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Abstract 
Engineering education remains dominated by the “chalk and talk” technique, despite the large 
body of education research that demonstrates its ineffectiveness. Structural engineering 
education also remains dominated by this pedagogy, with a heavy emphasis on lecture-based 
delivery of the theories of structural analysis and the behaviour of common construction 
materials.  The integration of these fields rarely occurs.  Concern about the effectiveness of this 
approach has been raised by practitioners, professional bodies and educators.  The use of project -
based learning is proposed as one means of overcoming these concerns, as projects enable 
students to understand the synthesis of structural analysis, material behaviour, constructability 
and economic reality that occurs in the professional practice of structural engineering.    
 
At many institutions design projects are left to the final year of the degree and assessment 
weighting often heavily favours examinations over project work. This study proposed that the 
use of design projects in structural engineering is an effective method of learning that models 
industrial practice, and that projects should consequently be incorporated throughout the degree 
program.  A case study of the effectiveness of project-based learning in structural engineering 
was undertaken in the third year of an undergraduate civil engineering course in South Australia. 
This paper discusses the development of the study, including the theoretical framework and the 
measures of effectiveness used.  Students’ and industry’s perceptions of the skills necessary for 
successful practice in structural engineering are examined as well as the students’ perceptions of 
the value of the course projects and other components as a means of attaining these skills. 
Finally, students’ success in acquiring these skills through the design projects and other 
components of the course is evaluated. 
 
Introduction 
Structural Engineering is one of four main specialist areas of Civil Engineering (the others are 
geotechnical, water and transportation engineering).  It may be defined as 
 

The science and art of planning, design, construction, monitoring and inspection 
maintenance, rehabilitation and preservation, demolishing and dismantling of structures 
taking into consideration technical, economic, environmental, aesthetic and social 
aspects.  The term “structures” includes buildings, bridges, in-ground structures, 
footings, frameworks and any other structures composed of any structural material. [1]. 

 
The fundamental core of structural engineering is design. To structural engineers, design is what 
they do when they develop the schemes for construction of a bridge or building, deciding how it 
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will support the loads to which it will be subjected, whilst remaining safe and serviceable for its 
occupants, yet also retaining the external appearance required by the architect.  It is also the 
products that come from these decisions and which are used to communicate the “design” to 
those who will actually build the structure, usually drawings, backed up by calculations and 
experience. 
 
Design is mistakenly considered by some to be only “putting theory into practice”.  Those who 
hold this view believe that the application of a “correct” mathematical structural analysis will 
enable the accurate prediction of the stresses and strains in a structure under load and the design 
of the structural members can then follow.  
 
However, structural analysis is just one component of the design process.  Analysis of a structure 
does not occur until after numerous design decisions have been made, many of them based on 
the economics of the particular structural problem. Practicing structural engineers know that 
good structural design depends on numerous other factors or types of knowledge apart from 
mathematical structural analysis.  Some examples are: 
 
· Rules of thumb 
· The numerous empirical data and rules associated with Codes of Practice 
· The properties of particular materials 
· Factors of safety 
· Intuitive knowledge of structural behaviour 
· Experience  
· Engineering judgement [2] 
 
Hence successful structural design requires an engineer to possess theoretical, practical and 
experiential knowledge as well as skills such as innovation, translating concepts into details, and 
the ability to create designs which can be built easily and cheaply. 
 
Although design is the primary role of structural engineers, there is continued concern that it is 
not properly taught or given sufficient emphasis in current university programs [e.g. 3,4]. The 
typical structural engineering specialisation within the majority of civil engineering degree 
programs involves two “streams” of courses. One relates to the physics and mathematical 
modelling of structures and how they behave, and the other relates to the behaviour of the 
various construction materials and how they are utilised in structures.  The first course group is 
frequently labelled “structural analysis” and the second “structural materials or design”.  
Different universities will place different emphasis on each stream, and design projects will also 
be given varying emphasis within the second stream.  It is rare that the analysis and materials 
streams are synthesised. There are shortcomings to this traditional approach in preparing students 
for professional practice on graduation.  Addis has summarised many of these issues as follows: 
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The academic environment is not directly concerned with the realms of practice and 
designing real structures and works of civil engineering.  The primary emphasis is, 
therefore, the teaching of the theory upon which practice is supposed to depend.  It 
usually goes without question that this is a suitable preparation for its being put into 
practice.… students concentrate too much on the quantitative and theoretical aspects of 
engineering and too little on certain other aspects. They consequently graduate lacking 
real understanding, for instance, of the physical behaviour of structures, not appreciating 
how the theory they have learnt can be used, and having little idea of what design really 
is. [2]   

A major part of the problem is that many faculty who have been career academics, have little 
personal experience in doing design in practice. [e.g. 5,6].  Design was traditionally taught in an 
experiential mode, as is very commonly seen in Architecture programs.  Design was often seen 
as a “soft” course by the engineering scientists who felt that they taught the “real” content .  
However, there is increasing pressure from professional accreditation bodies and some 
engineering academics to increase the design emphasis in all engineering programs, including 
structural engineering.  Dym asserts that design taught in a project-, team-based approach 
addresses many of the concerns of accrediting bodies and practitioners.  “It helps engineering 
students develop skills in some of the related “arts” of being an engineer, including working in 
teams, making presentations to a variety of audiences, and managing design engineering 
projects.” [7]. 
 
This discussion should not be interpreted to mean that the teaching of design and theory are 
mutually exclusive.  Clearly it is still necessary for engineers to learn theories of structural 
analysis and material behaviour.  However, it is suggested that the teaching of theory should be 
incorporated within design experiences, thus providing the synthesis of understanding that is 
currently missing in most structural engineering programs. 
 
Project-based Learning in Engineering 
The term “project” is universally used in engineering practice as a “unit of work”, usually 
defined on the basis of the client.  Almost every task undertaken in professional practice by an 
engineer will be in relation to a project.  Projects will have varying time scales.  A project such 
as the construction of a large dam or power station may take several years, whilst other engineers 
may be involved on numerous small projects for various clients at any given time.  Projects will 
have varying complexity, but all will relate in some way to the fundamental theories and 
techniques of an engineer’s discipline specialisation.  Small projects may only involve one area 
of engineering specialisation, but larger projects will be multi-disciplinary, not only involving 
engineers from different specialisations, but other professional and non-professional personnel 
and teams.  It is expected that an engineer would progress during their career from involvement 
in the technical aspects of small projects or small components of large projects under supervision 
after graduation, to the eventual management of large projects with a limited personal 
involvement in the technical design components.  
 
Successful completion of projects in practice requires the integration of all areas of an engineer’s 
undergraduate training.  It has therefore been proposed by many in industry that projects should 
be a major component of student learning during that training, hence the term “project -based 
learning”.  Projects should gradually increase in complexity over the duration of the course, with 
technical as well as communication, teamwork and managerial skills being introduced and then 
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revisited through successive projects.  Ideally projects should integrate all technical 
specialisations within a particular engineering field as well as other professional areas through 
the use of multidisciplinary teams (e.g. architects, builders, civil engineers, environmental 
scientists, economists).  However, if this is not feasible at a particular institution, individual 
lecturers or specialisation teams can still implement project-based learning within their own 
courses.  
 
Project-based learning is sometimes used interchangeably with the term problem-based learning, 
a more familiar term to many educators.  However, in the engineering context, they are not the 
same things.  Problem-based learning was introduced in the area of medical education in the 
1960’s and has become widespread in that area and related health professions since that time.  
The major objection raised against the use of problem-based learning in engineering, as 
compared with medicine, is that engineering requires knowledge of core areas such as 
mathematics and physics, and that the nature of engineering knowledge is hierarchical and 
sequential, rather than encyclopaedic like medicine. Consequently, undergraduate engineering 
degrees tend to spend early years on core knowledge courses taught in discrete units, and then 
continue to teach discrete areas or engineering specialisations as separate courses, rather than 
integrated wholes.   
 
A comparison of problem-based and project-based learning in engineering at tertiary level was 
made by Perrenet et al [8].  They noted that the similarities between the two strategies are that 
they are both based on self-direction and collaboration, and that they both have a multi-
disciplinary orientation.  The differences that they noted included: 
 
· Project tasks are closer to professional reality and therefore take a longer period of time than 

problem-based learning problems (which may extend over only a single session, a week or a 
few weeks). 

· Project work is more directed to the application of knowledge, whereas problem-based 
learning is more directed to the acquisition of knowledge. 

· Project-based learning is usually accompanied by subject courses (e.g. maths, physics etc. in 
engineering), whereas problem-based learning is not  

· Management of time and resources by the students as well as task and role differentiation is 
very important in project-based learning [8]  

 
The most well known example of a project-based curriculum in engineering is at Aalborg 
University in Denmark, where projects and project-related courses make up 75% of the program 
and project-based learning was introduced in the early 1970’s [9]. Some recent Australian 
examples of project-based learning include Central Queensland University [10] and Monash 
University [11]. 
 
The difficulty in assessing the success of project-based curricula is that a comparison between 
project-based outcomes and traditional curriculum outcomes is not comparing apples with 
apples.  This is summarised by Heitmann [12]: 
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All too often the success and effectiveness of project orientation is measured against the 
cognitive and knowledge orientation of the traditional subject learning.  This is not 
appropriate with respect to the described aims of project work.  Trust in self-determined 
student learning effects is necessary as well as the development of suitable assessment 
procedures which do not focus on product and content mainly, but equally on skills and 
attitudes. 

An interesting demonstration of Heitmann’s point is given by Lenschow [13], in describing the 
outcome of a structural engineering course with 30 students, which was split into two parts.  One 
group undertook a traditional curriculum, while the other half formed project-based learning 
groups and had no lectures.  Each half was asked to design a concrete car park building.  The 
traditionally taught group: 

…became expert in accurate calculation of load capacity of slabs of a building, how 
reinforcement should be bent and placed in concrete, etc.  The PBL class was most 
concerned with the function of the building … traffic flow and optimum use of the slab area.  
It was less important to save 20 mm in slab thickness, while this might be a major point for 
the traditional class.  Hence according to traditional teaching the first class acquired 
correct knowledge and more competence than the PBL students, while some teachers, 
owners and users in the market-place saw a substantial added value in the teamwork, 
leading to a holistic approach and solution.  The two classes could not have the same exam, 
so a direct comparison was impossible. (p. 160) 

Several evaluations have been conducted of the Aalborg University program, including 
comparisons with the traditional program at the Danish Technological University (DTU). Some 
of these are described in detail in Fink [14] and Kjersdam [15]. The 1998 evaluation used self-
evaluation reports from each institution, a questionnaire to graduates of each school and 
interviews with representatives from industry leaders, as well as a site visit to each school.  The 
findings were that both programs were excellent but the graduates focussed on different skills.  
Aalborg graduates were stronger in team skills, communication, ability to carry out a total 
project and generally more adaptable and thus, more directly employable on graduation.  DTU 
graduates were stronger in engineering fundamentals and more capable of independent work, but 
it was perceived that they would generally require more on-the-job training.  The Aalborg 
graduates themselves, 3 to 4 years after graduation, expressed quite strongly that they felt they 
had been well prepared for the profession and better prepared than those from the traditional 
program.  They also felt that the weight of project work in the program was sufficient and that 
the project work was the main source of their professional knowledge, as well as where they had 
learned to apply it. Differences in the retention rates and completion times between Aalborg and 
DTU have been noted.  The Aalborg dropout rate is 20-25% and most occurs in the first year.  In 
the traditionally taught Danish programs the dropout rate is approximately 40% [16, p. 104]. 
 
Theoretical framework of the study 
The theoretical framework that best encapsulates the beliefs about knowledge and learning which 
underlie project-based learning is that of constructivism. Constructivism maintains that 
knowledge is not received passively but is built up by the cognizing subject [17].  It is an active 
process in which teaching is integral with supporting learning; listening to and understanding 
students’ knowledge concepts, adopting teaching approaches that promote conceptual change 
and assessing learning in a manner that supports these changes. 
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The constructivist view of teaching and learning focuses not on teacher performance and tools, 
but on students’ learning.  Teaching strategies are not thought of in terms of teaching methods 
but in the aims for student learning and the extent to which a particular strategy achieves the 
principles of effective instruction within a particular context [18].  The constructivist definition 
of curriculum has been stated as “the set of learning experiences which enable the learners to 
develop their understanding” [19].  This view may mean that content must in fact be reduced.   
As expressed by Starr and Krajcik [20], “this deeper understanding can only occur by “doing 
less”, in other words by stressing the importance of understanding a few important concepts well, 
as opposed to covering many concepts. 
 
The study was developed around a conceptual framework for educational evaluation adopted by 
the International Association for the Evaluation of Education [21, 22] and developed further in 
Treagust [23] and Van den Akker [24].  The framework differentiates between the intended, 
implemented, perceived and achieved curriculum.  The curriculum has been defined concisely by 
Taba [25] as a “plan for learning” and elaborated further by Walker [26] as “the content and 
purpose of an educational program together with their organization.”  The four aspects that were 
used in evaluating the curriculum’s effectiveness in this study are defined below. 
 
The intended curriculum is defined as the original vision underlying a curriculum, which may be 
in the form of a national curriculum document or accreditation criteria.  Within a particular class 
this may be presented in the form of a course or subject document.  The implemented curriculum 
is the actual instructional process as implemented. The perceived curriculum is the actual 
learning experiences as perceived or experienced by the students.  Finally, the achieved 
curriculum is defined as the resulting learning outcomes of the students. 
 
Case study design and procedures 
The study was conducted with an undergraduate civil engineering course at the University of 
South Australia, Building for People. The course is taught in Semester 1 of the third year of a 
four-year undergraduate course and is preceded in the degree program by fundamental courses in 
Mechanics and Stress Analysis.  Building for People introduces students to the analysis and 
design of structures in steel and reinforced concrete, it is the first exposure of the students to 
“real” structural engineering.  The class size in the study was 21 students. The course involved 
an average of 5 contact hours per week over 13 weeks, consisting of approximately 2 hours of 
lectures, 1.5 hours of tutorials or practicals and 1.5 hours of design project sessions.  Assessment 
was based on 50% examination, 40% for 2 design projects and 10% for practicals.  Design 
projects were predominantly carried out by students working in pairs, although some elected to 
work individually. 
 
A case study method was selected for this research as the most appropriate technique because the 
situation being researched was a natural setting with one class of students and involving a 
multitude of variables. The definition of a case study that was adopted is one defined by 
Anderson [27] that was developed from Merriam [28] and Yin [29], i.e. “A case study is a 
holistic research method that uses multiple sources of evidence to analyze or evaluate a specific 
phenomenon or instance.  Most case study research is interpretive and seeks to bring to life a 
case.  It often, but not exclusively, occurs in a natural setting and it may employ qualitative 
and/or quantitative methods and measures.” [27, p. 152].  It was not possible to separate and P
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control particular variables in the routine “classroom” setting, as required for a scientific 
experiment type approach.  In addition, the author had dual roles in the study as both researcher 
and “teacher” hence their influence was an unavoidable component of the situation being studied 
[30].  The case being studied was “bounded” or specific, i.e., it was restricted to the particular 
cohort of students and their study of a particular course.  Multiple sources of data and data 
collection methods were employed and triangulation [31] was used to interpret and develop 
generalisations from the study. 
 
A literature review was undertaken to develop the intended curriculum for the course taking into 
account the needs of the engineering industry and the outcomes of several reviews of engineering 
education that have been conducted in various countries in recent years (e.g. [32 - 37]). 
However, the most formal guidance on “what industry requires” from graduate structural 
engineers is provided by the legal registration requirements for practice and the membership 
requirements of the relevant specialist learned societies in each country.  Registration for 
professional practice as a structural engineer is not yet universally required in Australia, but 
several states have adopted registration on the National Professional Engineers Register (NPER), 
in the practice area of structural engineering, as satisfying their legislative requirements in this 
area.  Membership of the Structural College of the Institution of Engineers, Australia is also 
considered as full professional standing in structural engineering.  The Institution of Engineers, 
Australia is also accredited to assess eligibility for registration on NPER, hence their guidelines 
for assessment can be considered to satisfy both standards.   
 
The intended curriculum that was finally adopted for the study was based on the guidelines for 
skills and knowledge of structural engineering developed by the Structural College of the   
Institution of Engineers, Australia [38], which were also very similar to those of the Institution of 
Structural Engineers in the United Kingdom [39]. Although one of the requirements of the 
applicant for registration is that they have a minimum of three years practical experience in 
structural engineering since graduation, the guidelines can be used as an indication of the 
expected knowledge of a graduate engineer. The intended learning outcomes for the course 
incorporated both the technical skills from these guidelines and generic skills based on the 
accreditation requirements of both the IE Aust [40] and the Accreditation Board of Engineering 
and Technology in the USA [41]. The intended curriculum was documented in the course 
handout and project handouts to students, as well as the curriculum and lesson plans developed 
by the author. The technical and generic skills adopted for the study are listed in the perceived 
curriculum evaluation questionnaire that is included as Appendix A.   
 
A detailed intended curriculum plan was developed that tabulated for each generic or technical 
skill the intention, the implementation and the assessment.  Questions used by the author to 
develop this plan were – “What am I trying to achieve?” (the intention); “ How do I propose to 
do this?” (the implementation) and “How will I tell if this has been achieved?” (the assessment).  
For each skill the implementation may have been through any or all of the projects, lectures, 
tutorials, practicals or site visits.  In determining assessment, some skills were specifically 
mapped to marks allocated in the projects, using a detailed marking scheme that was issued to 
the students.  Similarly some skills were mapped to specific marks in exam questions.  Other 
skills were assessed by overall achievement in the course, and others were not specifically 
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assessed in this course, but assisted in developing a knowledge base that will be assessed in later 
courses. An extract from the intended curriculum plan is included as Appendix B. 
 
The implemented curriculum, i.e. what was actually taught, was documented through the 
author’s own observations and field notes, as well as videotaping of project sessions.  The 
perceived curriculum was evaluated by several means including student journals, classroom 
observation, interviews with individual students, and the course evaluation instrument.  In 
addition, a specific questionnaire framed around the same learning objectives as those articulated 
in the intended curriculum was used to assess the importance of each skill as perceived by the 
student, and the component(s) of the course where they believed that they developed each skill 
(refer Appendix A). The first part of the perceived curriculum evaluation instrument was also 
administered to several industry representatives who make up the Board of the Structural College 
of the Institution of Engineers, Australia.  This Board is responsible for assessing the 
qualifications and experience of engineers who wish to be registered to practice as Structural 
Engineers in Australia.  This was used to enable a comparison of students’ perceptions with 
those of senior industry representatives. 
  
The course evaluation instrument administered to the students was a standard 5-point Likert 
scale questionnaire required to be completed for all courses taught at the university.  The first 10 
statements are generic to all courses and relate to teaching standards, assessment and feedback, 
workload and clarity of information provided. The other 10 statements were selected by the 
author from an allowed set of standard questions and focussed more on the information of 
interest to the study.  Two open-ended optional response questions were also included.   
 
The achieved curriculum was evaluated by analysing student’s marks in the aspects of the 
projects and exam that were specifically mapped to the intended curriculum, as well as the 
student journals and interviews. An extract from the mapped marking schemes for one of the 
projects as well as the examination is included as Appendix C. 
 
Results 
Perceived curriculum 
Student perceptions: The overall average response for the twenty statements on the course 
evaluation instrument was 4.1, (1 = strongly disagree to 5 = strongly agree) indicating that 
students were generally satisfied with the course.  Those statements with average response scores 
of 4.4 or higher included “It is clear to me that the assessment methods in this course require me 
to understand the material that has been presented”, “In this course I have been encouraged to 
develop my own learning skills” and “I can see the relevance of this course for my degree 
program.”  These statements could be interpreted as supporting the relevance and effectiveness 
of the project-based approach to learning, since it accounted for 40% of the assessment, 30% of 
the formal contact time and probably 90% of the non-contact time expected of the students in the 
course. Those statements with the lowest average scores of 3.3 and 3.4 were “There was 
generally enough time to understand the things we have to learn” and “The workload for this 
course was reasonable given my other study commitments.”  This could indicate that the projects 
placed a high workload on the students, or possibly that the depth of understanding demanded by 
the project-based approach required more time and work than the students were used to from 
their previous courses. P
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Responses to the optional open-ended question “Which specific aspects of the course have you 
found most useful for your own learning and why?” were made by 13 of the 21 students. Nine of 
these specifically mentioned the design projects including “Design project – enables a good 
concept of knowledge and application to be practiced” and “I have found the project based 
learning most useful as it provides a realistic application of knowledge acquired, and an effective 
learning regime.” 
 
Comparison with the industry group’s perceptions: The most important generic skills required of 
a graduate structural engineer (5-point Likert scale group average result in brackets) were 
considered by the industry group to be the ability to: “Apply knowledge of basic science and 
engineering fundamentals” (5); “Communicate effectively, not only with engineers but also with 
the community at large” (4.8) and “Undertake problem identification, formulation and solution”  
(4.8).  The latter two of these items were ranked by the students as first and second most 
important (4.6 and 4.4 respectively).  The industry group’s top two ranked technical skills were: 
“Understanding of the importance of all three basic principles of structure – stability, strength, 
serviceability” (5) and “Understanding loads and how their effects are modelled in structural 
analysis” (5).  These skills were ranked second and fourth most important (at 4.5 and 4.3) by the 
students, with their most important skill (4.6) being “The need to produce engineering solutions 
that are functional and economical as well as technically correct”, which was rated at 4.5 by the 
industry group.  
  
The students undertook the questionnaire at the conclusion of the course.  The close agreement 
between their responses and those of the industry group indicate that the students gained a high 
level of understanding from the course of those skills that will be important in professional 
practice as a structural engineer. 
 
Perceptions of the design projects as a learning opportunity Students were also asked to indicate 
from which areas of the course they believed that they gained the same list of generic and 
technical skills that they had rated for importance.  The four areas were: lectures/ tutorials/ 
practicals; design projects; self-study (other than project work); and no opportunity in the course 
(see Appendix A).  Design projects were rated as the area where most students perceived that 
they had gained these skills for 15 of the 20 listed skills, and as the second ranked area for 4 of 
the remaining skills, with the last skill considered to have “no opportunity in this course”.  All of 
the skills ranked by the industry group and the students as being most important were perceived 
as being gained most through the design projects.  
 
Achieved curriculum 
Of the 21 students enrolled in the course, 18 achieved 50% or more in the overall assessment and 
3 students failed (47%, 45% and 8% (the last student did not sit the exam or submit the second 
project)).  Class average marks in the major components of the course are shown in Table 1 
below. 
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Table 1: Class average assessment 

Course component Marks Percentage 
(%) 

Steel design project 16.3 / 20 81.7 
Concrete design project 15.2 / 20 76.0 
Practicals (laboratories) 5.9 / 10 59.3 
Steel exam component 9.6 / 20 48.1 
Concrete exam component 14.9 / 30 49.7 

Overall 61.9 / 100 61.9 
 
These marks indicate that students generally achieved much better marks in the design projects 
than in the examinations.  This raises the long-standing debate about the value of examinations 
versus continuous assessment in evaluating learning outcomes, with supporters of examinations 
believing that if students can’t produce correct solutions under pressure then they can’t have 
learnt the material, while supporters of continuous assessment methods such as projects argue 
that examinations support surface learning while projects promote deeper learning, which is 
necessary for professional engineering practice.  Students certainly have the opportunity to re-
visit and upgrade their original solutions during the course of a project as they discuss and 
compare their outcomes with the lecturer and other students, which is likely to lead to higher 
assessment results (although this could be considered to be proportional to the effort made by 
undertaking this review and upgrade process).  However, another factor that also needs to be 
considered in these results is that students who knew that they had already achieved a near pass 
from their results in the projects and practicals may have chosen to focus on other courses with 
higher examination components to maximise their overall success, and not studied particularly 
hard for the exam in this course. This possibility was not specifically evaluated in the study. 
 
With regard to the technical and generic skills that were used to develop the intended curriculum 
and which were mapped to specific marks in the projects and examination, the class average 
results were as given in Table 2. Some explanation of this table is necessary.  It was derived by 
first considering for each of the technical and generic skills what was the most relevant formal 
measure of effective achievement of that skill. For some skills this was through the mapped 
marking plans for the projects and the examination.  For other skills the measure of achievement 
was taken to be the area of the course where students perceived they had gained the skill, as 
indicated by the perceived curriculum evaluation, usually the overall project results. Several 
skills used the same measure of achievement. For those skills that were mapped to specific marks 
in the project or examination, the project mark sheet and examination script of each student was 
analysed, and the marks for each skill component totalled to arrive at a score of the possible 
marks for that skill.  This was then converted to a percentage.  The average of these results for all 
students is given in Table 2. The “Possible marks of 100” column is there to indicate the relative 
proportion of the overall assessment that related to the particular skill, and the “Class average 
(%)” is the average percentage of those possible marks achieved by the class.  It should also be 
noted that only 20 students were considered in these results since one student did not complete 
project 2 or the examination.  Since many of the measures of effectiveness were based on overall 
projects or the examination, that student’s results for project 1 were disregarded, in the interests P
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of presenting realistic averages for the class who completed the entire course. This accounts for 
the slight discrepancies in class average marks between Tables 1 and 2. 
Table 2: Class average assessment for technical and generic skills 

 Examination Design project Overall 
 Poss. 

Marks 
of 100 

Class 
Ave. 
(%) 

Poss. 
Marks 
of 100 

Class 
Ave. 
(%) 

Poss. 
Marks 
of 100 

Class 
Ave. 
(%) 

Generic skills       

Apply basic fundamentals     100 64.8 

Communicate effectively   9 79.7   

Technical competence     100 64.8 

Problem identification 50 51.5 40 81.8   

Systems approach   40 81.8   

Teamwork   40 81.8   

Sustainable development   40 81.8   

Lifelong learning   40 81.8   

Technical skills       

Stability, strength, 

serviceability 

37 52.8 19.8 82.1   

Understand loads 2.5 83.5 10 82.5   

Materials     100 64.8 

Analysis techniques 10.5 39.2 1.2 83.1   

Design 37 52.8 19.8 82.1   

Australian Standards   40 81.8   

Engineering drawings   9 79.7   

 
A significant point to note from this analysis is that very few of the generic or technical skills 
could be mapped to specific marks in formal assessments.  For the examination, only three 
technical skills were specifically examined and the projects specifically assessed two further 
skills of engineering drawings and technical communication. However, the projects overall were 
considered to be good indicators of achievement in many of the other technical and generic skills 
as indicated by the perceived curriculum analysis.  
 
These results taken on their own indicate that students acquired the generic and technical skills 
more successfully through the design projects than through the examinations.  However, the 
numbers alone do not indicate the full story.  Comments in the students’ journals, interviews 
with volunteer students and the author’s observation journal record of questions asked by 
students during the projects all reinforce the finding that the design projects were the most 
effective means of achieving deeper and more lasting skill and knowledge acquisition or learning 
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outcomes in the course.  The following extract from an interview conducted with a volunteer 
student a month after the completion of the course examination summarises this finding: 
 

Author: “So you’re saying you think you retained the knowledge better than when you 
just study for exams”. 

Student: “Yes, definitely because it’s a long term process, whereas when you study for an 
exam you sort of cram two weeks and you’ve got other classes you study for, so you 
spend like five days on it than you do the exam, and it’s gone, finished - whereas for the 
project you spend ten weeks on it or 8 weeks on it and you work enormous hours on it, 
like coming in and checking on it so you know what you’re doing.  Maybe your work may 
not be 100% correct but you’ve got a general picture of the procedure.  So I mean, I 
can’t even remember what’s in the exam, and what questions you gave but if you ask me 
what the project steps were, I’d tell you step by step.” 

Summary 
Overall the study has shown that students’ perceptions of the generic and technical skills that 
will be important for successful structural engineering practice agreed closely with those of a 
senior industry group in that area of engineering.  In addition the students indicated 
overwhelmingly that they perceived the design project component of the curriculum in the case 
study course as being the most effective component for gaining these skills. This perception was 
supported by the results achieved, which were significantly higher for the project components 
than the examination components of the course, and by the author’s observations, student 
journals and interview records. 
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Appendix A 
 
BUILDING FOR PEOPLE N - Perceived curriculum evaluation  June, 2001 
 
Imagine that immediately following graduation, you are employed as a graduate Structural Engineer in the structural 
design team of a consulting firm such as Connell Wagner or Ove Arup.  Please answer the following questions 
based on the scale: 
 

Very unimportant Unimportant Neutral Important Very important Not applicable 
1 2 3 4 5 X 

 
A. How important do you believe the following general skills and attributes will be in this position?  
 

1. Ability to apply knowledge of basic science and engineering fundamentals. 1 2 3 4 5 X 
2. Ability to communicate effectively, not only with engineers but also with the 

community at large. 
1 2 3 4 5 X 

3. In-depth technical competence in structural engineering 1 2 3 4 5 X 
4. Ability to undertake problem identification, formulation and solution. 1 2 3 4 5 X 
5. Ability to utilise a systems approach to design and operational performance. 1 2 3 4 5 X 
6. Ability to function effectively as an individual and in multi-disciplinary and 

multi-cultural teams, with the capacity to be a leader or manager as well as an 
effective team member. 

1 2 3 4 5 X 

7. Understanding of the social, cultural, global and environmental responsibilities 
of the professional engineer, and the need for sustainable development. 

1 2 3 4 5 X 

8. Understanding the principles of sustainable design and development.  1 2 3 4 5 X 
9. Understanding of professional and ethical responsibilities and commitment to 

them. 
1 2 3 4 5 X 

10. Expectation of the need to undertake lifelong learning and capacity to do so.  1 2 3 4 5 X 
 
B. How important do you believe the following technical skills or abilities will be in this position? 
 

11. Understanding of the importance of all three basic principles of structure – 
stability, strength, serviceability. 

1 2 3 4 5 X 

12. Understanding loads (gravity, wind etc.) and how their effects are modelled in 
structural analysis. 

1 2 3 4 5 X 

13. Understanding the need to produce engineering solutions that are functional and 
economical as well as technically correct. 

1 2 3 4 5 X 

14. Having good knowledge of the properties of each of the materials normally used 
– steel, concrete. 

1 2 3 4 5 X 

15. Understanding the need for alternative load paths and the need to avoid 
progressive collapse mechanisms. 

1 2 3 4 5 X 

16. Having the ability to “visualise” failure mechanisms. 1 2 3 4 5 X 
17. Having a good knowledge of modern techniques of structural analysis, design 

and construction. 
1 2 3 4 5 X 

18. Having a broad knowledge of relevant Australian standards. 1 2 3 4 5 X 
19. Having knowledge of available analysis and design aids including computer 

programs and design manuals. 
1 2 3 4 5 X 

20. Having short-cut methods to check computer program outputs. 1 2 3 4 5 X 
21. Having the ability to communicate design solutions through sketches and 

engineering drawings 
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C. Where do you believe that you gain skill or knowledge in these areas in the course Building for People N 
(noting that not all of the areas may be covered in this course)? Please tick boxes in each line (you may have 
from 1 to 3 ticks in any line). 

 
 Lectures/ 

Tutorials/ 
Practicals 
(formal 
contact 
hours) 

Design 
Project 
(formal 

contact and 
outside hours 

work) 

Self-study 
(any other 

work outside 
formal 
contact 
hours) 

No 
opportunity 

in this 
course 

22. Ability to apply knowledge of basic science and 
engineering fundamentals. 

    

23. Ability to communicate effectively, not only with 
engineers but also with the community at large. 

    

24. In-depth technical competence in structural engineering     
25. Ability to undertake problem identification, formulation 

and solution. 
    

26. Ability to utilise a systems approach to design and 
operational performance. 

    

27. Ability to function effectively as an individual and in 
multi-disciplinary and multi-cultural teams, with the 
capacity to be a leader or manager as well as an 
effective team member. 

    

28. Understanding of the social, cultural, global and 
environmental responsibilities of the professional 
engineer, and the need for sustainable development. 

    

29. Understanding the principles of sustainable design and 
development. 

    

30. Understanding of professional and ethical 
responsibilities and commitment to them. 

    

31. Expectation of the need to undertake lifelong learning 
and capacity to do so. 

    

32. Understanding of the importance of all three basic 
principles of structure – stability, strength, 
serviceability. 

    

33. Understanding loads (gravity, wind etc.) and how their 
effects are modelled in structural analysis. 

    

34. Understanding the need to produce engineering 
solutions that are functional and economical as well as 
technically correct. 

    

35. Having good knowledge of the properties of each of the 
materials normally used – steel, concrete. 

    

36. Understanding the need for alternative load paths and 
the need to avoid progressive collapse mechanisms. 

    

37. Having the ability to “visualise” failure mechanisms. 
 

    

38. Having a good knowledge of modern techniques of 
structural analysis, design and construction. 

    

39. Having a broad knowledge of relevant Australian 
standards. 

    

40. Having knowledge of available analysis and design aids 
including computer programs and design manuals. 

    

41. Having short-cut methods to check computer program 
outputs. 

    

42. Having the ability to communicate design solutions 
through sketches and engineering drawings 
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Appendix B 
 
Extract from Curriculum Plan incorporating Intended curriculum, Implementation of this 
and Assessment in Building for People N, 2001  
 

Generic 
skills 

Intention – what am I 
trying to achieve? 

Implementation – how do I 
propose to do this 

Assessment – how will I tell 
if this has been achieved? 

1. Apply 
basic 
fundamentals 

This is generic throughout the 
course.  Students have 
previously studied 
mathematics, physics, 
chemistry, engineering 
materials, structural 
mechanics.  This course is the 
first opportunity to apply that 
fundamental knowledge to 
structural design. 

Throughout the course – 
lectures, tutorials, practicals, 
projects 

Through all components of 
assessment – exam, projects 
and prac reports.  Difficult to 
separate proportions of skill 
learnt through each 
component.  Overall 
assessment is probably the 
only valid measure. 

2. 
Communicate 
effectively 

Verbal communication: only 
informal in this course, no 
oral presentations etc. 
 
Written/graphic 
communication: students to 
become familiar with 
acceptable presentation of 
calculations and drawings. 

Written/graphic – students 
required to present their 
calculations and drawings of 
design project to a 
professional standard.  Some 
instruction/references in 
project handouts, verbal 
references in class, feedback 
in assessment. 

Marks assigned to drawings 
in project, as well as overall 
presentation  

Other skills 3 and 4, omitted from this extract 
Technical 
skills 

   

11. Stability, 
strength, 
serviceability 

An understanding of the 
importance of each 
component and that you can’t 
just satisfy one and not 
others.  How to satisfy the 
requirements of each 
component. 

Lectures/tutorials – 
techniques for satisfying each 
component presented, as well 
as examples demonstrating 
that all are considered in 
design 
 
Projects – requirement of 
design for each component 
within the project, and 
marking scheme 
demonstrates that each must 
be considered for design of 
the structure. 

Exams – marks allocated for 
specific sections of questions 
relating to each component. 
 
Projects – marks allocated 
specifically to each 
component within the 
marking scheme. 

12. Loads An understanding of how to 
determine the design loads on 
a structure.  An understanding 
of Limit State Design. 

Lecture presented on Limit 
State Design and Wind loads. 
Project – requirement for 
calculation of loads in both 
projects 

Projects – marks allocated 
specifically for load 
determination.  (not assessed 
in exam) 

13. 
Functional 
and economic 

An understanding that other 
factors influence design than 
just the numbers, particularly 
construction issues.  This is 
developed further in later 
courses. 

This will be discussed 
informally in lectures and 
project sessions. 
 
Site visit used to illustrate 
these issues 

Not specifically assessed 

Other skills 18, 19 and 21 omitted from this extract 
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Appendix C 
 
Extracts from mapped marking schemes for project 1 and the examination 
 
Note: Students received a similar scheme for each project in the handout, but the last column was 
“Anticipated completion date” rather than “Skill type & No.”. This was used to give the students an 
idea of the time schedule they should aim for within the project. 
 
Project 1 – allocation of marks to generic and technical skills 
 

Item – Project 1 Allocated % Skill type & No. 
Wind load determination, consisting of: 
· Design wind speed 
· External pressures 
· Internal pressures 
 

14 
3 
7 
4 
 

T12(b) 

Overall building stability under wind i.e. roof and wall bracing, 
consisting of: 
· layout and member load determination 
· tension members design 
· compression members design 
 

10 
 

4 
3 
3 

 
 

T11(b) & T17(d) 
T11(b) & T17(d) 
T11(b) & T17(d) 

Rafter, R1 design, consisting of: 
· determine design loads for strength & serviceability 
· serviceability design 
· strength design - section moment capacity 
· strength and stability design - member moment capacity 

(including effective lengths) for worst up and down load 
combinations 

 

15 
5 
3 
2 
5 

 
T12(b) 

T11(b) & T17(d) 
T11(b) & T17(d) 
T11(b) & T17(d) 

 

 
Exam questions – allocation of marks to generic and technical skills 
 

Question Allocated % Skill type & no. 
Steel question 1 
· Determine design load and bending moment 
· Check section capacity, member capacity and combined 

actions 
 

14 
2 
 

12 
 

 
T12(a) 

 
T11(a) & T17(c) 

 
Steel Question 2(a) 
· Determine shear force and bending moment 
· Design for shear, bending and interaction 
 

16 
2 
14 

 
T17(a) 

T11(a) & T17(c) 

Steel Question 2(b) 
· determine design moments and shears 
· Design bolts and plate using AISC charts 
 

10 
3 
7 

 
T17(a) 

T11(a) & T17(c) 
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