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Abstract

This paper presents the preliminary findings of a three-year longitudinal study of an introductory electronic engineering class given to non-EE students. The class was split into two groups, determined by final discipline. One group was taught using traditional methods - lecture, laboratory and tutorial/examples classes. The other was taught in an Integrated Teaching Studio (ITS), where all three traditional activites were integrated into a single teaching environment.

Preliminary findings of the data collected from three cohorts over three consecutive years indicates that there are significant differences in understanding and graded results between the two groups, even when there was no significant differences in pre course knowledge or qualifications. In nearly all cases the ITS based groups performed better on simple knowledge tests as well as more rigorous in depth testing. The introduction of the laboratory content into the integrated teaching environment also deepened the understanding of the ITS group.

Introduction
There have been a number of initiatives over the past decade or so to introduce information technology, especially multimedia, into engineering education and so overcome some of the problems associated with the traditional modes of teaching. Most of these innovations involve the integration of the lecture, tutorial and laboratory component into some form of integrated approach, along with a significant amount of collaborative learning, group projects and ‘student-teaching-student’ techniques.

Cognitive research also indicates that real learning and understanding are better accomplished through such co-operative and interactive techniques. New developments in these theories of learning emphasise the importance of communications and collaboration, both between teacher and students and students themselves.

It is possible to summarise some of these ideas as follows (after Wilson and Mosher, 1994)

· Learning is a highly interactive process. Teacher and students become involved in a learning “conversation” in which both parties clarify messages, test for understandings and are both transformed by the experience (Pea, 1992).

· Teachers are not simply the delivery mechanisms of the content of a curriculum. Although good lecturers may be inspirational, the lecture is not efficient in stimulating student learning (Laws, 1991; Hestenes et al, 1992; Redish et al, 1992). The model used by a number of educators when working in collaborative learning situations is one where the teacher is a “coach” of their students’ learning process (Pea, 1992; Laws, 1991)

· Education, especially for scientists and engineers, must not be too far removed from the context of its meaning. If learning is to be viewed as a process that has meaning beyond the classroom, the students must be able to reach beyond the classroom. Either practitioners from the field of study must be brought to the classroom – which is not always possible -  or the students must be able to access this information in other ways, for example, via the World-Wide-Web.

· Learning can be enhanced by providing students with access to powerful computing tools that can allow them to interact with real data and solve open-ended problems. Learning-by-doing has been shown to be a successful pedagogical model to enable students to solve real-world problems. (Laws, 1991; Redish et al, 1992). This approach also has the advantage of supporting individual differences in learning styles. Students bring to the classroom a diversity of interests, levels of preparation, cultural backgrounds and learning styles. 

· Cooperative learning is a highly structured, systematic instructional strategy in which students work in small groups toward a common goal. This strategy has been shown to promote active learning, positive student attitudes towards learning, and increase student interdependence. Increased interdependence is a positive goal for students because of its effects on students interpersonal skills, teamwork capability, and self esteem. While working in teams on a project, it is difficult for students to be passive onlookers; the contribution of each team member is important (Millis, 1991). Teamwork is also becoming a widely implemented organisational strategy in many work settings, including manufacturing, services and government. Instructional practices should prepare students for working in this type of environment.

At the same time as new pedagogical ideas were being proposed, some evidence, mainly empirical, seemed to show that today’s students have a more limited attention span than previously but they also seem to respond well to multimedia stimuli and interactive activities, a sometimes subjective  observation with some theoretical basis (Winn, 1985; Chevalier and Maurie, 1993). At the same time, rapid advances in technology not only revolutionises the way research in science and engineering is conducted but also the way knowledge and information are communicated.  In response to this advance, educators have had to rethink the content of the science and engineering curricula and reconsider the environment and the materials with which students learn.  
Drawing on some of these ideas, starting in the early 90s, a number of educators started rethinking the whole process of teaching and learning with respect to science and engineering education, especially at university level. There was clearly a need for new teaching materials and methodology that encouraged different modes of learning.  Also, as networking, multimedia, mobile technology, and better software converge, educational institutions tried to  discover new ways to improve learning, increase information access, and save money. Rubinstein (1994), in the introduction to a seminal edition of Science on the subject, writes:

“In small and large schools alike, individual teachers are developing innovative curricula – and novel pedagogical techniques as well – to address the problems created by disaffected (and fearfully unprepared) undergraduates”. (p843)

At the same time, course feedback has shown that traditional courses were not preparing graduates for the ‘real’ world, especially in science and engineering:

“Traditional courses, some will tell you, don’t prepare (students) for the real world, and traditional teaching methods don’t engage their interest. The world has changed, many say, and their universities haven’t”. (Rubinstein 1994, p843)

This sense of seeming irrelevancy of traditionally taught courses to a graduate’s eventual employment needs affects all aspects of the learning process. Jack Wilson, one of the pioneers of this new paradigm, and who implemented the studio teaching approach at Rensselaer Polytechnic Institute (RPI), is quoted as saying, “We pretended to teach them, and they pretended to learn”. (Culotta, 1994, pg 875)

Massy and Zemsky (1995) tried to summarise many of the arguments for the introduction of these new techniques based on information technology, especially its impact on productivity,  as follows:

“Economists define productivity as the ratio of outputs to inputs, or more generally as the ratio of benefits to costs. Productivity can be improved by:

1.  Producing significantly greater benefits, encompassing quality and well as quantity, at modestly greater unit cost ("doing more with more")

2.  Spending significantly less money while limiting benefits reductions to modest levels ("doing less with less")

3.  Producing greater benefits while spending less money ("doing more with less")

Productivity also can be increased by improving quality at the same unit cost--a result we consider a limiting case of "doing more with less." (p5)

However they then relate these general criteria to academia:

So far, most IT-based academic productivity improvements have involved doing more with more. With labour--especially faculty labour--considered to be fixed, IT becomes a quality-enhancing add-on. This fits the faculty culture but suffers from at least two serious deficiencies. 

First, scarcity of add-on funding limits IT's rate of adoption. While colleges and universities might like to pour money into more-with-more productivity enhancement, most are not in a position to do so. Funding scarcity constrains the courseware market, thus inhibiting would-be developers from making

the large front-end investments needed to exploit fully IT's potential advantages.

Second, and more fundamentally, the more-with-more approach does not address the academy's need for cost containment. One can imagine a scenario where widespread IT add-ons produce a situation like that found in medicine, where technological breakthroughs produce a spending race that eventually threatens the system's affordability. Tight financial circumstances currently inhibit such scenarios, but even if today's constraints could be relaxed, more-with-more productivity growth would eventually encounter new financial limits. (p6)

In 1996 City University of Hong Kong (CityU) was awarded HK$13 million (approx. US$1.6 million) by the government to initiate a studio approach to teaching, starting with modules in science and engineering, especially those at the introductory level with large enrollment. As studio teaching is a teaching methodology that emphasises co-operative and interactive learning, using multimedia courseware it is easily adapted to accommodate the increasing diversity in student background, expectation, learning style and pace that had become necessary with the rapid increase in student numbers over the previous five years. It was also hoped that some cost saving as well as enhanced learning opportunities would also be created. 

To adopt the studio approach in teaching science and engineering courses, a learning environment is needed that combines lectures, tutorial discussion, problem-solving activities, and laboratory experiments into an integrated teaching studio (ITS).

In particular, a learning environment is needed that fully utilises computer technology, since sophisticated but inexpensive computer hardware is available, and computer based teaching materials that emphasise multimedia and interactive learning a have been developed in the UK and USA. 

Studio teaching in practice

Studio teaching was first introduced at Rensselaer Polytechnic Institute (RPI), in the USA, in the early 90s. RPI is a research-oriented university with a strong reputation for quality undergraduate education and innovative teaching.  Most of  RPI’s first year courses have been converted to studio teaching format, not only in science and engineering, but also across the whole university curriculum. The changeover started initially in the Physics Department as described by Wilson (1994), and then in other science and engineering disciplines as detailed by Iannozzi et al (1997), Maby et al (1997), Jennings (1998) and Carlson and Makedon (1996). Other universities quickly picked up on the approach and introduced studio teaching into the curriculum, City University of Hong Kong (CityU) being especially vigorous in its adoption. The reasons and methodology behind CityU’s decision to take this approach, and its subsequent implementation,  are given by Yu and Stokes (1998a), Leung et al (1996) and Bradbeer (1998).

One of the main changes in tertiary education in Hong Kong in the 1990s, as earlier in most of the western world, was the rapid growth in the number of students undergoing university education. Inevitably this has resulted in a more diverse and larger student intake, and the traditionally accepted entrance skills base changes. For engineering and science this poses major problems. At the same time language skills, especially where a subject is taught in a language other than mother-tongue, as in Hong Kong, have been shown by Flowerdew and Miller (1995) to be  generally low by world standards.

"To gain entrance into the university (CityU), they must have at least a grade E in their Use of English paper. The students' entry levels ranged from E to C. An E correlates to around 450 on the TOFEL test, whereas a C correlates to around 530 (Hogan & Chan, 1993). As a point of comparison, most US universities have an entry level of about 550." (p349)  

Pennington et al (1992) already noted that in 1992 CityU students’ language abilities were restricted. 

"... the present research with City Polytechnic students uncovered ... the occurrence of English was found to he highly restricted, used primarily with Westerns and with Chinese in the academic context. A mixture of Cantonese with English lexis was found to be relatively common at City Polytechnic, used both with other students and with Cantonese-speaking teachers. With both of these groups, (pure) Cantonese was also used, particularly when speaking about non-academic topics." (p69)

Studio teaching has been welcomed by many faculty as one answer to these problems. The philosophy behind the studio teaching format and its ingredients may be summarised as follows.  Learning is more effective (a) by doing (mini-labs, exercises), (b) by interactive and co-operative techniques (discussion and group activities), (c) if more of the senses are engaged (interactive multimedia courseware), and (d) by immediate application and follow-up (in-class assignments).

Essentially the methodology replaces the traditional large-group lecture, small-group tutorial and separate laboratory format with an integrated studio approach, that is claimed to be both economically competitive and educationally superior.  The focus is on student problem-solving rather than presentation of materials.  The emphasis is on learning rather than teaching. This can be summarised in the following table (Johnson et al, 1998, p 1:6)

	Factor
	Old paradigm of teaching
	New paradigm of teaching

	Knowledge
	Transferred from faculty to students
	Jointly constructed by students and faculty

	Students
	Passive vessel to be filled by faculty’s knowledge
	Active constructor, discoverer, transformer of own knowlegde

	Nature of learning
	Learning is fundamentally individual; requires extrinsic motivation
	Learning is fundamentally social; requires supportive  environment/community to unleash instrisic motivation

	Faculty purpose
	Classify and sort students
	Develop students’ competencies and talents

	Relationships
	Impersonal relationships among students and between faculty and students
	Personal transaction among students and between faculty and students

	Context
	Competitive/individualistic
	Cooperative learning in classroom and cooperative teams among faculty

	Assumption
	Any expert can teach
	Teaching is complex and requires considerable training


Table 1

A typical ITS session would be two hours long and consist of up to 30 minutes of presentation, possibly a short mini-lecture or interactive demonstration, followed by a question and answer session. Again, this may be either pencil-and-paper type or interactive using the workstation available to each individual or pair of students. This may also develop into a small-group discussion, especially when workstations are grouped around each other, as at CityU in Hong Kong. 

Yu and Stokes (1998) describe the situation where this small group interaction leads students to teach students,

drawing on the work of Mazur, at Harvard University (Mazur, 1996, p13)

The “students teaching students” approach, was proposed by Mazur and modified and adopted for the Multimedia Integrated Teaching Studio (Yu and Stokes 1998a, p282). Under this approach, students are expected to learn through discussions within a group of students. This is different from the “teacher teaching students” approach in traditional classes, in which students are expected to learn through listening to the teacher. “Problem-based learning” and “interactive learning” are also incorporated in the studio teaching classes (p2)

Many studio sessions allow the students to work with some physical equipment or parts and this will allow them to carry out short experiments that are based on the previously presented material. At CityU, the introductory electronics and physics classes are able to carry out experiments where the instrumentation is represented on the workstation screen, although real parts and components are used on the bench as noted by Bradbeer (1999a) and Bradbeer (1999b). At RPI most of the studios have fixed bays of standard laboratory equipment that can be accessed by the students by turning their chairs through 180o as described by Millard et al (1997).

Owing to the flexibility inherent in the studio environment it is possible for the teacher to modify the structure of the session to take into account feedback from the students. For example, they may request more time for discussion or investigation of one particular aspect of the material being presented. This, of course, means that those teachers more accustomed to a more structured approach may have problems, and this will be addressed below.

Most ITSs have projection screens that can show presentation graphics, animations and web pages, as the instructors’ desk, as well as all the student workstations, are not only connected to a LAN but also the Internet. There will also be a visualiser that can be projected onto the large screen(s).  This inherent interactiveness, associated with access to the Web, and even VOD, allows the ITS to be very flexible. At CityU, for example, a management or biology class may follow an electronics class.

Of course, normal lecture material, especially that based on overhead projector slides and/or ‘chalk and talk’, does not fit into an ITS environment. Consequently much thought, effort and money must be put into the preparation of material. Owing to the ubiquitous nature of multimedia there is much material available commercially that can be easily modified for ITS use, although some investment will still be necessary.  At CityU a special authoring unit has been established to aid preparation of such courseware - Klassen and Morton (1998).

There is also an initial investment in constructing the studio itself. Many universities have either private or public funds available for improving their teaching infrastructure and these have usually been used. However, some studies, especially those by Massy and Zemsky (1995), Wilson (1994) and Ianozzi (1997) have shown that the efficiencies in staff use and student performance more than compensate for this initial financial investment.

The study
The Department of Electronic Engineering (EE) at CityU provides a number of ‘service’ type courses in introductory electronics to several other departments in the Faculty of Science and Engineering. A number of these are provided to the Department of Manufacturing Engineering (ME), who provide degrees in both Manufacturing Engineering (BEME) and Mechatronics Engineering (BEMTE). The latter started life as a joint degree between the two departments, although it is now a wholly ME ‘owned’ course. Most of the courses in the first year are common to both these degrees, including an introductory electronics course that spans two semesters. 

Until 1997, CityU followed the British based system of ‘named’ degrees with a rigid structure on the courses taken. In 1997 most degree programmes switched to the American system based on ‘credit units’. Other than affecting reassessment procedures and the ability to repeat classes, the change did little to most syllabi, including the service courses provided by EE. Students still had to take a ‘core’ of competencies owing to the need to meet the entrance requirements of the professional engineering institutions. Consequently most students still follow a course structure similar to that before the change, although they have more flexibility in their choice of ‘non core’ activities. The effects of this change have therefore been discounted in this study, especially as the basic electronics course was, and is, compulsory under both schemes.

CityU established its first ITS in the summer of 1996, with the first courses using the new facility in the first semester (Semester A) of the 1996/7 academic year. It was decided that the introductory electronics course provided for the first year students in ME be one of the first to be converted to the studio environment. At the same time it was agreed that a three-year study of the effectiveness of studio teaching be carried out. Consequently the students enrolled for the two ME degrees were split into two groups. One would be taught in the ITS, the other by traditional means. As the entrance qualifications of both groups were similar, and there was the option of students switching between the two degree courses at the end of the first year, the two groups were considered similar in both background and motivation. The only inconsistency in the first year of the study was the large difference in numbers enrolled upon each course. However, this could be compensated for in any statistical analysis.

To minimise as many differences as possible between the two groups, it was decided to use the same lecturer in both the studio and traditional environments. Also, the presentation graphics, and other lecture materials were the same for each group. All assessments were identical, or of similar standard, between and within cohorts - assignments, tests, exams etc. The questions used for tutorial/discussion/examples classes were also identical. Owing to some start up problems in the ITS, the first cohort laboratory work for both groups was carried out in a normal laboratory environment for both groups, although this problem was overcome in succeeding years. The ITS experimental work covered 90% of that given in the traditional laboratory sessions. The assessment of laboratory work was also similar, especially when marking log books and formal reports.

At the beginning of semester A, before any teaching began, both groups were given a multiple choice pretest. This covered most of the material that the students were assumed to know before they entered the university as well as some questions based upon material they would meet during the first semester. Some of the questions asked about previous experience with computers, multimedia and other IT related subjects. These more subjective responses are currently being analysed and will be matched with the results of interviews carried out with some of the students involved.

Another multiple choice test was given midway through the semester. At the end of the first semester the students sat an examination which consisted of two parts. The first was a multiple choice section, accounting for 25-30% of the final mark. The rest of the exam was a more traditional one, with students have to answer three questions from four in a more descriptive manner.

The final grading for the semester was based upon a combination of coursework, which included assignment, mid semester test, and laboratory, and examination performance. For the first two years of the study this split was 60:40 examination:coursework changing to 70:30 in the third year.

In the second semester, Semester B, the students sat a mid term test, all questions being descriptive/calculation, followed by a final exam that was of a more traditional style. Again, final grading was based upon a combination of coursework and examination performance, in the same ratio as Semester A. Results for the mid-Semester B exam are still being evaluated and are therefore not indicated in Table 2.

Owing to the nature of the course structure, there are always a number of repeat students in each class. These have been eliminated from the analysis. Similarly some students are given exemption from taking the Semester A course. These students have been eliminated from the analysis of the Semester B results. The results for these assessments are shown in Table 2.

The results are given as percentages of maximum marks. Grades have not been shown, as the change in course structure affected the grading system but not the marking system. In Semester A, the final mark is shown in three sections - first, the total mark for both coursework and examination, then as the mark for the multiple choice examination, and then for the descriptive examination. In Semester B, the final mark is shown, first as a total for coursework and examination, and then as examination only.

Owing to possible differences between cohorts due to minor changes in the entrance requirements to each course in the change over to the credit unit system, only intra cohort analysis has been carried out so far. Inter cohort analysis will be carried out when further analysis of individual and cohort/course entrance qualifications 

Results
Two-sample t-tests assuming unequal variances, checked by single factor ANOVA analyses, were carried out on each assessment result. Initially  0.05, although if the results were inconclusive, 0.1 was used. At the same time, Effect Size has been calculated, and the resulting value of delta is also shown (An Effect Size of larger than 0.5 shows something educationally important is taking place). Table 2 shows the number of students, average score and standard deviation for each cohort and test. Also shown are results of the statistical analyses on an intra-cohort basis. 

A meta-analysis was then carried out to ascertain whether there were any significant effects within cohorts and over all three cohorts. Four assessments were used for this analysis; pretest semester A, mid semester A test, final exam semester A, and final exam semester B. The effect size measure was Cohen’s d, and Hedges Correction (Burger, 1981) has been used. A meta-analysis program (Kenny, 1999) was applied during the calculations. These analyses used mean and standard deviation data shown in Table 2.  Also shown are the number of studies in each analysis and the value of P obtained from a two-tailed t-test to ascertain the significance of the finding.  The results are shown in Table 3.
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no sig diff a = 0.05
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Exam:c/w = 60:40 Exam:c/w = 60:40 Exam:c/w = 70:30
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 0.05

sig diff a 
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 0.05
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#

 0.05

d = 0.937

sig diff a 

#

 0.05 sig diff a 

#

 0.05

sig diff a 

#

 0.05 no sig diff a 

#

 0.1


Table 2
Looking at the results shown in Table 2, first, it can be seen that for all three cohorts, there was no significant difference between the groups according to the semester pre-test. This would seem to corroborate entrance qualification data, although the bare, overall, mark may mask differences in group responses to individual questions. Item Response Theory is currently being applied to ascertain whether this possible difference is significant.

However, by the middle of the first semester significant differences began to show for all three cohorts. The ITS group is consistently performing better than the non-ITS group. In the case of cohort 2 (1997/8) it should be noted that the significance was at the  0.1 level. For this cohort, using 0.05, the results of the statistical analysis were such that the P = 0.06 for the t-test, and F  Fcrit for the ANOVA, ie something is happening but it’s on the borderline between as far as significance goes.

	Cohort
	96-97
	97-98
	98-99
	All

	No of studies
	4
	4
	4
	12

	Total no of students
	542
	376
	332
	1250

	Average effect size
	0.562
	0.145
	0.58
	0.43

	P value of effect size
	0.095
	0.186
	0.03
	0.002


Table 3: Comparison of effect sizes within cohorts, and for all cohorts
By the end of the first semester the overall grade mark in the final assessment is significantly different for all cohorts, the ITS group consistently performing better than the non-ITS group. If the examination component is extracted from the overall mark, which contains the results of the continuous assessment B lab, assignments, tests etc - the difference between the two groups is even more pronounced. This is especially true when considering the marks for the descriptive parts of the examination; the ITS group clearly shows a more ‘in-depth’ understanding than the non-ITS group.

For the final assessment at the end of Semester B, other than an anomaly with cohort 2, the ITS group performs better in the examination compared to the non-ITS group, even though the overall grade marks are similar, especially for cohorts 1 and 2. It is possible that the second cohort is in someway unrepresentative because the introduction of the laboratory component into the ITS group did not go smoothly and was abandoned near the end of the Semester A. This disruption may have affected concentration and the coursework mark for this group. However, it is significant that the ITS group scored significantly higher in the descriptive part of the Semester A final exam, even though this was not true for the Semester B final examination.

One point to note is that when laboratory work was introduced into the ITS in Semester B (with cohort 3), the ITS group performed better in both final grade mark and examination, compared with cohorts 1 and 2, where Semester B laboratory work was carried out in traditional laboratory for both groups.

It is possible to plot the pure exam results for the four tests for each cohort. However this would not show the precise statistical relationship between the results. Charts 1-3 show mean scores with error bars for the results for a 95% confidence interval. This clearly shows, in graphical form, the relationships outlined in the table above. 
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The results of the meta-analysis bear out some of the conclusions drawn above which are based on the raw statistical data. It can be seen that there is a significant effect overall for cohorts 1 and 3, with no significant effect for cohort 2. However, the meta-analysis for all three cohorts quite clearly shows that when measured over three years the effect is significant. 

Conclusions

It is clear that, even without the laboratory component integrated into the curriculum, students using the ITS perform significantly better than those being taught using more traditional means. When the laboratory component is fully integrated into the ITS-based curriculum there is significant better performance at all levels. It is also clear that students taught in the ITS have significantly more in-depth understanding of the syllabus, as shown by the higher marks in the descriptive component of examinations.

These findings are similar to those found by other researchers determining the effects of studio teaching. Glinkowski et al (1997) found an improvement of about 8.8%. 

It seems that the studio students needed some time to get used to the new format and perhaps at the beginning did not know how to take advantage of the new class resources. Overall, the individual average of the tests show an improvement of 6.72 points, ie 8.8% over the lecture format. The final exam also shows the studio mode to be more effective by an average of 13.58 points, ie 8.8%, on an individual basis. (p203)

Carlson et al (1998) also found an effect although they did not use statistical analysis to assess its significance.

Based on the results presented (in the paper), we conclude that the studio format is clearly superior to a more conventional format relative to student attitudes and at least as effective relative to cognitive-domain learning. As a bonus the studio format appears to help students to learn – a skill they will need throughout their professional lives. (p 968)

On a more subjective basis, it is also noticed that students are more interested in learning in an ITS environment than in the traditional lecture-based one. Attendance records show this for the three cohorts examined in this paper. Whereas average attendance rates at lectures and tutorials/examples classes for the non-ITS groups were around 50-60%, those for the ITS groups were around 95-100%. Attendance is not compulsory at lectures and tutorials/examples classes for the courses in this study. There is however a 75% attendance requirement for laboratory work, and attendance for this has been discounted.  This increase in attendance with students who use the ITS has been reported by others, including Maby et al (1997) and Carlson et al (1998) although Glinowski et al (1997) report no long term difference.

A better measure of satisfaction is the attendance. This has been nearly 100% for all studio classes, whereas attendance in traditional lectures is typically less than 60%. (Maby et al, 1997,  p1433)

The studio format promoted class attendance. (Indeed, attendance remained above 90% throughout the term, whereas it dropped appreciably in the lecture course). (Carlson et al, 1998, p 968)

At the beginning of the semester the attendance was almost 100% but dropped to about 63% towards the end of the semester. It was almost the same, statistically, as in regular lecture sessions (Glinkowski et al, 1997, p204)

Feedback from students using the ITS, which is still being collected and evaluated, seems to indicate that most, once they get used to the environment, are very happy with learning this way. Some do have problems, especially those who come from a more traditional learning background and who are still expecting to be told what to learn, as at school. Again, this is similar to nearly all results from elsewhere including Yu and Stokes (1998), Maby et al (1997), Millard et al (1997) and Carlson et al (1998).

(Overall), 57% of the students agree that they learn more effectively from classes in the studio. Only 8% disagree. 56% of the students agree that the present studio teaching classes have successfully focused on “student-centred learning” rather than on “teacher-centred teaching”. 13% disagree. 60% of students express that if the same materials are taught by the same lecturer, they will learn more during these classes in the studio than in traditional teaching classes.  (Yu and Stokes, 1998b, p 5)

Surveys completed  by students in the studio classes indicate that the experience has been enjoyable and worthwhile in terms of their perceived career goals. Students respond very favourably to the integration of concepts and professional practice skills. (Maby et al, 1997, p 1433)

To date we have offered two separate courses using parallel groups of studio and traditional formats. Attendance and student satisfaction levels are significantly higher in the studio classes. (Millard et al, 1997, p1168) 

Students appreciated the individualised attention in the class and felt less need for extra help outside of the classroom. Students did the outside work necessary for the studio, and felt that they benefited from the experience. Students felt that they learned more from the studio format and preferred it to a conventional format. (Carlson et al, 1998, p 968)

Another area of ongoing discussion is the attitude of the teaching staff. As a form of team teaching approach is taken in the ITS, and because planned schemas may be changed depending on the immediate feedback form students, those teaching staff more used to traditional methods sometimes have great problems adapting to, or even accepting the need for, change. Massy and Zemsky (1995) address these factors in some detail. They  refer to these constraints as "traditional academic values."  Foremost among the barriers to IT's full adoption is a set of established institutional norms relating to teaching methods, faculty autonomy, and notions of productivity. The set of teaching-method-norms include such considerations as teaching loads, student-teacher ratios, and class  sizes. Optimising the use of information technology requires faculty to change what they clearly prefer to leave untouched. The very  interconnectivity of the new information technologies similarly challenges the faculty's definitions of autonomy, which dictate that a professor   can individually decide what, when, and where he or she teaches. Finally, faculty will have little interest in IT's capacities to boost academic

productivity to the extent that they lack an appropriate vision of learning productivity.

Most faculty think of productivity in terms of scholarship, especially research, and in terms of teaching tasks rather than learning accomplishments. Teaching is usually viewed as "scholarship-related" without the "fitness-for-use" (in terms of student needs) criterion more  appropriate for considerations of learning productivity. Without such considerations, the potential benefits of IT may seem neither apparent  nor desirable. 

Faculty have one other predilection that deters them from adopting IT: given the choice of additional money for information technology or another faculty member, most faculty would chose the additional faculty member-- and almost none would opt for additional expenditures on information technology if the result would be a smaller faculty. Like a brotherhood of monks, faculty intrinsically value other faculty members. (p4)

Massy, Wilger, and Colbeck (1994), describe three general characteristics that obstruct collective   decision-making and change:

First, fragmented communication patterns isolate individual faculty members and prevent them from interacting around issues of undergraduate   education. Secondly, tight resources limit opportunities and strain faculty relationships. Thirdly, prevailing methods of evaluation and reward  undermine attempts to create an environment more conducive to faculty interaction. Although these three characteristics describe most departmental interactions, many departments still maintain a veneer of collegiality, the  aforementioned "hollowed collegiality." The very lack of discussion that furthers civility and equity while maximizing faculty time has all but precluded serious consideration of strategies for increasing learning productivity. (p15)

At the same time in a large and growing number of institutions, incentives for teaching are few while those for research are significant. This fuels the "academic ratchet," a movement toward increased research production and reduced class loads. Many departments, also, pay little attention to their teaching and learning processes; 

research is carefully evaluated, but teaching and learning seldom  are audited effectively. Although individual professors evaluate students in individual courses, the departmental curriculum as a whole often lacks explicit educational objectives or outcome and performance measures for those objectives. To be effective, IT-based teaching and  learning programs require such measures; at the same time, the introduction of a new information technology raises the question of comparative cost. Since most departments have little knowledge about the amount they actually spend on specific learning and teaching  activities, the cost trade-offs between IT-based strategies and traditional process elements are almost impossible for them to assess. (Massy and Zemsky, 1995, p5)

These barriers may, in some ways, undermine many claims for the efficiency, in terms of both staff and capital investment that are often made for studio teaching. In the period of this study the same number of academic staff hours were used for both groups; the only significant difference was the far smaller amount of laboratory time and resources, including technician involvement, compared to traditional laboratory sessions. 
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