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ABSTRACT: 
 
Retention and passing rates as well as student engagement in computer programming and problem solving units are a major concern 
in tertiary spatial science courses. A number of initiatives were implemented to improve this. A pilot study reviews the changes 
made to the teaching and learning environment, including the addition of new resources and modifications to assessments, and 
investigates their effectiveness. In particular, the study focuses on the differences between students studying in traditional, on-
campus mode and distance, e-learning mode. Student results and retention rates from 2009-2011, data from in-lecture clicker 
response units and two anonymous surveys collected in 2011 were analysed. Early results indicate that grades improved for engaged 
students but pass rates or grades of the struggling cohort of students did not improve significantly. 
 
 

1. INTRODUCTION 

The Department of Spatial Sciences at Curtin University caters 
for a wide range of students. These disparate student groups, 
including undergraduate and postgraduate; on-campus and 
distance learners; and surveying and geographic information 
science (GISc) courses, necessitate a range of different teaching 
and learning approaches, often within a single unit of study.  
 
This paper is a case study of the Spatial Computations (SpC) 
unit which embodies this challenging combination of factors. It 
is a unit of study designed to introduce students in the spatial 
sciences to spatial problem solving and computer programming. 
It is a compulsory unit in all spatial sciences courses run by the 
department. 
 
Historically there has been a poor retention and pass rate of 
students in this unit, particularly for on-campus undergraduate 
students. Student engagement varies widely depending on the 
student's course and learning mode.  
 
A number of different techniques have been applied to the unit 
to improve student outcomes and retention in groups that have 
traditionally struggled with the unit. The use of online learning 
resources are foundational to the techniques being used for such 
diverse cohorts of students. The key to successful learning is 
how to provide the three L’s – lectures, laboratories, libraries – 
in a blended online/on-campus environment so as to actively 
engage students in their learning (Veenendaal 2000). 
 
1.1 Aims 

The purpose of this project is to investigate the effectiveness of 
measures taken in the Spatial Computations unit over the period 
2009-2011 on student learning, retention, pass rates and 
attitudes towards the subject material and the learning activities. 
 
 

2. BACKGROUND 

2.1 Student Groups  

The SpC unit is mandatory for the undergraduate Bachelor of 
Science degrees in Geographic Information Science and Mine 
& Engineering Surveying, and the Bachelor of Surveying 
degree. It is also required in the postgraduate Graduate Diploma 
and Graduate Certificate programs GISc and the Master of 
Science (Geospatial Science) course of study. 
 
As well as students studying in traditional on-campus mode, 
SpC has a large number of students studying in distance mode 
which is conducted fully online. Most of the distance students 
are postgraduates whereas most of the undergraduates are 
studying in traditional face-to-face mode (Table 1). 
 

Course of Study (2011) On-campus 
students 

Distance 
students 

Surveying or Mine Surveying (65) 94%  6% 
GISc undergraduate (18) 18% 6% 
GISc postgraduate (39) 36% 64% 
Other postgraduate (3) 67% 33% 

 
Table 1.  Proportion of on-campus and distance students 

commencing SpC unit 
 
2.1.1 Student Attitudes: As a general rule, students of GISc 
courses are more receptive than those of Surveying to the idea 
of computer programming as it is directly applicable to GISc 
tasks such as spatial analysis and online map design. 
 
Surveying students tend to be more resistant to the idea of 
learning computer code. This is particularly the case with 
undergraduate students, whose view of surveying centres more 
around outdoor fieldwork and operating its associated 
equipment.  
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Although a major aim of the SpC unit is to develop problem-
solving skills, students are primarily concentrating on the 
implementation, i.e. the programming component. In general, 
SpC students lack a proper comprehension of the importance of 
analysing the problem at hand. Consequently, the link between 
problem solving skills and the implementation of a solution in 
computer code has been difficult to convey to them. 
 
The difficult learning curve for programming and problem-
solving education is not new to this unit although very few 
studies are found in the literature addressing this problem. Hawi 
(2010) found that the two most common factors identified by 
students as contributing to failure of a programming unit were a 
poor learning strategy (relying on memorisation rather than 
understanding) and lack of study.  
 
 

3. DELIVERY OF CONTENT 

The SpC unit is delivered using both face-to-face teaching and 
via ilectures (Preston, Phillips et al. 2010) that stream the 
automatically recorded audio and visuals of each lecture. In 
terms of peer and instructor interaction, on-campus students 
rely on face-to-face engagement and distance students primarily 
use the online discussion forums open to all students. This 
concords with other research on the use of ilectures and online 
forums (von Konsky et al 2009; Kehrwald 2008).  
 
To address the issues of poor performance and engagement in 
the SpC unit, a number of techniques were applied to the lecture 
and practical session activities of the unit. 
 
3.1 Practical Work Activities 

For a practical unit such as SpC, it is essential for students to 
develop skills and gain hands-on experience through practical 
exercises. Different techniques were applied to monitor 
students' practical work, provide feedback to them and 
encourage them to participate in the practical exercises. 
 
In 2009, students had to submit worksheets from six practical 
sessions. These were then marked and returned to students in 
order to provide feedback to them. This approach required a 
large time commitment from tutors and, as a result, feedback 
often reached students later than desired. 
 
3.1.1 Quiz and Assignment Assessments: In 2010, a 
different approach towards assessments was taken based on 
findings by Veenendaal (2001) that online quizzes were an 
appropriate tool for formative assessment. The submission of 
practical worksheets were replaced with four open-book online 
quizzes which included questions taken directly from the 
practical sessions. At the same time, the on-paper mid-semester 
test was removed from the unit, shifting the focus from 
summative assessment to formative assessments.  
 
In the same year, the practical assignment, as a summative 
assessment, was revised to run in parallel with practical 
sessions. The practicals were rewritten so that students 
developed methods and algorithms for specific tasks that could 
be re-used or contribute directly towards their assignment tasks. 
The aim was to encourage the students to work through all the 
practicals as each weekly solution would contribute in some 
way towards the assignment. It was also intended as an 
inducement for students to commence work earlier on the 
assignment. 

3.1.2 Practical Checks: In 2011, to supplement the 
formative online quiz assessments, a practical check was 
introduced. Given that the development of programming skills 
is an outcome of the unit, there was a need to both ensure that 
students were progressing in the development of these skills, 
and to give them feedback in regards to their progress. The 
practical check required students to demonstrate a small task to 
their tutor who could assess their skill capabilities and provide 
them with feedback. Modified checks were applied to distance 
students, where each had to submit a screen capture of their 
task. 
 
Three separate checks were designed to assess different skills at 
appropriate points in the learning process: 

 Debugging and documenting code (week 3) 
 Calling procedures in code (week 6) 
 Writing procedures in code (week 8) 

 
3.2 Lecture Features 

A number of features were added to the on-campus lectures to 
assist students in becoming further engaged with the study 
materials. This assisted both on-campus students who attended 
the lectures and distance students who could work through the 
ilectures in which the student engagement was recorded..  
 
The features added were the introduction of interactive clicker 
units and a role-playing game. A third feature was an open 
question and answer session to encourage students to ask 
questions and receive answers and further explanations about 
any areas that they needed help with. Although the participation 
of students present was high, overall attendance was low. 
 
3.2.1 Clicker Response Units: To encourage two-way 
interaction in on-campus lectures, personal response units 
(clickers) were introduced to SpC for the first time in 2011. 
Each student holding a clicker can answer a multiple choice 
question displayed on a lecture slide, and the responses are 
instantly collated and displayed in chart form on the next slide 
(Kay & LeSage 2009). 
 
The aim was to engage students more in on-campus lectures 
and build a dialogue between lecturer and students. The 
anonymous nature of clicker responses encourages a higher rate 
of involvement and more honest answers (Burke da Silva, K et 
al 2007). The clickers were used to engage students in recalling 
the material of the previous lecture, focus their minds on 
concepts of the upcoming topic, and obtain feedback from them 
regarding their progress and reflection on their own learning. 
 
3.2.2 Variable Game: In the third on-campus lecture, a 
game was introduced to involve students more directly in a 
basic programming concept – using variables. Students were 
assigned roles within a program and then sealed instructions 
were given to the first student to start an interaction between 
students acting as 'variables' and those acting as 'processes'.  
 
This is an example of the type of interaction that can be applied 
to the on-campus group of students. Although the distance 
students can view the interaction via the ilectures, it is the on-
campus undergraduate students that are primarily targeted with 
this activity as they are most at risk for resisting learning of 
some of the basic concepts (see Section 2.1). 
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4. METHODOLOGY 

Data on student grades and retention for the years 2009-2011 
were collected and statistically analysed for each student 
cohort. Additionally, student feedback was received through 
multiple means and at different points within their learning 
process. 
 
Feedback was obtained from students in relation to workload, 
feedback from teachers, difficulty of the material, and perceived 
relevance of the material and resources. Two tools were used to 
gather these responses: clicker response units used during on-
campus lectures, and two online surveys that were disseminated 
to both on-campus and distance students. 
 
As well as collecting data, questions were added to both these 
tools to help improve student engagement and to raise 
awareness of available resources within the unit. 
 
Finally, formal unit evaluations involving online eVALUate 
surveys, which are standard for all units that students undertake, 
were used to receive responses from students near the end of 
their study period.  
 
4.1 Questions for Clicker Response Units 

During 10 of the 12 on-campus lectures, students were asked to 
respond to questions relating to the content and their attitudes 
towards it. Clickers were used to collect information about the 
student groups attending the lecture, such as course of study. 
 
Between three and five question slides were used in each 
lecture. Each slide posed a multiple-choice question to which 
students responded using their clicker devices. Questions were 
designed to gather various types of information. Examples 
included: 

 Finding out background of students – "What is your 
level of experience with computers?" 

 Determining the status of students; whether or not 
they were keeping up with the pace and workload – 
"Last week's tutorial was… (easy, challenging, 
difficult, …)" "Have you completed tutorial 8?" 

 Discovering students' use of resources and their 
perceived usefulness – "Quiz feedback was … (not 
checked yet, helpful, confusing, …)" 

 Testing knowledge obtained through previous lectures 
and/or practical sessions – "What is the advantage of 
polymorphism?" 

 Finding problem areas within the material – "Arrays  
(now clear, unclear, not yet confident…)" 

 Applying skills – "This loop iterates… (0 times, 1 
time, 5 times, …)" 

 Discovering attitudes – "In my opinion, flowcharts 
are (…essential, useful, nuisance, a mystery, …) 

 
These questions were not designed solely for collecting student 
data. An important aim was to use the questions to involve 
students much more in the material, to encourage them to work 
through practical problems, and to raise students' awareness of 
gaps in their knowledge. 
 
4.2 Surveys 

All students across Curtin University are encouraged to 
participate in the online eVALUate survey for each of their 
units. This survey seeks student opinions on areas such as the 

clarity of unit outcomes, relevance of assessments and 
workload. It also asks students to reflect on their own 
motivation and enthusiasm for the unit. 
 
In 2011, students were also asked to submit responses to two 
anonymous, online surveys which were tailored to measure 
student attitudes to items including perceived importance and 
understanding of the content, workload, and use of resources. 
 
Each survey was open to student submissions for one week. The 
first opened in week four, immediately after the first online 
assessed quiz and in the week after the lecture containing the 
variable game (Section 3.2.2). The second survey opened in 
week 12, the second last teaching week.  
 
Most of the survey questions were the same across both surveys 
to enable comparison of any shift in attitude of the students. In 
addition, a small number of questions were added to each 
survey that were specific to the activities of the unit at the time 
of the survey's release: 

 Survey A asked about attitudes to the on-campus 
variable game. 

 Survey B asked additional questions relating to 
assignments, feedback from graders, peer interaction 
and external tutoring. 

 
 

5. PRELIMINARY RESULTS 

Some distance students were, at times, in geographic proximity 
to the Curtin campus, and could occasionally attend on-campus 
lectures and/or practicals. This may have affected the perceived 
differences between distance and on-campus students. 
 
5.1 Clicker Response Units 

There was positive feedback from students for the use of 
clickers in on-campus lectures. Qualitative survey responses 
from the students showed that they found the clicker response 
system helpful. For instance: "I think the use of clickers is great 
as it gives instant feedback to how well the student understand a 
certain part of the lecture".  
 
5.2 Variable Game 

In-lecture clicker responses in the week following the variable 
game showed that nearly half of the students who participated 
in the game still found the concept of variables very abstract. 
 
Responses from students to the first online survey (which was 
opened the week after the variable game lecture) showed that 
89% of on-campus students attended the lecture with the 
variable game and, of those, 58% found it somewhat useful and 
3% found it very useful. The remaining 39% did not find it 
useful. This appears to indicate that not all students actively 
engaged in the activity, and as a result, continued to struggle 
with the concept of “variables”. 
 
5.3 Student Attitudes 

A high proportion of undergraduate students – particularly 
surveying students – were resistant to the idea of learning 
computer programming. 
 
In the first lecture of 2011, on-campus students were asked via 
clicker devices why they were studying the SpC unit. They 
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could choose only one option. Of the students attending the 
lecture, nearly 40% chose the response "It's compulsory but I 
don't see the point" (Figure 1). A total of 65% of students 
attending this lecture were in a surveying or mine and 
engineering surveying undergraduate course. 
 

 
 

Figure 1.  Students' reasons for studying SpC 
 
The final eVALUate student surveys confirmed that 
undergraduate students (most of whom study surveying 
courses) have a negative disposition towards computer 
programming. On average over 2009-2011, only 42% of 
undergraduates agreed with the statement "I am motivated to 
achieve the learning outcomes in this unit" compared to 71% of 
postgraduate students.   
 
5.4 Student Retention and Pass Rates 

In general the student retention was poor, with retention rates of 
77%, 71% and 70% over 2009-2011 across all student groups.  
 
Of those students still enrolled at the end of the semester, 
approximately 80% sat the final exam over the years 2009 to 
2011. The pass rates, calculated on the basis of enrolled 
students who completed all assessments, are shown in Figure 2. 
It identifies a drop in the pass rate after 2009, however the final 
exam assessments in that year were inflated due to a less 
stringent marking scheme. For 2011, there was a small 
improvement in the pass rate from 2009. Whether or not this is 
due to the teaching and learning initiatives implemented will 
need further investigation. The aim is to improve both pass and 
retention rates.  
 

 
 

Figure 2. Proportion of undergraduates and postgraduates 
completing all assessments that passed SpC 

5.4.1 Attendance: The attendance rate at on-campus lectures 
tends to drop gradually over the semester. This is partly due to 
drop-out of students but also to loss of interest and increasing 
workloads with assignment work across all units. As an 
indication, the number of on-campus responses in 2011 using 
the clickers dropped from 60 in week 1 to 20 in week 11 (the 
10th lecture of 12). 
 

 
Figure 3.  Comparison of the frequency of surveyed lecture 
attendance of on-campus students  
 
Over a similar period, attendance at on-campus practicals 
dropped by approximately half; across three of the practical lab 
sessions, there were 41 attendees in the first week and 18 in 
week 12. 
 

 
Figure 4.  Comparison of the frequency of surveyed practical 

attendance of on-campus students 
 
The attendance rate was higher for practical sessions than for 
lectures. This is not unexpected, and is a reflection of how 
students respond to more interactive sessions. Also, students 
were aware that lecture recordings could be accessed outside 
the actual lecture sessions. 
 
5.4.2 Practical Work Activities On-campus students were 
more likely (56% in final survey) than distance students (22%) 
to view the practical checks as incentives for putting more 
effort into practical exercises. This can be partially attributed to 
the higher levels of motivation amongst distance students. 
 
A total of 42% of on-campus students did not perceive the 
practical checks as useful to them, and a further 40% only 
found them moderately useful. It can be conjectured that 
students were unaware of the link between more effort in 
practical exercises and a deeper understanding of the skills and 
concepts being taught. 
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Due to the workload for tutors in supporting student learning 
during practical exercises whilst simultaneously running 
practical checks, the third check was only run for a minority of 
students.  
 
The integration of practical work with assignment tasks was 
designed to reduce the workload of students. However, survey 
results showed that the majority of students found linking the 
solutions they developed for specific practical tasks and their 
assignment work confusing. As a result, they struggled to make 
sense of how to apply the solution to a new problem such as 
their assignment. This highlights the need to further develop 
their problem solving skills and ability to identify solvable 
components of a complex problem. 
 
5.4.3 Pass rates: Figure 2 identifies a drop in the pass rate 
after 2009, however the final exam assessments in that year 
were inflated due to a less stringent marking scheme. 
Anecdotally, SpC students who passed the unit in 2009 had 
similar or greater difficulties with programming and problem-
solving skills in later units than 2010 or 2011 students.  
 
5.5 Student Grades 

Results in all versions of the unit showed two distinct groups of 
marks. Figure 5 shows the distribution for undergraduate and 
postgraduate students with postgraduate students tending to 
perform better than undergraduate students. This has been the 
case historically for this unit. The overall shape of the grades 
distribution did not change with the new features implemented 
in 2011. 
 
However, the range in grades was slightly larger with marks for 
high-achieving students, both undergraduate and postgraduate, 
higher than in previous years. From this, it appears that the 
engaged students profited most from the additional resources 
supplied. The distribution of the grades was still bi-modal, 
which can be attributed to the undergraduate (mostly on-
campus) and postgraduate (mostly distance) student cohorts.  
 

 
 

Figure 5.  2011 results: undergraduate (open) and  
postgraduate (filled) 

 
 

6. CONCLUSIONS 

The additional online learning resources and on-campus 
activities implemented to further engage  students did not affect 
the attendance rates or the grades of the target group 
significantly. However, it did appear to influence the grades of 
the higher achievers – the average grade of the top students rose 
in 2011. From this it can be concluded that the extra resources 

were of most benefit to students who were already motivated  
and engaged. Whilst this is a positive outcome, it is 
disappointing that the target group of low achievers did not 
show a more significant increase in retention or final result 
grades. 
 
Some of the new initiatives, such as practical checks and the 
variable game, were difficult to implement for distance 
students, and others such as the clickers have a limited 
influence in further engaging distance students. More resources 
are needed in order to develop parallel engaging resources for 
these students.  
 
Given the disparate outcomes for the largely on-campus 
undergraduate students and the largely distance postgraduate 
students, the priority in future developments would be to target 
resources and activities to further engage undergraduate and on-
campus students, and taking into consideration the differences 
between the diverse student cohorts. 
 
6.1 Enhancing Content 

The amount of content and subsequent workload was seen by 
students as a significant challenge, with 81% of on-campus and 
87% of distance students recording in the final teaching week 
that they found 'the volume of materials to absorb' a challenge 
in the unit. This can, to a large extent, be attributed to the wide 
range of topics and insufficient amount of time spend on each in 
the unit.   
 
The pace of the unit as dictated by the volume of material gave 
students insufficient time to grasp essential concepts and apply 
them in developing their skills. This SpC unit requires 
dedication and focus of the students to master the concepts and 
practical skills. Undergraduate students in particular lack the 
necessary engagement in their learning for this unit. 
 
As a result, future offerings of the SpC unit will reduce the 
amount of content so as to make the unit more manageable. 
This will also give more time to engage students in particular 
topics, and provide more time for students to understand and 
apply the knowledge and skills.  
 
A wide variation in student attitude and engagement exists 
between the student cohorts. In particular, the surveying 
students had a negative attitude towards developing 
programming skills and didn’t sufficiently engage in the 
activities and opportunities presented to them. Further efforts 
need to be applied to engage this group more directly in 
appreciating and understanding the value of learning problem 
solving and programming concepts and skills. In other words, 
strategies to link together the available resources, and the 
process of how students engage with these resources, needs to 
be pursued. This could include some knowledge construction 
principles identified for computer programming by Kordaki 
(2010) as emphasising algorithmic logic, performing 
meaningful and contextually relevant learning activities, 
reflection of the programming experience and dynamic 
visualisation of complex concepts and procedures. 
 
6.2 Enhancing Practices 

The practical checks appeared to have a positive effect on the 
motivation of on-campus students. However, their 
implementation in class was limited by time constraints on 
tutors. Additional tutor resources need to be applied for the next 
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delivery of the unit. To be more inclusive of distance students, 
consideration may need to be given to developing some online 
resource to assist in monitoring the practical checks and to 
assist the distance tutors with their one-to-one interaction with 
these students.   
 
Additionally, further consideration must be given to 
pedagogical techniques that ensure students not only achieve 
the outcomes, but have an understanding of the outcomes. This 
may include a shift in emphasis from syntax and code to 
problem-solving and logic. This would involve further research 
into understanding the learning process in how students arrive 
at a solution to a problem at a higher abstract level before 
translating that into a code and syntax level. This also 
corresponds to some of the recommendations of Hawi (2010). 
 
6.3 Enhancing Learning Activities and Resources 

6.3.1 Clicker Response Units in Lectures: As found by 
Grimm et al (2007), the positive student response to the use of 
clickers does not necessarily translate to a significant 
improvement in final grades. However, the positive responses 
received from students in the SpC unit show that clickers are 
indeed a useful tool for increasing the engagement of students,  
improving student attitudes towards the learning in the unit and 
providing a further means of student feedback throughout the 
duration of the unit, rather than only at selective instances or at 
the end of the unit via set student surveys. 
 
Given the positive response from students, the use of clicker 
response units in lectures will be continued in the SpC unit. 
Consideration will be given to additional means by which the 
use of the clickers can further engage students and extract 
feedback for both the students and the instructor. 
 
More time needs to be spent on integrating the responses with 
the lecture material so that there is more flexibility to 
concentrate on areas that students highlight in lectures as 
problematic. 
 
6.3.2 Variable Game: the overall student response to the 
hands-on variable game was positive (see Section 5.2). There 
were many students attending the lecture who did not find the 
game useful and it appeared not to contribute to a better 
understanding of the concept of “variables”. However, there 
was a sufficiently large proportion of on-campus students who 
found this interactive exercise beneficial, to warrant the 
continuation of this game exercise in the unit 
 
More time needs to be spent on designing other tasks to involve 
the on-campus students in the concepts and skills that they 
struggle with. Any new tasks or resources need to target the 
undergraduate students at the lower end of the grades scale, 
who appear to be unmotivated and disengaged, and hence do 
not have incentives to build up their problem-solving and 
programming knowledge and skills.  
 
6.3.3 Catering for Different Needs: This study clearly 
highlighted vast differences in attitude and results between 
student cohorts. It is anticipated that changes to the content and 
delivery will need to be applied in order to address the different 
requirements for learning computer programming and problem 
solving between undergraduate and postgraduate students as 
well as between the different cohorts of undergraduate students 
including surveying and GISc students. 
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