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Abstract: Engineering education exists in a context where changes are brought about not only by new scientific and technical developments, but also by the shifting importance of a wide array of factors that directly or indirectly influence student learning outcomes. Examples of these factors include class contact time, lecture and tutorial attendance, study aids used, amount and type of study efforts outside of class, difficulty of courses, availability of suitable learning aids and laboratory facilities, class sizes, use and efficacy of education technology, financial support and whether their engineering program was their first choice. In this paper, a large three-year longitudinal study of issues affecting student learning in the School of Electrical Engineering and Telecommunications at the University of New South Wales is described, and its results are discussed in detail. The main findings of this study included a rise in the number of hours of part-time or full-time work undertaken by students concurrently with their study, and decreases in lecture attendance and the amount of time students spend on study out of class hours. Consequently, holding the attention of a large group of students for more than 30 minutes is increasingly an obstacle in a teaching and learning environment. After analysing these and other issues, the need to revisit live lecture material in a compelling and self-directed format emerged as a priority for students. A new mode of teaching that uses electronic whiteboard input synchronised with video capture has been introduced, allowing students to revisit live lectures. This mode of teaching, and its effect on student learning was analysed, and initial indicators show an improvement in student study behaviour.
Keywords: Teaching modes, evaluation, study behaviours, self-directed learning, educational technology.
Introduction
In the constantly changing world of engineering education, it is imperative to keep pace with the varying needs of students and to understand the context in which they conduct the majority of their learning. Traditional methods of teaching involve writing on a blackboard or jotting down information on projection slides, and remain the principle methods that many lecturers still use today. As students copy down the information, they have a somewhat low absorption of the material that is actually being taught, due to a range of factors, both within and outside of the classroom, that influence their experience of the classroom environment. One factor that has been made clear to staff through informal observation is that students will not go to the same lengths to either prepare for or catch up with lecture material unless it is available to them in a rich and highly convenient format. For example, a preference for online materials and multimedia aids over text books has been noted.

Regular interaction with students over many years of teaching has shown that most students suffer some degree of difficulty learning, particularly in a large class teaching environment. Intuition from this has suggested that challenges in this environment include the communication of difficult mathematical concepts, maintaining students’ attention span, the difficulties of catering for individual student needs in large classrooms, different paces of student learning, lack in fluency in spoken and/or written English, and students losing continuity due to missed classes. These kinds of difficulties result in students struggling to grasp the key concepts at the time of the live lecture delivery, and being left to develop this critical understanding in their own time, with whatever assistance they can find and comprehend.

In order to understand directly from students the underlying problems and parameters of their learning approaches and behaviours, a survey was conducted over three years by year 3, 4 and 5 engineering students between 2003 and 2005. This paper analyses the key factors revealed by the survey, and discusses their implications for future teaching approaches and practices in a society with changing needs and priorities.
In response to the survey findings, we developed a new mode of lecture delivery based on DVD capture and student-controlled playback of synchronised lecturer dynamic annotation and video. This gives student the ability to independently review live lecture content at their own pace outside of class hours. However, an educational technology in isolation is not a solution to a complex combination of learning and behavioural issues. In this paper, we discuss how the DVD-based lectures can be integrated into existing teaching approaches to modify traditional teaching paradigms.
Survey Design

Objectives

The aim of the survey was to determine what duration and proportion of students’ time was spent on learning activities (lecture, tutorial, laboratory attendance, class preparation, assignment work and study), their perceived reasons for poor student performance, their perceptions of the difficulty of their program of study, what types of materials they used for their study, what financial support they received during their studies, and what other commitments competed with study for their discretionary time. A further objective was to map survey findings over a period of time, to remove the dependence on a particular student cohort, and to identify likely trends. The study was directed mainly at students in the later years of their programs, who have a clearer view of the program and its requirements than more junior students.
Questions

The survey was conducted as a written questionnaire, comprising a total of thirty questions. Multiple choice style questions were used throughout, occasionally with short comments fields for students to qualify their responses. Five questions related to student attendance of various types of classes and the reasons behind this. Five questions related to student study patterns and approaches outside of class hours. Four questions related to the form and quantity of financial assistance received by students. Single questions were employed for a range of specific issues, e.g. the difficulty of students’ program of study, appropriateness of total class contact hours, effectiveness of lectures versus self-directed study, and the effect of large class sizes. Finally, the remainder of the survey (around 12 questions) comprised questions pertaining more specifically to the school’s provision of facilities and support were posed.

Participants and Instructions

In each year, approximately 100 students participated, with a total of 310 respondents over 2003, 2004 and 2005. Participants were mainly (82%) in their third year of study, with the remainder (16%) mainly in fourth year. The survey was optional (around 98% of students chose to complete it), was administered in a class environment, and was overseen by a member of staff. Students were clearly instructed to only respond in a considered manner. Questions that students had little or no interest in completing were recommended not to be completed.
Survey Findings and Discussion
In this section, only key factors from the survey results are presented.
Class Attendance

Of considerable interest were students’ ratings of their attendance at lectures and tutorials. As seen in Figure 1, 100% lecture attendance has been dropping, while students are increasingly dependent on both tutorials and self-study.
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Figure 1: Tutorial attendance, lecture attendance and use of self-directed study 

Study Aids

Overall, the use of text books as the main study aid was low (approximately 10% of students), while the most commonly used study aids were past exam papers, lecture notes and worked examples.
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Figure 2: Main study aids
Students are attending more tutorials, and are seeking even more, but attendance of lectures has fallen. Even though most students are going to 75% or more of their lectures, there has been a fall in those attending 100%. Students are not spending the recommended time studying after class with fewer people spending more than 20 hours per week. One reason for the drop in lecture attendance could be students’ belief that they learn more while adopting self-learning techniques rather then attending lectures, although as a cohort average, this is not supported by an increase in time spent engaged in self-directed study. In 2003, 70% of students believed they learned more from lectures rather then self study, but this number dropped drastically down to 57% in 2004 and then further to 53% in 2005. Some students indicated the reason for finding self-learning better was not that the techniques were better, but they found lectures hard to understand, others found the teaching techniques difficult, while others indicated the lectures were too boring.

Out of Class Study

The time students spent on study out of class hours (not including assignment work or laboratory preparation or write-up) was particularly revealing, with fewer than 10% of students spending more than 20 hours per week on study out of class. The authors’ university typically recommends that students study at least 20 hours per week outside of class hours, indicating that the majority of students are not pursuing self-directed study to the required extent.
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Figure 3: Time spent on study after class

Work Commitments

A significant increase in the proportion of students with part-time work is evident even during the period of this survey. Correspondingly, a drop in class attendance has also been seen. Many students indicated in their responses that one of the reasons they were absent from university was tiredness and work.
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Figure 4: Student attendance and part-time work commitments 

DVD-based Learning

One of the main implications from the survey is that more effort needs to be dedicated to luring students back to lectures and promoting self-directed study.

Background
Maintaining students’ attention span has been an obstacle in the teaching and learning environment, especially in a large class (Foreman, 2003). Even if a lecturer is enthusiastic and charismatic, it is virtually impossible for them to hold the attention of a large group of students for more than 30 minutes.  Previous studies (Brotherton and Abowd, 2004) have shown that students prefer to study in their own time, when they are less fatigued, rather than attending regular structured classes. 
To date there have been insufficient methods for students to review the lecture content that has been presented at a later stage, regardless of whether lecture notes are provided prior to the lecture or in the lecture itself. Very often with printed lecture notes and student note-taking, it is easy for a student to miss a crucial step in the explanation of a difficult but conceptually important problem and this poses problems for their overall understanding of the subject material.
In order to address these issues and in pursuit of optimal student learning, students’ individual learning styles need to be taken into account. It is important that students obtain immediate clarification if they encounter problems while they are learning. The lecture material and the presentation of this material should be a motivational factor for students to learn and prompt interest, which in turn leads to self-directed study. 
A new mode of teaching: DVD-based learning

With the use of the electronic whiteboard and tablet PC, we pre-recorded the lectures and provided them to students on a DVD using our VCPlayer software (Sheng et al., 2005, Ambikairajah et al., 2005). The DVD included the lecturer’s annotated slides in digital format (See Fig. 5), along with a video and audio of the lecturer’s presentation, which resembles the live classroom situation. Having the lectures on DVD allowed students to watch them as often as required in order for them to acquire the level of understanding needed. In addition, students could watch them in their own time and at their own pace, so their concentration and interest levels were high. Previous studies (Anderson et al., 2004) have shown that in practice most annotations that are used are attention marks (e.g. highlighting in a different colour), which provide critical linkage between spoken context and the slide content. We believe that the recording of rich non-persistent information such as video and dynamic annotation can be used to improve self-directed student learning or as preparatory material for more focused lecture/tutorial sessions which offer new possibilities for course delivery. Furthermore, unlike existing reports of some similar tools (Ma et al., 2003), we have applied the VCPlayer extensively in signal processing teaching, and describe an undergraduate evaluation herein.

From our experiences with this mode of teaching, the first lecture of any course should be delivered live, in order to motivate the students while familiarizing them with the delivery mode. In subsequent weeks, students receive DVDs with lectures pre-recorded using VCPlayer, and then made available to students one week in advance of their class.
[image: image5.jpg]Fie Vew Hep

(10/T)(1/10) = 1/T ._1Y(6) P

i}

ol ..

Time Count: 0:5:31:934/1:10:27:887  Frame count: 53580/63418





Figure 5: Lecturer video and dynamic annotation of PowerPoint slides on the electronic whiteboard

Tutorial classes were made compulsory, and an optional discussion class was run in place of the usual lecture time. The purpose of the discussion class was to give the students the face-to-face time needed to ask questions and resolve course-related issues and to allow learning at a deeper level than is typically possible while students are viewing lecture content for the first time. Regardless of the lecture and tutorial delivery format, live compulsory laboratories were run according to traditional methods.
Results of DVD-based Teaching Approach

The first use of entirely pre-recorded DVD-based lecture delivery to virtually replace the traditional live lecture format was for a third-year undergraduate class (Signal Processing and Transform Methods). Specifically, 12 lectures were distributed as pre-recorded DVDs, with a discussion class replacing the live lecture. The discussion classes were highly informal, promoting intense student-lecturer interaction, either on an individual basis or a group basis.

The main evaluation was conducted using a survey, which was completed by 113 undergraduate students. The survey comprised 10 questions in multiple-choice format (mainly a 5-point Likert scale) and an open-format question for general comments.

Results from the survey are summarized in Figure 6, which illustrates responses to seven of the ten questions posed:
· ‘Acceptable alternative’ – Are the pre-recorded lectures on DVD an acceptable alternative to a live lecture?

· ‘Achieve the level of understanding’ – I feel that I was able to achieve the level of understanding I wanted for topics that used only the pre-recorded DVD (followed by some discussion in class).

· ‘Preferred choice’ – I would be more likely to watch 100% of the lectures if they were on a pre-recorded DVD than attending 100% of the live lectures (with no DVD available).

· ‘Efficient learning method’ – Learning using pre-recorded DVDs (followed by class discussions) was a more efficient way to learn than going to live lectures.

· ‘Review & understand better’ – I liked the opportunity to review the DVD-based lectures because understanding all the material in a live lecture environment is rather difficult.

· ‘More learning’ – I learnt more through using the DVD-based lectures.

· ‘Recommend to other courses’ – I would recommend the use of pre-recorded DVDs (followed by class discussions) for other courses within the school. 
Overall, Figure 6 shows a very favourable response to the DVD-based delivery mode. Notably, the most convincing result was the ability to improve understanding from reviewing the lecture content (87% agree, 7% disagree). 
An important test of the utility of the proposed delivery mode was the number of times students actually used it. 49% of students watched the lecture once (the equivalent exposure to content to attending the live lecture), while 39% watched the lecture more than once.
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Figure 6: Results of seven questions from the survey of DVD-based self-directed learning mode
Comments from students

Many of the free-format comments from students in the survey supported the findings in Figure 6. For example, one student said ‘The DVD is a great way to save time and make learning more efficient and personal . . . it is really beneficial that you can skip the bits you already know and concentrate on the more difficult ideas’. Some responses were illuminating: ‘allowed me to stop and write stuff down when I needed; also to take a break or go back if I lost concentration for a minute’; ‘DVDs are better as this eliminates distractions due to people talking in class’.
Some of the weaknesses of the DVD-based approach were revealed: ‘live lectures allow questions to be asked at the time a topic is introduced’, ‘can’t get feedback instantly’. Some responses were anticipated: ‘should not completely replace human interactive learning’ – this was the purpose of the discussion class.
Conclusion
This paper presents results from a survey of issues affecting student study behaviour and learning. Key implications were that students increasingly had more part-time work commitments competing for both their class attendance and their discretionary study time, and that they preferred lecturer-generated materials such as worked solutions, past exam papers and lectures notes to text books as study aids. It was also found through the survey that students are not spending the recommended time studying after class.

This motivated the introduction of a new mode of teaching, using DVD-based electronic whiteboard and video capture. The proposed mode of delivery enables self-paced, individualized learning for students with a range of different preferences or difficulties, and offers a genuine alternative to the large classroom environment while allowing students to achieve their desired level of understanding. The novel method of course delivery has been highly commended by students, and results presented herein show potential for increasing student understanding of course material beyond the level that would be possible using traditional methods. This teaching methodology is currently being trialled in many other courses within the School. Future work will include progressive evaluations of this novel teaching delivery.
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