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ABSTRACT

There are ongoing concerns about the discrepancy between graduate engineering students’
communication skills and those identified as necessary by Government and professional bodies.
Communication skills are critical for engineering graduates as surveys of actual work practices
indicate that engineers spend 40-60% of their time communicating and an increasing amount of
their time writing. However, many engineering students find written assessments challenging
and although they may well understand that to advance in their profession requires excellent
communication skills, both spoken and written, many remain unconvinced and believe that their
skills in other areas such as IT or mathematics will be of greater importance upon graduation.
This attitude is often indirectly supported within engineering curricula where teaching writing
skills is still considered a low priority and presents faculty staff with a number of challenges such
as the ability to articulate how they assess student writing, the capacity to address issues of
plagiarism and the provision of timely, relevant and appropriate feedback on writing to bring
about improvements. An additional challenge is the diversity of the engineering cohort with large
numbers of students from non-English speaking backgrounds, both local and international and
that commencing engineering students may have had limited practice in extended writing. A
new online resource suitable for embedding writing skill development in the engineering
curricula is described in this paper. It contains engineering based instructional materials,
authentic writing examples, and eLearning feedback options. This online writing centre (iWrite),
a collaboration between learning advisors and engineering faculty, can be mapped onto the
CDIO Academy stages to develop writing skills across the undergraduate years.
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1. INTRODUCTION

Developing engineering students’ writing skills has been an ongoing concern for many decades.
Since the early 1990s, a significant body of literature has appeared on how to motivate students
to improve their writing and how to instruct them on the forms of documentation that employers
expect engineering graduates to be able to produce. For example, the Journal of Engineering
Education, the IEEE Journal of Professional Transactions and the English for Specific
Purposes Journal together contain over 57,000 publications that discuss writing skill
development in the engineering curriculum, explain the genres produced by engineers, and
describe approaches to teaching these genres to engineering students [1]. However
governments [2] and employers [3 - 4] still report that many engineering graduates’ writing skills
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are below requirements. Factors which can work against students’ development of writing skills
throughout the engineering degree program are complex, such as:

o Course assessment may not include authentic writing tasks.
Writing skills in the engineering degree program may be developed ad-hoc and
inconsistently.

e Generic writing courses are removed from the world of engineering and may not foster
valuing or transfer of skills gained.

e Academic staff may not have the skills to teach writing skills, or to give feedback on
student writing.

e Learning support staff may not understand the engineering discipline and its genres
Many engineering students do not have English as their first language.

e Many students entering the engineering program have had little practice in extended
writing.

e The current generation of students increasingly prefers to learn in a digital environment
rather than the traditional classroom.

The CDIO curriculum provides an opportunity to embed writing skill development in the
curriculum across all years and to ensure that written tasks are authentic to engineering
practice. The authors believe that the CDIO approach will further encourage engineering
students to value written documentation and will increase student motivation to develop their
written communication skills throughout the engineering degree program.

USYD and UNSW Learning Centres have been collaborating with their respective Engineering
Faculties for over 15 years on strategies and resources to improve the writing skills of their
engineering students [5-7]. This has resulted in a strong knowledge base and experience of
integrating genre-based instruction into engineering subjects. While success has been mixed
due to the above compounding factors, there is encouraging evidence that discipline-specific
genre instruction, integrated into a course can result in improved student writing skills [8-9],
Recently both institutions [10] have been collaborating on developing and implementing self-
paced online interactive genre instruction in an online writing centre (iWrite) to further motivate
the ‘Google-eyed’ Generation [11] of engineering students to improve their writing skills.

The online writing centre (iWrite) is an Office of Learning and Teaching (OLT) funded project to
develop students’ writing in a systematic and coordinated way across engineering disciplines in
the undergraduate years. iWrite aims to make explicit to students their learning outcomes in
writing through interactive resources targeting the writing products (the assessment tasks and
genres) of the four undergraduate years in engineering. iWrite has been built and is currently
undergoing implementation trials at the University of Sydney and the University of New South
Wales before it will be made publically available from 2013.

The project is aligned with the CDIO Academy’s goals [12], that is, to educate students with a
deeper knowledge of technical fundamentals. Writing activities have shown to be some of the
most useful in learning about complex topics [13], so our focus has been to promote writing as a
form of learning. Writing also makes evident, and has the potential to change, students’
conceptions about surface and deep learning [14].

Our aim herein is to describe how the components of the iWrite architecture can be integrated
within a CDIO engineering curriculum to support the development of engineering students
writing skills. Figure 1 shows how iWrite supports the genres that industry expects from our
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graduates with (1) an activity management system [described in 15] and (2) online tutorials,
including those genres relevant to the different CDIO system building stages.
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Figure 1: Information architecture diagram of iWrite.

2. iWrite OVERVIEW

iWrite introduces engineering students to a number of key documents/genres used in
engineering practice; such as, proposals, lab books, lab reports, design reports, field trip
reports, and research reports. IWRITE also provides information and exercises on clarity in
expression, academic conventions, development of an argument, and use of visuals and
provides a link to Sydney University Library’s online research skills resources. Under a ‘Start
Here’ link, the iWrite tutorials are presented in a linear sequence which is designed to reflect the
documentation process before, during and at the end of a design/research project (Figure 2).
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Figure 2. Screen shot of iWrite tutorials entry page.

3. INTEGRATING iWrite WITH THE CDIO CURRICULUM

The iWrite tutorials can be integrated into an engineering curriculum using the CDIO system
building stages of Conceive, Design, Implement and Operate. This approach can help
students to simultaneously develop their thinking, creative and communication skills in a
relevant, contextualized and timely manner. A student can choose to work sequentially or
iteratively through the tutorials.

The authors recommend that the tutorials be promoted to students at all stages of the design
process and that emphasis on specific tutorials be based on both the learning objectives of the
written task and the identified skill development needs of the students. Promoting the tutorials to
engineering students can include the following activities:

o Review the tutorials and decide which genres and communication features are most
relevant to your course assessment tasks and learning outcomes.

e Link to iWrite from course learning management systems, such as Blackboard or
Moodle.
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¢ In lectures, show/use sections from iWrite to communicate your expectations in written
assignments.

e In assignment instructions, recommend which tutorials would be most relevant for
students to explore.

¢ Provide hands-on time in a lecture or small class to explore the tutorials using computer
labs or personal notebooks (students work in pairs or individually).

e Recommend relevant tutorials in your feedback to students (on submitted work and in
class time).

Even though project work is usually team based, most professional reading and writing is a fairly
solitary experience in which the writer works independently to structure key ideas and refine
writing before offering it to the team for feedback. In this scenario, the iWrite tutorials can be
considered as a personal reference tool which the writer can reference when preparing
documentation of a project.

If a group project also requires multiple authors of a document, iWrite tutorials can be used as a
reference guide in the planning and editing stages of collaborative writing. For example, when
group members are reviewing each other’s written contributions, they can refer to the iWrite
tutorials to assist in editorial decision-making. If all team members are familiar with the iWrite
tutorials, the authors believe peer feedback is more likely to be consistent and constructive,
which should serve to enhance writer motivation and team cohesion. Peer feedback can be
further facilitated by the Activity Management system in iWrite [described in 15].

Topic choice for instruction and the timing of that instruction are also important factors in student
learning. While the CDIO stages are not meant to be prescriptive and are intended to allow
flexibility in curriculum design, it can be useful to consider the timing of writing instruction in the
context of the design process. For example, the iWrite tutorials can be mapped on to the four
CDIO stages (Table 1) where tutorial selection depends on the learning activity and
genre/documentation requirements at each stage. The black cells represent strong emphasis on
topic/genre instruction; light grey cells represent optional topic/genre instruction; and the white
cells represent no need for instruction as the topic/genre may not be relevant at that stage.
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Table 1.

Suggested mapping of iWrite tutorials with CDIO building stages

Conceive Design Implement Operate

Writing Clearly

Proposal

Lab Book

Design Report

Field Trip Report

Lab Report

Report Criteria
Thesis

4. CONCEIVE

The Conceive stage involves “defining customer needs; considering technology, enterprise
strategy, and regulations; and developing conceptual, technical and business plans”[12].

At the Conceive stage, students are likely to be grappling with the design brief and, in
particular, identifying constraints and challenges and creating a clear problem statement.
Analysis of 83 first, third and fourth year engineering design proposals and final design reports
was conducted at UNSW in 2011 to identify common strengths and weaknesses in students’
reports. These reports required students to document artifacts and conceptual design solutions.
It was found that the majority of the reports failed to communicate a clear problem statement
that acknowledged the constraints and inherent challenges arising from the design brief. To
assist students in developing a clear problem statement, the Design Report tutorial includes
instruction on the purpose, content and structure of problem statements, sample problem
statements from student reports, and original marker's comments. Students can then
consolidate their knowledge by attempting short quizzes (match/identify problem statement
features).

For final year students undertaking a research project, the literature survey task requires the
student to provide a rationale for their research topic, develop a clear problem statement and
identify potential methods of research. Anecdotal information from engineering staff at USYD
and UNSW is that student’s literature reviews are not strong in showing critical analysis of the
literature or in summarizing the gaps and opportunities for future research. To assist students in
preparing a literature review, the Research Skills tutorial links to interactive instructional
resources from USYD Library. To assist students in writing the literature review, the Thesis
tutorial contains instruction on: the purpose and characteristics of a literature review, organizing
the literature review, analyzing the literature, and key writing features of the literature review.

Throughout the tutorial, quizzes which incorporate sample extracts from students’ literature
reviews are included to consolidate learning of concepts and techniques relevant to writing a
good literature review.
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The third example of iWrite being applied to the Conceive stage of the CDIO approach is the E-
Business Proposal tutorial. The proposal is an important genre to master as it is used to gain
support for ideas and assists in project planning, costing, and risk assessment. Students’
proposals that were analyzed at USYD and UNSW have been identified as weak in developing
a strong case/argument, conducting a risk analysis, and costing the proposed design solution.
The E-Business Proposal tutorial provides instruction and examples on the organization of a
proposal. Emphasis on key concepts and important features of a proposal is achieved by
including quizzes and real student writing (Figure 3).
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Figure 3. Screen shot of an exercise from the e-business proposal tutorial.

The three sample tutorial components briefly described above show that iWrite can be a useful
resource at the Conceive stage of engineering design to foster students thinking skills and
communication skills development.
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5. DESIGN

The Design stage focuses on creating “the plans, drawings and algorithms that describe what
product, process, or system that will be implemented” [12].

Graphical elements are an important component of technical writing and team communication
during the Design phase. Within the iWrite tutorials, there are many opportunities for students
to learn about the types of visual communication used in technical writing as well as the
conventions for presenting and integrating visual elements in technical reports. Tutorials
containing components that focus on graphical communication include Lab Book [examples],
Field Trip Report [examples and exercises], and Design Report [examples].

6. IMPLEMENT

The Implement stage “refers to the transformation of the design into a product, including
hardware manufacturing, software coding, testing and validation” [12]. iWrite provides both
tutorial and administrative support in this stage and moves students from the Pre-project phase
of their writing to the During the project phase.

At this stage, students are actively engaged in carrying out their project through, for example,
experimental laboratory work or software testing and development. The tutorials support them in
documenting this process primarily through the Lab Book part of the site. This tutorial includes
an introductory module on the reasons for keeping a lab book and guidelines on how to create
an electronic lab book within the activity management system. Additional modules provide
specific guidelines and examples for documenting laboratory work to be undertaken in a
particular unit of study. Keeping an electronic lab book means that students can add entries at
any time, encouraging a more reflective thinking process. In addition, tutorials in the Post-
project phase support students in the process of transforming their design into a product. The
Design Report tutorial guides students in reporting the testing and validation stages of product
development. Problems experienced in writing these stages include providing too much detail of
relatively minor trial-and-error actions the design team experienced rather than evaluating
whether the error needs reporting at all and is of relevance to the final solution. Another tutorial
which supports students at this stage is the Report Criteria module which exemplifies for
students what is expected in the most challenging part of a laboratory report, the interpretation
of their results.

During the Implement stage, the iWrite activity management system and tutorials can also
support collaborative writing and peer-learning. For example, lecturers can require students to
give peer feedback during the drafting of assignments, as well as on the development of code or
designs etc. If peers are required to give feedback to each other on their draft writing submitted
through iWrite, they can easily be paired using the activity management system. Lecturers can
then recommend students to use the tutorials to guide them in giving written feedback to their
peer and this feedback can then be assessed by the lecturer. In this way, students can see that
this activity is valued and there is alignment between assessment and the interpersonal learning
skills in the CDIO syllabus.
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7. OPERATE

The Operate stage “uses the delivered, implemented product, process, or system to satisfy the
intended value, including maintaining, evolving, recycling and retiring the product [12].

The final reporting of projects and experimental work in written form is well-supported in the
iWrite tutorial site where a number of genres are exemplified, forming a rich resource for both
students and lecturers. All of the examples are taken from authentic writing tasks set in a
discipline context and are examples of student writing, not expert models. Guidelines and
comments on the examples are provided by discipline staff as well as academic learning skills
advisors. These modules are available for student self-access as well as for lecturers to use in
tutorial sessions.

Of particular importance in this stage is the ability to draw a project to a close through effective
recommendations and concluding sections of reports and theses. Students have difficulty in
identifying and using their key findings to support their recommendations and/or conclusions so
that these sections are weak and unconvincing. Both Report and Thesis tutorials aim to address
this issue. First, by providing a typical structure for these sections and focusing on the stages in
the development of the argument or the reasoning behind the conclusions or recommendations
and secondly, by highlighting language features, such as the language of evaluation.

The importance of documentation in the Operate stage and in fact in all of the CDIO stages was
emphasized by Robin King at a recent symposium: ‘The task is not finished until it's been
documented’ [16]. This is supported by Engineers Australia in their ‘Stage 1 Competency
Standard for Professional Engineer — 2011’ which requires that a professional engineer,

... prepares high quality engineering documents such as progress and project reports,
reports of investigations and feasibility studies, proposals, specifications, design records,
drawings, technical descriptions and presentations which are pertinent to the engineering
discipline [17].

8. OTHER FEATURES OF THE ONLINE WRITING CENTRE

Within the Writing area of iWrite, a semi-automatic diagnostic writing task is under development.
This task can be embedded within engineering curricula, ideally in the first weeks of a
foundation first year unit of study. The task involves relevant readings and an assignment
guestion about these to be answered under timed conditions online. Students then receive
feedback on their writing in 4 areas: use of evidence from the readings, the overall structure of
their answer, paragraph cohesion and academic style, and grammar [18]. Using this to get
feedback on the student cohort, lecturers can then develop curricula to address writing needs,
which could include tutorial activities from iWrite such as the Writing Clearly module. Currently
this kind of diagnostic writing activity is undertaken by first year students in an offline
environment in Engineering Faculties at the Universities of Sydney and New South Wales and
assessment is carried out by a team of markers. The aim of the software is to develop a way of
automatically identifying students most at risk in terms of their writing skills as well as students
with well-developed writing skills. In this way the human marking load can be reduced.
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9. CONCLUSION

To meet the stage 1 competency expectations of Engineers Australia, written communication
skills are best developed by embedding writing instruction in the engineering curricula.

This paper has described the match between an online writing resource (iWrite), specifically
designed to develop engineering students writing skills, and the CDIO Academy stages. Key
features of iWrite include: descriptions of key engineering genres, real student writing with target
features highlighted, and exercises to consolidate learning. Student engagement with iWrite is
dependent on course lecturers’ timing in promoting, demonstrating and referring students
throughout the design/research project assignment. Furthermore, if students are encouraged to
value the importance of written communication skills and are provided advice and constructive
feedback, they will be motivated to improve their written communication skills.
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