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We describe a software application that supports teaching, research and administration by
integrating a teaching design repository with a statistical reporting tool. In this paper we
describe a quantitative approach that supports institutional collaboration and the assurance
and improvement of quality teaching. The tool analyses key features in unit of study
outlines and synthesises the information. Most data are collected from internal
administrative processes within the faculty. The prototype system is designed to present
various kinds of information from the different points of view of students, academic staff
and academic managers who have access to information produced by the reporting tool.
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Introduction

Improving the quality of teaching practices within an organization is a difficult task. Several authors have
discussed different approaches to quality assurance, their philosophical underpinning and their benefits
(Barrie, 2003; Biggs, 2001; Ramsden, 2003). In this paper we discuss a software application built as part
of a quantitative approach to supporting quality teaching. The application has a focus on helping teachers
in the process of designing and managing units of study and in modelling the institutional approaches to
teaching design, instead of institutional approaches to administrative tasks. Until recently, the statistical
analysis of how units of study are taught in an academic unit was hard, mostly because this data was not
easily available, so only individual research studies could be performed. In a recent project at the Faculty
of Engineering, University of Sydney a Unit of Study database was built (Calvo et al., 2005) and all the
teaching design information is managed there. Once the information is stored in a database, it can be
made available in new ways to support quality educational design. Academics can compare their designs
over time or with other strategies; Teaching and Learning committees and educational researchers can
review design trends or identify designs that are particularly successful; staff can communicate curricula
information to students in more effective and innovative ways (e.g. via visual or interactive
representations of units or degree pathways.)

Teaching has always been one of the major functions of universities in Australia and, together with
research, teaching is the lifeblood of university life for both academic staff and students (Lally & Myhill,
1994). The importance of good teaching, both in its own right and as a basis for encouraging independent
learning beyond the defined curriculum, has been recognised for many yeas as one of the fundamental
aims of higher education (Linke Report, 1991). Currently, educational researchers propose different
approaches to ensure the quality for teaching and learning. According to Biggs (2001) there are three
stages in the reflective practice of an institution: a quality model, quality enhancement and quality
feasibility. These three are the essential ingredients in the prospective quality assurance model we

use here.

Other researchers have developed ideas to embody the student-focussed learning perspective and look
into university policy (Barrie & Prosser, 2003) and its implications to further enhance the quality of
teaching and learning. A method by which a university can a combine students’ survey data with
information from other sources to enhance the quality assurance is described by Ramsden (2003). A web-
based mapping tool (Lowe & Marshall, 2004) is shown to inform staff development strategies to facilitate
reflection and renewal of curriculum for both individual units and courses of study. Most traditional
research and review into the quality teaching concentrate on the student questionnaire of teaching, there
are however others resources we need to take into account carefully. We describe a quantitative approach
to provide the curriculum information for enrolled students and academic staff and the strategic support
for the decision-maker based on the collected data. Laurillard (2002) describes a related model for
institutional infrastructure that supports her conversational model at the institutional level.
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The purpose of this paper is to describe a reporting and statistical analysis tool designed to improve
teaching design, and use our faculty as a case study. The tool uses unit of study outlines and other
information collected from academics for compliance with the university and faculty teaching and
learning policy. The reports present a summary of key features in educational design. By looking at the
extended academic unit and its organization infrastructure we aim for the tool to also show the linkage
among different activities (research, teaching and administration) in which staff are normally involved
and the way to manage these effectively. These activities are not improved by the tool itself, but by the
processes it supports.

The remainder of this paper is organized as follows. In the next section, we address the institutional
context and factors determining the quality teaching ‘measures’. Then we describe the application and
some of its technical implementation details. Next, our Faculty experience is used as a case study on the
basis of analysing the key features of quality teaching and some of the interesting results derived from the
interim data collected. Finally, some concluding remarks are given in the last section.

Institutional context and factors
The institutional background

Universities are considered ‘learning organizations’ when they conduct an internal learning conversation
that allows them to learn from experience and adapt to the environment (Laurillard, 2002). From the
institutional perspective, the learning organization is expected to make its parts coherent and coincident
and run efficiently and effectively. Teaching quality is not separable from the department or discipline
area, infrastructural and administrative context in which it is embedded (Lally & Myhill, 1994). The gap
between teaching and research has been reduced in universities that encourage their academic staff to
engage in both teaching and research activities. By doing this institutions expect that academics will keep
the units of study they teach updated with current research, that more practical results will be taught to
stimulate the students’ motivation and that the close synergy between research and teaching will ensure
that a university remains a true centre of learning (Laurillard, 2002). Following this integrative approach
we have designed statistical reports of three types of measures: teaching, research and administration,
with a focus on the first area.

Additionally, academic management is also a key to influence teaching. Management must look into staff
development programmes, teaching workload, reporting within and outside the university, and resource
allocation for new staff and new infrastructure. The staff development programmes help raise academics’
awareness of current teaching practices, new teaching technologies.

Key measures of quality teaching

Generally speaking, there are no quantitative instruments that can be applied to all universities. Each one
has a different context, a multiplicity of quality attributes defined within each department, and each
academic unit or university will use different measures of quality based on their particular institutional
background. We have identified five essential features on the basis of the quality teaching dimensions
(Lally & Myhill, 1994) for which we collect information: teaching methods, learning approaches,
assessment methods, graduate attributes, and curriculum design (Table 1 and Table 2).

Good teachers are expected to use a variety of appropriate teaching methods that help students develop
‘graduate attributes’, such as critical thinking skills and judging the evidence to make conclusions. There
is great difference between disciplines with respect to the distribution of teaching methods used to
develop these and other graduate attributes. In some disciplines teachers prefer lectures, in others they
might prefer laboratory work, using computers and electrical equipment as an instrument used in the
departments emphasising the development of practical skills. Most teachers are inclined to apply several
teaching methods rather than a single method. They also adapt the teaching methods to the group of
students. First year students are more likely to benefit from methods that provide additional scaffolding,
and the senior students from more independent study.

Other teaching design decisions, such as assessment methods, are key points to understanding the process
of students’ learning, since they are the drivers to how students go about their learning activities.
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Teachers must decide on assessment methods and the weighting they give to each. Both variables are
important and can be used in a statistical analysis of institutional approaches to student assessment. This
analysis can then be used to evaluate the impact of new policies, trends, staff development programs, etc.

Table 1: List of key features and examples for quality teaching

Key features Examples for key features

Teaching methods Lectures Laboratory work
Tutorials Project

Learning approaches Independent study Exercises
Discussions Field trips
E-learning Consultation

Assessment methods Quizzes Laboratory performance
Final exam Participation and attendance
Presentation Assignment submission

Graduate attributes Information literacy Personal and intellectual autonomy
Research and inquiry Communication
Ethical, social and professional understanding

Curriculum design Curriculum content Curriculum workload
Weekly assessment

Table 2: List of main analysis approaches for quality teaching

Key features Analysis approaches

Teaching methods Popular teaching method Joint teaching methods
Department-wide teaching method Annual teaching method

Learning approaches | Popular learning approach Joint learning methods
Department-wide learning method Annual learning method

Assessment methods | Popular assessment method Joint assessment methods
Department-wide assessment method Assessment method weighting

Graduate attributes Popular graduate attributes Joint graduate attributes
Department-wide graduate attributes Graduate attributes level
Average graduate attributes

Curriculum design Weekly curriculum schedule Curriculum load level
Student workload Frequency of unit of study revisions

Linkage of features Linkage of teaching and learning Linkage of teaching and assessment
Linkage of teaching and graduate Linkage of assessment and graduate
attributes attributes

The analysis may have many other applications. It has become increasingly important to identify the
graduate attributes developed in each unit and course of study. Detailed descriptions are required by
accreditation institutions and by academic management. These skills are considered important for
students to make the successful transition from the university to the workplace. For the units of study
focusing on developing critical thinking and problem solving skills, a high level of research and inquiry
focus is required to reach the aim. On the other hand, the attribute of communication is much needed in
dealing with the unit of study whose objective is to communicate clearly and effectively. The statistical
analysis (e.g., average) for the graduate attribute in department-wide or stream-wide constitutes a
fundamental evidence to gain insight on the generic skills developed.

The curriculum design is another dimension we take into account to investigate if the curriculum planning
fits well with other units of study and the level and difficulty of workload is appropriate. Our application
design also provides statistical analysis of workload data because this is a common area of concern
amongst engineering students and academics. A fully articulated syllabus with a balanced workload
produces useful information leading to better learning for students.

The relationship among the key features mentioned above is another factor to observe. They must be
linked together to support quality teaching. One example of interaction is the choice of teaching methods
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and its alignment with the learning approaches and assessment methods. To some extend the teaching
objectives and method, and the corresponding assessment determine the way students learn.

Key features describing research and administration

The second and third areas that our tool aims at are research and administration, as they are believed to
influence quality teaching. Research projects and their funding are critical parts to describe research
activities in an academic unit. The number and the size of grants and scholarships received are often used
as a simplified measure of the research team achievement and contribution. In addition, the quality and
quantity of publications also determine the research achievements (Table 3).

The management of human resources consists of the staff components, the ratio of staff and students,
staff workload and their professional development strategy. The academic, general staff and managers
playing different roles are working in a coordinated way to ensure quality teaching and the efficient
organization. Our faculty has carried out a variety of activities to enhance the staff development such as
training activities and seminars (Table 3).

The reports can also help with resource allocation. The unit of study database provides us with the overall
picture of a range of courses offered by the entire department and/or faculty. The proper distribution of
the units load including the core, recommended and elective for every year and semester will affect the
academic staff and students” workload. The sharing of the units is found across the departments and
streams and resources reallocation will possibly occur with respect to the students, staff and facilities. The
other administrative issues emphasising on the learning resources management and the curriculum
revisions are required to be recognized. The updated curriculum design can reflect the current knowledge
structure and encourage the students to engage in the unit of study learning (Table 3).

Table 3: List of main analysis approaches for research and administration

Key aspects Analysis approaches

Research Research project Research population
Funding and grants Contribution
Publication

Administration Unit of Study (UoS) load UoS status
New UoS planning Shared UoS
Textbook list UoS data collection

Human resource Staff member component Staff workload
Staff—student ratio Staff position
Staff development strategy

Application and software implementation

Our application is implemented using the OpenACS web application framework (Calvo & Peterson,
2002) using AOLServer, Tcl programming language and PostgreSQL database. It is based on Curriculum
Central (Calvo et al., 2005), a system for managing Units of Study outlines, and is made available to
other institutions as open source. The reporting tool discussed here produces diverse kinds of analysis
reports including teaching, research and administration. It can be divided into three modules according to
the provided functionality: the first level of function is presented for the current students to access the
faculty-wide units of study in visual and graphical style. Students can view a specific course structure,
understand the relationships between the different courses, learn about the graduate attributes developed
and detailed information in each unit of study. The second level helps the academic staff to create, design
and review all the processes of teaching to make sure it provides a suitable environment for the students
to learn and in the meantime it allows a space for staff to supply the data related to the research and
administration. The information includes syllabus, teaching methods, assessment methods, graduate
attributes, teaching and learning research projects, funding and staff development. All the summarized
and strategic information with quality teaching centred is indicated in the third level based on the
reporting tool. The internal data obtained from the staff and the potential external resources constitutes a
large repository. After they are transferred into the relational database by manual loading or automatic
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information extraction, three-layer functionalities are developed and implemented to inform different
groups: students, academic staff and decision-maker in a number of ways (Figure 1).

Reporting Tools, Dashboards, Portals

Quality Assurance Practice: Features, Methodology

Student ] J Human Resource

Research l Adminisiration

Quality Teaching
-Teaching method -Graduate atirbules
-Gurriculum design -Azsassment method

-Linkage and mapping

- L

| Extract, Integrate and Load |

Local Database External Data Aelated Analytic Data

Figure 1: Application framework
Case study: Faculty of Engineering at the University of Sydney

Curriculum development workflow

The University of Sydney is a large, research-focused and multi-disciplinary university. In the past few
years, the administration that specifies policies conditioning teaching and learning activities has proposed
new policies and procedures for quality assurance. They include a performance-based funding model for
teaching and learning, faculty teaching and learning plans and Academic Board reviews of faculties’
teaching, learning and research training (Barrie & Prosser, 2003).

The Faculty of Engineering has four schools: Aerospace, Mechanical and Mechatronic Engineering
(AMME), Civil Engineering (CE), Chemical and Biomolecular Engineering (CBE) and Electrical and
Information Engineering (EIE). Each school provides several streams or courses leading to specialisations
in a specific engineering field. There are approximately 300 units of study taught by the faculty including
core, recommended and elective units. The unit of study design and quality assurance follows the
workflow shown in Figure 2. First, the stream coordinator inputs the unit of study administrative
information, including the unit coordinator, sessions, prerequisite, assumed knowledge and so on.
Second, the unit coordinator is reviews the unit of study outline and supplies detailed information for
teaching and learning arrangements, graduate attributes, assessment and curriculum design. Third, when
the outline is finished, it is submitted to the stream coordinator. The stream examines it and provides
suggestions or comments and, if satisfied, approves and publishes it, otherwise may request changes to
the coordinator. The specific unit of study will only be visible to the students when closed and approved
by the stream coordinator. The aim of this workflow is to guarantee the good quality of the descriptions,
and to provide a central repository from which others can obtain information about the curricula. On the
top of Figure 2 we show how the information can be used by the academic managers (decision-makers) to
gain insight of the current teaching and learning practices. The system allows for institutions to adapt this
workflow to their needs.
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Reporting
Tools

Initiate

Allocate

Curriculum
Outline

Curriculum
Detail

Unit Goordinator TA&L arrangement
Prerequisites Assessment

Assumed knowledge Graduate attributes
Prohibition Curriculum design

Figure 2: Curriculum inspection workflow

From the students’ view, they can explore the graphical representations that display information about the
specific course structure, the detailed syllabus of a particular unit of study including credit points
allocated, objective, assumed knowledge, assessment methods and so on. This information is available
through all the semester as the reference of the learning process and encourages students to be engaged in
the learning experience. Figure 3 shows a screenshot of the unit map that gives students a picture of the
course structure by listing all the units of study according to the different year and semester. Figure 4
shows a unit of study outline as seen by students.

Year 3
Semester 1
ELECI104 ELECI308 ELEC3404 ELECIA0S
Engineering Digital Signal Electronic Circuit Engineering
Design Software
Requirements
[awoetaia | [awiwiaa ]
[(Feacmian] [(Fessmie |
Semes 2
ELEC3I04 ELEC3506 ELECIGO7
Contral Data Embedded
c C 1
and the Internet
[Emer] (g ] [
Year 4
Semester 1
FLECAB0S ELECATO2 ELEC4707
Computer Practical Engineering
Engineering Experiance Projct
[Fawtwnn ] [Fawtuias |
[(Regates ] [E==]

Figure 3: Course structure
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The University of Sydney Faculty of Engineering
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Figure 4: UoS outline
Results

Not all unit coordinators filled all the information required despite being required by the administration.
Academics expressed multiple reasons, from the lack of time to lack of understanding on how to do it.
We produced two sets of statistical values: ‘net percentages’ that do not count units that did not respond
to the particular item, and ‘gross percentages’ that count all units in the academic unit.

In the data collected for our faculty, we found that lectures (used in 79.1% of all the units and 95.3% of
the units with data), tutorials (62.1% and 74.8%) and labs (35.4% and 42.6%) are the most popular
teaching methods within the faculty (Figure 5). The different percentage for the same teaching method
indicates the extent to which the relative information is stored in the system. The column ’difference with
average’ highlights outliers by showing the difference with the faculty average. In terms of the learning
approaches, independent study (15.5%) is the most mentioned by academics, followed by projects
(10.1%) and e-learning (6.3%). Most academics prefer to apply two or three teaching methods together
rather than one which result in the diversity of the learning approaches and student experience.

@ The University of Sydney
t § Austastia

Welcome, Sabrina Zhang Home MyUni Fadulty Library Phonebook Control Pand  Logout &
Mar 525 » Eucareenl Detge Repors

Educational Design Reports

Beports

The most developed teaching method is lectures with an average level indicating 58.8

Teaching Methad Name Number of UaS Gross Percentage within Faculty Difference with Average Net Percentage

lectures 1631 79.1 202 953

tutorials [128] 621 323 748

labs 23] 354 -23. 42.6
The most developed learning method is independent study with an average level indicating 3.33

Learning Method Name Number of UoS Gross Percentage within Faculty Difference with Average Net Percentage

independent study @21 155 12.1 18.7

project 211 10.1 677 12.2

e-leamning (iK1} 631 298 7.60

COMPEtEncy exendises (k1] 4.36 1.03 5.26

fisdd trips 8l 388 0.55 467

disaussions [ra] 138 0.06 40

consultation / conference &1 291 0.4 3.50

e-discussion forums [4] 194 13 221

student group presentations (E1] 1.94 13 23

Group exercises (K} 1.45 -18 1.75

demanstrations 1 097 -23 L16

Figure 5: Teaching and learning methods analysis
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With respect to the assessment, Figure 6 shows that final examinations account for the largest percentage
(61.6% and 71.7%) followed by the assignment submission (46.1% and 53.6%) and projects (28.6% and
33.3%). Although educational researchers agree that novel assessment methods should be used besides
the final examination, the examination is still the most weighted method. This analysis can be used to
learn about assessment strategies that are being used and maybe support academics who take innovative
approaches. The combination of various methods leading to the proper evaluation will be an important
aspect in coping with the curriculum development. We also provide an analysis in the individual
department and the results indicate that different methods deployment occurs in the different school.

L

3

AR The Uity of Sy
_ 1 &
T e ‘dleicome, Satrng Thoeg home Myl Facsly Library Phenetook Conted
Educational Design Reports T

Educational Design Reports

The most developed method i fingl exam with an average bevel indicating 23.8

Assessment Method  Number of U e within Foculty  Difference with A &
frd 2y [n L w n The mast popular assessmant method & Firal Exam with the weighting between 50% and T0%
sssgnment sbmision  [35] 4 w {571
projects [55] 15 475 13 Welghting of ek Greas PEroEMBgE m ki
e [#4] ni 15 u3 st Mitind o, el Facally
report submission [43 ns Bl M1 Fina! Exam A% % 174
e patcpmnn (3] 184 54 n4 0670 a e
L] @ s 43 155 T o e
pressmacon 2l s 11 s = = -
esimine (18] 18 5. e Aprman ibninon - Ae100% W e
[Tp— 18 8 5 a7 W50 u WE
U208 14 W
more

Figure 6: Assessment methods analysis

The analysis of the development of graduate attributes showed that they have been widely considered in
the design of the curriculum and more than half of the entire units of study intend to develop over three
kinds of graduate attributes (Figure 7). Among the five graduate attributes officially designed for our
faculty, the attribute of ‘research and inquiry’ is the most popular one, followed by ‘personal and
intellectual autonomy’, ‘information and literacy’, ‘communication’ and finally ‘ethical and social
professional understanding’. Students are predicted to develop various skills and meet the industry
requirements after graduation so more and more academics tend to pay attention to the graduate attribute
development which can be shown from the evidence of the reports. Academics assign levels in the 1 to 5
range, according to how much emphasis to place on each attribute. Communication skills have the lowest
level in more than thirty percent of the units of study, and only a small number of units of study are
designed to develop the high-level communication skills. The analysis of the graduate attributes provides
evidence that might help in the improvement of the curriculum design.

SR The Universiy of Sydney

Wiekcome, Sabring Zhang Home MyUni Faculty Lb

Ugn Sag « Edueaionw Deage Rogerm

Educational Design Reports

The mest developed graduate attribute is research and inguiry with an average indicating 49.6%

Graduate Attribute Number of UoS within Faculty with Average
research and inquiry [125) 60.9 113
pearsonal and inteliactual sutonomy [109) 53.1 s
information and literacy 9] 48.2 1.4
communication 941 458 =38
ethical and sodial professional understanding 821 40 95
Graduate Attribute Level Number of UoS Percentage within Faculty
communication 1 321 156
communication 3 251 121
communication 2 141 6.82
communication 5 2] 585
communication 1 [111 536
ethical and social profsssional understanding 1 [24] 165
ethical and sodal professional understanding 3 (9] 9.26
ethical and sodal professional understanding 2 (13 634
ethical and sodal professional understanding 4 18] 190
ethical and sodal professional understanding ] 5] 390
information and literacy 1 23] 14.1
information and literacy 2 221 10.7

Figure 7: Graduate attributes analysis
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Regarding the curriculum content, the weekly schedule informs us the workload allocation and
assessment in each week during the semester. The appropriate workload allocation in each week
contributes much to enhance students understanding of the new knowledge and otherwise the overloaded
or insufficient homework will have a negative influence on students learning process. In addition, the
comprehensive analysis of all enrolled units of study for the individual student is explored to makes us
aware of the student’s workload and propose more reasonable guidance for the enrolment of the offered
units of study.

The statistical reports provided can also be used to compare common educational design approaches
between institutions. In a separate project we are producing a collection of educational design
descriptions from Open Courseware initiatives such as the one at the Massachusetts Institute of
Technology. The courses in these repositories contain a syllabus that tells us a lot about how the courses
are taught. With the tool described here we will be able to statistically compare educational design
approaches between institutions.

Conclusion

We have described a quantitative approach to supporting quality teaching practices based on a software
application that collects and analyses educational design data. We have used the Faculty of Engineering at
the University of Sydney as a case study of how the tool can be used. The key features of quality teaching
we have used where the teaching methods, assessment, curriculum design and graduate attributes defined
are considered as the backbone of the practical analysis in the engineering faculty. The research and
administration activities closely associated with teaching are involved to constitute the big picture of the
learning organizational infrastructure.

The tool was developed to provide statistical information for the decision-makers, academic staff and
current students. The generated concept maps and visualisation tools help students have deep
understanding of the course structure, syllabus and connections. The strict workflow for the development
of the curriculum supports quality assurance of teaching and learning approaches within the faculty and
provides an opportunity for academics to learn from each other’s experiences, and to raise the practice of
quality teaching. The results from a series of reports are proved to be the evidence of the improvement of
the teaching and also figure out the key points the decision-makers need rethinking and developing
further in the future.

We have not described the quality improvement process in which the data produced by this tool is used
by the teachers to change individual syllabus, or the process used by academic managers to change degree
structures or to take other administrative decisions. We have only mentioned that this is done by the
learning and teaching and undergraduate committees. This is partially because the tools described here
are still new and they still have to be integrated into the continued UoS improvement processes.

The tools give management information but the educational context in which they are used is much
complex. In our faculty that context is one of continuous improvement primarily through promoting
innovation and through the development of systems that embed innovative and improved practices,
making them a sustainable norm.
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