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A framework for goal dimensions of mathematics learning support in universities
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In university mathematics, support measures address diverse goals in terms of students' knowledge and abilities, motivation and beliefs, or institutional goals like the reduction of dropout rates. In order to facilitate the analysis of specific support measures' goals, their evaluation and comparisons with other forms of support, we aim at developing a taxonomy for these goals. To this end, we have analyzed documents of 44 innovative projects of mathematics support in Germany and conducted supplementary interviews with teaching staff. We present the method and intermediary results of this research and discuss its potential use for researchers, policy makers and teaching.

Background and aim of the paper

Mathematics support has become a common endeavor in many universities and both researchers and teaching staff are interested in identifying the "best way" of supporting their students. The research we present here is part of the ongoing WiGeMath project (Wirkung und Gelingensbedingungen von Unterstützungsmaßnahmen für mathematikbezogenes Lernen in der Studieneingangsphase; Effects and success conditions of mathematics learning support in the introductory study phase), which is a joint research project of the Universities of Hannover and Paderborn (Colberg et al., in press) led by Biehler, Hochmuth and Schaper. In a first phase, the research aims at identifying and structuring goals that have been pursued in selected Projects of Mathematics Learning Support (PMLS). This paper reports on the methodology and the research outcomes of this first phase, drawing upon the project proposal and the intermediate project report of the three project leaders.

In WiGeMath, we examine 44 PMLS in mathematics programs, teacher education and diverse engineering programs at 14 German universities. These projects all have in common that they are trying to help students acclimatize to university mathematics. We label them innovative as they aim at deviating from the formats of standard lectures or standard tutorials. The extent to which they can fulfill this deviation is part of the evaluation in WiGeMath. The PMLS are clustered into four types: bridging courses, mathematics support centers, redesigned lectures and support measures that parallel courses. In most German universities, bridging courses are offered shortly before the beginning of the first semester and aim to bridge the gap between school and university, dealing with school contents as well as university contents. Mathematics support centers are relatively new to German universities and have been implemented in rather few universities. They are designed as optional classes for students where they can go and seek help or work on their math problems under the supervision of experienced tutors. Redesigned lectures are also relatively new and are offered particularly for preservice secondary teachers in order to support their transition from school mathematics to more abstract mathematical content. They focus more on study techniques like problem solving or reading and writing mathematical texts than on mathematical content. Support measures that parallel courses are diverse and include formats that provide online learning material as well as tutorials for special study groups (e.g. students at risk of failing the course), with a special focus (e.g., applications) or for a special purpose (e.g., exam preparation). Using a program evaluation approach [START_REF] Chen | Theory-driven evaluations[END_REF], WiGeMath aims at evaluating different PMLS based on their own assumptions and comparing them. Therefore, we developed a taxonomy in the sense of a descriptive (non-normative), structured set of goals, features and conditions of the PMLS. In this paper, we focus on the taxonomy for the goals of PMLS. Here, the term "goal" is interpreted in the sense of any observable criterion that provides ground for the evaluation of a PMLS against its own initial conception. Existing taxonomies of educational objectives include cognitive and affective aspects of students' learning (e.g. [START_REF] Krathwohl | A Revision of Bloom's Taxonomy: An Overview[END_REF]. However, they only describe learning outcomes of the individual. For evaluating the PMLS' outcomes against their respective initial conception and comparing different PMLS, existing taxonomies have proved insufficient. We found, for example, that some PMLS have goals that cannot be assessed in terms of individual learning objectives, like the support of certain study groups.

Method

We constructed a new taxonomy using an empirical approach consisting of two steps. In the first step, a document analysis was conducted based on documents from the partners' PMLS. This step resulted in a first draft for the taxonomy. In a second step, this rough taxonomy guided interviews with teaching staff to check, refine and supplement the categories.

For the first step, we asked our partners to send us any document that might inform us about the projects, including self-descriptions and learning material. The kind of information greatly varied across the projects: some PMLS had been described in conference papers or posters; others sent us lecture notes or books, and in several cases, flyers or websites addressed at students were available. In the case of redesigned lectures, we also analyzed study regulations. Moreover, the depth of information varied as some projects had explicit descriptions of their goals, others only had learning resources and some PMLS were just in the making and could not give us any documents. We thus asked several partners to describe the goals of their projects either via email or in unstructured interviews and then included these emails or interview notes and transcripts in the analysis. In the following phase of the document analysis, we followed the typical steps of skimming the documents for relevant passages, reading them and interpreting them as an iterative process [START_REF] Bowen | Document Analysis as a Qualitative Research Method[END_REF]. Following the principles of inductive category formation in qualitative content analysis [START_REF] Mayring | Qualitative Content Analysis: Theoretical Background and Procedures[END_REF], we worked through the relevant passages line by line, either subsuming the goals under existing categories or constructing new ones. In this step, we also reconstructed goals that were not mentioned explicitly but were apparent in the documents. If, for example, learning material explicitly asked the students to consider mathematics as a process of trial and discovery, we assumed the change of students' mathematical beliefs to be a goal. Due to the high diversity of materials and goals, we worked through all the material before reorganizing the categories in a rough taxonomy. Here, distinctions from the literature were implicitly taken into account, like the distinction of cognitive and affective outcomes.

A limitation of document analyses may lie in insufficient details and a bias in the document selection [START_REF] Bowen | Document Analysis as a Qualitative Research Method[END_REF]. Specifically, the teaching staff could have had goals that were not reflected in the documents. Thus, in the second step the rough taxonomy was used to guide eight interviews. Two interviews were held for each of the investigated designs, i.e., bridging courses, mathematics support centers, redesigned lectures and support measures that parallel courses. The interview guide first asked for the goals of the PMLS in general and then used the subcategories for deeper inquiry of each specific aspect. In the interviews, we found that some staff members did not mention all goals immediately. In reaction to a general question, only some goals were named. Explicit questions mentioning specific goal categories, however, led to additional goals named by the staff members. These interviews, taped and transcribed, were coded using the rough taxonomy as a coding scheme in order to see if each goal that was mentioned by the interviewees fit into one of our categories. This led to the refinement or reformulation of subcategories, but generally, all goals were covered by the taxonomy.

Results

The goals we identified were split into two main categories of educational goals and system-related goals, each of which consists of several sub-categories. We proceed with a presentation and description of the emerged categories and sub-categories that are summarized in Table 1.

Educational goals

The first main category of educational goals comprises learning outcomes with a focus on objectives regarding the individual learner. These educational goals are subdivided into knowledge goals, action-oriented goals and attitudinal goals. As these goals are more or less covered in existing taxonomies (e.g. [START_REF] Krathwohl | A Revision of Bloom's Taxonomy: An Overview[END_REF] and space is limited, we omit a description and discussion of these goals. We only shortly mention the last category of learning and working conduct. It refers to learning rhythm (i.e., when do participants study), learning expenditure (i.e., how much do participants study), learning materials (i.e., which resources do participants use when studying), learning environment (i.e., where and with whom do participants study) and use of the PMLS' provision. This goal differs from the ones mentioned so far as it does not represent a final goal of studying but rather functions as a mediating partial objective that facilitates the fulfillment of other goals at a later point in the course of studies. Staff members explicitly mentioned that they wanted their students to work in specific ways they assumed to be most efficient.

System-related goals

In our study, we found goals which do not focus on students as individuals but rather take into account the university as a broader organization and therefore decided to label them system-related goals. We specify how we understand each of these categories and which aspects they include. It is important to note that the system-related goals and the educational goals are not necessarily disjoint. When using the taxonomy to categorize the goals of a PMLS, these goals may fall into one category under educational goals and, at the same time, into another category under system-related goals. The difference lies in the focus on the individual learner versus the institution as a broader organization which for example has to establish its own reputation, take into account questions of funding as well as maintain its societal position in providing studies that lead to certain certificates. As to the creation of prerequisites for knowledge/abilities, PMLS with this target would aim at qualifying students to participate successfully in subsequent university classes. This might be achieved via the improvement of school knowledge and abilities as a prerequisite for university studies, a category that we defined as a first sub-category. We refer to topics and methods that are not part of regular university lectures but should be familiar to students from their school background like doing arithmetic with fractions, sine, cosine, and solving systems of linear equations. The difference between this goal and the educational goal of fostering school mathematics knowledge and abilities is that the educational goal is only achieved when each and every student has gained the knowledge in focus, whereas the system-related goal is reached when the bigger part of students has gained this knowledge so that future teaching can take this knowledge as shared. In the latter case, it is inconsequential whether all students make use of the knowledge supply and integrate it into their own learning. It is well known, for example, that students entering university often have gaps in their knowledge while lecturers want to give their lectures as if this knowledge was present. In one bridging course, asked for knowledge as a prerequisite in future lectures, a staff confirmed this (all quotations are own translations):

Educational goals

Staff member: Due to the fact that we refresh the students' school knowledge, there is something they can build on later [in the lectures] and certainly will.

[…] If I look at a proof of continuity, I need absolute values and inequalities. If I do not know them, particularly now that they were removed from the school curriculum, then I have to learn them before.

Interviewer: That means, you try to compensate some deficits, in particular after changes through a school reform where some topics have been canceled from the curriculum?

Staff member: Yes, I would say.

Often, PMLS also aim at providing requirements for lectures that exceed school knowledge. In the innovative courses included in our study, examples may be seen in topics like groups, rings or fields that could be shifted from regular university courses, in which they would usually be discussed. Sometimes, bridging courses also cover topics that were considered school knowledge in the past but are no longer taught in schools today.

For some institutions, the improvement of formal study success also proved to be important. This relates to objectively measurable success criteria like dropout rates, defined as the number of students who withdraw from their studies, and passing rates/achievements, which can be measured via the final exam. For a support center, for example, this was central in the interview: "Clearly, I mean, the big credo was always to reduce the dropout rate." In German universities, dropout rates in mathematics and engineering programs exceed 30 % [START_REF] Heublein | Student Drop-out from German Higher Education Institutions[END_REF]. These criteria are of special interest as they may be used for an institution's quality evaluation. PMLS addressing dropout include tutorials for specific study groups with low success rates or students who already failed an exam twice and now make their final attempt.

The improvement of teaching quality is another goal of PMLS. The aim is to improve the teaching quality as perceived by the students and gain better evaluations from the participants. This may include changing the teaching styles and improving the communication with the students.

In our analysis, three more goals emerged, which all reflect the position that, the university on the one hand wants to provide an optimal environment for the students' learning, yet on the other hand does not take the responsibility for each individual student. The sub-category of improvement of feedback quality covers the aim to provide students with high-quality feedback on their state of studies that helps them improve their learning. Under promotion of social contacts and connections relevant for the studies, we subsume the support of social exchanges and conversations, technical aids, and stimulation to form study groups. For example, students may be offered specific hours for a specific lecture in a mathematics support center so that they may form learning groups on their own account. Also, the design of such centers may reflect this goal: "These workstations there have desks, where eight students may sit at a time. Students have increasingly come in larger groups. And it was clearly our goal, to foster this". A further category that some PMLS aimed at is making university study demands transparent. This includes giving insight into demands of university education, especially with future orientation concerning preconditions and requirements in the course of further studies. Together, these aspects enable the students to make well-informed decisions on how to study according to their personal preferences.

Finally, some PMLS were designed to help certain students more than others, for example, students with a different language background, females, students with a sideline job or students with children. These aims would be encoded under supporting of certain student groups. For one support center, for example, the focus was on low and medium-achieving students, as we could see in the interview: "Our priority is on everyone but the high-performing students. So, from lowachieving to average. […] If we have resources left, then the high-performers are also welcome". In contrast, a redesigned lecture addressed the average-achieving students but not the low-achieving ones: "We have, so to say the very good students, a broad midfield and then the lower fifth part or so, where most of them will probably dropout from their studies, because they are not suitable after all. But they take part at the beginning and want to try it, anyway. And my objective during the development and conduction of this course was to address the broad midfield and in addition provide challenges for the very good students." Another specific group that might be mentioned consists of students without "Abitur". The German school system is split into schools for lowerachieving students where students attend nine/ten years and the so-called "Gymnasium" that adds another three years of school. Generally, only the students of the Gymnasium are allowed to attend university after they have passed the final exam called Abitur. Yet, there are exceptions where students without Abitur may attend university, a scenario that occurs particularly frequently in engineering programs. As engineering was one of the study fields we focused on, this category seemed especially relevant. This goal may reflect a special profile of the university or study program or societal goals and may come along with special funding opportunities.

Discussion

Methodological discussion

As mentioned above, the taxonomy at hand was developed in cooperation with university staff involved in innovative PMLS. Contrary to our expectation that the goals of PMLS were thought through and decided upon in advance, we found, in the course of our work, that many of their goals had remained implicit until our inquiry. This observation raises the question of whether important goals of innovative PMLS can be fully accessed from documents and interviews. Similarly, goals of traditional lectures might also be implicit, since some lecturers may be reproducing these longestablished formats without further reflection. To be more specific, it seemed as if some PMLS aim at establishing a specific didactic contract [START_REF] Brousseau | The crucial role of the didactical contract in the analysis and construction of situations in teaching and learning mathematics[END_REF]. For example, students are to be offered a good learning environment in hope of thereby increasing success rates but the university does not take responsibility for the success of each individual. However, this aspect was not included in the taxonomy as we lacked clear evidence. The lack of reference to the didactical contract in the materials and the staff interview might be because of its implicitness in PMLS goals and to the less familiarity of staff to such theoretical terms.

Discussion of the taxonomy

The educational goals in our taxonomy show similarities to the objectives of other taxonomies [START_REF] Krathwohl | A Revision of Bloom's Taxonomy: An Overview[END_REF]. Whereas these models focus on individual learning outcomes, the WiGeMath model aims at comparing and evaluating innovative measures as a whole, in particular following the program evaluation approach [START_REF] Chen | Theory-driven evaluations[END_REF]. This reflects in the new category of system-related goals. The system-related goals reflect three purposes: Some of the goals ensure the preservation of the institution. The creation of prerequisites for knowledge/abilities, improvement of formal study success, and improvement of teaching quality would fall into this category. Another set of systemrelated objectives consists of improvement of feedback quality, promotion of social contacts and connections relevant for the studies, and making university study demands transparent. These goals improve the environment for students' self-directed learning. Supporting certain groups of students is a goal of a third kind as it represents the societal goal of creating equal study conditions in higher education for a wide range of students. The taxonomy thus reflects the institutional framing, in particular goals related to the institutions' preservation as well as the preservation of the innovative PMLS, which mostly had no regular funding but were financed by federal grants for innovative support. Related notions can be found in classification systems for higher education institutions. However, these categories are intended to be strictly descriptive and can therefore not be reformulated as goals. An early example is provided by the Carnegie Classification of Institutions of Higher Education, which was created in the 70s for US institutions. Initially, it was mainly concerned with structural and organizational characteristics of institutions but has undergone major changes in 2000, strengthening the emphasis on teaching-related institutional characteristics [START_REF] Bartelse | The European Higher Education Classification: Objectives and Concepts[END_REF]. A shortcoming of the model is that it lacks a consistent theoretical framework. In following the program evaluation approach, we based its development on the individual language and paradigms of the PMLS and did not question them in their data. From a practical point of view, the model helps to highlight their similarities and specialties. From a theoretical point of view, a next step could be the consistent re-interpretation of their goals from a specific theoretical and epistemological stance, e.g. clarifying basic notions of knowing and learning. We should keep in mind, however, that such a taxonomy might not only be used for the non-normative exchange of ideas, but also be turned into a normative model.

Implications for research, policy and teaching

It seems obvious that a model like the one developed above is never complete and could be expanded not only to fit more goals of innovative measures but also in order to serve regular courses or classes in other fields of study. So far in the first study phase of university mathematics education, we focused on innovative PMLS. We may thus have missed goals that are related to studies beyond the introductory year or to innovative measures integrated in the regular classes. An example for a possible system-related goal that was not mentioned in our study is the qualification of future staff or PhD-students.

Since many practitioners had to reconstruct their goals during the interviews, we believe that our taxonomy may prove beneficial to both teaching staff and developers of courses and support measures as a heuristic tool, helping them reflecting on their goals and teaching practice. It may also highlight ethical questions, e.g. by pointing out that some PMLS were designed to specifically support some students but not others. This taxonomy could also improve the communication about goals between students, teachers and institutions. It provides a common language and a frame of reference. In research, this framework is ultimately intended for the evaluation of innovative measures and so far proved useful in doing so in the ongoing WiGeMath project. For policy-makers, a taxonomy may help in the evaluation of their decisions. In our study, we found that many practitioners had thought about various aspects of their work, but did not have a (shared) language to communicate these thoughts.

Table 1 : Categories of the WiGeMath taxonomy

 1 

	Knowledge goals	-school mathematics knowledge and abilities
		-higher mathematics knowledge and abilities
		-the language of mathematics
	Action-oriented goals	-mathematical modes of operation
		-university modes of operation
		-learning strategies
	Attitudinal goals	-beliefs
		-affective features
		-perceived relevance for the future job
		-perceived relevance for future studies
		-mathematical enculturation
	Learning and working conduct	
	System-related goals	
	Creation of prerequisites for	-improvement of school knowledge and abilities as a
	knowledge/abilities	prerequisite for university studies
		-requirements for lectures that exceed school knowledge
	Improvement of formal study	-dropout rates
	success	-passing rates/achievements
	Improvement of teaching quality	
	Improvement of feedback quality	
	Promotion of social contacts and	
	connections relevant for the studies	
	Making university study demands	
	transparent	
	Supporting of certain student groups	
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