. This, however, needs further investigation since the measures used in this study 
were not sufficiently reliable.

To sum up, there is clear indication that the skills to learn develop strongly posi-
tively during the intervention and strongly negatively after the intervention. The 
study of Arco-Tirado et  al. (2011) provides empirical support for the assumption 
that a long-term intervention such as a peer-tutoring program in the first semester 
can foster cognitive and metacognitive learning skills also after the start of a degree 
program. The benefits of a long-term intervention are also reported by university 
mathematics teachers, who, according to a study of Pinto and Koichu (2023), view a 
tutoring program as the most effective means to support the secondary-tertiary tran-
sition. It would therefore be worthwhile to investigate how effective the combination 
of a bridging course and a tutoring program in the first semester can be.

Implications Many institutions offer effective programs to support students before 
and during the first semester of their degree programs. Based on the aforementioned 
works and the findings of our study, we propose that support programs should be 
accessible throughout the transition period.

Considering that students who do not complete such programs also tend to per-
form worse (see, e.g., Shao et  al., 2010), the design of support programs should 
not only focus on subject-related competencies but also on learning strategies and 
actively foster motivation and perseverance.

Due to our first promising results we recommend the inclusion of pre-service 
teachers as tutors in support programs at the secondary-tertiary transition and to 
adapt a tutoring strategy with theoretical inputs as well as assisted self-directed and 
peer learning.

It would be interesting to study the motives of beginning students to participate or 
not to participate in support programs. A more extensive study might be able to con-
nect the development of learning skills and of motivation to student success.

Limitations The self-selection of students into the bridging course and into the 
study might produce a systematic effect. Students who dropped out early from the 
respective degree programs were not reached at the last measurement point. Check-
ing for systematic effects through the analysis of control variables suggests, on the 
one hand, that students who enrolled in the bridging course achieved slightly lower 
in the mathematics school leaving exam than those who did not enroll. On the other 
hand, control variables indicate that students with better grades in the school-leaving 
exam are more likely to remain in their degree programs. We did not observe a sig-
nificant initial difference in the other control variables, which suggests that the sys-
tematic effects are limited.

Despite these limitations, this work adds an extensive evidence-based contribu-
tion that addresses the impact of participation in a mathematics bridging course on 
learning skills and motivation. It serves as a reference for future such studies.
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Appendix

Hypotheses

It was assumed that the intervention had a positive short-term impact and a stabi-
lizing intermediate-term impact. In contrast, we hypothesized that students in the 
control group would show unfavorable intermediate-term developments. Table  6 
provides an overview of our hypotheses.

Table 6  Hypotheses regarding short-term and intermediate-term developments in the constructs among 
the intervention group (IG), the control group (CG), and between the IG and the CG

Hypothesized increases in the outcome variables are marked with “+”, decreases with “-“, and hypothe-
sized stable developments are marked with “=”; hypothesized equality of control variables in the IG and 
in the CG is marked with “=”; hypothesized higher increases in the IG than in the CG are marked with 
“>”, the corresponding higher decreases with “<”

Construct Within groups Between groups

IG
(short term)

IG
(intermediate term)

CG IG vs. CG

Achievement goals
Mastery approach H1a (+) H1d (=) H1g (-) H1j (>)
Performance approach H1b (+) H1e (=) H1h (-) H1k (>)
Performance avoidance H1c (-) H1f (=) H1i (+) H1l (<)
Basic psychological needs
Autonomy H2a (+) H2d (=) H2g (-) H2j (>)
Competence H2b (+) H2e (=) H2h (-) H2k (>)
Social relatedness H2c (+) H2f (=) H2i (-) H2l (>)
Implicit theories H3a (+) H3b (=) H3c (-) H3d (>)
Reactions to errors
Action adaptivity H4a (+) H4c (=) H4e (-) H4g (>)
Affective-motivational adaptivity H4b (-) H4d (=) H4f (+) H4h (<)
Self-efficacy H5a (+) H5b (=) H5c (-) H5d (>)
Self-regulated learning
Effort regulation
Elaboration
Help seeking H6a (+) H6e (=) H6i (-) H6m (>)
Metacognitive self-regulation H6b (+) H6f (=) H6j (-) H6n (>)
Organization H6c (+) H6g (=) H6k (-) H6o (>)
Peer learning H6d (+) H6h (=) H6l (-) H6p (>)
Control variables
Age H7a (=)
Gender H7b (=)
Grade (mathematics school leaving 

exam)
H7c (=)

Parents’ school qualification H7d (=)
Year of qualification for university H7e (=)
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Results of the Pilot Study

In this section, we report the detailed results of the pilot study regarding developments 
in the intervention group (Table 7), developments in the control group (Table 8), and 
developments across the whole sample as well as comparisons between the develop-
ments in the intervention group and the control group (Table 9).

Sample Details

Participants Per Measurement Point

Imputation

The statistical power of the sample was increased by imputing missing data using SPSS 
Statistics 26 and following the procedure of Rubin (1987). First, we imputed single 
items that had not been answered by the respondents. Second, we imputed all missing 
values of responses to outcome variables from participants of the intervention group 
who had participated in MP3 but had not participated in either MP1 or MP2. Thereby, 
the missing data in MP1 were imputed for the four participants who had participated 
in MP2 and MP3, and the missing data in MP2 were imputed for the six participants 
who had participated in MP1 and MP3 (see Table 10). Thus, the number of datasets 
with complete data across all measurement points in the intervention group could be 
increased from 33 to 43.

Checks for Selection Effects

When recruiting participants for the studies, a sample was taken from the population 
of incoming students in STEM fields. The intervention group consists of students 
who voluntarily participated in the bridging course and in the study. Therefore, a 
possible selection effect must be taken into account. We used independent samples 
t-tests to test our hypotheses that there are no statistically significant initial differ-
ences in the control variables (see Appendix "Hypotheses") between the interven-
tion group and the control group (H7a-e). Moreover, the categorical control vari-
ables were tested for initial differences using chi-square tests. By “initial” we mean 
that in each case the measurements of the first measurement point in each group, 
i. e., MP1 in the intervention group and MP2 in the control group, are examined.

We also tested for initial differences between those students who participated at 
the last measurement point of our studies and those who did not. This is to deter-
mine a potential bias that might originate from students dropping out of their 
degrees early on.

As shown in Table  11, no statistically significant initial differences could be 
detected except for mastery approach goals and performance approach goals, which 
were higher in the intervention group than in the control group, and perceived com-
petence and self-efficacy, which were lower in the intervention group. As for the 
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control variables, the intervention group had worse grades in the written school-
leaving exam in mathematics and the parents of students of the intervention group 
had a higher formal qualification. All these statistically significant differences have 
a small effect size.

There was a statistically significant association between participation in the bridg-
ing course and whether or not students were studying full-time, χ2(1) = 6.20, p = .013. 
Based on the odds ratio, this seems to represent the fact that students who were study-
ing full-time were twice as likely to participate in the bridging course as students who 
were studying part-time. Whether or not students’ family members had studied at uni-
versity does not seem to influence participation in the bridging course, χ2(1) = 1.53, 
p  =  .216. Gender, χ2(1)  =  .66, p  =  .415, prior experience studying at university, 
χ2(1) = .03, p = .872, and caring duties, χ2(1) = 1.30, p = .254, do not seem to influ-
ence participation in the bridging course either. As the effect sizes of statistically sig-
nificant differences are small, we view the groups as having a comparable starting point 
for their university studies.

As can be seen in Table 12, students who participated in MP3 had statistically sig-
nificantly higher psychological well-being in terms of their perceived autonomy, com-
petence, and social relatedness. Moreover, action-adaptive reactions to errors, self-
efficacy, and effort regulation were higher among the participants in MP3. While all 
these differences have small effect sizes except for autonomy (medium effect size), the 

Table 8  Pilot study: developments in the control group

Figures in boldface reflect statistical significance at the .05 level
M mean value, SD standard deviation, t t-test statistics, df degrees of freedom, p significance, r Pearson 
correlation coefficient

Construct MP2 MP3 Change

M (SD) M (SD) t df p r

Achievement goals
Mastery approach 5.46 (.54) 5.24 (.74) -2.722 88 .008 .28
Performance approach 3.72 (1.18) 3.30 (1.28) -3.817 88 <.001 .38
Performance avoidance 4.01 (1.25) 3.62 (1.37) -3.664 88 <.001 .36
Basic psychological needs
Autonomy 4.04 (.86) 4.05 (.82) .150 87 .881 .02
Competence 4.26 (.82) 4.01 (.84) -2.979 87 .004 .30
Social relatedness 4.44 (.98) 4.42 (1.05) -.316 87 .752 .03
Implicit theories 5.09 (.88) 5.13 (.90) .411 87 .682 .04
Reactions to errors
Action adaptivity 5.05 (.78) 4.80 (.95) -2.748 87 .007 .28
Affective-motivational adaptivity 3.94 (1.23) 3.98 (1.21) .302 87 .764 .03
Self-regulated learning
Peer learning 4.24 (1.00) 4.32 (1.33) .825 87 .412 .09
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Table 10  Number of 
participants of the intervention 
group (IG) and of the 
control group (CG) and their 
participation in the three 
measurement points

a Data of missing measurement point were imputed

MP1 MP2 MP3 Pilot study Main study

IG CG IG CG

Yes No No 42 - 84 -
Yes Yes No 22 - 105 -
Yes No Yes 5a - 6a -
Yes Yes Yes 22 - 33 -
No Yes No 19 230 54 244
No No Yes 13 65 7 50
No Yes Yes 7a 89 4a 92
Overall 130 384 293 386

Table 11  Tests for initial differences between the intervention group (IG) and the control group (CG)

Figures in boldface reflect statistical significance at the .05 level
M mean value, SD standard deviation, t t-test statistics, df degrees of freedom, p significance, r Pearson 
correlation coefficient,  NIG = 232,  NCG = 336

Construct/Scale IG CG Equality of means

M SD M SD t df p r

Achievement goals
Mastery approach 5.38 .66 5.19 .77 3.111 539.41 .002 .13
Performance approach 3.46 1.30 3.24 1.20 2.065 566 .039 .09
Performance avoidance 3.83 1.35 3.61 1.34 1.879 566 .061 .08
Basic psychological needs
Autonomy 5.03 1.06 5.19 .96 -1.799 566 .073 .08
Competence 4.70 .95 4.92 .92 -2.715 566 .007 .11
Social relatedness 3.94 1.40 3.88 1.42 .525 566 .600 .02
Implicit theories 5.10 .78 5.03 .82 1.006 566 .315 .04
Reactions to errors
Action adaptivity 4.69 1.01 4.78 .83 -1.019 431.46 .309 .05
Affective-motivational adaptivity 3.74 1.20 3.78 1.15 -.421 566 .674 .02
Self-efficacy 4.46 1.08 4.67 .95 -2.482 454.39 .013 .12
Self-regulation
Effort regulation 4.40 .92 4.31 1.05 1.058 566 .291 .04
Elaboration 4.14 1.53 3.93 1.67 1.527 566 .127 .06
Help seeking 3.45 1.23 3.31 1.13 1.380 466.40 .168 .06
Metacognitive self-regulation 4.34 1.31 4.29 1.39 .449 566 .762 .02
Organization 3.95 1.09 3.88 1.21 .716 566 .475 .03
Peer learning 3.40 1.12 3.43 1.25 -.224 528.27 .823 .01
Control variables
Age 20.56 5.67 20.55 5.45 .012 658 .990 <.01
Grade (mathematics school leaving exam) 2.26 1.11 2.05 1.04 2.195 439.02 .029 .10
Parents’ formal qualification 1.72 1.07 1.94 1.21 -2.472 660 .014 .10
Year of qualification for university 2019.04 5.68 2019.29 4.34 -.648 649 .517 .03
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students who participated in MP3 had better grades in the written final mathematics 
examination (medium effect size). This suggests that the students with better grades at 
school are also more likely to remain in their degree program at university.

Gender, χ2(1) = .15, p = .696, prior experience studying at university, χ2(1) =.10, 
p = .750, experiences at university of family members, χ2(1) = .98, p = .322, caring 
duties, χ2(1) = 2.17, p = .141, and whether or not students were studying full-time, 
χ2(1) = .40, p = .530, seem not to have influence on participating in MP3.

Table 12  Tests for initial differences between participants who participated in MP3 and those who did not

Figures in boldface reflect statistical significance at the .05 level
M mean value, SD standard deviation, t t-test statistics, df degrees of freedom, p significance, r Pearson 
correlation coefficient,  NMP3_yes = 135,  NMP3_no = 433

Construct/Scale MP3: yes MP3: no Equality of means

M SD M SD t df p r

Achievement goals
Mastery approach 5.25 .86 5.27 .68 .189 566 .850 .01
Performance approach 3.34 1.25 3.33 1.24 .162 566 .871 .01
Performance avoidance 3.73 1.35 3.69 1.35 -.267 566 .789 .01
Basic psychological needs
Autonomy 5.41 .76 5.04 1.05 -4.559 309.71 <.001 .25
Competence 5.09 .85 4.75 .95 -3.753 566 <.001 .16
Social relatedness 4.12 1.32 3.84 1.44 -2.009 566 .045 .08
Implicit theories 5.03 .77 5.07 .82 .444 566 .657 .02
Reactions to errors
Action adaptivity 4.91 .89 4.69 .90 -2.427 566 .016 .10
Affective-motivational adaptivity 3.82 1.23 3.74 1.16 -.694 566 .488 .03
Self-efficacy 4.78 .91 4.52 1.03 -2.607 566 .009 .11
Self-regulation
Effort regulation 4.59 .95 4.27 1.00 -3.328 566 .001 .14
Elaboration 4.23 1.55 3.94 1.63 -1.834 566 .067 .08
Help seeking 3.25 1.17 3.40 1.17 1.306 566 .192 .05
Metacognitive self-regulation 4.50 1.39 4.25 1.35 -1.851 566 .065 .08
Organization 4.04 1.23 3.87 1.14 -1.548 566 .122 .06
Peer learning 3.50 1.28 3.39 1.17 -.916 566 .360 .04
Control variables
Age 20.38 5.30 20.62 5.64 .506 659 .613 .02
Grade (mathematics school leaving 

exam)
1.76 .99 2.28 1.07 5.372 297.39 <.001 .30

Parents’ school qualification 1.84 1.14 1.85 1.17 .056 661 .956 <.01
Year of qualification for university 2019.29 5.00 2019.14 4.96 -.359 650 .720 .01
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