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ABSTRACT
In his teaching experience, the author has observed that the major factors contributing to high failure rates in mathematical subjects were poor math background, low attendance rates and a lack of learning effort. In an attempt to resolve these problems, he considered the use of progressive in-class assessment with a hope of providing an incentive to the students to come to classes and make an effort to learn. This forms the basis for this research study - that is, to examine the effect of progressive in-class assessment on attendance rates and academic achievements of students from non-English speaking backgrounds and with little or no prior mathematical skills. The study involves a cross-sectional analysis of a sample of undergraduate students who simultaneously attended two courses Introduction to Quantitative Methods and Business Economics at the Australian College of Kuwait. The key findings from the data analysis suggest that the introduction of progressive in-class assessment significantly improves attendance to classes and increases passing rates as well as the average final grade.
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INTRODUCTION
Quantitative subjects such as Economics and Business Statistics are perceived as difficult to teach by instructors and difficult to learn by the students. Instructors tend to believe that it is sufficient to cover the required material without giving extra consideration to struggling students, while most of the students who do not have a sufficient mathematical background are lost during the first couple of lectures and start skipping classes. Students who come to the sessions irregularly – even those who studied mathematics and statistics at high school – tend to forget the material covered in previous sessions rather quickly. This leads to an accumulation of gaps in their knowledge which can be fairly substantial, and eventually lead to failure in the subject. 

One of the factors behind poor performance in mathematically intensive subjects is the shrinking pool of students who are able to meet the prerequisites for quantitative subjects and, as a result, a removal of the mathematics prerequisites by educational institutions in an attempt to maintain the enrolment numbers. As a result of this colleges and universities have only two options, to pass a certain proportion of students who actually failed the subject - sometimes hiding behind the so-called ‘normalisation of results’ process - or bear the financial consequences of the outflow of students to the institutions that chose to compromise the final marks. The competition between universities eventually resulted in a situation when option one was eventually chosen by everyone who wanted to stay in business. 

Progressive (or continuous) in-class assessment is suggested as an easy-to-implement and virtually costless solution to the problem. Some advantages of this approach include alleviating the pressure of preparing for (and conducting) the final examination and the availability of timely feedback both to the students and the instructor (also suggested by Maxwell, 2004). These make them particularly attractive in cases of poor mathematical background of a large proportion of the first-year students, which is currently observed in Australia (Spyker, 2003). Additionally, an in-class test implies that marks are given for an individual student’s effort with no external help and allows both the student and the teacher to assess the actual level of knowledge achieved (James et al., 2002). 

The remainder of the paper is organised into three sections. The next section discusses the three components of the educational process and relationships between them. This is followed by a presentation of the data description and analysis and the final section summarises the findings. 

THE THREE COMPONENTS OF EDUCATIONAL PROCESS
The three interlinked and interdependent processes of education, sometimes called the learning triangle, are teaching, learning and assessment (Holmes, 2002). The double-ended arrow between assessment and teaching in Figure 1 indicates that assessment informs the teaching. However, in cases when the assessment is not conducted regularly, most improvements in teaching can only take place in the subsequent semester. As the student population changes from one semester to another and from one class to another and the teaching methodology has to be adjusted accordingly, this process is obviously not the most effective. 
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Figure 1: The Learning triangle, traditional approach.
Teaching emphasises what teachers do and is based on the teaching materials and the delivery of the course. Quality teaching materials of a subject must have a well developed structure covering the necessary content in sequential order from simple to more complicated topics, and present an integral part of the entire course (Selvanathan and Selvanathan, 1998). The delivery involves conveying the course material to the students, providing a link between what has been previously studied and the current material. Teaching should be measured by the learning outcomes and not, as occasionally happens, by the amount of material covered (Holmes, 2002).

Learning is about what students acquire both in and outside the classroom. When looking at the learning process, it is important to understand the differences between qualitative and quantitative subjects and the implications of these differences for the learning process. Firstly, quantitative subjects rely heavily on the use of a special form of abstractions, - mathematical formulae. Instructors need to remember that, for underprepared students, there is a substantial time lag between the knowledge acquisition and comprehension, according to Bloom’s taxonomy (Bloom et al, 1956). Secondly, as people use their common sense rather than formulae in their everyday life, knowledge obtained in quantitative subjects rapidly depreciates, and disappears completely within a semester or two unless a student applies the newly acquired knowledge in practice. This phenomenon has been documented by Stangl et al. (2006), where the authors observed depreciation of knowledge in students who took mastery tests as a part of their assessment[footnoteRef:2].  [2:  Mastery tests is a type of assessment when a student can’t proceed to the next assessment until a satisfactory result in the current assessment is achieved. Usually, students are allowed to have as many attempts to pass a test as they like (Stangl et al.,2006)] 


Finally, due to the sequencing of the topics, where every next lecture is based upon the material studied before, missing a class means that a student is unable to comprehend the material covered in the next session. The gaps in knowledge require a substantial effort to fill because a student has to independently learn a highly intensive section of material before becoming able to proceed with the currently studied topic. Therefore, missing several classes in quantitative subjects frequently results in failure, even if a student makes a genuine effort to learn after falling behind. These specific features of quantitative subjects imply that there is a much greater need for continuity of the learning process; gaps in attendance and learning effort and the resulting gaps in knowledge have an exceptionally strong effect on the learning outcomes. 

Assessment provides a result at the end of the subject or sections of the subject and provides information about the quality of teaching and learning. Assessment also suffers the most when academics try to resolve the conflict with administrators who are concerned about student retention. The pressure on instructors to meet the target passing rates results in a tendency to simplify the assessment items to a rudimentary level. As a result, advanced students find the subject boring, while their classmates complain about how difficult the course is and, with the help of administrators, push the quality benchmark further and further down. 

Many academics attempted to work out a solution to the problem by trying to stimulate the learning process. However, searching for an answer to the question of why students tend to perform so badly in mathematical subjects, academics frequently use the feedback from the students themselves (see, for example, Selvanathan and Selvanathan, 1998). This is a failure a priory because unprepared students do not know what they do not know about the subject and, therefore, certainly do not know how to improve it (Barone and Franco, 2010). Lockwood, Ng and Pinto (2007) suggested multiple teaching styles to accommodate different student needs. However, multiple teaching styles are hard to implement and, given a widespread lack of math and an overriding objective to pass without making an effort, cannot yield any significant improvement to the current situation[footnoteRef:3].  [3:  Holt (1990) argued that for a majority of students the motivation for their studies was not learning but survival. Often, the easiest way to survive (or pass the subject) in some universities is to constantly complain, and not necessarily learn. ] 


In practice, the author observed that testing students in class on a regular basis and using questions similar but not the same as tutorial exercises stimulates learning and can serve as an adjusting mechanism for the whole educational process. It offers several advantages which include the following:
· Students consume the knowledge in small and easy-to-digest pieces of information
· Students are motivated to learn by immediate gains for their learning efforts
· Students receive fast feedback from the tutor/lecturer and are able to identify and cover the gaps in their knowledge
· The gap between advanced students and students with no mathematical background quickly narrows
· Instructors receive reliable information about students’ abilities and knowledge from the beginning of the course and are able to adjust their teaching methods and, if necessary, the next weeks’ assessment items accordingly
· Instructors are able to examine the knowledge of the actual students and not that of a friend or relative who answered the questions for the students as frequently occurs in cases of ‘do-it-at-home’ assignments.

Effectively, regular in-class tests change the shape of the learning triangle as shown in Figure 2. The results of weekly assessments inform instructors and students about the faults in teaching and learning which can then be identified almost immediately and rectified during the subsequent lessons. Students, even the weakest ones in terms of mathematics, are then able to perform the tasks, at least mechanically.
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Figure 2: Learning Triangle with progressive in-class assessment.
However, there are several shortcomings associated with this type of assessment, such as a lack of independence and creativity in students’ learning, an increase in the preparation and marking workload for the instructor and a decrease in in-class teaching time due to the extra time needed to conduct the tests. While the last two shortcomings are greatly outweighed by an increase in the learning outcomes, the first one can be a serious burden for developing students’ abilities to take responsibility for their own learning. For this reason, this type of learning stimulus is suggested only as a lesser evil in cases where universities enrol a large proportion of students who are not properly prepared for studying the subject.  

DATA DESCRIPTION AND ANALYSIS
This study has conducted a cross-sectional analysis of the sample of undergraduate students from the Australian College of Kuwait who completed two subjects, BEA110 Business Economics (further referred to as ‘Economics’) and BEA109 Introduction to Quantitative Methods (further referred to as ‘Mathematics’). The two subjects are assumed to be of approximately the same level of difficulty. In Economics, the students had only four in-class tests, whilst in Mathematics in-class tests were conducted weekly starting in week 2. The major difference in tests was that for Economics, students received questions randomly selected from a set they had previously seen, while in Mathematics students had to answer questions which had been previously unseen. In Economics, all marks in the tests were counted toward the final grade, while only the ten best out of twelve tests affected the final result in Mathematics. 

To prepare the students for the tests, weekly workshops were conducted a few days prior to each at the beginning of semester. Workshops for Mathematics were conducted until the end of semester on a weekly basis and attendance dropped in the final few weeks. In Economics, workshops were cancelled in week five of the semester after attendance figures dropped to zero. The author approached several students to ask why they had stopped coming to classes and received the same answer from all of them. In support of the hypothesis that the main objective of the students was just to pass the subject, they responded that once it became obvious that their total mark for the tests was good enough and, based on the past exam information, students had got a sufficient amount of knowledge to pass, they concluded that it was not worth their effort to study any further. 

Table 1 presents the data for the percentage attendance rates and percentage final grades of the fourteen students who completed the above mentioned subjects at ACK during the February Semester 2007. The mean attendance rates and mean final grades and standard deviations are calculated in the last two rows of the table. As can be seen, there is little difference in the average lecture attendance rates (52 and 53%) between the two subjects (see Columns 3 and 7). The tutorial attendance, on the other hand, is higher by 12% in Mathematics, where in-class tests took place, when compared with Economics (see Columns 2 and 6), which results in the difference of 6% in the overall attendance between the two subjects (see Columns 4 and 8). An average final grade received by the students in Mathematics is 65% compared to 46% in Economics (see Columns 5 and 9). The total number of failures in Mathematics and Economics is 2 (or 12.5%) and 6 (or 42.9%) respectively[footnoteRef:4]. [4:  The failure rates are calculated from the total number of students enrolled in the relevant subjects at the end of semester. Some of the students who failed were enrolled in only one subject and, therefore, were excluded in the sample. It didn’t affect the conclusion as the only two students who failed mathematics were included in the sample.] 






Table 1: Attendance Rates and Final Grades for BEA110 Business Economics and BEA109 Introductory Quantitative Methods, Australian College of Kuwait, February Semester 2007
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It should be noted though that despite the obvious positive effect of progressive assessment on the learning outcomes, the results of this experiment are far from being conclusive. The assumption that the subjects are almost the same might be the most vulnerable part of the study. In addition, small sample size, absence of data for other potentially important variables, such as grades in high school mathematics, and no freedom to teach using alternative methods for any one particular subject, prevented the author from presenting a formal model that would clearly single out the effectiveness of progressive assessment on students’ achievements in his subjects. Therefore, building an econometric model with progressive assessment as an explanatory variable is the subject of his future research.

CONCLUSION 
In this study, we examined a sample of students who simultaneously completed two subjects, similar in the level of difficulty but different in the type of assessment. Having both subjects well structured and properly equipped by relevant teaching material, we eventually arrived at two very different outcomes. This implies that developing quality course material is a necessary, but not always sufficient condition for successful completion of the course by students. An important factor of success is a set of assessment items that take into account students’ cultural and educational backgrounds, stimulates studying and represent an integral part of the course. 

It is unlikely that the problem of poor math preparation will be addressed at the high school level in the near future. Even if high schools start working on the math issue immediately, it will take some time before better prepared school leavers reach universities. Thus, universities can and should employ progressive assessment as a temporary measure. Educational institutions must always favour an option of guiding the students through subjects to downgrading the subject content and simplifying assessments at the expense of the quality of tertiary education as a whole. By changing the type of assessment in cases where the majority of the students lack quantitative skills, colleges and universities will be able to achieve and exceed their passing target rates and successfully prepare the students for higher level subjects. 
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(1)

(2) (3) (4) (5) (6) (7) (8) (9)

1 38 38 38 26 75 38 56 56

2 92 77 85 75 92 65 78 92

3 54 27 40 40 58 23 40 52

4 46 4 25 31 67 27 46 58

5 85 65 75 44 100 73 86 79

6 65 58 62 50 83 77 80 81

7 62 31 46 51 92 46 68 56

8 85 77 81 60 83 54 68 65

9 46 12 29 22 58 27 42 46

10 58 38 48 50 92 46 68 66

11 88 81 85 50 71 77 74 58

12 100 92 96 58 96 85 90 72

13 88 58 73 42 88 54 71 60

14 73 65 69 50 88 54 69 69

Average 70 52 61 46 82 53 67 65
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