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A series of interactive computer-based tutorials were designed and prepared for first year mechanical engineering students taking an introductory ‘service’ subject in materials engineering. The tutorials were designed to encourage students to be more active in their learning as a means of counter-acting problems associated with large tutorial classes. The tutorials led the students through several modules providing information, simulations and examples. Students were also asked to answer assessable questions. The response to these tutorials was very positive, although students considered some tutorials to be too long.  As a consequence, these tutorials were revised and shortened.

Introduction

This paper describes the development of a suite of computer-based tutorials, entitled “Introduction to Materials”, as part an introductory subject, MATS9520 ‘Engineering Materials’. This subject is taught to first year mechanical engineering students at the University of New South Wales. This ‘service’ subject is taught by the School of Materials Science and Engineering. Each year the class typically contains about 250 students. 
The students receive 2 hours of lectures a week,  plus six, two-hour tutorial/laboratory classes undertaken at fortnightly intervals throughout the session. 

Prior to 1999, tutorial/laboratory classes for this subject were organized by running approximately 10 classes for groups of about 25 students. The class size inhibited student participation; the students were largely inactive and often could not see demonstrations clearly. Because students often regard ‘service’ subjects as peripheral, it is therefore particularly important that students are engaged and actively involved in such classes. Achieving engagement and participation is made more difficult by the large class sizes that are generally involved with these subjects.

The University of New South Wales recently undertook a review of the “First Year Experience”, to investigate problems associated with higher than desirable drop-out rates of these students and to identify ways of easing the transition from school to university life. As part of that process funding was obtained by the School of Materials Science and Engineering to revise and review its ‘Engineering Materials’ subject in order to improve the learning experience of these students.

It was recognized that the students should ideally be more actively involved in their learning and that this could be achieved by the use of both smaller groups and interactive computer-based tutorials. However, sub-dividing laboratory classes into very small groups (< 6), where students would most readily participate in hands-on laboratory work, is inhibited by financial considerations. Such small groups would increase the demonstrator cost four-fold and make running the subject economically unsustainable.

As an alternative, student activity could be increased within the two-hour period by dividing groups of 25 into two groups of about twelve. Each sub-group would then perform a one-hour computer-based tutorial and a one-hour laboratory activity. In the computer-based tutorial each student would work individually on a computer, with guidance available from a tutor. By having half the group active at computers the group size in the laboratory activity was small enough to promote more active participation of all the students in the group. 

The approach that was adopted was to develop interactive computer tutorials where students would navigate their way through pages of an interactive program. Each tutorial was designed to take about one hour to perform and included a number of assessable questions that the students must answer. Their responses were to be entered during the tutorial and submitted electronically. Similarly, the laboratory activity was redesigned so students performed activities that involved much greater hands-on participation than in previous years. In each case the material covered in the computer tutorial and laboratory activity was complementary; theoretical aspects covered in the tutorial were demonstrated in the laboratory component. The exercises were designed so that it did not matter whether students performed the computer-based tutorial or the laboratory exercise first. No major changes were made in the lecture component of the subject relative to prior years. 

Computer-aided instruction may promote higher levels of learning than simply knowledge recall (Thomas, 1996). For example, assessment can be structured to require the application and evaluation of concepts. It offers an environment where the student is initiating and interacting with the learning process. Thomas (1996) listed a number of benefits of the use of such computer-aided packages, these include a shift in the control and responsibility of learning from teacher to student, active participation by the learner, the ability to cater to individual differences in students’ learning styles and the provision of rapid feedback to students. The role of the teacher/demonstrator also shifts from providing didactic instruction to acting as a guide.

Multi-media and interactive tutorials have been used in universities elsewhere in teaching engineering and found to be beneficial. Included among the reported benefits were that students required less assistance from academic staff, were able to develop self-learning, and were able to set their own learning pace (Benju 1993; Fang, 1995; Stathopolulos, 1991). Aldeen (1996) and Bork (1996) also predicted an increase in the use of interactive multimedia curricula because it gives lecturers more time, reduces costs and because it provides students with a learning experience that is flexible, individualised and self-paced.

In this paper the computer tutorials and laboratory activities developed are described. The response to this new laboratory/tutorial structure from students is then described.  Finally, based on our experiences some suggested improvements are discussed.

Method

Interactive Computer Program

The interactive computer program for 'Engineering Materials' was designed and produced using the Macromedia Authoring tools Authorware Professional and Extreme 3D, with image and text manipulation provided by Adobe Photoshop and the Microsoft Office Suite. Bearman (1996) reviewed the various authoring tools available for computer-aided instruction, and concluded that Authorware was highly appropriate for the production of teaching programs due its ease of use, flowchart-based design and ready ability to modularize products. Authorware was regarded as the package of choice for authors without programming expertise. The program has been designed for a Windows 95/NT platform, but could be adapted to Microsoft Windows 3.1 and Apple Macintosh platforms if required. Students undertook the computer tutorials in a dedicated computer laboratory that contains fourteen networked PC's. The program is designed to run with no video or sound components, to avoid distraction of other users in a tutorial class setting. However, these features could be added in a future development of the program, if required.

The instructional design and technical content of the program was based on the existing lecture and tutorial material for MATS9520 and reference books (Ashby and Jones, 1996, 1998; Callister, 1997, Askeland, 1996; Flinn and Trojan, 1986). The content of the computer program was intended to complement the lecture material and laboratory experiments.

Seven topics were written as shown in Figure 1. Each tutorial relates to one laboratory concept, is comprised of six modules and is designed to be completed within one hour. 
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Figure 1. Schematic Flowchart of the Content of Introduction to Materials.
In addition, a quiz module was also developed incorporating all topic areas, which students may use to test their understanding of the tutorial material. They may use this if they complete the set tutorial in less than an hour, or if they wish to test their understanding at other times. This quiz module gives students immediate summative feedback, which helps them to evaluate their progress in the subject as they proceed.  Within each module students can also access a glossary of terms that are relevant to the topics in the program.

In the tutorial sessions, students access the appropriate tutorial from the main menu and are taken to the tutorial menu. Students then work through the modules for that tutorial at their own pace, reading and interacting with the text and diagrams. In general, the tutorials were designed as linear programs in which information is presented in short sequential segments where students are regularly asked to respond to cues or questions.  In many cases, the students are given immediate feedback to their responses. The tutorial menu for the tensile test tutorial is shown in Figure 2, and a typical page in this tutorial is shown in Figure 3. Special care was taken to ensure that navigation is straightforward and instructions on how to proceed are clear. Objectives for each tutorial are given in each introductory module so that students are clear about what they are expected to have understood and the criteria by which their performance will be assessed.  One demonstrator for each tutorial (usually a research student) supervises students in the computer laboratory, assisting students with any navigational or computer problems and also give assistance with materials-related queries.
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Figure 2. Tensile Test Module Menu
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Figure 3: Typical page content from the Tensile Test module

By way of illustration, the tensile test tutorial has six modules (Figure 2): Introduction, Simulation, Materials, Calculations, Quiz and Application. Each module is, typically, five to ten pages in length. In the Introduction module, the basic concepts of tensile testing are introduced - the tensile testing apparatus is shown schematically and the experimental data output as load-elongation curves is illustrated. In the Simulation module, a demonstration of the tensile test is made with the changes in microstructure and specimen shape shown simultaneously to the relative position of the tensile curve, and the different regions of the tensile curve explained. In the Materials module the tensile curves of different materials are compared and, in an assessable question, students are asked to connect different materials to the appropriate tensile curves. The Calculations module shows students how different properties are obtained from a tensile curve. The Quiz module has assessable questions that ask students to identify different regions of the curve and to make calculations. Finally, the Application module asks a number of non-assessable questions (with immediate feedback) to enable students to understand how tensile test data are used in practical situations.

Marked questions that form part of the student's overall subject assessment are dispersed throughout the modules; the number of questions and type of questions being varied to suit each tutorial. Questions take a number of formats, including text entry questions (both numerical and text entry), multiple choice questions, prediction questions and ‘drag and drop’ questions. These are used not only to test the application of formulae and the explanation of phenomena, but also application of knowledge to “real” situations.  For example, in the ceramics tutorial, students are asked to predict which of three ceramic specimens will fail first (the flaws on each specimen are shown schematically and vary in size and number). Questions such as these, which ask students to predict phenomena, test and promote learning objectives such as application, analysis and evaluation, which occupy the higher levels in taxonomies of educational objectives, such as those published by Bloom and co-workers (1956).   
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Figure 4: A ‘drag and drop’ question from the tensile test tutorial
A typical ‘drag and drop’ question from the tensile test tutorial is shown in Figure 4, where students are asked to label correctly a tensile curve with parameters such as strength and modulus which are obtained from such a curve. Students drag the four labels to the boxes on the graph, and press the submit button. The program then indicates how many were correct and, if necessary, the labels move to the correct positions to indicate the correct response. In this way, the students are given immediate feedback on their answer. However, for short text-entry questions or numerical questions the correct answer was not given immediately to prevent "copying" of other student’s responses in the tutorial class. However, the optional quiz module has non-assessable questions that all give immediate summative feedback for students to gauge their understanding of the seven topics. 

The results from the tutorial questions are recorded in a networked database, so that markers or lecturers can access the results electronically. At present, typed responses are marked manually by the tutorial demonstrators and returned to the students in hard copy form. However, the computer marks both ‘drag and drop’ questions and multiple-choice questions.  One advantage of students submitting electronic answers is that their responses are submitted in a predictable format with the correct answer next to the students’ answers, which makes them straight-forward for demonstrators to mark. The marker also does not have to decipher illegible handwriting, and the results are all in the same format. This allows more time for demonstrators to give students more detailed written feedback on their answers. Marking by demonstrators also overcomes problems that may arise in computer marking through incorrectly keyed responses (Hawkins, 1996).  

Laboratory Exercise

Revision of the laboratory exercises was undertaken to shorten them from two hours to one hour and also to involve the students in the exercise as much as possible. Reducing the time to one hour was achieved by moving much of the previously given theoretical explanations to the interactive tutorials. The students now use the laboratory period to concentrate on phenomenological experiences. With the group size reduced to about twelve, students can be more actively involved than before. For example, each student was able to individually view specimens in microscopes or to perform thermal shock experiments on glass slides.

The aim was for the computer tutorial and practical exercise to complement each other. For example, the tensile test computer tutorial gave a background to tensile testing, simulated the test, compared different materials and demonstrated the properties that could be calculated from such a test. In the related laboratory exercise students were active in performing testing of different materials, comparing data and calculating mechanical properties. For each tutorial, it was planned that elements of the laboratory would be reflected in the tutorial and vice versa. Ideally, students would readily identify for themselves where practical demonstrations were reminiscent of principles presented in the tutorial.  

Outcomes

Four of the interactive computer tutorials were completed in time to trial on the MATS9520 students in Session 2 (July to November), 1999. Students were surveyed at the conclusion of each tutorial and also in a survey at the conclusion of the final laboratory session. They were asked at the end of each tutorial to strongly agree (4) / agree (3) / disagree (2) / strongly disagree (1) with the following statements:

· I finished the tutorial in 1 hour

· I understood the tutorial

· The tutorial presentation was good

· I understand the topic better as a result of the tutorial

A mark of “4” therefore represents 100% of the sample strongly agreeing with a statement. For each tutorial over 200 students were surveyed interactively at the conclusion of the computer tutorial. The survey data are shown in Table 1.

The student response was generally very positive towards the computer tutorials. They indicated that they understood the information presented and felt that they had learnt from it. Students were particularly positive about the phase equilibria tutorial; a subject that students had hitherto found difficult.

Table 1. Results of Tutorial Surveys
a. Tensile Test Survey

Question
Average
% Positive Answers: 

 (Agree / Strongly Agree)

I finished the tutorial in 1 hour
2.8
67

I understood the tutorial
3.1
85

The tutorial presentation was good
3.2
89

I understand the topic better as a result of the tutorial
3.2
88

b. Phase Equilibria Survey

Question
Average
% Positive Answers:  (Agree / Strongly Agree)

I finished the tutorial in 1 hour
3.4
90

I understood the tutorial
3.3
93

The tutorial presentation was good
3.3
92

I understand the topic better as a result of the tutorial
3.3
93

c. Composites Survey

Question
Average
% Positive Answers 

(Agree / Strongly Agree)

I finished the tutorial in 1 hour
3.0
76

I understood the tutorial
2.7
66

The tutorial presentation was good
2.9
79

I understand the topic better as a result of the tutorial
2.9
74

d. Ceramics Survey

Question
Average
% Positive Answers: 

 (Agree / Strongly Agree)

I finished the tutorial in 1 hour
2.8
67

I understood the tutorial
2.9
78

The tutorial presentation was good
3.0
83

I understand the topic better as a result of the tutorial
3.0
80

For three of the tutorials a smaller percentage of students agreed that they were able to finish within an hour. Students were also less positive about the Composites tutorial. On review of the content of these tutorials, it was felt that some of them contained too much information and they were shortened appropriately. Similarly, some mathematical derivations of formulae in the Composites tutorial were shortened or removed, and clearer explanations with more visual information were added.

A summary of the statistics from the survey after the final laboratory is shown in Table 2, where students were asked to give feedback on their overall impression of the laboratories and tutorials run throughout the session. The survey asked students about the relationship between the computer tutorial and practical exercises, the structure of the tutorials, whether it improved understanding or knowledge of materials, the amount of work, and the overall tutorial presentation. Students were also asked about whether the subject had changed the way they thought about materials. Again, an overwhelming majority of students gave positive responses about the content, structure and presentation of the tutorials and laboratory exercises. Again, 71% of students indicated through the survey that the tutorials generally contained too much work to get through in one hour. About 15% of students also added written comments that some tutorials (particularly the composites and ceramics tutorials) were too lengthy.

Table 2. Results of Final Student Survey

Question
Average
% Positive Answers:  (Agree / Strongly Agree)

The tutorials and laboratories complemented the lecture material in this subject
3.0
86

The structure of the computer-based modules was logical
3.1
88

The tutorials and laboratories helped improve my understanding of the subject
3.1
87

The tutorials and laboratories made me think about the way materials behave
3.0
85

There was too much work to get through in the tutorials and laboratories
2.8
71

The computer-based modules were well-presented
3.1
88

Students were encouraged to provide written comments. A large number of students made typical comments such as: "It was very helpful and educational", and "Useful and well presented". However, many students also made additional, more detailed, comments. A typical comment was: 

"The computer tutorials were good however more time is needed to fully understand some of the concepts presented in them. They are a great way to learn however more time is needed for them". 

As described above, several tutorials were revised and the content reduced in response to these comments.

Similarly, many students with English as a second language found the text was too long to get through in one hour. To overcome this, the content of the tutorials were published on the web for students to access before coming to the tutorial. A response to this initiative was: 

"The computer tutorials were very useful in helping to understand the topic. It was much easier to get through the tutorial if the notes were read over first, and this was possible when they were published on the internet before the tutorial". 

Responses to the interactive computer environment were positive. Students commented: 

"I thought the lectures dragged on a bit and were hard to follow, however I found the computer tutorials particularly helpful as I could follow the material in my own time. Whenever I didn't understand anything I could click back to read over it again", "…they really do help and they give a much clearer understanding than just reading about the subject or even listening" 

Another wrote: "Use of computer tutorials was a pleasant change from usual question and answer tutorials of other subjects".
Students were able to relate different strands of the course material to each other, and found that the lectures, computer tutorials and laboratory exercises all complemented each other. Students commented 

"[Tutorials and laboratory exercises] reminded me of material covered in lectures", "Often the computer tutorial would clarify the lab if it wasn't understood during the lab" and "Good in-depth presentation of lectures along with helpful tutorials and very relevant laboratory work which allows one to see things learnt in lectures actually in real life".

The tutorials also gave the students a greater appreciation of “materials engineering”. Student comments were "Gave a good practical understanding of the way materials behave" and "I am more interested in materials engineering". 

Students also requested greater guidance of how to navigate through the tutorial, and on where questions were located and on which questions were assessed. To give more guidance, a number of revisions were made to the program. For example, a demonstration model was designed to enable students to become familiar with the navigation techniques prior to taking the first tutorial. Further, students were given more specific information on assessment. At the beginning of each tutorial students were told the number and distribution of questions, and locations of each question. To indicate when the student is answering an assessable question, the program was revised to include a sign at the top of the page (shown in Figure 4).

Tutorial demonstrators were almost unanimously positive about the changes to the laboratory exercises and tutorials, giving similar responses to the students. The subject lecturers also noted that the students were attentive and exhibited greater interest in the subject material relative to prior years. 

Marks for these tutorials increased by about 10% relative to the previous year. Further, end of session examination marks were, overall, marginally higher than previous years. However, few questions in the exam were on material directly associated with these tutorials. Further, the tutorials were only partially implemented in 1999. A better indication of the effect of these tutorials on students overall understanding of the subject material will be obtained in 2000.

Three other outcomes of these tutorials were unexpected. Firstly, after the first tutorial the students realized they had only an hour to complete the computer-based tutorial. The students’ punctuality increased significantly thereafter. Secondly, overseas students, many of whom encountered difficulties with spoken English, found the computer modules very useful as they could work through the information, which was often complementary to the content of lectures, at their own pace. One such student commented "Tutorials were more interesting than just listening to the lecturer - lecturers talk too fast, and in the tutorial it was possible to go back and read it again ". These students indicated that by working through information presented in this way, their learning was less dependent on verbal presentations given in lectures.  Thirdly, the smaller group size in the laboratory exercise improved the concentration and behaviour of the students.

This approach could be expanded to the other, similar ‘service’ subjects taught by the School. Authorware allows easy modification to tailor content to individual subjects and the tutorial and module approach will allow different tutorials and modules to be selected specifically for each subject. It is possible that other schools that teach a significant number of ‘service’ subjects, such as physics and chemistry, could also adopt this approach.

Summary

The change to the laboratory and tutorial structure in MATS9520 proved to be very successful. Students felt that they understood materials better as a result, and were able to perform more hands-on work. The responses have indicated that it is important to avoid making computer tutorials too long, and it is helpful if the text can be provided prior to the tutorial on the web. It is also necessary to provide “instructions” on how to use the program when students start. This style of teaching could be applied to other similar subjects.  
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