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Abstract - Computer programming is a skill that
engineering students are expected to acquire in the
undergraduate studies. Many engineering schools and
faculties have moved towards including engineering
programming as part of a first-year course taught o
large engineering classes. This approach is effeati in
rationalizing resources and improving the cost-
effectiveness of course delivery. In addition, itan lead to
wholesale quality improvements in teaching and leaiing.
However, the size of classes and the large varietf
student backgrounds can lead to difficulties in acleving
the required learning outcomes. Flexible learning &s
been shown to be potentially effective in addresginsuch

issues. We describe the design and development of awas adopted in an

WebCT-based self-practice online tool (SPOT) to sygort
student learning of computer programming. The toolis
divided into three components which focus on three
aspects of computer programming with increasing less
of difficulty: a. computer programming syntax, b.
understanding the way computer programs work and c.
writing computer programs. We present the way the @ol
is integrated into the overall learning flow of thecourse
and its role in course assessment. Finally, we diss
statistics of usage and usefulness in achieving tamg
outcomes, drawn from a survey of students and make
specific recommendations concerning the implementiin
and development of such tools.
Index Terms - e-learning,
mathematics, large classes

computer programming,

INTRODUCTION

A new paradigm of online education has spawnedch ri
literature on the effectiveness and efficiency afious forms
of electronic teaching tools, from full online ceas [e.g., 1]
to web-assisted, lecture-based courses [e.g., Phg].ability
of these modes of teaching and learning to achimsired
engineering learning outcomes and their efficienicy
achieving that aim remain open questions. Evidguiets to
an improvement in learning efficiency, although detuts
with access to online resources are not necessarise
likely to achieve learning outcomes [4-6]. Althoughe
number of distance courses has risen significamilgr the
last decade, mixed modes of delivery, with facéate
settings supported by online tools, remain the damt form
of online learning on campus. There is clearly adnm the
literature for greater exploration of flexible maedeof
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learning including e-tools, when teaching compotadi
skills to engineering students.

Programming skills are now deemed essential in most
engineering schools. Both structured languagesh sag
FORTRAN and C, and computational tools such as
MATLAB, have been used in engineering curricula.dge
and Steele [7] surveyed engineering programs irbtBeand
found that FORTRAN had lost its dominance and
computational tool were increasingly employed bycadors
because of the trend towards integrating various
computational functions in a single environment. the
Faculty of Engineering of University of Sydney, MBAAB
introductory computational course
(ENGG1801) for first-year engineering students faro
reasons: a. its ability to integrate programminghwhatrix
operations and graphics and b. the relative sintylaf its
programming tools which offer the possibility otrimducing
students to fundamental programming concepts withou
requiring them to grapple with other aspects oficttired
programming such as dimensioning and compilation.
However, the development of programming skills bgtf
year engineering students has proved to be a cantgdi,
especially in large 500+ student classes, and dl &
significant proportion of students (20%) failed perform
satisfactorily.

This paper discusses the design, development and
implementation of an e-learning tool into ENGG18&id
offers a student-centered model for integratingeagding
with other course resources, including face-to-face
interaction. The aim of this integration is to iease the
number of students who achieve the required legrnin
outcomes and reduce the percentage of studentdaithibe
course. While other methods for improving learning
outcomes have been suggested in the literature éegash
course preceding the main course as described by
Christensen et al [8]), e-learning remains moreaetitve
because of its potential cost-effectiveness in seofmstudent
time and financial expenditure.

CURRICULAR CONTEXT

ENGG1801 is made of two components which run in
parallel: Computer-Aided Design (CAD) with SolidWsr
and programming using MATLAB. The first component
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occupies around 40% of the course, while the seconduizzes, and the simplicity of the marking syst&acond,

accounts for 60%. These percentages reflect thisialivof
hours of lectures and lab sessions, as well asssseat
weights. In this paper, we focus on the programnpiag of

since ten different tutorial sessions per week tan
accommodate the 500 or so students, ten differnsians of
each quiz had to be written. Third, invigilation sveather

the course and will not discuss the CAD componentdifficult, despite the tutors’ best efforts, givére proximity

ENGG1801 is aimed at first-year civil, mechanicalda

chemical engineering students. The number of stsden

enrolled in the course have increased, from 452004 to
550 in 2007.

The programming part of the course aims to devstagents
skills at writing simple computer programs that czoive
simple mathematical and engineering problems. Byehd
of the course, students are expected to be ablerite
sequential programs using
commands: input and output, conditional structumesh as
“if” and “case”, loop structures such as “for” atwhile”,

modular structures such as “functions” and “subiras’

and, finally, graphic functions intrinsic to MATLAB
Although MATLAB is used in teaching, course instars

make it clear to students that the purpose of these is not
to teach MATLAB per se, but programming more gelhera

of students seats in the computer lab.

A third issue, perhaps the most significant oneab®e clear
to us during the semester in 2004, and was condirimehe
final exam and during 2005. The most difficult aspef the
course was programming. The failure rate in thes®gtood
at around 18% and the majority of students whedadid so
as a result of programming. A number of measurege we
taken in response to this, including changes ttlatvaa

the following families ofmore gradual introduction of programming concepssyvell

as more exercises solved in the class and theéecties.

The above three issues—tutoring, assessment amingaf
programming concepts—are obviously related. Howefoer
all their complexity, it is obvious that adequatelysigned e-
learning resources can play a major role in addrggbem.
This is particularly the case given the large numbé

Skills and programming concepts used in one sedent students and the inevitable budgetary constraintany

programming language are still valid in another,thwi
minimal adjustment, in the same way that drivindllsk
acquired with one car brand are transmissible tothea.

Students are given one hour of programming lechee

week, after which they attend a computer lab sassigth

around 50 students in each session, where thegske to
solve a programming problem, with help from tutors.

A number of issues arose in the first two deliverig the
course in 2004 and 2005. The first issue was mfatdutor-
student contact. Although three tutors were alledator

curricular activity. The question asked in smallorm
conventional classroom environments where the tegch
and learning community consists primarily of a te&rcand a
few dozen students is: “how best to achieve thenleg
outcomes of the course?” This question is bestldped in
a slightly different form for larger classes andrenoomplex
teaching and learning communities which include
coordinators, instructors, tutors, administratiteifs as well
as a few hundred students. A more pertinent quegtidhis
case is: “what is most the cost-effective way ofiieeing
learning outcomes among the highest possible nuoibie

each MATLAB programming session, with a ratio of 16students, hence reducing the degree of failuresthim

students per tutor, some students clearly felt thegded
more tutorial support. Given budgetary constraiittsyas
impossible to reduce this ratio. Instead, an aoladti tutorial

course?” A self-practice online tool (SPOT), whaddresses

all three issues raised above, has been designdd an

developed, and is offered here as part of a passi#dponse

session for programming, called a clinic sessiorgs w to this question.

introduced in 2006 and was run by the lectureitherathan
the tutors. Attendance was voluntary and openltstadlents
who needed extra support. In addition, tutors vasieed to

SELF-PRACTICE ONLINE TooL (SPOT):
RATIONALE AND ARCHITECTURE

provide more pro-active guidance to students at the

beginning of each session.

A second issue was related to programming quiZkkeee
quizzes were given during the semester. Given éngel
number of students, a quiz system, introduced ©®428nd
followed in 2005, had students sitting their quizzkiring
their lab sessions, on specially designated we&kors
invigilated and marked papers, immediately afterdshts
finished writing their answers on the computer soreA
simple marking system (0 to 3) was used. The systam
effective in that marking was done quickly and ¢flert was
widely distributed between tutors. There were hoavetiree
drawbacks. First, students were worried about issb@ncy
of marking between tutors, and there was no way
guaranteeing such consistency, given the large aurob
tutors—despite written instructions given to tutoiece-to-
face meetings between tutors and instructors pdothe
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We developed an online tool with the following atijees:
a. to put in place better flexible learning resasrcfor
students.

b. to help students assess their own progress emddp
with a clear path for seeking additional help.

c. to better integrate lectures and lab sessions.

d. to improve the quality of assessment throughzps.

A database of online questions (DOQ1) with arouff 3
multiple-choice question was developed. The questigere
grouped under nine categories: MS Excel basicsrixnat
algebra, matrix MATLAB operations, and the follogisets
of commands in MATLAB: text, conditional (“if" and

ofswitch”), “for” loops, “while” loops, “function” and

graphics. Each category was further divided in tyvoups
corresponding to two levels of difficulty. Each gtien
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REGULAR HOW TO DEAL WITH

LEARNING FLOW DIFFICULT CONCEPTS?
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Colour Legend:
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Lecturers. Large Lecturers. Small Classes Activity Individual Activity with
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FIGURE 1

LEARNING ACTIVITY MAP FOR THE COURSE
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carried five possible answers, as well as a feweslimf DiscussIioN
justification for the correct answers and usuallyate on
each of the incorrect answer. DOQ1 questions asdetb®  Half-way through the semester in 2006, studentevasked
student’s understanding of the syntax and roleacheset of to fill in an anonymous questionnaire about the rsepn
commands. DOQ1 was later augmented with DOQ2 anihcluding the following 3 guestions about SPOTIngsi
DOQ3. DOQ2 is made of multiple-choice “skeletal” SPOT2 and SPOT3 had not been developed by then):
questions which presents students with small progrand
ask them to fill in missing commands or spot errorshe 1. HOW OFTEN have you accessed SPOT1 since the
programs. DOQ3 carries programming questions whg{s beginning of the semester:
students to write computer programs to solve giweilem.
Hence, DOQ1, DOQ2 and DOQ3 take the students througa. At least twice a week
the process of learning programming commandsb. Less than once a week
understanding how computer programs work and wgitin c. Less than once every two weeks
computer programs. (We will refer generically to QQ  d. Not at all
DOQ2 and DOQ3, by DOQ, in the remainder of the pape
DOQ was then used to generate two WebCT tools: 2. HOW USEFUL did you find SPOTL1 in helping you to
learn programming concepts:
a. A Self-Practice Online Tool (SPOT1, SPOT2 and
SPOT3, corresponding to DOQ1, DOQ2 and DOQ3a. Very useful
respectively, and collectively called SPOT) thatildobe  b. Fairly useful
accessed online by students enrolled in the ungtwdy . Not so useful
at any time. The student could choose a particulad. Not useful at all
category and test his or her ability, by attempting
answer the question, checking whether he or she had
answered correctly and get specific feedback orh eac
answer, as well as general feedback on the question SPOT1 Access Frequency

b. A quiz tool (QT) that would be used to run 3 qupeer 50%
the semester. Quiz 1 would be drawn from DOQ1, Guiz |40%

from DOQ 1 and DOQ 2, while quiz 3 is entirely maxde 30% —
DOQ 3 questions. 20%
10% ]
Once DOQ was developed, SPOT and QT were easilypset | 0% [ | L | =
within the WebCT environment, at no extra cost. $R@Dd a b c d e

QT were assigned a specific role within a new oeurs
learning map, developed to address the problentaisied
earlier (see Figure 1). The figure shows the regelarning
which students probably went through most of thees.
After attending a lecture introducing a new prognang 50%
concept, the students read the corresponding &ctates 40%
and lecture slides, went to the lab session toesdhe 30% -
corresponding problem and attempted the correspgndi |20%
SPOT questions. Whenever they experienced diffegjlt |10% A
they could speak, one-on-one, to tutors duringskessions, 0% — =
post a question on the discussion board for thesecand go
to the clinic session. Students could also choosemail or
visit the course lecturers in their offices. Quassi on the
discussion board, as well as communication betweatmns
and instructors, helped the teaching staff keepktaf the
kind of difficulties arising in the class, which yngéhen be 40%
specifically addressed by instructors during lezsurDOQ1 30%
and SPOT1 were developed in time for semester 6.200 20% | T
DOQ2 and DOQ3, with SPOT2 and SPOT3, were develope(

in time for semester 1, 2007. The Respondus progvasy  |10% 1
used for developing the questions, which were #wported 0% — —
into WebCT. b

SPOT1 Usefulness

SPOT1 Feedback Usefulness

FIGURE 2
STUDENT RESPONSE TO SPOT1
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Students feedback scores for the ENGG1801 improved

significantly from 2005 to 2006. While SPOT1 wag toe

only change introduced into the course after 20@b @uld

not therefore be given total credit for the impnmemt, it

was certainly the most significant innovation.

The new tools brought a major reduction in compsaabout
the fairness of marking of quizzes. Even when langwers
rather than multiple-choice questions were useglin 3, the
online submission could now be transferred to actejroup
of tutors who performed the marking, hence ensunmge
consistency. The tool provided students with me@rring
resources and enhanced the assessment quality obtinse.
The multiple functionality of such e-tools is a kiactor in
their cost-effectiveness and justifies more powbrfithe
required development cost. A more challenging qoeshat
we will pursue this year and the following one hig extent
to which the tool has helped in better achieving th
programming learning outcomes of the course.
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