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In STEM degree programs, high dropout rates are observed and mainly attributed to 

missing mathematical preparation. However, in contrast to the normatively specified 

educational goals of secondary education systems, the prerequisites from the 

perspective of tertiary education are far less clear – especially in countries without 

entrance examinations like Germany. The aim of our study with 36 university teachers 

is to explore which mathematical prerequisites are considered necessary for STEM 

degree courses in Germany. Moreover, we analyze whether university teachers differ 

with respect to their specified prerequisites. 

INTRODUCTION 

The transition from high school to university is known to be difficult, in particular for 

freshmen taking mathematics courses in their first semester. Such difficulties are often 

due to fundamental differences between the learning of mathematics at school and at 

college (e.g. Hoyles, Newman, & Noss, 2001). Whereas school mathematics curricula 

in many countries focus on content, which is relevant for the application of 

mathematics as a tool, higher education courses often take a scientific perspective on 

mathematics and emphasize proving and formalism (e.g. Hoyles et al, 2001). These 

challenges are enhanced by other circumstances such as the increasing number of 

students entering higher education, which is accompanied by an increase in diversity 

of student (social) backgrounds, expectations and ability ranges (e.g. Appleby & Cox, 

2002).  

Concern about the mathematical knowledge of college entrants, especially in the 

STEM subjects, can be observed in several countries. For example, at universities in 

Germany, programs with STEM subjects face rather high drop-out rates compared to 

programs with other subjects. Often missing mathematical skills are reported as the 

main drop-out reason (Heublein et al., 2014). Similarly, in the UK, the National Audit 

Office (2007) found low retention rates in STEM subjects mainly caused by missing 

mathematical preparation of the freshmen. Cox (2001) compared the expectations of 

different university departments (STEM subjects) with the students’ actual capabilities 

and found a significant mismatch. Overall, the mathematical learning prerequisites of 

STEM freshmen seem to be a major challenge in the transition from high school to 

college, for both individuals and institutions. 
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THEORETICAL BACKGROUND 

An important question is which mathematical prerequisites should freshmen in STEM 

degree programs have in order to successfully master the transition from high school to 

university. In contrast to the educational goals of upper secondary education, which in 

many countries are normatively specified, the necessary prerequisites from the 

perspective of tertiary education are far less clear. Whereas in some countries this 

problem is partly covered by additional university entrance tests, in other countries like 

Germany the upper secondary school leaving certificate qualifies for all bachelor 

programs at all universities. Therefore the perspective of universities or rather the 

expectations of the university teachers concerning necessary mathematical 

prerequisites have to be explicitly described. This would be helpful for research on the 

transition from school to university. 

Until now only a few empirical studies investigated university teachers’ views on the 

required mathematical prerequisites for STEM programs. Sutherland and Dewhurst 

(1999) investigated the mathematical knowledge expected from undergraduates at the 

transition from secondary to higher education in the UK. For every subject area 

(STEM plus economics and business studies) the authors surveyed three departments 

representing high, medium and low average entrance qualifications. The questionnaire 

used represented the majority of common core AS and A-level mathematics including 

algebra, functions, geometry, proof, equations, differentiation, integration, vectors and 

matrices, complex numbers, statistics and mechanics. The authors reported the 

expected mathematical content and related mathematical skills for every department 

and subject area. Whereas the mathematics department representing high average 

entrance qualification requires all AS and A-level content but additional numerical 

methods and discrete mathematics (both A level), the Biological Science departments 

requires “only” basic mathematical knowledge and some AS-Level Pure Mathematics. 

In general, the expectation decreased with decreasing average entrance qualification 

and decreasing role of mathematics in the subject (from mathematics to chemistry and 

biological science degrees).  

Already more than 30 years ago, Heldmann (1984) conducted a study in Germany to 

identify individual characteristics for general (i.e. subject-unspecific) higher education 

readiness. The authors asked more than 1000 teachers from German universities for 

the relevance of pre-selected characteristics such as the willingness to learn or 

resilience. Additionally, a few subject-specific aspects for a wide range of subjects 

were included in the questionnaire. Concerning necessary mathematical skills for 

higher education readiness, skills and knowledge of some mathematical content areas 

were reported as relevant: computation, elementary functions, differentiation, 

integration, geometry, and statistics. However, these mathematical skills and 

knowledge aspects were not described in a more detailed way and remained quite 

unspecific. 
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Besides the above empirical studies, there are also results of several working groups 

which aim to provide lists of mathematical core knowledge and skills needed for the 

STEM university programs. For example, in the U.S. the College Readiness Standards 

list mathematical content and processes like reasoning and problem-solving as well as 

additional student attributes like paying attention to detail (Transition Math Project, 

2006). Similarly, the German project Cooperation High-School/College (COSH, 

2014) provides a catalogue with mathematical content areas, and illustrates the 

expected skills and knowledge by a list of sample tasks. This catalogue is 

supplemented by a few student attributes such as perseverance. A third example is the 

catalogue of the European Society for Engineering Education (SEFI, 2013). It defines 

the mathematical content (algebra, analysis and calculus, discrete mathematics, 

geometry and trigonometry, statistics and probability) as well as mathematical skills 

(e.g. thinking mathematically, problem solving, symbolism and formalism) that should 

be studied before entering an undergraduate engineering degree program. Moreover, 

SEFI emphasized the importance of adequate attitudes towards mathematics.    

The empirical studies and the theoretical work described above illustrate the 

importance university freshmen’s mathematical learning prerequisites have in 

different countries. Comparing the results of these studies, it becomes clear that there 

is no consensus of what kind of mathematical knowledge and skills university teachers 

expect from STEM freshmen. Whereas all studies point to several mathematical 

content areas which are relevant for STEM degree programs, there is a far less 

consensus concerning the extent to which knowledge and skills in these content areas 

are necessary. In addition, mathematical skills like problem solving, reasoning, or 

modeling are sometimes included and sometimes not. Similarly, the catalogues differ 

with respect to mathematics-related student attributes and aspects of subject-unspecific 

personal characteristics (intelligence, conscientiousness etc.) which are included in 

some but not all reports. For example, prerequisites concerning the perception of 

mathematics are mentioned only in the catalogue of SEFI (2013).  

RESEARCH QUESTIONS 

Based on the existing studies and reports, it is not clear whether there is a consensus on 

mathematical prerequisites university teachers expect from STEM freshmen. Taking 

into account the heterogeneity of mathematical bridging courses at different 

universities (for an overview about the German situation, for example, see Biehler et 

al., 2014) and the different expectations of different departments in the UK (Sutherland 

& Dewhurst, 1999), the question arises if such a consensus among university teachers 

for mathematics is possible at all. Accordingly, the present study addresses the 

following research questions:  

1) Which mathematical prerequisites are necessary for a successful transition into 

higher education in STEM degree programs from the perspective of university 

teachers for mathematics? 
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2) If university teachers do not agree: Which different types of university teachers 

can be identified with respect to necessary mathematical prerequisites for a 

successful transition into STEM degree programs?  

METHODS 

To analyze the expected mathematical prerequisites of higher education STEM 

subjects, we carried out an online survey with university teachers. The survey was 

anonymous to reduce group-effects. The participants’ views were collected through 

three narrative questions which addressed the same topic from different perspectives 

and which should stimulate detailed and comprehensive responses. First, the 

participants were asked to describe the characteristics of mathematical university 

readiness or rather what mathematical knowledge and skills STEM freshmen should 

acquire before starting the first semester. In the second question, the participants were 

asked which mathematical aspects should be included into a mathematical entrance 

examination for STEM programs. In the third question, they were asked about the 

differences between successful and unsuccessful STEM freshmen with a special focus 

on the mathematical prerequisites the students acquired before entering the university. 

In addition, background information on the teaching experiences was collected (e.g. 

university vs. university of applied sciences; years of teaching experience; course 

programs taught in; etc.).  

Sample   

The study involved university teachers from Germany who taught first year 

mathematics courses in STEM degree programs at universities and universities of 

applied sciences during 2010 and 2015. Based on a list of more than 2000 German 

university teachers for mathematics, 82 participants were identified and invited to 

participate in the study. The invited participants were selected to equally represent 

German federal states, STEM programs, teaching experience and type of university. 

Overall, 36 of the 82 university teachers participated in the survey representing the 

majority of German states and all subject groups of science, technology, engineering 

and mathematics. 

Analysis      

In order to approach the first research question, a qualitative content analysis was 

performed (cf. Mayring, 2014). First, the collected responses of all three questions 

from the questionnaire were split into single text passages. These passages were 

grouped with respect to their meaning, and categories of necessary mathematical 

learning prerequisites were inductively determined. For every identified category, an 

explicit definition, examples and coding rules were developed. All passages were 

assigned a category. 10% of the material was rated independently by two coders in 

order to investigate and ensure interrater reliability of the coding system. Sometimes, 

the participants referred to educational documents (e.g. the catalogue of COSH, 2014, 

mentioned before). In these cases we included all mathematical prerequisites listed in 
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the corresponding documents as well. This approach led to a catalogue of all 

mathematical prerequisites referred to by this sample of university teachers. To ensure 

the quality of the procedure with regard to completeness and correctness, the final 

catalogue has been compared to the original responses of the participants once more. 

To answer research question 2, whether there is a consensus among university teachers 

or whether different types of university teachers with respect to the expected 

mathematical prerequisites exist, we ran a cluster analysis (e.g. Aggarwal & Reddy, 

2015). The aim of the cluster analysis was to aggregate the participants to homogenous 

groups with regard to their expected mathematical prerequisites. For each 

mathematical prerequisite a dichotomous variable (1: stated; 0: not stated) was created 

for the 36 participants. If a participant referred to an educational document, all 

mathematical prerequisites listed in this educational document were taken into 

account. An agglomerative hierarchical approach was used to cluster the university 

teachers. Applying the Ward’s agglomeration with the Euclidean distance the resulting 

dendrogram and distance parameters have been analyzed to determine a satisfactory 

cluster solution (e.g. Aggarwal & Reddy, 2015).   

RESULTS 

Based on the qualitative content analysis, we identified 152 mathematical prerequisites 

as stated by the participants. These were structured into the four main categories 

mathematical content, mathematical processes, conception of mathematics and 

personal attributes. For the mathematical prerequisites in each main category we had 

satisfying to good inter-coder reliability (percentage agreement between .85-.97 and 

Cohen’s kappa between .60-.94). 

1) Mathematical content  

This largest category covers knowledge on several areas like basic concepts (in the 

area numbers, algebra, elementary function and geometry), calculus, vectors and 

matrices as well as statistical concepts including combinatorics, statistical 

distributions, and general concepts like propositional logic. In each sub-category there 

are several aspects. In the sub-category “calculus” for example, there are intuitive 

understanding of sequences and limits, continuity, differentiation, integration etc. 

2) Mathematical processes 

Freshmen are expected to have skills concerning mathematical processes of six 

different categories: basic skills (calculation, use of representations and technology), 

reasoning and proof, mathematical communication, mathematical definition, problem 

solving, and mathematical modelling. Each category comprises sub-processes 

addressing different cognitive levels, for example, “understanding and verification of a 

given proof” and “generation and formulation of a proof”. 
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3) Conceptions of mathematics 

This category covers meta-knowledge about mathematics. Examples are knowledge 

about the fundamental importance of proof in mathematics or the fact that there is an 

axiomatic structure of mathematics. 

4) Personal attributes 

This area includes attitudes and subject-unspecific cognitive and social skills. 

Examples are perseverance when faced with mathematical problems, openness 

concerning the learning of university mathematics and ability to work on his/her own. 

 

For research question 2, a hierarchical cluster analysis with Ward’s method indicates 

three different types of university teachers with respect to their expectations (categorial 

two-step cluster analysis using log-likelihood also result in a three cluster solution). 

Type 1 teachers (N = 8) expect solid knowledge of basic mathematical content (in 

terms of lower secondary mathematics covering functions, elementary algebra, 

elementary geometry, and functions). Every university teacher of this type stated all 

identified prerequisites of this basic mathematical content category as necessary for 

STEM freshmen. These teachers rarely mentioned advanced school mathematical 

content (including calculus, matrices and vectors, probability), mathematical processes 

and conceptions of mathematics. Also, only three personal attributes were expected as 

a prerequisite by four or more participants assigned to this type. Type 2 teachers (N = 8) 

expect knowledge of most basic mathematical content and a lot of prerequisites of 

advanced school mathematical content. In addition, they mentioned skills of many 

mathematical processes and ask for some specific personal attributes. Type 3 teachers 

(N = 20) consider only few prerequisites necessary. Even of the prerequisites of basic 

mathematical content only some were mentioned by the type 3 teachers. Similarly, 

these teachers consider only some of the aspects in the main category conceptions of 

mathematics as prerequisites for STEM degree programs.      

DISCUSSION 

The aim of this study was to (1) explore mathematical prerequisites for STEM 

freshmen which university teachers consider necessary and (2) analyze whether 

university teachers concur in these necessary mathematical prerequisites. By means of 

an anonymous online survey with 36 German university teachers for mathematics we 

identified 152 mathematical prerequisites in total. Comparing these with other 

catalogues of mathematical prerequisites (e.g., COSH, 2014; SEFI, 2013), we found a 

partial overlap of the prerequisites addressing mathematical content. However, our 

sample stated additional mathematical prerequisites for example the formal concept of 

differentiation and propositional logic. Besides, the responses of our sample covered 

skills for six types of mathematical processes which to this extent are only listed in the 

document of SEFI (2013). In contrast to the other catalogues, the university teachers in 

our study mentioned several concrete conceptions of mathematics the STEM freshmen 
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should exhibit (the SEFI framework just emphasized the importance of appropriate 

conceptions). Finally, the university teachers mentioned several ”personal attributes” 

which indicates the significance the teachers attach to this aspect. In the debate about a 

general university readiness a lot of these attributes are viewed as requirements. With 

respect to mathematics the TMP (2006) and COSH (2014) listed a few aspects of these 

attributes. The comparison of existing catalogues of prerequisites to our results 

implicates a common ground of necessary mathematical prerequisites for freshmen in 

STEM degree programs with respect to mathematical knowledge and skills. 

Differences are mainly found for prerequisites related to personal attributes and 

conceptions of mathematics. 

Based on a cluster analysis we identified three types of university teachers with respect 

to necessary mathematical prerequisites. Whereas teachers of the first type seem to be 

satisfied by solid knowledge of basic content, teachers of the second type additionally 

consider a lot of advanced school mathematics as necessary. A large proportion of 

participants of the third type stated only a few necessary mathematical prerequisites. 

This result could be due to missing motivation when working on the questionnaire. 

However, this interpretation seems rather unlikely because there is a lively discussion 

about insufficient mathematical prerequisites of freshmen within the scientific 

community and the participation in the survey has been voluntary. An alternative 

explanation might be that these university teachers were not used to explicitly and 

coherently describe the mathematical prerequisites they consider necessary. 

Discussions about freshmen’s mathematical prerequisite are often restricted to some 

examples and to the overall comment that the prerequisites are insufficient. 

The data basis of the 152 mathematical prerequisites identified in the present study is 

limited. Accordingly, there is need for a confirmation by a survey with a much larger 

sample. In the end such a survey can yield a catalogue of necessary mathematical 

prerequisites for STEM degree programs which represents the view of the universities. 

Moreover, a larger data base allows an analysis of the relevance of the identified 

different types of university teachers.  
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