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Abstract 
 
Computer Installation & Maintenance (CIM) is a ‘hands on’ unit run by the Computing 
Science department at Edith Cowan University (ECU). CIM was designed and introduced as 
a direct result of an analysis of job advertisements in newspapers in Western Australia and 
interviews with potential employers in the field of computer and network installation and 
maintenance. This first level unit consists of a weekly two-hour lecture with an 
accompanying tow-hour ‘hands on’ workshop, and does not have any mandated entrance 
prerequisites and yet CIM attracts a wide range of students, has been consistently 
oversubscribed, and attracts both cross-faculty and cross-institutional enrolments from other 
universities within the Perth area. Its wide appeal across a broad spectrum of students has 
meant that many of those who enrol may not possess an appropriate technological, scientific, 
and mathematical background. Hence a new pedagogical framework was required. However 
led to the use of a model required that students to be able to solve simple formulae, convert 
to and from SI magnitudes and to transpose simple equations. The need for basic 
mathematical skills and knowledge is considered as many students found the above 
mathematical requirements problematic. The testing of students’ mathematics on this unit, 
the results, and the reasons for the response chosen to address these problems along with the 
necessary mathematics required on this unit, are outlined. 
 
1. Introduction 
 
Computer Installation & Maintenance (CIM) and are ‘hands on’ units run by the Computing 
Science department at ECU. This unit was designed and introduced as a result of surveys of 
job advertisements in papers in Western Australia. Subsequent interviews with potential 
employers in the computer and network support who had recently advertised for staff lead to 
a list of employer requirements. Testing of 10% of third year computer science students, who 
had successfully passed all of their previous units, subsequently revealed that none could 
fulfil these requirements 14 . Those who could partly fulfil the employer requirements had 
been self-taught. International studies have revealed that a similar situation also exists in 
other countries 14. Similar findings were discovered from testing multi-media students 15. 
CIM is a single semester first level unit. It consists of a weekly two-hour lecture with an 
accompanying two-hour ‘hands on’ workshop.  
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During the CIM workshop students perform a set of tasks such as installing and testing hard 
drives, network cards, video cards, upgrading memory and simple faultfinding exercises. The 
CIM unit is an option within the ECU computing science degree requirements however it is a 
full credit unit. This unit has consistently been oversubscribed and attracts students both 
from other faculties within ECU and from other universities within the Perth area. Students 
on this unit have included IS management students, Multi-media students, 11 as well as 
students studying dance and drama. The lack of any mandated perquisites may have helped 
to widen the appeal of the CIM unit in attracting a broad range of students 22. 
 
2. Constructivism 
 
As the CIM unit had no prerequisites it is necessary to proceed from the assumption that 
students had no previous computer hardware technology education. Constructivism suggests 
the starting point for the explanations was the student’s own experiences. A top down 
approach was used rather than proceeding from basic electronics concepts upwards 16. For 
example storage and throughput requirements are made initially from concepts such as files, 
and filing cabinets are equated with computer secondary memory. Freeways and slower roads 
are compared to computer buses and slower data paths within a computer. Students also note 
the changes wrought by upgrades and check these changes against expectations based on 
bandwidth considerations. 
 
This is in line with parts of Constructivist theory that is based upon enabling students to 
build increasingly complex scaffoldings of understanding upon their current scaffolding. The 
Zone of Proximal Development,  (ZPD) which is the phase at which a task can be mastered 
given appropriate support. 24 Benson notes that “Vygotsky 23 claimed that the larger the zone 
the better students will learn in school” 2 Matching leaning tasks within student’s ZPD is an 
important part of the teaching process from a constructivist viewpoint.  
 
3. The B-Node Model 
 
A new pedagogical model has been developed to enable students to compare and contrast 
PCs with different internal components using bandwidth nodes. Bandwidth or throughput 
calculations were seen as an important in enabling students to assess whether a computer has 
the appropriate hardware configuration to handle a particular job. The underlying measure of 
bandwidth enables a minimum performance criterion that is independent of the underlying 
technological implementation 16. Likely bottlenecks can be detected found via a sequence of 
B-Nodes where obvious ‘weak links’ can help highlight potential problems. 
 
B-Node models are independent of the basic underlying technological implementation. This 
is analogous to the use of digital logic gates symbols. Digital logic gates may be based on 
electromagnetic relays, thermionic valves (or tubes), discrete transistors, or silicon chips. 
Hence using the B-Node model means that students do not to relearn the underlying digital 
electronics for every major change in technology. Such methods could be especially useful 
for multimedia and business studies students. B-Node analysis is achieved via calculations of 
throughput or bandwidth. However, this requires that students are able to solve the 
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associated mathematics. From the results of a student questionnaire 37 out of 40 students 
thought that B-Nodes should be taught on the CIM unit.16. A significant advantage of the B-
Node model is that simple and meaningful diagrams can be used. Circuit diagrams, even at 
the chip level, can be confusing for students with little previous technological education.  
 
4. Student Difficulties on the CIM unit with basic Mathematics 
 
Staff on the CIM unit noted that students were having difficulties with basic mathematics in 
particularly in the area of bandwidth calculations and number base conversions. Particular 
problems included: 
 

1. Rounding, significant figures and decimals places. 
2. Estimation (“Ball park” figures to detect obvious errors) 
3. Standard scientific notation in particular, and indices in general. 
4. Binary, hexadecimal to denary conversions. 
5. Simple transposition of formulae. 
6. Derivation of a result given facts about the storage or transmission rates of data.  
7. Being able to solve problems using appropriate formulae. 
8. S.I. units. Appropriate use of SI magnitudes such as Giga, Mega, nano etc. 

 
These findings were in line with the findings of Armstrong and Croft who noted that: “Many 
entrants to undergraduate mathematics dependant programmes are being disadvantaged 
because they lack sufficient skill in basic mathematical techniques”.  And that : “University 
tutors should not assume that all their students have wide-ranging basic knowledge and 
skills in mathematics” 1.  
 
The following example illustrates the type of calculation that students are required to 
undertake. It should be noted that the concept of bandwidth used here is bits or Bytes per 
second and not Hertz or Mega Hertz from Telecommunications theory.  
 
“Bandwidth = Clock x Data Path Width x Efficiency.  The early Intel 8088/86 required a 
memory cycle time of 4 clocks cycles (Efficiency = ¼) however, for the Intel 80x86 series, 
including the Pentium, the memory cycle time consists of only 2 clocks (Efficiency = ½) for 
external DRAM (Results, 1999). A 100Mhz Pentium, with a data path of 8 bytes has a 
therefore bandwidth of 400Mbytes/s”.17. 
 
In regard to performing such calculations it was implicitly assumed by staff on the CIM unit.  
However, the assignment and examination results strongly indicated this was not the case for 
a significant number of unit participants. 
 
5. The Bandwidth Calculation Test 
 
In order to quantify potential difficulties in performing bandwidth calculations by students, a 
short test was given. This involved the use of scientific notation, Units, significant figures, 
the use of basic formulae and SI magnitudes. A total of 46 students took part, which was 
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approximately 50% of the students on the CIM unit. The mean mark was 60% however as 
the test was designed to also test very basic calculations this result meant that there was a 
significant problem with regard to many student’s mathematical skills and understanding in 
the areas covered by the test. The test was given to students before such topics were 
introduced in lectures to help to ascertain their knowledge and skills on entry into the unit. 
Only 31% of students tested could successfully state how many nanoseconds there were in a 
millisecond. Less than 30% could correctly state the number of bits in a Gigabit and only 
15% could perform the necessary calculations to convert a periodic time to a frequency and 
frequency to a bandwidth measured in bits per second. However, 67% could correctly 
convert 1000 bytes per second into bits per second. Many students did not appreciate ideas 
of significant figures; others experienced problems with substitution or the choice of an 
appropriate equation. The students’ calculations of bandwidth were noted, these involved 
converting between time periods and frequencies; frequencies to bits per second and bytes 
per second; multiplying the bandwidth for one line with the number of lines used to carry the 
data. Again many students experienced difficulty in converting between S.I. magnitudes. 
CIM students also require algebraic substitution and formula selection skills to assess 
whether particular power supplies were sufficient to handle the power requirements at 
particular output voltages. It can be concluded that most students had insufficient 
mathematical skills to enable them to benefit fully from their participation in the CIM unit. It 
was then decided to investigate possible methods to help overcome this problem. 
 
6. Possible solutions to the lack of basic maths skills 
 
In order to attempt address the problem of lack of basic maths skills amongst many of the 
students on the CIM unit the following possibilities were considered: 
 

1. A short maths unit. 
2. Extra basic maths practice as part of lectures. 
3. Extra basic maths practice as part of the workshops. 
4. The use of Pre-recorded Material 
5. The use of a computer based tutorial either via CDROM for pre-recoded tutorials, or 

via the web. 
6. A drop-in Maths surgery. 

 
6.1 A Short Maths Unit 
 
A similar problem had arisen in respect to the possibility of an extra physics unit. It had also 
been discovered that students on the CIM unit lacked basic physics skills via a simply 
physics test and questionnaire 25. Asked whether they would like an extra basic maths unit 
most students replied that they did not wish to undertake an additional unit to help rectify 
this situation. This was due to: 
 

1. The extra cost involved. 
2. Not being able to fit in the lectures due to extra time available. 
3. Not wanting to become involved in yet more study. 
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It was thought likely that a similar result would result in this case and so the question was not 
asked.  
 
6.2 Extra basic maths practice as part of lectures. 
 
As an additional part of the lectures there would be very little chance for staff to deal with 
individual problems as they arose. Furthermore, the quantity of detail covered by these 
lectures, partly due to the necessity of covering much of the background from a perspective 
of no previous technical knowledge, means that there is little or no time available for extra 
material.  
 
6.3 Extra basic maths practice as part of the workshops. 
 
Considerable time, effort and expense had gone into securing the workshop rooms faculties 
and maintenance support of two hour for each CIM workshop. This was in addition to the 
initial setting up and taking down periods at the start of a weekly series of sessions. If much 
of this time was to be spent in maths work then this could have been seen to use most of the 
time in such expensive workshops as not requiring these extra facilities.  
 
However, there was often some time available near the end or after such sessions. The time at 
the end as due to the fact that not all workshops took the same time and yet the longest was 
designed not to exceed the two-hour limit. The time after the workshop was available, as it 
would not otherwise be used, as there was a two hour checking and resetting time allowed for 
the technical staff to prepare for the next workshop. However, with some of the longer 
workshop session some students may need to take the full two hours normally available and 
the proposed extra maths practice could reduce the time available to spend on the practical 
exercises. 
 
6.4 Pre-Recorded Tutorials 
 
These could include sound recorded sections talking students through the more difficult 
exercises and notes. An advantage of such an approach is that most students have ready 
access to a tape recorder. A major disadvantage is that it is not interactive. The Open 
University (OU) in the UK often used this approach. On some OU units the use of taped 
recorded audio as well as video instruction included self assessed questions as well as the use 
of reading material. However due to the both the size of the student base for many of the OU 
Units and the ability of this university to spend many staff hours for each student hour spent 
studying it was not felt to be an effective use of staff time to attempt develop such a system. 
 
6.5 Computer-Based Tutorials 
 
The computer based tutorial was not felt to be a possibility or from a staff point of view the 
development of Computer Based Learning (CAL) materials was considered to represent a 
large input of extra effort that could be better spend in developments with respect to these 
units. However there are many commercially available packages that could have been of use. 

P
age 6.702.5



 
 

Proceedings of the 2001 American Society for Engineering Education Annual Conference & Exposition 
Copyright  2001, American Society for Engineering Education 

However cost and time constraints have initially limited investigation of these packages on 
the CIM and NIM units.  
 
Caccetta et el have noted that: “The problems encountered in teaching first year 
mathematics are not unique to Australia. Universities worldwide are utilising computer 
assessed learning to help overcome the problems”. They further note that: “Computer 
technology can be used both for diagnostics and for supplementary material for a unit” 4. 
 
In a study of the use of a computer based tutorial system be Faye and Scott students noted 
that: “The main advantage of the computer based tutorial in the students opinion was that 
the you could work at their own pace and the deadlines and strict monitoring forced 
students to complete work and stay up-to-date”. They also mentioned the “the ability to 
obtain help quickly” 6. Whilst Roisin Donnelly and Gorman have noted that: 
 
 “Each student can work at an appropriate level of difficulty and proceed in the lesson at a 
pace that is appropriate for them. Such individualised instruction is a significant feature of 
CAL” However, they go on to note: “The major weakness of the computer based tutorial 
identified by the students was the lack of help needed to make conceptual jumps and for 
understanding a concept thoroughly”. Interestingly they found that: “While students felt 
comfortable in asking questions in both tutorials they were more comfortable asking 
questions in the computer-based tutorials” 20. 
 
Further research in developing maths multi-media tutorials in higher education by Harding, 
Lay and Moule noted the importance of being able to alter the sequence of student’s viewing 
of material to encourage exploratory learning. This meant that the materials were arranged in 
small blocks 8. The courseware was designed to be used across a range of curricula and they 
note that video and sound clips can now be readily included thus gaining many of the 
advantages of pre-recorded materials as noted above. They also noted the importance of 
being able to provide a ‘kit of parts’ that “ individual teachers can take apart and re-
assemble in the order they wish” 8. 
 
6.6 A Drop-in Maths Surgery 
 
Armstrong notes that at Loughbourgh University “Drop in surgeries are open to all 
engineering students four afternoons and one evening each week during term time.1. Such 
surgeries can also expand the tutor’s experiences with an extremely diverse range of students 
seeking help. The first author found when helping to run such a surgery in a further 
education college in the UK, that the problems brought to his attention in the same session 
ranged from basic addition and subtraction to 2nd order partial differential equations. There 
was also a large variation in the usage patterns of this surgery by students. Some students 
would just come into the surgery as needed and leave when they had found how to solve 
particular types of problems. Other students would regularly attend each week and would 
work through exercises in the surgery and seek help if and when problems that they were 
unable to solve on their own. 
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A drop-in maths surgery would have needed to be a faculty, or campus wide, initiative. This 
would have required extra resources and reallocation of staff commitments within a short 
time frame, which may well have not been possible under the present prevailing 
circumstances. Furthermore with 50% of undergraduate assessment being via assignment, 
care would need to be undertaken to ensure that this facility was not used for answering 
assignment questions. 
 
7. The delivery method chosen  
 
It was therefore concluded that each potential method of delivery of the basic maths theory 
and practice had its strong and weak points. From a practical short term feasibility 
perspective the mathematics was delivered via a short session at the start of the workshop 
period. A requirement was that this should not take up more than twenty minutes at most of 
the two-hour workshop. As much as was feasible the maths work was in the context of the 
work in the lectures and the practical session. However, some maths work had to commence 
well before the use of the topic in the lectures due to the time needed for the students to gain 
familiarity with the subject matter. For the workshops, where it was thought that students 
would need most of the session to complete the practical work, the mathematics component 
was significantly reduced.  
 
Initially during the maths section of the workshop periods, examples of binary and 
hexadecimal and denary conversion and their practical uses was undertaken. Then work on 
estimation, and significant figures was attempted. Exercises in scientific notion and 
conversions to and from SI magnitudes were given. Bandwidth calculations standing with 
basic time period to frequency calculations and bit to byte Megabyte and Gigabyte 
calculations were shown. Students then attempted to solve these problems in the tutorial 
group and simple transpositions of formulae. Although important, merely using drill and 
practice was regarded as insufficient and all problems were all given in the context of units 
and involved calculations that would be used in computer and network support. Problems, 
such as bandwidth calculations, were used to check on the minimum throughput 
requirements of PCs and could be used to compare and contrast some of the strengths and 
weaknesses of actual computer systems. The use of equations was demonstrated in situations 
likely to arise in the CIM unit.  
 
The assignment results for the unit indicated that there was a significant improvement in 
student’s abilities to calculate bandwidth compared with those of the previous year before the 
implementation of the extra basics maths teaching and practice. However this was not always 
the case as a minority of students were still not able to successfully perform the bandwidth 
calculations exercises. These students appeared to have problems in deciding what parts of 
the data in a given hardware specification to utilise in their calculations. A possible way of 
flagging such difficulties could be to give example questions as homework during one 
tutorial and show solutions during the following tutorial hence giving students a week to 
work on the problem and then checking student’s progress. It should be noted that those who 
were experiencing difficulty during the tutorials had the opportunity to stay behind after the 
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tutorial or could ask to see the tutor later, for extra examples and practice. However it was 
mostly the mature aged students who chose to attend these extra sessions. 
 
8. Are there Fundamental Mathematical Requirements for School Leavers? 
  
The problems encountered with students’ level of basic mathematics on the CIM unit pose 
the following questions, which are a part of many basic maths debates: 
 
1. What standard of basic mathematics should students possess on leaving school? 
2. Should the main concentration in school maths education be on a practical sense or on an 

appreciation of the subject of mathematics? 
 
However Keitel has noted that: 
 
“Mathematics teaching can no longer be perceived as a bound to a model of transmission 
or broadcasting. New perspectives for the teaching and learning processes have to be 
developed, such as those offered by constructivist theory or the psychology of content-
related activity. A dynamic view of mathematics and the teaching and learning of 
mathematics must replace the existing conception of mathematics as a series of 
compartmentalized tasks and prescribed actions”.  
 
Keitel goes on to state that: “Applications and structural insight, technological and systemic 
aspects are no longer regarded as contradictory aspects of mathematics education, as they 
were in some reform debates” 10. Furthermore, there have been many complaints 
internationally about students’ deficiencies in basic mathematics 3. Whilst McHenry has 
noted with respect to the quantitative understanding, that “It is clear that this need for a 
workforce able to think quantitatively is much more of a challenge to school mathematics, 
science and engineering than the nurturing of the best students toward careers in 
mathematics, science and engineering” 17. Maybe these approaches need not be mutually 
exclusive. A major challenge for today’s education systems are to be able to effectively serve 
a broad cross-section of student needs in the areas of mathematics, science, and technology. 
McHenry has also noted with respect to the lack of quality mathematics education reaching 
the broad mid-range of students: “without such an outcome, the student must seek the 
opportunity of remedial mathematics education in college, trade school, or on the job. None 
of these is particularly satisfactory, …” 17. Magrid, in an article entitled “America’s real 
skills shortage” makes the point that maths is one part of a collection of basic skills 
increasingly required in the modern workplace: “When thinking about future jobs, its 
important to focus on the basic skills of reading, writing and math, as well as increasingly 
important skills such as critical thinking and public speaking”. 13. 
 
However, deficiencies in mathematics can be seen as a wide-ranging problem from basic 
maths skills to mathematical understanding at a higher level such as amongst full time 
students in engineering faculties. Kumar notes ”It is the widespread opinion and belief 
among engineering faculty that undergraduates enrolled in any engineering field could be 
better prepared in mathematics when taking courses related to their professional field of 
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study” 12. In respect to students’ basic skills and knowledge requirements Goldsmith and 
Mark note the need for mathematical literacy and that:  
 
“Literacy involves understanding mathematical principles; developing mathematical ways 
of thinking; and acquiring fluency with number, geometry and data. Students develop this 
literacy by activity doing mathematics, using their skills and knowledge to solve problems 
and to investigate mathematical ideas” 7. 
 
However, there are problems with the notion of mathematical literacy.  Pugalee notes that: 
“Both in the United Sates and abroad, the task of creating a coherent vision of what it 
means to be mathematically literate has not been sufficiently realised” 18. Whilst Confrey 
notes that the call for an understanding of mathematics to prepare students to take part in 
technological based occupations different from those made previously: 
 
“The call is for a technological workforce, and this call to my mind differs form either of 
the previous mandates those prepared to the preparation of mathematicians or to improving 
standards to create a quantitatively literate public”. Confrey also notes that “this obligates 
us to view mathematics as fundamentally a tool” 5. 
 
Mathematics is used as a tool on the CIM unit and this is basically the approach that is 
taken. The aim on these units is not to provide a general understanding of basic mathematics, 
but to use only specific parts of the subject as necessity dictates. However, a higher level of 
mathematical literacy attainment by students enrolling on the units would, no doubt, help 
their understanding of some of the subject matter. No doubt this debate will continue. 
Students’ motivation to learn mathematics can be of vital importance in the learning process, 
and when they is perceived as relevant to their needs, as on the CIM unit, they can be 
prepared to undertake the extra work and effort required. 
 
9. Conclusions 
 
Two new units were introduced based upon job advertisements, employee requirements. The 
teaching of mathematics was certainly not a part of the original intention of these units. 
However, due to a lack of basic mathematics skills amongst many of the students involved, it 
was found necessary to include some mathematics tuition as part of the unit. Basic 
mathematics was found to be an essential requirement of this technological based study. 
With these non-perquisite units extra mathematics practice was required to enable some to 
appreciate the numerical aspects presented in this unit. Such mathematics was also necessary 
to enable students to gain the understanding to successfully complete their assessed work and 
to be able to apply such skills in possible future employment.  
 
The use of computer hardware maths based modeling and calculation necessary for this unit 
could be undertaken from a converse direction by using ‘hands on’ experiences with 
computer hardware to demonstrate vocationally relevant uses of mathematics. 
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