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			Abstract

			There is a view that many first-year students lack the basic knowledge and skills expected of them to study at university level. We examined the expected work habits and pre-course diagnostics for students who choose to take a course on differential calculus. We focused on the lecturer pre-course expectations of a student in the context of work habits, knowledge and technical skills. In particular, we formulated outcomes and then sample diagnostic questions to test whether the identified learning outcomes on expected work habits and learning are in place. If students are made aware of the expected learning outcomes and if they take the diagnostic test, they should be able to achieve greater success in their studies. The validity of this assumption will be the subject of a future paper which will report on the implementation of the learning outcomes and diagnostic questions that we formulated for pre-course diagnostics in differential calculus.
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			Introduction

			Informal interviews with students across disciplines from a sample of institutions within South Africa indicated generally that students do not know what the precise outcomes of their courses or modules are. They stated the outcomes very vaguely, if at all. Without knowledge of the outcomes, students do not know what is expected of them. The process of thinking and the questions that lead to proper observations are rarely stated. We attempted to bridge such gaps in the context of the Math130 module (differential calculus) offered at the University of KwaZulu-Natal (UKZN). 

			Outcomes-based education (OBE) has been implemented at secondary-school level in South Africa.1 There is a general feeling that OBE at school level has not been successful. We believe that merely stating outcomes is not enough to ensure improvement in student understanding and performance. In the case of OBE the outcomes were mostly known to the teachers, but not the learners. We believe that it is important to document the outcomes for a course or module, and to make these outcomes available to students. In our opinion, students also need support in the form of diagnostics and skills to be acquired over a substantial period of time, which is generally absent. It is unrealistic to assume that students will have a long-term mastery of concepts and skills relevant to differential calculus, when exposed over only a 13-week period, as disuse degrades these skills. We are not disputing that students could attain a significant level of mastery for a limited period. The challenge is for students to be able to recall and use their skills and knowledge over a sustained period of their studies (while at university) and beyond (in their work and social contexts). Based on our experience, as well as from informal discussions with colleagues, a significant number of students are underprepared for university studies in mathematics. Our hope is that by providing clear pre-course diagnostics for expectations on work habits, background knowledge and means for self-assessment of the required background, there will be an improvement in the achievement of course outcomes. In another paper we focus on the course diagnostic component which is to help focus attention on crucial possible gaps in learning that could lead to underachievement by students. In this paper we attempt to answer the following research questions: What are the views of lecturers on pre-course expectations of a Math130 student in the context of work habits, knowledge and technical skills necessary for effective mathematics learning? And how do we test work habits, knowledge and technical skills?
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			Review of relevant literature

			We use the term ‘learning outcome’ to refer to a clear and detailed statement of what students should be able to do when they have learnt the content of a particular topic. In its discussion of student learning principles, the Council of Regional Accrediting Commissions2 flagged the importance of learning outcomes. With regard to learning outcomes towards which students are expected to aspire, the Council noted that (1) these should be clear and easily available (made public) and (2) there should be reflection on such outcomes for a commitment to educational improvement. If these points are accepted then it follows that it is important for the learning outcomes of courses and modules offered by a tertiary education institution to be clearly documented, assessed regularly and improved upon if necessary, and to be made available at the outset to students. These learning outcomes should guide the type and level of assessment. 

			Discussing the characteristics of effective outcomes assessment, Banta3 noted that (1) there should be a recognition that assessment is essential to learning, (2) assessment should begin when the need is recognised and should allow sufficient time for development, (3) faculty development is required to prepare individuals to implement assessment and use the findings, and (4) an environment which is receptive, supportive and enabling should be available to students continually. The American Association for Higher Education4 gave the following principles of good practice for assessing student learning: (1) assessment requires attention to outcomes and to the experiences that lead to those outcomes; (2) assessment is most likely to lead to improvement in learning when it is part of a larger set of conditions that promote change; and (3) through assessment, educators meet their responsibilities to students and the public. We agree with all of these points. The challenge we face in developing countries is that an increasing number of underprepared students are admitted for university studies in mathematics. With this in mind we believe that diagnostic testing based on clear pre-course outcomes could help many students achieve success in their studies. Our view is that diagnostic testing should form an integral part of assessment, because the assessment should also promote student learning. By a diagnostic test, we mean a test that is designed to evaluate the precise strengths and shortcomings of a student with reference to a given context, such as preparedness for a particular course.

			We looked at how some institutions addressed the issues of course outcomes and diagnostic testing. Florida International University5 gives a comprehensive list of learning objectives or outcomes for their calculus module. This list includes the general course objective and desired learning outcomes for their major topics in calculus. The calculus course outline of the University of Manchester6 stipulates under learning outcomes: ‘On successful completion of this module students will have acquired an active knowledge and understanding of some basic concepts and results in calculus.’ The required concepts and results were not clearly indicated, but the major topics and sub-topics were listed under the syllabus section.

			The Stevens Institute of Technology7 gives the overall course objective and lists the expected learning outcomes under each of their topics in calculus. The website of the University of New England’s8 calculus course gives a general description of the unit and assessment tasks. Each assessment task relates to stated learning outcomes in the context of the content as well as graduate attributes. We found the latter to be interesting because it gives a new dimension of what could be required of students. The following five graduate attributes were listed: knowledge of a discipline, communication skills, information literacy, problem-solving and team work. The expectation of a student for each of these attributes is clearly indicated. For example, communication skills are unpacked as follows: 

			The student will be encouraged to participate actively in discussion during lectures and tutorials. Written communication skills, particularly with regard to construction and presentation of logical expositions and arguments, will be taught and assessed.8 (p.3) 

			For each of these five graduate attributes, the intention was for it to be taught, assessed and practised. 

			The Mathematics Diagnostic Testing Project (MDTP) of California State University9 provides free online student tests which can be taken more than once. There is a calculus readiness (CR) test which is designed to help individual students review their readiness to study calculus. Students are advised to take the test without the aid of a calculator. The recommended time for taking the test is approximately 1 h, but no time limit is enforced. The online test includes a diagnostic scoring report to help students identify their strengths and weaknesses in different topics. Students are expected to use these tests and reports to identify their weaknesses to study those topics more and overcome the identified weaknesses. Our review of the diagnostic test questions gave us the impression that they were too difficult for the majority of underprepared students who now gain access to universities in developing countries. 

			The California Mathematics Diagnostic Testing Project10 tests cover similar topics as those of the MDTP CR test and pre-calculus (PC) diagnostic tests administered by many Californian schools. This web-based test is intended to provide students with feedback on how well prepared they are for any of those tests. The only purpose of this test is to indicate the extent of a student’s understanding of and facility for some important concepts and skills. Students are given a total score as well as a score for each of the topics covered by the test. It is stated that these results could help a student focus on additional study to be better prepared for a calculus course. This test is intended to give students an indication of their level of preparedness for the MDTP CR test. The prerequisites to study differential calculus, in terms of technical knowledge and skills, are indicated in the above diagnostic tests. 

			We have observed that our students often understand the calculus concepts but that their algebra tools fail them when they are solving problems. The University of British Columbia11 reported that data from their past final examinations showed that 75% of students’ mistakes were related to basic high-school knowledge and skills. In order to address such underpreparedness, pre-course diagnostic tests for calculus are used in a number of institutions.11-14 A study of those diagnostic tests revealed that: (1) in many cases, for example Acadia University14, diagnostic tests are compulsory for all students taking a differential calculus course, (2) the tests cover high-school mathematics skills that are essential for the passing of a university-level calculus course, (3) the pre-calculus questions for such tests should be developed by using errors actually made by previous students, (4) such tests show a student where his/her basic weaknesses are, and provide him/her with means to improve, and (5) the main purpose of the tests is as an early warning system for those students with a weak mathematical background. Some institutions, for example the University of California15, use diagnostic tests as a placement tool to help students choose between the various mathematics modules that are offered.

			We used the above findings and our experience to develop pre-course diagnostics that we consider to be more appropriate for the students we encounter. We note that most of the institutions referred to above place the responsibility of remedial measures on the student.
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			Conceptual framework

			The literature review and our experience guided the formulation of principles which give an overview of the conceptual framework for this study. These principles are: 

			1.	There is a conceptual hierarchy in the body of mathematics.

			2.	To study mathematics students should understand and possess good work habits.

			3.	It is important for the outcomes on prerequisites for the module to be clearly documented. 

			4.	For effective learning, it is not enough for only the instructor (teacher, lecturer, tutor) to be aware of the prerequisite work habits and technical knowledge outcomes of a course or module.

			5.	Students should know explicitly at the outset what the expected outcomes for these prerequisites are.

			6.	Instructors should use the documented prerequisite outcomes to formulate suitable diagnostic questions for students.

			7.	When students attempt the diagnostic questions there should be provisions for remedial activity, in order to overcome their identified shortcomings.

			Methodology

			We first looked at the aim and the content for the Math130 module as indicated in the handbook of the UKZN’s Faculty of Science and Agriculture,16 which is in the public domain. The aim is given as: ‘To introduce and develop differential calculus as well as the fundamentals of proof technique and rudimentary logic.’ The content includes: ‘Fundamental Concepts – Elementary logic, proof techniques. Differential Calculus – Functions, graphs and inverse functions, limits and continuity, the derivative, techniques of differentiation, applications of derivatives, antiderivatives.’

			Based on our experience with respect to teaching at secondary and tertiary education institutions, we documented outcomes and diagnostics on: 

			1.	Expected student work habits. Students should be aware of the work habits that their instructors (lecturers, tutors) expect of them. We documented such outcomes that in our opinion give the characteristics of the work habits of successful students.

			2.	Pre-course (prerequisite) outcomes. We formulated these outcomes based on the conceptual hierarchy of mathematics and common errors of past students.

			3.	In-course outcomes. We formulated such outcomes for the Math130 module by studying the aim and the content, as indicated above. 

			4.	Work habits. Firstly, work habits were classified into different areas, for example, be responsible for your own learning, be critical of your thinking, and be able to work constructively in group situations. We also formulated questions to focus students’ attention on these aspects. Our thinking here was that we should help students improve their work habits to the level of that expected of them.

			5.	Pre-course diagnostics. Based on the outcomes identified, we formulated sample diagnostic questions on compulsory background and essential mathematical vocabulary. The compulsory background check focused on basic arithmetic and algebra, while the vocabulary check focused on mathematical syntax and precise knowledge of elementary mathematical terms. These diagnostic questions were discussed at meetings of interested role players (relevant lecturers, experienced members of staff and certain students). Feedback was encouraged with regard to the suitability of the diagnostic questions, their framing and the answers. A three-member editing team then looked at the feedback, considered the suggestions and revised the questions accordingly.

			6.	In-course diagnostics. We used the outcomes identified to formulate questions on course content for logic, functions, limit of a function, continuity of a function, derivative of a function, antiderivative and integral of a function, and specifically on creative thinking (for example, application to cooking). 
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			Findings and discussion

			We present the findings in four sub-sections: (1) outcomes for the expected work habits and questions to focus the students’ attention on these, (2) compulsory background check, (3) essential mathematical vocabulary check and (4) exposure of students to outcomes, ways of diagnostic testing and remedial measures.

			Outcomes for expected work habits and diagnostic questions

			We expect students to acquire the following work habits:

			1.	Be able to take responsibility for your own learning

			
					•	Read in advance and make a note of concepts that are not clear

					•	Participate actively in classroom discussions

					•	Attempt the homework problems seriously

					•	Recall basic knowledge quickly and correctly and also practise basic skills regularly

					•	Be self-motivated to work

					•	Seek help when required

			

			2.	Be able to unpack what is required to answer a question

			3.	Be able to identify gaps in your knowledge or skill set that hinder question solving

			4.	Be able to take appropriate measures to overcome the iden­tified gaps

			5.	Be able to ask appropriate questions in class to im­prove understanding

			6.	Be able to learn what constitutes understanding

			7.	Be able to recall correctly the relevant knowledge and skills for a section

			8.	Be able to see connections within and across sections

			9.	Be able to formulate questions and then explore these in a manner that will promote your understanding

			10.	Be able to write down solutions to problems in a manner that enables others to follow the solution. Includes appropriate use of connectives, reasons and explanations

			11.	Be critical of your thinking

			
					•	Look for invalid assumptions

					•	Think of alternative strategies

					•	Check the flow of the logic, in particular for unneces­sary sidetracks

			

			12.	Be able to critically examine solutions to problems

			
					•	Look for invalid assumptions

					•	Detect errors in your written solutions

					•	Check the flow of the logic, in particular for unneces­sary sidetracks 

					•	Check your written attempts to problems against given answers and do the necessary corrections from the point of breakdown

					•	Think of alternative solutions

			

			13.	Be able to take appropriate notes, including making notes during lectures, from appropriate material and from critical examination of your own work

			
					•	For a lecture and reading of appropriate materials this refers to a framework that enables one to reconstruct (within an appropriate time) the essentials that include definitions, statements of theorems, illustrative examples or counter-examples, observations and remarks

					•	For critical examination of your work, this outcome re­fers to observations, strategies, alternative strategies, miscon­ceptions and common errors

			

			14.	Be able to constructively work in group situations

			
					•	Prepare for group sessions

					•	Read and work through the identified required materials

					•	Formulate questions and observations

					•	Identify points that you feel need further elaboration

					•	Participate actively

					•	Allow others to participate actively

					•	Make relevant notes or recordings

					•	Learn from others and allow others to learn from you

					•	Plan for everyone to have a share of the collective time

					•	Be polite

			

			15.	Be able to plan for your work

			16.	Be able to implement the work plan effectively

			17.	Be able to handle stress, including stress from examinations, tests, assignments and interviews

			18.	Be able to analyse a definition or statement of a theorem or relevant principles and use them appropriately in a given context

			
					•	Detect the conditions under which the definition or statement of the theorem applies

					•	Check that the conditions of the definition or of the statement of the theorem are satisfied in the given context. 

			

			The reference to homework in Point 1 refers to what is normally referred to as tutorial problems at university. We used the concept ‘homework’ because first-year students may be more familiar with this concept than the concept ‘tutorial’. Our interactions with mathematics students have indicated that the above work habits lead them to take responsibility for their own learning, to develop a deep understanding for the subject matter and to be critical of their own thinking and the work of others. In formulation of the above outcomes on expected student work habits we tried to unpack for our context some of the graduate attributes focused on by the University of New England8. To make students aware of these attributes we formulated two diagnostic questions on work habits: (1) What do you need to do to take responsibility for your own learning? and (2) What is required of you to work constructively in group situations?

			Question 1: What do you need to do to take responsibility for your own learning? 

			In our opinion, students are taking responsibility for their own learning if they comply with Points 1–13 and Points 15–17 above.

			Question 2: What is required to work constructively in group situations?

			In our opinion, students are able to constructively work in group situations (e.g. during tutorial sessions) if they comply with Point 14 above.

			We believe it is important to expose students to these questions as a catalyst for them to reflect on pertinent points regarding responsibility for their own learning and working in group situations. Often new students coming to university do not know what is expected of them. Our experience in mentoring students who repeat modules suggests that these students could have succeeded in their first attempt. For example, when mentoring such a student on the work habits expected of students at a university, the student remarked, ‘If only I knew this last year … I would have passed!’ Another such student asked ‘Why was I not made aware of this last year?’ Such responses indicate to us the need to expose students to diagnostic questions on work habits. 
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			Compulsory background check 

			The background check consists of operations on numerical fractions, operations on algebraic functions, laws of exponents and laws of logarithms. Sample questions and answers for this part are given in Table 1. In our opinion a time limit of 40 min should be given to answer the sample questions in Table 1.

			In our opinion, every first-year student who wants to study first-year mathematics should be given such a test. This assertion is supported by the literature review.10,14 Tests should be re-administered weekly for students who perform poorly (below 80%) and there should be increasingly less time for completion with each test. Candidates should know in advance that this process will be followed. One can formulate similar tests for each week until the student is able to score full marks. Note that the computations should be simple.

			Essential mathematical vocabulary check

			The background check tests familiarity with synonyms for commonly used mathematical syntax and precise knowledge of elementary mathematical terms. We present our sample questions and answers for arithmetic, algebra and mathematical syntax in Tables 2, 3 and 4, respectively.

			Note that all of the above categories are pre-course diagnostics. Many of our students have English as their second language. It is for this reason that we included simple translations from English phrases to mathematical symbolism (see Table 3). Because mathematics has its own language we felt that it was important to expose students to the subtleties of mathematical syntax (see Table 4) and to check on their preparedness for this.

			One could argue that the outcomes of expected work habits, compulsory background check and essential mathematical vocabulary check are general mathematics expectations. However, it is important for students to know exactly what work habits their lecturers expect of them so that if required a student could rectify their work habits timeously. Our experience is that first-year students who find it difficult to cope with their studies on differential calculus lack what could be termed good work habits. Often the case is that students know the work taught at university for differential calculus but find it difficult to solve problems based on differential calculus correctly because of a lack of the basic knowledge and technical skills necessary for success. This premise was the rationale for formulating the outcomes and then the sample diagnostic questions for the compulsory background and essential vocabulary checks. 
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			Table 1: 	Sample questions and answers for the compulsory mathe­matical background check
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			Table 2: 	Sample questions and answers for arithmetic
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			Table 3: 	Sample questions and answers for algebra
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			Table 4: 	Sample questions and answers for mathematical syntax

			
				
					
					
				
				
					
							
							Question 

						
							
							Answer

						
					

					
							
							x is not greater than 4 is represented as ___ or ___

						
							
							x ≤ 4, x ≥ 4

						
					

					
							
							x is not less than 4 is represented as ___ or ___

						
							
							 x ≥ 4, 4 ≤ x

						
					

					
							
							y is at most 5 is represented as ___ or ___

						
							
							y ≤ 5, 5 ≥ y

						
					

					
							
							y is at least 7 is represented as ___ or ___

						
							
							y ≥ 7, 7 ≤ y

						
					

					
							
							x is more than 9 is represented as ___ or ___

						
							
							x > 9, 9 < x

						
					

					
							
							x is less than 9 is represented as ___ or ___

						
							
							x < 9, 9 > x

						
					

					
							
							Real number z is between a and b is represented as ___ or ___

						
							
							a < z < b, z є (a, b)

						
					

					
							
							Real number z is between a and b, and includes b, is represented as ___ or ___

						
							
							a < z ≤ b, z є (a, b]

						
					

					
							
							Real number u is from a to b is represented as ___ or ___

						
							
							a ≤ u ≤ b, u є [a, b]

						
					

					
							
							Real number u is from a towards b but excludes b, is represented as ___ or ___

						
							
							a ≤ u < b, u є [a, b)

						
					

					
							
							The commonly used synonyms for ‘therefore’ are ___ or ___ or ___

						
							
							hence, thus, implies

						
					

					
							
							The commonly used synonyms for ‘because’ are ___ or ___

						
							
							as, since

						
					

					
							
							The commonly used synonyms for ‘if’ are ___ or ___

						
							
							given, given that

						
					

					
							
							The commonly used synonym phrases for ‘arbitrary’ are ___ or ___ or ___

						
							
							for any, for some, for random

						
					

					
							
							The commonly used synonym phrases for ‘for all’ are ___ or ___ or ___

						
							
							for every, for any, without exception

						
					

					
							
							The commonly used synonym phrases for ‘there exists’ are ___ or ___

						
							
							there is, for some

						
					

					
							
							y is bounded above by 7 is represented as ___ or ___

						
							
							y ≤ 7, y є (–∞, 7]

						
					

					
							
							y is bounded below by 7 is represented as ___ or ___

						
							
							y ≥ 7, y є [7, ∞)

						
					

					
							
							The value of y is from a to b, is represented as ___ or ___

						
							
							a ≤ y ≤ b, y є [a, b]

						
					

				
			

			

			Exposure of students to outcomes, diagnostic testing and remedial measures

			In this section we focus on ways to expose students to the pre-course outcomes, the diagnostic testing of these outcomes and the remedial measures thereof.

			Exposure to pre-course outcomes

			Outcomes could be given to students as part of the welcome kit for the course, if costs permit. They could also be made available on the website of the course. Regardless of how they are made available, it is important that students have access to the pre-course outcomes at the outset of the course.

			Ways of diagnostic testing

			The diagnostic questions on work habits and those for the compulsory background and essential vocabulary checks could be administered as formal pre-course tests. We suggest that as much as is possible be done during the orientation programme for students. Tests could be completed by students either in hard copy or online. The tutors of the groups to which the students belong should look at their students’ responses and prepare suitable feedback for the students.

			Remedial measures

			It is important that students be given qualitative feedback with regard to areas in which they have difficulties. Suitable feedback by tutors to students could also be one of the remedial measures. Similar diagnostic tests should be planned and administered on a regular basis to students who perform poorly. A student could also approach his or her tutor to discuss relevant difficulties. Students could also form self-help groups with the intention of overcoming identified shortcomings. The course coordinator or lecturer could also upload to the website additional notes with examples to address common shortcomings.
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			Conclusions

			We were able to detect and document the views of lecturers on pre-course expectations of a Math130 (differential calculus) student in the context of relevant work habits, knowledge and technical skills necessary for effective mathematics learning. Our formulations of outcomes relating to the above context and sample diagnostic questions were an eye-opener for us. The outcomes and sample diagnostic questions indicated to us that there was much that we as lecturers at academic institutions assumed, often incorrectly. We detect an urgent need for addressing this issue across disciplines, particularly in the context of developing nations for which, in general, continuously falling educational standards are a major concern. Depending on the availability of resources, the implementation of diagnostic tests could be hard copy or electronic form. In another study we will look at the correlation of the pre-course results of the diagnostic tests with that of student performance in their differential calculus course at UKZN. Those results will inform the evaluation of the pre-course outcomes and diagnostic material that we have formulated and developed.
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2
26 + (30) el
@9 = 4
= s
log_2 = 2
log,2 + log5 = log, 10
log,2~log,5 = lo Z
,2-l0g,5 = log, _ 5
Tloga= loga”
log2 + log 5 = 1
log 16 4
log8 3
112 +5=athenx = %
f2x+523thenx= f
If =2 + 5 = 3 then xis in the domain_ (o0, 1]
The solution set ofx¢ = 1is__ 1.1}

If X2~ 1 = 0 then x should take values in the domain __ (-0, 1] U[1, @)

nis either 1 ora

Interpret the statement: ‘n is not a composite number’
prime number
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Question

Answer

s afactor of ' means
Anumber is prime means it has only __ divisors
A number is composite means it has _ divisors
Multiplcative identity is the number

Additve identity is the number

3x4is a factorisation for the number _

The prime factorisation for the number 12is
For the numbers 3 and 6, __is a multple of _
For the numbers 3 and 6, __is a divisor of _
ThelCMof6and9is

The GCDof 6and 9is

7 is an integer. True or false?

Consecutive integers differby

The usual denominator for the integer -2is

if % is a rational number written in its simplest form thenais __andbis

The cube root of -8is___

The 7th root of 2 raised to 7'is

J16-9 is an irrational number. True or false?

Which two sets of numbers cover all real numbers?

The common decimal expansion for % s

‘a" divides 'b* or b = ka for some integer k

two
more than two

1, because for any real numberx, x.

0, because 2 +0 = a for any real number a

12

2x2x3; 2x3; 3x2x2;2x3x2, 3 X 2

6,3
3,6

18

1f-215 witien as = then 1.

aninteger, a non-zero integer

2
2
True

Rational, irrational

0.25
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Question Answer

Of the three real numbers 3,  and a, which are the constants? 3
Of the three real numbers 3,  and 2, which are the variables? a

0 x, y and x%, how many are diferent? Allthree
Wiite down three consecutive integers i x is the middle integer x-1xx+1
Three times a number x is represented as 3x
The number x increased by thre s represented as __ x+3
The cube of the number x reduced by one s represented as x3-1
The cube of the number,  reduced by one, is represented as__ x-1p
The square of the number ‘y reduced by two’ is represented as v-22
The square root of the number, x increased by two, is represented as__ +2

avariable whose values are generally chosen to be close enough

The term infnitesimal means. !
= (a5 close as we desire) to zero





