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There has been no lack of studies in the use of WinEcon in Economics courses since its introduction in 1994 (Soper 1997; Brooksbank, Clark, Hamilton, and Pickernell 1998; Lim 1998; MacDonald and Shields 1998).  Although these studies documented the learning outcome or surveyed the students’ views on their experiences of using WinEcon, they lacked the detailed investigation and description of what actually took place in the learning environment.  WinEcon does not exist in isolation; it is interwoven with the rest of the tools, and the participants in the learning environment (Salomon 1993, p.189).  Moreover, Papert (1993) warns “measuring the effectiveness of computers in learning by the achievements in present-day classrooms makes it certain that tomorrow will always be the prisoner of yesterday” (p.29).  

Based on a case study of the EC103 (Using Maths in Economics) course in University of Leicester, this report provides a descriptive and interpretive account of the context within which WinEcon is used; and hence, avoids the kind of reductionism that assumes that a holistic picture of WinEcon in economic education can ultimately be explained on the basis of a set of variables and learning outcome.  By linking the ‘successful’ or ‘unsuccessful’ activities in which WinEcon is embedded, the study provides accumulated and helpful information for existing and prospective adopters of WinEcon in the Economics course.  It also provides crucial feedback to the WinEcon Consortium regarding the design of the ICT package, supporting materials, and professional development of economic educators.  After all, the best use of any physical support systems, including WinEcon, is an art; and it is necessary to acquaint economic educators with this art (Perkins 1993, p.95).

1 The EC103 Course in University of Leicester

The Economics department in University of Leicester is one of the largest in England and provides 4 specialist undergraduate degrees in Economics: B.A. (Economics), B.A. (Business Economics), B.Sc. (Economics) and B.Sc. (Business Economics).  The admission requirements for all 4 degrees are grades B, C, C at A-level.  As the B.Sc. courses adopts a more mathematical and statistical treatment of the subject, they are restricted to students with a minimum of grade C for A-level Mathematics.  The department also has a joint degree with the Faculty of Law, and offers certain modules for students from the Arts and Science faculties.

1.1 The EC103 Course

The EC103 course is to enable first-year Economics students understand how mathematics can be used in economic analysis.  Mathematics is a useful tool for the analysis of all economic problems and practically indispensable for some.  In Economics, the most important mathematical concepts are calculus, linear algebra, difference and differential equations (Oliver 1973).  The prerequisite for the course is a grade C in GCSE Maths.  The one-semester module consists of 11 lectures and 11 tutorials.  The lectures illustrate how mathematics is useful in economic analysis, using examples from the handout given to students at the beginning of the course.  The handout can also be accessed from the course website (http://www.le.ac.uk/ec/teach/EC103/EC103.html).  

All new concepts are introduced in the lectures before the tutorial lessons.  Of the 11 tutorials, 5 are computing sessions conducted with WinEcon, online quiz and virtual workbook, and the other 6 are non-ICT ones.  2 tutorial groups are combined for each computing session with an average of 20 students, whereas only one tutorial group is scheduled for each non-ICT lesson.  All tutorial lessons are one hour and are compulsory.  The tutors usually discuss the questions in the handout during the non-ICT lessons, and explain the concepts that students may have difficulties with during the lectures.  

The Computing Sessions

The computing sessions are scheduled on alternate weeks in the 2 computer rooms of the Economics department.  The smaller computer room has 24 workstations, while the bigger one has 36.  The layout of the two rooms varies considerably; the bigger one is more for open access learning and the smaller one is more for teaching purposes.  During the computing sessions, students work through the web worksheet (see Appendix One) that guides them through the MathEcon screens and the quiz (see Appendix Two).  

MathEcon is a selection of screens from WinEcon that can be accessed on the University network by choosing the Mathematics for Economics and Business course on the WinEcon start up screen.  MathEcon reinforces and extends students’ understanding of Mathematics and how it is used in Economics.  The online interactive quiz is designed with the CASTLE toolkit
 to allow students to test themselves on the topics that they have gone through in the lectures, tutorials and MathEcon.  It also allows students to monitor their own progress by providing constructive feedback after they have completed the quiz.

The worksheet provides a structure for students by first setting out the aims of the lesson, followed by the tasks to be completed.  Most tasks are set for all students to work at their own pace through the MathEcon screens and the quiz.  However, some tasks are set at different levels to cater to the learning needs of different groups of students:

· Students without Algebra or Calculus background are encouraged to work through additional WinEcon screens.

· Students with better Algebra and Calculus foundations are encouraged to attempt the more challenging questions or activities.

For all the computing sessions, students are encouraged to work at their own pace, and according to their own learning style.  They are also reminded to refer to their lecture notes, course handouts and textbooks, as well as to work out their answers for the quiz with paper and pen.  Therefore, both ICT and non-ICT tools complement MathEcon during these lessons.

1.2 The Tutors

The course co-ordinator and the sole lecturer of this module is Jean Soper, a member of the WinEcon consortium.  She has been involved in its development since the project began in 1992, and has been using it in Introductory Economics courses since 1994.  3 research students from the departments, who serve as tutors for both the ICT and non-ICT lessons, assist Jean in running the course.  Only Jean and one other tutor are involved in the case study.  Sarah
 is a final-year PhD student who has been teaching in the EC103 course and other introductory Economics courses for the past 3 years.  

1.3 The Students and their Problems

There are 150 students in the EC103 course.  Although the prerequisite of the course is at least a grade C for GCSE Mathematics, the grade itself may not be a clear indication of the mathematical abilities of students with respect to algebraic manipulation and calculus.  A desire to rank highly in the league table may have encouraged many schools to register their students in the Intermediate GCSE Mathematics papers with little Algebra and Calculus rather than the more difficult papers with more Algebra and Calculus.  A student with a grade B in GCSE Mathematics may not have any idea of these mathematical concepts and manipulations, and hence, may need more time to understand these concepts than other students.  Even for those who have done these concepts at GCSE level, it has been at least 2 years since they have used these concepts, and inert knowledge is very likely to be forgotten.

About 40% of the students have A-level Mathematics, and 60% of them have A-level Economics.  Only about 20% have taken both the subjects at A-level.  Therefore, the students in the EC103 course are very heterogeneous with respect to their mathematical abilities and prior knowledge of economic concepts and ideas.  The deductive nature of Economics makes the teaching of Introductory Economics to such a group difficult as it is inconceivable that students will all be able to follow the deductive reasoning presented at the same pace.  The mathematical dimension of the EC103 module makes teaching even more challenging; not only must the tutors deal with the mathematical concepts and analyses, they must also relate them to economic analysis.  Without a teaching or learning tool to give students more control over the pace and content of the lessons, tutors may face a dilemma of where to pitch their lessons (Buskin 1990).

The department attempts to address the problems of heterogeneity by integrating MathEcon into the course, and allocating its students into tutorial groups at two levels.  Group G is for students without A-level Mathematics, and group H is for those with A-level Mathematics.  Although students are grouped according to their mathematical abilities for the ICT and non-ICT lessons, all of them attend the same lecture.

Students have access to MathEcon during their free periods when the computer rooms are not booked for lessons.  Although students have access to WinEcon on the University network from the Economics department, they do not have access to the network from other workstations in the University due to the incompatibility of the Window interfaces.  The computing service is still in the process of upgrading all workstations to Windows NT.  Moreover, students who are staying in the student houses do not have access to the University network there.

53% of the students own a copy of the recommended textbook - Mathematics for Economics and Business.  The book comes with a CD with the MathEcon software.  Jean wrote the book and designed MathEcon (customised WinEcon) to complement it.  About one-third of the students who own the MathEcon CD-ROM have been using it at home.  The percentage might have been higher if the computing service had allowed students to use their own CD-ROMs on the university’s and student houses’ workstations.  The computing service has sealed the CD drives of most workstations to prevent students from abusing their use.  Although about 73% of the students in the course have computers at home, many of them are staying in the campus; and hence, may be denied the opportunity to use the MathEcon CD ROM that they have.

2 Design and Methods

To provide an intensive and in-depth examination of the context where WinEcon is integrated in the Economics course, there is a need to draw on multiple sources of information in the learning environment.  The emphasis on context stemmed from the fundamental assumption that all components in the learning environment are bound together by a complex web of unique relationships.  Case study research is the most appropriate tradition of inquiry as it “permits a researcher to reveal the way a multiplicity of factors have interacted to produce the unique character of the entity that is the subject of study” (Thomas 1998, p.82).  

Although the case study of how WinEcon is integrated into the EC103 course at University of Leicester is a unique one, the relationships between the various components such as the human participants and the learning resources, and their effect on the learning activities are not random events.  They are in accordance with the objectives, design and participants of the course, teaching and learning tools, as well as course activities.  Knowledge of how these elements operate and interrelate in the learning environment allows us to gain a better understanding of how a department is more likely to successfully integrate WinEcon into its Economics course.

To ensure the accuracy of conclusions drawn, the data from the observations of the computing sessions and lectures, face-to-face interviews with teachers, focus group interviews with students, and students’ questionnaire were used in the multiple strategies process.  Multiple strategies refer to situations where different approaches are integrated within the course of a study and used alongside one another (Sieber 1982, p.168).  It involved gathering accounts of different realities that have been constructed by various groups and individuals in the course.  By comparing one account with accounts from other standpoint or method, it was possible to test and sometimes revise or extend that account on the basis of more sufficient data; and hence, enhance reliability and validity of the study.

2.1 Observations

Observations of the lessons facilitated the collection of rich detailed data in the natural setting of the learning environment.  Richer data meant a better description and contextualism to enhance our understanding of what was going on in a particular context, and improve the provision of clues and pointers to other layers of reality.  Altogether 3 computing sessions conducted by Jean and Sarah, and 1 lecture by Jean were observed.  The lessons were all one hour, and were conducted in the computer rooms and lecture hall respectively.

During observations, a record of events was kept to provide a relatively incontestable description for further analysis and ultimate reporting.  The initial analysis of data collected proceeded alongside the collection of data in the observations; preliminary analytic notes made in the right-hand column of the field notes acted as a reminder of lines of enquiry that might prove to be fruitful.  The field notes also included addition references collected, such as copies of worksheets used, handouts, and notes made during lessons.  The data collected was then subjected to a filtering system, where recurring themes and key issues were jotted down, and refining the categories until they formed an initial index.  The analyses of the data from observations took place alongside the data from the other methods.

2.2 Face-to-Face Interviews with Tutors

As it was not possible to have intimate, repeated and prolonged involvement in the learning environment, much of what could not be observed were acquired through the interviews.  Moreover, it was necessary to take into account the way the tutors interpreted and understood their worlds that might help to explain certain behaviours or actions of the tutors that have been observed.  Formal interviews were planned and conducted with each tutor during their free periods.  The interview with Jean was conducted in the privacy of her office for an hour and was recorded, while the interview with Sarah was in the canteen and lasted for about 45 minutes.

In the interviews, questions that required description were first asked, followed by more complex structural questions before posing contrast questions where comparisons were needed (Appendix Three).  These questions, with appropriate probing, were able to evoke a description of an episode, a linkage or an explanation of an action by the tutor.  Other forms of documentation were also provided in these interviews.  They included the handouts, students’ written work and attendance, textbooks, articles and letters.  These evidences allowed for contextualising, chronicling and validating.

The other interviews with the 2 tutors were unplanned informal ones.  Such interviews took place anywhere or anytime.  For example, during coffee break in the staff lounge, while walking to the computer room along the corridors, during lunch break in the canteen, or while waiting for students to come into class.  These unplanned interviews often provided rich data that allowed further insights on how tutors interpret some piece of their world.

2.3 Students’ Questionnaire

The questionnaire (see Appendix Four) was used to generate questions for the focus group interviews, and provide a safeguard against overly subjective interpretations of the focus group interviews.  The questionnaire was divided into two sections: background information of students and their experience of using WinEcon/MathEcon in the EC103 course.  The background information section was designed to gather information about students’ prior Economics and Mathematics knowledge, home computer and MathEcon ownership, and working on MathEcon and webpages from home.  Likert-typed of scaling was used for all questions pertaining to students’ experience of using WinEcon in the course.  A 5-point response scale of ‘strongly agree’, ‘agree’, ‘disagree’, ‘strongly disagree’, and ‘not aware of feature’ was used.   

The questionnaires were administered during the lecture conducted by Jean.  Students were given 10 minutes to complete them at the beginning of the lecture.  108 completed questionnaires were collected.  The rationale for administering the questionnaire before the focus group interviews was to allow time to process and interpret the questionnaire responses, and also to generate questions and topics for the focus group interviews.  Basic statistics for most items on the questionnaire were computed before the interviews to see the variance and patterns of each item: frequency distributions, percentages, mode and measures of skewness.  After the interviews, the questionnaire data was then analysed simultaneously with that from the interviews.

2.4 Focus Group Interviews with Students

The focus group interviews in this study attempted to elicit in-depth, albeit subjective, information students’ perceptions towards the use of MathEcon and the other activities in the course.  The group interactions in these interviews also allowed elaboration, clarification and explanation of answers in the students’ questionnaires; and thus, provided further insights into students' perceptions.  20 students volunteered and were divided into 3 groups of between 6 to 8 according to their free periods.  The one-hour interviews were all conducted in the tutorial rooms with the students and myself sitting around a table.

The students in the focus group interviews were first briefed about the purpose of the interview and how they could help in meeting its objectives.  Permission was sorted to tape-record the interviews.  They were then introduced to the topics for discussion, to give them some sense of purpose and direction.  This was accompanied by setting ground rules of: only one person speaking at a time, not carrying on side conversations, and encouraging everyone to participate with no one dominating the discussion.

A semi-structured interview format based on the list (see Appendix Five) generated from the questionnaire responses and observations provided both structure and flexibility.  The structure helped to channel group interactions and discussions, whereas the flexibility allowed me to probe more deeply when necessary, skip over areas that had already been covered, and follow completely new topics that arose.  Some topics listed were not discussed in the focus groups, since the natural flow of conversation might make introducing these topics too artificial or even, divert a group from a more fruitful line of discussion.  By allowing the students to talk freely about their points of view, a rich data set was obtained about their perspectives.

The design and methods discussed in this section has adopted a holistic approach towards the study of WinEcon in its natural setting.  The account from a particular observation, interview, questionnaire, or assessment must be understood and interpreted by reference to a larger background, and that account provided a general description of the background that could illuminate it.  These accounts were then linked together to provide a structured account of the teaching and learning activities that supported and were supported by WinEcon/MathEcon in the learning environment of the EC103 course.

3 The Use of WinEcon/MathEcon in the EC103 Course

MathEcon has the potential to enhance the learning and address the problem of heterogeneity among students.  It empowers students by giving them control over the sequence and pace in which the materials are presented.  It also provides visualisation and animation, immediate feedback, and cognitive scaffolding in its design.  Although WinEcon is a support system that provides opportunities to enhance learning, these opportunities may not necessarily be taken up.  

Various studies have shown that ICT packages do not have significant effect on learning and teaching activities because only a small proportion of their potential is used (Cochran-Smith 1991; Ford, Poe, and Cox 1995; Plowman 1996; Taylor, Sumner and Law 1997).  For example, in his study of the use of word-processor in the classrooms, Cochran-Smith (1991) observed that most students used it primarily to make stylistic, grammatical, and spelling corrections and to get nice printouts.  It was the more experienced writers that were able to utilise the powerful mechanism of the word-processor to plan their essays and make structural revision.

These studies highlight the importance of understanding where and how the ICT packages are used in the academic courses to meet the course objectives.  The following sections discuss the way MathEcon is used in the EC103 course, and how successful it is integrated in the course to enhance the learning of students.  3 different but interrelated aspects of the use of MathEcon are discussed: supporting ICT and non-ICT resources, dialogic dimension of learning, and role of the tutor.

3.1 Supporting ICT and non-ICT Resources

In the students’ questionnaire, 97% of the students reported that WinEcon allowed them to work at their own pace, and 98% agreed or strongly agreed that WinEcon is easy to use and navigate.  They could set the pace of instruction and work through the course content at a rate commensurate with their ability and motivation.  During the focus group interviews, the students commented about the control over the sequence of content and activities in MathEcon.

You have the option of repeating the explanations and the graphs as many times as you want to without holding up the rest of the class.  Basically, you’re less stressed up during these lessons.

(Aaron)

We can skip those concepts that we know well, and go into those activities that bring us through concepts that we need more help in.  It gives us control as different people learn in different ways.

(Susie)

While the tutor is the one who prepares the materials for the computing sessions, MathEcon allows students to have substantial amount of control over the rate of learning and learning sequence.  It is then more likely to result in more favourable feeling towards learning, more efficient operation in the learning environment, and better performance in their examinations (Chou 1993; Taylor 1996).  However, this is assuming students have acquired the learning strategies to work through the ICT package, the knowledge about learning from the package, and the attitudes that enable them to use these strategies and knowledge confidently, flexibly, appropriately and independently of a tutor (Anita 1991).  

Students cannot be assumed to be ‘expert’ learners; there is a need for other resources in the learning environment to support the learner control, otherwise students may lose task-orientation or fail to reflect on the task.  Sarah, one of the tutors of the course said: “If students are just asked to go through WinEcon, they’ll probably click through the sessions without much thought; only the very good students will think about the materials presented.”  Jean, the course co-ordinator gave an account of how she designed and employed a range of ICT and non-ICT resources to ensure that students were task-oriented:

When students work through WinEcon, they need a structure to guide them through ... especially the weaker ones.  The ‘computing session worksheet’ provides the structure, and allows me to design activities for different students.  I always encourage them to refer to their lecture notes, and the textbooks for further explanations. ... The online quiz allows students to apply what they’ve learnt and encourage them to reflect on the session.

Learner control together with guidance and support, are likely to be more effective than the provision of total learner control in the options and choices of ICT packages (Schwienhorst 1997, p.1).  Thus, there must be supporting ICT and non-ICT resources to support the learner control by providing a structure to help students manage learning from WinEcon.  The discussion in this section focuses on the role of the ‘computing session worksheet’ and how it encourages students to draw upon other ICT and non-ICT resources in the learning environment.

3.1.1 Aims of the Lesson

The aims of the lesson are stated concisely at the beginning of the worksheet.  During the computing sessions, all students were observed to be reading the aims of the lesson before working through the quiz or MathEcon.  A few students in the focus group interviews said that the instructional objectives provided them with a framework that allowed them to “organise the new information, and link them to what we have learnt”.  It supports Gagné and his colleagues’ (1988) claims that instructional objectives help activate a mental set that focuses student attention and direct selective perception of specific lesson content (p.183-184). 

The tutors also articulated the aims of the lesson to the class at the beginning of the computing sessions.  In the computing session conducted by Sarah, she elaborated on the aims of the lesson as stated on the worksheet, and related the concepts to be covered with the topics discussed in the previous lessons and lectures.  By relating new and existing knowledge, Sarah has ensured that the knowledge acquired by students during the computing sessions goes beyond isolated facts or concepts, and are integrated into a larger scheme of the discipline.

3.1.2 Structure and Flexibility of the Worksheet

In the students’ questionnaire, 77% of the students agreed or strongly agreed that worksheets needed to be used to get the most out of the MathEcon sessions.  98% of the students reported that the ‘computing sessions worksheets’ complemented MathEcon.  Their views about the worksheets in providing them a structure were articulated in the focus group interviews:

It’s a good system – as a complement.  You know what to do and where to find the necessary information.  It (worksheet) tells you which screen to go to and what concepts to look out for ... without the worksheet, I think the session will be very messy ... and you might be looking through something which is totally irrelevant.

(Mustafa)

The worksheet is modelled almost exactly around the course structure so it is easier to follow and you do not end up studying the wrong fields.  Not everything in MathEcon is in our course ... we may only need certain screens for certain lessons ... so, the worksheet gives us a focus and makes sure we’re going on the right track.

(Sophia)

The observations of the computing sessions supported the views articulated by these students.  Although some students displayed off-task behaviours such as checking their e-mails or surfing the net occasionally, most students were task-oriented.  Accompanying worksheets in the computing sessions in the EC103 course may have provided the students with a task structure that makes apparent the connections between sequences, and develops guided progression from one sequence to another.  Moreover, students are more likely to reflect their learning experiences during these lessons.  One student claimed:

I think that the computer sessions will be redundant without the worksheets ... it’ll be a waste of curriculum time to let the whole class stare at the screen for one hour ... it’ll be a very non-interactive environment.  The worksheets make me think about what I’ve learnt ... otherwise, I’ll just be clicking my way through the lesson without learning anything.

(Johnny)

During the computing sessions, a few students were observed to be making their own notes as they worked through WinEcon.  Two of these students were in one of the focus group interviews.  Ben said that he only took down notes for those concepts that were difficult, and claimed that “it (note-taking) helps me to think about what I’m reading ... by writing it down, I’m forced to explain the concepts to myself in my own words ... an explanation I’ll understand”.  While Victor reported that the focus provided by the worksheet allowed him to “take down relevant notes so that I can make sense of them”.  

The independent action of these students to make their own notes allowed them to construct their own meaning of the material presented, and encouraged them to play an active role in the construction of knowledge, rather than a passive role of receiving information.  Such activities develop the epistemic knowledge and problem solving skills of students.  With these higher order cognitive skills, students are in a better position to know what sort of evidence to use to monitor incoming information (Collins and Ferguson 1993, p.8), and how to make sense of this information and applying it appropriately (Perkins, Crismond, Simmons, and Unger 1995, p.77).

The structure provided by the worksheet has been criticised by some educators as being too restrictive on the learning styles of students (Pérez, Gutiérrez, and Lopistéguy 1995).  However, evidence from the observations and the focus group interviews proved otherwise.  Students were observed to adopt different styles of working through the worksheet.  Some students started out with the MathEcon screens before attempting the quiz.  A few of them referred to their lecture notes and textbooks as they were working through the screens.  According to the two tutors, these were usually the students without algebra or calculus background.  A few started off with the quiz, and referred to the MathEcon screens, textbooks or lecture notes only when they encountered difficulties.  There were others who worked through the quiz without referring to any of the learning resources until they have completed all the questions and received feedback from the computer.

During the focus group interviews, students with and without A-level Mathematics spoke about the flexibility provided by the worksheet that made allowance for their learning style:

It allows people like myself without Maths background to work through more screens in MathEcon, and then try the quiz.  We need more time to get use to the Maths before applying to Economics.  It’s quite impossible to keep up with the lectures as we move from Maths to examples to Econs ... but with the worksheet, I get the opportunity to work through the concepts myself before applying them.

(Henry)

As the tutor allows us to go through the worksheet in any sequence, I can skip the MathEcon screens if I want to.  I like to test myself first ... to see how well I’ve understood the lecture and the tutorial discussions ... I only look through MathEcon or the textbook when I’ve got the wrong answer and don’t understand the explanation.

(Colin)

Although the students claimed that the worksheet catered to their learning styles, those without A-level Mathematics complained about the lack of time to work through both the MathEcon and online quiz in one hour.  A few of them requested for more computing sessions so that they could work through all the screens in MathEcon.  One focus group suggested that there could be optional computing sessions for the “weaker students”, as well as extra non-ICT lessons to provide “basic help for those who haven’t done A-level Maths”.  Three students (all with A-level Mathematics) from another focus group insisted that computing sessions should not be compulsory as “students can do the computer sessions in their free time if they have the initiative and are motivated to improve themselves”.  However, as discussed earlier in the section, students cannot be assumed to be self-motivated.  If the computing sessions are not an integral part of the course and made compulsory, it is likely that only a few students will turn up for these sessions.

3.1.3 Immediate Feedback and Critical Reflection of the Online Quiz

Jean chose to design the online interactive quiz with the CASTLE toolkit instead of using the customising features in WinEcon to make changes to the Exam and Test mode due to several reasons:

1. There are a lot of mathematical notations involved in the questions and the customising features in WinEcon are limited in the choice of notations and symbols.

2. The CASTLE toolkit are online tools that allow for making online changes without having to reinstall on the server every time a change is made, unlike the case of WinEcon.

3. The CASTLE toolkit offers more options with respect to the types of questions that can be set.

The questions were designed to allow students to apply what they have learnt in the lectures and MathEcon.  During the computing sessions, students were expected to work through the online quiz and monitor their own learning progress.  One student said that “without the online quiz, you’ll think you understand everything ... but when you start doing the questions, you realise how much you don’t know and that is when you start looking through MathEcon and the notes again” (Gary).   Another student from the same focus group added: “Yes ... it’s really good ‘cos you know where you stand and whether you’re ready enough for the examinations” (Zukifi).  Students in the other focus group interviews also said that the feedback were effective because “it explains to you no matter whether you’re right or wrong” and “it is fast but yet allows you time to think about it”. 

The immediate feedback offered by the online quiz deals explicitly with any misconceptions that students have and may help in self-correction.  There is a need to identify these erroneous interpretations and correct the misconception quickly.  More effective feedback also allows for a context of exploration, where initial investigation of the problem helps in developing one’s thinking about the solution (Povey 1997).    Students who realise that they do not have sufficient previous knowledge can return to the relevant topics in MathEcon, textbooks or lecture notes.

3.2 Dialogic Dimension of Learning

Interactivity associated with ICT packages is often seen as concerned with technological capability, such as control over pace, choice of activities and sequences.  Although the design of some ICT learning packages attempts to model the various dialogic dimensions of learning, it is still technically impossible for it to be an intelligent, dynamically adaptive substitute for the human tutor; one who is capable of performing sensitive cognitive diagnoses, which infer on a student’s cognitive state - what the student knows, how he/she thinks and learns - on the basis of his/her overt behaviour.  Even if it is a feasible goal in the distant future, it will be only one of the several ways to use ICT in education.

Vygotskian and Deweyan traditions suggest we do not learn in isolation from others.  Teaching and learning in the course is distributed between the tutors, students, and other resources such as textbooks, worksheets, notes, whiteboards, overhead projectors, and ICT.  This section does not intend to explore how MathEcon or the other ICT resources replicate the dialogic dimension of learning, but rather, the discussion focuses on the dialogic processes made possible by the ICT resources in the learning environment: the teacher-student interactions and student-student interactions.

3.2.1 Tutor-Student Interactions

During the computing sessions, there were a lot of one-to-one interactions between the tutors and individual students.  While the rest of the students worked through the MathEcon screens or the quiz, the tutors were observed to engage in one-to-one interactions with individual students.  For one of the sessions, Jean circulated among the students as she returned their written assignments.  She gave each student individual feedback on their assignments, and addressed problems that individual students have with the online quiz or MathEcon screens.  Such one-to-one interactions between the tutor and student are almost impossible in the non-ICT classrooms as tutors are often faced with the uphill task of trying to be task-oriented and keeping students at the same pace.  Jean compared these interactions between the ICT and non-ICT lessons:

By allowing students to work at their own pace through MathEcon and the web worksheet, I am able to circulate among them to address their individual problems and learning needs.  I think this is especially useful for the weaker students … the computing sessions allow me to spend more time with these students who may otherwise be lost in a mass lecture or classroom tutorial.

Jean's views on the one-to-one interactions in the computing sessions were echoed by many students during the focus group interviews.  Henry, one of the students without mathematics background said:

My basics in Maths ain't too good … sometimes, even after reading the notes and working through MathEcon, I still can't grasp many of the concepts.  But with a tutor available during the computing sessions, I can ask her to sort me out … to explain the concept in a way that I understand.

Other students maintained that the interactions with their tutors on a one-to-one basis allowed them to "verbalise your understanding and allow the tutor to correct your misconceptions", and encouraged them to reflect upon the materials presented in MathEcon.  Sophia, one of the students with both mathematics and economics background commented on these interactions:

Even when I didn't have any questions, the tutor would questioned me about certain screens in MathEcon … for example, 'Why are the tangents parallel to each other?' or 'Why is TR at its maximum when MR equals zero?'  I'm forced to think about their questions … and that helped me have a better grasp of the concepts.

Bloom (1984) maintains that one-to-one tutorial teaching provides the most ideal learning environment.  Laurillard (1993) also claims that one-to-one, face-to-face meeting between the tutor and student provides an access to the unnatural environment of the academic discipline.  Although it is impossible and undesirable to design an ICT package completely on a pure conversation model, MathEcon supports an environment for such a model to be applied: A one-to-one dialogue between the tutor and student.  As the rest of the students are working through MathEcon at their own pace, there are opportunities for the tutors to engage in a one-to-one dialogue with individual students.

Various interactions between the tutors and students were recorded during the observations.  The following extract shows how such one-to-one dialogues provide students with better understanding of the concepts under study.  Laurillard's (1993) 'conversation framework' is used to analyse the extract (Figure 1).  There are four components in the conversation framework - discussion, interaction, adaptation and reflection; and two levels in the framework - one being action on the world, and the other being talk about those interactions with the world.  Interaction between the tutor and student happens at the action-on-world level, whereas discussion is carried out at the representations of the action-on-world.  Adaptation and reflection are conscious processes on the part of both the tutor and student.

Figure 1: Laurillard’s (1993) Conversational Framework


Extract 1: One-to-One Dialogue Between Jean and Johnny (Student)


Johnny was working through Example One on Maximum Profit when he encountered problems with stepcard 3 of 7 (Figure 2).  He asked for the tutor's help.


MathEcon describes conception.  Worksheet sets task.  Student attempts to work on task.



Johnny:
(referring to stepcard 3 of 7).


Ms Soper … why is dP/dX = 0 when profits are maximised?


Student fails to re-describe conception and asks tutor for help.



Jean:


Hmmm … let's look at the function again (Johnny moved the stepcard back to 1 of 7).  What happens when you differentiate P with respect to X?


Tutor uses MathEcon as a cognitive tool and adapts task goal in light of student's question.

Johnny:
You get the gradient … (Jean was silent and waited for him to elaborate) … erhhhh … the gradient of the P curve.


Student acts upon task.

Jean:
Yes … good.  What happens to the P curve when the gradient is zero?


Extrinsic feedback from tutor.  Tutor sets up conditions of 'world' within which student can act, and asks for description of concept.

 

Johnny:
It is horizontal … or the stationary point … hmmm … yes, it is the maximum value of P.


Student re-describes conception in light of tutor's action, and provides own re-description of imagined action in the world.



Jean:
Is the stationary point always the maximum point?


Tutor challenges student's re-description.

Johnny:
At the stationary point, dP/dX = 0; therefore, P must be at its maximum as in the case of the graph (pointing to stepcard 3 of 7).


Student reflects on the interaction and discussion.

Jean:
It is not always true.  Look through all the stepcards in this example, then move on to example 2 to have a better grasp of stationary points.


Extrinsic feedback from tutor.  He then gives student a clear focus of task.

MathEcon is employed as a cognitive tool.



In the above extract, MathEcon described the conception of differentiation using profit maximisation as an example (Figure 2).  The student was not able to make sense of the presentation and asked the tutor for help.  After reflecting upon the student's description, Jean set up the conditions of 'world' within which the student could act and adapted the task goal accordingly.  Jean drew on the concept of gradient that the student was more familiar with, and guided him towards drawing a relationship between dP/dX and the gradient of the curve.  It is a good example of how one-to-one conversations enhance students' understanding of concepts and address individual students' misconceptions. 

Figure 2: MathEcon Screen – Example One on Maximum Profit
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Such conversations support Sumansky's claim that one-to-one dialogues between tutors and students ensure "intensive intellectual participation on the part of students, guides students through optimal sequences of discrete pieces of economic knowledge accumulating to a desired learning objective, diagnoses and treats errors in reasoning, and builds on unique characteristics of individual students" (Sumansky 1985, p.482).

MathEcon played a crucial role in such conversations by:

1. Creating an environment that allowed tutors to engage in one-to-one conversations with individual students, while the other students worked their way through MathEcon.

2. Providing a platform for discussion and interaction between tutors and students.

3. Serving as a cognitive tool in these conversations - visual representation and animation, as well as description, feedback and reinforcement of concepts.

3.2.2 Student-Student Interactions

Although students worked individually on computers, the online worksheet and quiz might have promoted some of the observed student-student interactions.  These interactions include giving and receiving explanations and feedback.  About 50% of the students reported more discussions with other students during the computing sessions as compared to the non-ICT lessons.  During the focus group interviews, one female student commented on how the computing sessions encouraged student-student interactions:

I can always turn to my neighbour whenever I encounter any problems in MathEcon or quiz.  We can have a discussion without disrupting the class … unlike the classroom tutorials or lectures where you may end up distracting the tutor or the other students.

(Sharon)

Another female student reflected on her interactions with her neighbour during one of the computing sessions:

She (Sophia's classmate) was like the tutor … summarising and explaining the concepts that I've had problems with.  We always look over each other's shoulders and discuss what we're doing … it gives me a good idea of where I stand.  It's a good form of support for me … especially when the tutor is not available.

(Sophia)

The above evidence suggests that the computing sessions encourage student-student interactions that provide students the means to gauge their own progress which may in turn assist them in identifying strengths and weaknesses, and permit them insights necessary to enhance their own learning.  A student can also make contribution to another student's cognitive and affective domain by providing hints, advice, feedback, correction, evaluation and encouragement (Chou 1993, p. 206).  A study by the US Department of Education (1993) notes that student-student interactions call on students to justify their conclusions and to act as external critics to each other.  In so doing, they become more reflective about their own thinking.  Over time, students internalise the role of critics so that they begin to act as critics for their own works.

However, two other students argued that the computing sessions were isolating experiences for them as interactions with their classmates were "almost non-existent" (Mustafa).  One of them commented:

The computing sessions do not require us to work in groups … everyone of us has our own computers, and it's always just between the computers and us.  I think very few of us actually have any intelligible discussions with our classmates … erhhhh (grinning at the other members of the focus group) … the only interactions that I have are those involving football or … (wider grin) … grand prix.

(Jamus)

MathEcon and the activities in the computing sessions may encourage some students to engage in student-student interactions, but the ICT packages and activities do not explicitly adopt small group learning methods into their design.  Although some students shared and commented upon each other's work, other students failed to communicate and collaborate in such a learning environment.  Activities that explicitly deal with group work may be necessary to promote such interactions among students. 

3.3 Pivotal Role of the Tutor/Co-ordinator

It is clear from the evidence presented above that the course co-ordinator and the tutor have pivotal roles in the ICT learning environment.  Relieved of the necessity of being the exclusive source of expertise and authority, the tutor plays a broadened role in mediating the learning of individual students.  However, in order to play such a role well, the tutor or the course co-ordinator has to be competent with the features and content of the ICT packages.  With such competencies, they are more likely to design activities to take up the opportunities provided by ICT; and hence, enhance the learning of students.  This section provides an account of the role of the course co-ordinator, Jean in designing the course and resources, and the role of the tutor, Sarah in carrying out the activities in the computing sessions.

3.3.1 Customising WinEcon

Jean has been in the WinEcon consortium since it was formed.  She is familiar with the features of both the WinEcon student interface and WinEcon Lecturer.  Such familiarity enhances the flexibility in which WinEcon is used in the EC 103 course.  As teaching approaches and course content vary between institutions, courses and staff, such flexibility is crucial.  Jean wanted to incorporate the mathematical aspects of WinEcon into her course and set out to customise the package that evolved into MathEcon.  She explained her rationale for customising the package:

The mathematics applications in WinEcon are all in different chapters and different topics.  I wanted to bring all the mathematics together so that students can relate mathematics concepts to economics ideas … I identified the core mathematical concepts in Economics and then sieved them out from different topics in WinEcon and collated them according to these concepts.

The “drag-and-drop” facility in the Lecturer’s interface allowed her to select and change the order of modules, sections and topics that she wished to install.  She also made textual changes to the introduction and summary screens to reflect the nature of the topic or chapter that MathEcon support.  Although the first two chapters were “rather slow-moving”, Jean soon got used to the customisation and became more efficient.  Mastery of the various aspects of the WinEcon package represents an important investment towards optimising the potential of the package.  Jean made the time and resource investment to customise WinEcon because she could perceive a priori of the ways to satisfy the opportunities and constraints of the learning environment of the EC 103 course that she was responsible for.

3.3.2 Design of Web Worksheets

Jean designed web-based worksheets to provide students with a structure for the computing session and to keep them task-oriented.  The structure of the task made apparent the connections between sequences, and developed guided progression from one sequence to another.  Although such worksheets enhanced the learning process of students in the course, Jean warned:

Designing the worksheets is a labour-intensive process that takes up a substantial proportion of your scarce time.  It is necessary for you to familiarise yourself with the package, rethink the purpose of traditional lessons, the nature of tasks that should be set, and the methods of assessing the students.

In order to design meaningful web worksheets with MathEcon, tutors must be aware of the match between the opportunities provided by MathEcon and the objectives of the computing session.  They must then decide on what learning tools (articles, books, online quizzes, ICT tutorial packages) to incorporate in the worksheets.  As no one tool is universally superior to others for all desired learning outcomes, tutors have to select a range of tools to complement one.  Therefore, tutors must not only be familiar with MathEcon, but also a wide range of other learning tools to make informed choices about the use of the tools.  For example, MathEcon is used to revise and reinforce concepts discussed in class, and the online quiz is carried out to encourage application and reflection of concepts.

3.3.3 Role in the Computing Sessions

In the computing sessions, the tutors played a stronger role in monitoring, facilitating and guiding the learning of individual students.  They worked with small groups of students or individual students rather than the class as a whole most of the time.  Such one-one interactions allowed them to develop more accurate and realistic impressions of what students did and did not understand, and hence, a stronger monitoring role.  As facilitators, the tutors provided a more interactive environment and learning experience for the students.  As a guide, the tutors incorporated more mediation, modelling and coaching in their one-to-one interactions with students.  Tutors could then time instructional interventions differently for different students.

The one-to-one interactions between tutors and students during the computing sessions are extremely important to promote comprehension, critical thinking and learning (Shneiderman 1998, p.38).  Such interactions also encourage students to “talk about what they are learning, write about it, relate it to past experiences, and apply it to their lives” (Bonwell 1992, p.1).  Students are then more likely to make connections between their previous learning set and the new concepts or principles being taught.  Therefore, tutors have a greater role in the computing sessions than the traditional classrooms as they take up the opportunities for one-to-one interactions provided by the ICT learning tools.

4 Considerations for the Design of the WinEcon Package

The account of how MathEcon is used in the EC 103 course at University of Leicester has highlighted the importance of the supporting ICT and non-ICT resources, the dialogic dimensions of learning and the pivotal role of the tutor/co-ordinator in the learning environment.  Although the sociocultural setting in the course is unique, and the activities mediated by the resources and participants are situation-specific, the differences and similarities described and interpreted are not random ones.  They show how the ICT and non-ICT resources, teachers and students, and their sociocultural settings operate and interrelate that support learning in the Economics course.  This case study offers 3 points for consideration regarding the design of the WinEcon package:

· Supporting materials

· Professional development of tutors

· Tutor-student-developer collaboration

4.1 Supporting Materials

WinEcon is one of the many resources that tutors can employ to enhance learning in the Economics course.  However, it cannot be assumed that tutors know how to integrate it successfully into their courses.  When a department adopts WinEcon, tutors need time to familiarise themselves with the package and its pedagogical principles before they can organise meaningful activities.  Given the constraint of time, materials need to be designed to support the use of WinEcon – worksheets that incorporate case studies or simulation exercises, and documentation of the WinEcon package.

4.1.1 Worksheets

The case study of the EC103 course provides a good example of how worksheet can be used to mediate between the WinEcon package and the other tools in the learning environment.  The worksheet first provides the advance organisers and instructional objectives that orientate students during the computing sessions.  It then set tasks at different cognitive levels for students to complete – from understanding to application of concepts.  Case studies and simulation games can also be incorporated into the worksheet to encourage the analysis and application of concepts in real world situations.

Working on the concept of the worksheet, case studies and other data set need not be rigidly embedded in the WinEcon interface.  Online worksheets that draw upon WinEcon screens, online quizzes, and case studies can be designed where teachers can download them and use them in their courses.  A more exciting and flexible concept will be for the WinEcon consortium to provide a standard worksheet template and a database of ICT resources that the course co-ordinator can drag-and-drop to design their own worksheet.  The template may include objectives, tasks, and options for learners at different levels; and the database of tools may include case studies, simulation games (with suggested activities), and online quizzes.  Such online worksheets will complement the development of WebEcon well, and provide flexibility and updated resources for the course co-ordinators. 

Although such worksheets enhance learning, course co-ordinators often lack the time and manpower resources to design them.  Collaboration among Economics departments using WinEcon in their introductory courses may help to work around these constraints.  The WebEcon homepage can provide a platform for departments offering the same courses to pool their resources together.  Departments can co-ordinate among themselves to design worksheets for different topics in the course based on a standard format or presentation style.  Moreover, departments can also contribute actively to the ever-expanding database of case studies and simulation exercises/games.

4.1.2 Documentation of WinEcon Package

Documentation of the WinEcon package helps to make explicit its design, features and content.  The documentation must allow the course co-ordinators or tutors to have a quick overview of the package, and suggest activities or materials to be used with it.  By documenting successful integration of WinEcon into Economics courses, tutors can understand where and how to situate WinEcon in their courses, and how to design activities to enhance learning; and hence, they are more likely to use the ICT package successfully.

4.2 Professional Development of Tutors

Related to the above point, professional development of tutors should complement the documentation of the ICT package.  Professional development should entail more than a one-off ‘show-and-tell’ session of the cognitive opportunities that WinEcon offers.  Tutors are often caught up in the daily rhythms of the academic year and their research that they may adopt mundane teaching activities to optimise their time.  Therefore, on-going professional development opportunities that permit tutors to learn and apply WinEcon to their teaching is crucial.  The WinEcon consortium should consider providing on-site training and support to help tutors integrate WinEcon into their course.  Tutors that have successfully integrated WinEcon into their courses can also be asked to share or team-teach with their colleagues from the same school or other schools.

The tutor has indeed a pivotal role in the learning environment.  When there is professional development in the use of ICT and design of its environment, time to practise with and apply the technology and opportunities for colleagues’ and other assistance, tutors are more likely to integrate ICT into their course.  Perkins (1993) argues that the best use of any physical support systems, including ICT, is an art; and it is necessary to acquaint tutors with this art, rather than assume that they will optimise the support system.

4.3 Tutor-Student-Developer Collaboration

When tutors and students have ownership of the development of the WinEcon package, it is more likely that they will be active in using it and designing activities to ensure the successful integration of the package into the course.  Students’ and tutors’ experiences and problems of using the WinEcon package have to be accounted for when making changes to the design of the package.  

However, the design of the package is not confined to its interface and features, it encompasses a support structure and supporting materials as discussed above.  As mentioned, tutors may lack time to explore the package, and design materials to support its use; the WinEcon consortium, together with tutors can develop lesson plans or worksheets to support its use by existing and potential users.  A support structure can be provided for tutors from different departments to work collaboratively on the integration of WinEcon into their course.  

5 Conclusion

Researchers that provide rules or procedures to tutors regarding the use of ICT in education, and expect them to follow step-by-step are fundamentally wrong.  Teaching and learning are context-dependent and subjected to idiosyncractic application.  The learning environments in different departments vary because the participants, resources, objectives and constraints are different.  The emphasis on context stemmed from the fundamental assumption that all components in the learning environment were bound together by a complex web of unique relationships that resulted in the mutual simultaneous shaping of the components.  

The descriptive and interpretive account provided in this report has emphasised on what works in a particular setting, and the problems encountered and addressed in a particular situation.  The data from the EC 103 course in the University of Leicester provides a strong case of where and how MathEcon/WinEcon support and is supported by the other activities in the course, such that it enhances learning.  Supporting ICT and non-ICT resources and the dialogic dimension of learning ensure the successful use of the ICT package.  The data also highlights the pivotal role of the tutors in organising activities to take up the learning opportunities and address the limitations of the ICT package.  

The discussion of the data provides several points for consideration: supporting materials for the ICT package, professional development of tutors, and tutor-student-developer collaboration.  It emphasises on ideas to be considered rather than prescriptions to be followed.  Like a good guidebook, it sensitises readers to what is likely to happen given a particular objective, constraint or design.  However, connections have to be built by readers as they relate their experiences of whether the account fits the situation in which they are.  And hopefully, with these connections, the considerations raised will be tested, reflected upon and debated among tutors and the consortium to improve the integration of WinEcon into the course.
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APPENDIX ONE

An Example of the Computing Session Worksheet
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Aims

To use differentiation to identify maximum and minimum barning points
To find the profit mazimising ovtput

To find the revenne mazimising output

To find the output that minimises average cost

Learning During This Session
Work through the MathEcon sereens listed, and answer the muliple choice quiz

IF differentiation is new to you, use the additional MathEcon screens to see how the method works and to find the rules you




[image: image3.png]need.

MathEcon Screens for Everyone

MathEcon or
‘WinEcon Maths for Economics and Business Section 6.2 - topics titled:

What Happens at a Maximum?
Example One - Maximum Profit
Example Two - Minimum Average Cost

To move hetween these screens use the 'hack to tabs page’ button which is third from the left in the bottom bar.

You can then select the next screen you want from the menu. You should have already studied the other screens on
Profit Maximisation for the EC100 module. Now answer the Quiz.

Additional Screens if Differentiation is New to You

MathEcon Section 6.1 - ALL topics




APPENDIX TWO

An Example of the Computing Session Quiz
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Maximum Profit and Minimum Average Cost - Quiz 3, EC103

1) A firm has the total cost function TC = 16 + 7Q and it faces the demand curve P= 15 - 0.2Q. Using the notation
MC = marginal cost, AC = average cost, TR = total revenue, MR = marginal revenue, which statements are true?

Choose 4 of the following cptions.

MC=7

7

15Q +0.2Q%
5Q-02Q%
15+0.2Q

MR =15-04Q
MR = 0.2Q%
Profit=-0.2Q%+22Q - 16
Profit=16 +22Q +0.2Q%
Profit=-0.2Q%+8Q - 16
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Choose § of the following cptions.

™ MC cuts MR from below,

I The derivative of the profit fsnction equals 0

I The second derivative of the profit function is positive
I Qis found by solving 0.2Q + 22 =0

I Qis found by solving -0.4Q +8=0

r Q=2

r Q=7

I Profit=64

=

Profit=456




APPENDIX THREE

Teachers’ Interview Questions

1. What are some of the problems that your students faced in the course?

2. What made you customise WinEcon?

3. Give an account of the process.

4. How does WinEcon/MathEcon tackle some of these problems?

5. Can WinEcon/MathEcon be used on its own?  If not, what has been done to integrate it into the course?

6. How do the different ICT tools complement one another?

7. How do you normally go about planning for these computing sessions?  How different is it from the non-ICT ones?

8. How different do you see yourself during the computing sessions compared to the non-ICT ones?  Is there any conflict of roles?

9. How different do the students behave or learn in these two learning environments?

10. How about your relationship or level of interaction with your students?  Is there a difference?

11. What were some of the problems that you had encountered while planning and carrying out activities in the ICT environment?  How did you address the problems?

12. What advice and recommendations will you make for co-ordinators that are keen to integrate WinEcon into their course?

APPENDIX FOUR

Student’s Questionnaire

The Use of WinEcon/MathEcon in the EC 103 Course

Please fill out the questionnaire to the best of your knowledge.

Section A: Your Background Information



Yes
No
Not Applicable

1.
Have you taken A-level Economics or its equivalent?




2.
Have you taken A-level Mathematics or its equivalent?




3.
Have you taken AS level Mathematics or its equivalent?




4.
Have you used computers prior to the EC 103 course?




5.
Do you have a computer at home?




6.
Do you own a copy of the MathEcon package?




7.
Do you work through the MathEcon CD ROM from home?




8.
Do you work through the course web pages from home?




Section B: Your Experience of Using WinEcon/MathEcon

How much do you agree with the following statements concerning your experiences of using WinEcon/MathEcon in the EC 103 course?

(Please tick the appropriate box for each statement)



Strongly Agree
Agree
Disagree
Strongly Disagree
Not Aware of  Aspect

1.
WinEcon allows me to work at my own pace.






2.
WinEcon is easy to use and navigate.






3.
The content in WinEcon is relevant to the EC 103 course.






4.
The mathematics concepts in WinEcon are too difficult for me to grasp.








Strongly Agree
Agree
Disagree
Strongly Disagree
Not Aware of

Aspect

5.
The feedback in WinEcon is effective.






6.
The animated graphics in WinEcon helps me to understand Economics principles and concepts better.






7.
The inserted questions in WinEcon are difficult.






8.
When using WinEcon, worksheets need to be used to get the most out of the WinEcon sessions.






9.
There is no role for the tutor during the WinEcon lessons.






10.
The course web pages complement the use of WinEcon.






11.
More time need to be allocated to using WinEcon in the course.






12.
There are more discussions with other students when using WinEcon.






13.
If I use WinEcon, I do not need the ‘Maths for Economics’ textbooks.






14.
If I use WinEcon, I do not need to go to classes conducted by the teacher.






15.
I use WinEcon or MathEcon on my own (during free time).






Do you have any other comments or suggestions to make about using WinEcon/MathEcon in the EC 103 course?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

THANK YOU VERY MUCH FOR ALL YOUR HELP!!!
APPENDIX FIVE

Semi-Structured Interviews with Students

· Mathematics and Economics background

· Ownership of home PC or access to PC at residence

· Problems faced in EC 103 course

· WinEcon/MathEcon in tackling the problems

· Experience of using WinEcon/MathEcon in the course

· Individual/Group account of learning in the computing sessions

· Problems encountered and addressed in the 

· Differences between computing sessions and non-ICT ones

· Differences of role as a student in the computing sessions and non-ICT ones

· Differences of tutor’s role in the computing sessions and non-ICT ones

· Differences of relationship with tutor in the computing sessions and non-ICT ones

· Suggestions for the improvement of computing sessions

· Suggestions for the improvement of WinEcon/MathEcon







Discussion





Teacher’s conceptual knowledge





Student’s conceptual knowledge





Reflection


on


interaction





Adaptation


of


world





Adaptation


of


actions





Reflection


on student’s


performance





Interaction





Teacher’s constructed world





Student’s experential knowledge





Adapted from Laurillard (1993), p.103, Figure II.1











� The CASTLE (Computer ASsisted Teaching and LEarning) toolkit allows tutors and course co-ordinators to create on-line interactive assessment tools easily without any prior knowledge of HTML or other similar scripting languages.  The tools are available free of charge to all HE institutions.  For more information, please refer to the CASTLE toolkit homepage: http://www.le.ac.uk/cc/ltg/castle/


� Name of the tutor has been changed to ensure anonymity.


� Names of students have been changed to ensure anonymity.





1
1

