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Preface 

Philip Machanick, Overall Chair: SAICSIT'99 

Running SAICSIT'99, the annual research confer­
ence of the South African Institute for Computer Sci­
entists and Information Technologists, has been quite 
an experience. 

SAICSIT represents Computer Science and Infor­
mation Systems academics and professionals, mainly 
those with an interest in research. When I took over as 
SAICSIT president at the end of 1998, the conference 
had not previously been run as an international event. 
I decided that South African academics had enough in­
ternational contacts to put together an international 
programme committee, and a South African confer­
ence would be of interest to the rest of the world. 

I felt that we could make this transition at rel­
atively low cost, given that we could advertise via 
mailing lists, and encourage electronic submission of 
papers ( to reduce costs of redistributing papers for 
review). 

The first prediction turned out to be correct, and 
we were able to put together a strong programme com­
mittee. 

As a result, we had an unprecedented flood of pa­
pers: 100 submitted from 21 countries. As papers 
started to come in, it became apparent that we needed 
more reviewers. It was then that the value of the 
combination of old-fashioned networking (people who 
know people) and new-fashioned networking (the In­
ternet) became apparent. While the Internet made 

I it possible to convert SAICSIT into an international 
event at relatively low cost, the unexpected number 
of papers made it essential to find many additional 
reviewers on short notice. Without the speed of e­
mail to track people down and to distribute papers 
for review, the review process would have taken weeks 
longer, and it would have been much more difficult to 
track down as many new reviewers in so little time. 

Even so, the number of referees who were willing 
to help on short notice was a pleasant surprise. 

The accepted papers .cover an interesting range of 
subjects, from management-interest Information Sys­
tems, to theoretical Computer Science, with subjects 
including database, Java, temporal logic and implica­
tions of e-commerce for tax. 

In addition, we were very fortunate in being able 
invite the president of the ACM, Barbara Simons as 
a keynote speaker. Consequently, the programme for 
SAICSIT'99 should be very interesting to a wide range 
of participants. 

We were only able to find place in the proceed­
ings for 36 papers out of the 100 submitted, of which 
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only 24 are full research papers. While this 1mmhPr 
of papers is in line with our expectation of how mauv 
papers would be accepted in each category, wP did 
not have a hard cut-off on the number of papers. hut 
accepted all papers which were good enough, bas<~d 
on the reviews. Final selection was made by mys<'if 
as Programme Chair, and Derrick Kourie, as editor 
of the South African Computer Journal. Additi011,d 
papers are published via the conference web site. 

We believe that we have put together a q11alit.v 
programme, and hope you will agree. . 
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Research Article 

Statistical Analysis of an Automated Computer Architecture 
Learning Environment 

J. T. Waldrona, J. Horganb and G. Keoghb 

a University of Natal, Pietermaritzburg, South Africa, j ohnw@msmai 1 . cs . unp. ac . za 

h School of Computer Applications, Dublin City University, Dublin 9, Ireland. 

Abstract 

The level of programming skill achieved by a method of learning introductory computer architecture with a stmnx em­
phasis on assembly language programming as part of a Graduate Diploma in Information Technology in the School of 
Computer Applications, Dublin City University is studied. The extent to which differences between students' back1.:rounds 
and study patterns, including usage of various software tools, influence the learning of assembly language programmi111.: is 
investigated. Information on the practical and academic backgrounds of students was obtained from an application form 
and questionnaire completed at the end of the course. Students' usage of the computer and software tools was monitored 
using log files and all this information was analysed to establish which factors impacted on the students' performance in 
programming examinations. Neither previous degree type nor degree class had a significant impact on levels of assembly 
language programming skill achieved but whether or not the student had experience of one high level language be.fore 
starting the course was significant. Surprisingly, it was found that those who did not prepare their programs in advance of 
going to the computer significantly outperformed those who did. The frequency with which students logged on to the system, 
the typical duration of their logon sessions and the frequency with which they used the XSPIM programming tool did not 
appear as significant, but the frequency of MIPSMARK test tool use and the order in which assignments were completed 
relative to other students were important. 
Keywords: Assembly language programming, Computer-managed instruction 
Computing Review Categories: D.3.2, K.3.1 

1 Introduction 

This paper analyses the level of programming skill result­
ing from a method of learning introductory computer ar­
chitecture with a strong emphasis on assembly language 
programming as part of a graduate diploma in Informa­
tion Technology in the School of Computer Applications, 
Dublin City University. The philosophy of the computer 
architecture course was that assessment defines the cur­
riculum from the point of view of the student, and that the 
best way to understand computer architecrure is by mas­
tery learning of simple assembly language programming, 
using automatically corrected invigilated programming ex­
ams, moving on to processor design at a later stage. 

A large number of automated systems for learning 
programming have been developed. HANDIN [ 6] devel­
oped at the University of Sheffield, concentrates solely 
on course management, while others, for example AU­
TOMARK [2] developed at McAlister University in On­
tario, Canada, concentrates on the area of automatic mark­
ing. Other systems that have dealt with these problems are 
CENVIRON [7] and KELVIN [ 1] both of which were de­
veloped at Helsinki University of Technology. However, 
although there is much computer based learning software 
which involves some form of self-assessment, there is little 
work involving serious assessment of solutions to complex 

168 

problems, where the assessments are significant enough to 
count towards the student's grading. 

Oliver [5] maintains one can divide the assessment of 
student programs into two parts: assessment of program 
correctness and assessment of program style, where style 
includes program structure, choice of identifier names, 
maintainability, efficiency, documentation etc. Marking 
by hand for style is less onerous than for correctness, and 
that therefore it is sensible to concentrate efforts on de­
vising methods for automating marking for correctness. 
The automatic assessment of program correctness can be 
performed by subjecting the programs to sets of test data 
and then inspecting the output using programs written in 
some suitable language, whereas marking for correctness 
by hand is hard and tedious. 

An automated system called Ceilidh [3] is used hoth 
to give feedback to students and for formaJ course assess­
ment. The iterative use of auto-assessment was found to 
result in very high raw marks, 80% and 90% being wm­
mon. Also, the marks tend to be far more tightly grouped 
( often the case in continuous assessment). 

The MIPSMARK system tries to address the issues 
above by the use of invigilated programming exams. Pro­
grams were only checked for correctness, not style since 
aspects like the meaningfulness of identifier names or com­
ments, the main aspect of assembly language style, cannot 
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be check automatically. Each program was assessed on a 
masterly learning basis,. but a number of programs were 
given so that all of them did not have to work in order to 
obtain a pass mark. This provided a good measure of the 
differences in ability. 

The course was based on the book Introduction to 
RISC Assembly Language Programming [ 10]. XSPIM, 
a virtual machine that runs programs for the MIPS 
R2000/R3000 computers was used since the architecture of 
the MIPS is an ideal example of a simple, clean RISC (Re­
duced Instruction Set Computer) machine, which makes·it 
easy to learn and understand. The processor contains thirty 
two general-purpose registers and a well-designed instruc­
tion set. The existence of a simulator for the processor 
greatly simplifies the development and debugging of as­
sembly language programs. For these reasons, MIPS may 
become the best choice for teaching computer architecture 
in the 2000s, just as the Motorola 68000 was during the 
1980s. 

The philosophy behind the course was to speed up the 
learning process relative to other MIPS computer architec­
ture courses by enabling the student to start writing sim­
ple assembly language programs early, without getting in­
volved in laborious descriptions of the trade-offs involved 
in the design of the processor. It was assumed that the 
students had never studied computer programming before. 
The course was given at the same time as a programming 
course in the Java high level language. The main data 
structures covered were strings, arrays and stacks. The 
ideas of program loops, if statements, and procedure calls 
were presented. 

The purpose of this study is to investigate to what ex­
tent differences between students' backgrounds and study 
patterns, including usage of various software tools, influ­
ence the learning of assembly language programming. In­
formation on the practical and academic backgrounds of 
students was obtained from an application form filled out 
by each individual prior to the start of the course and from 
a questionnaire completed at the end of the course (Ap­
pendix A). Students' usage of the computer and software 
tools was monitored using log files. All this information 
was analysed to establish which factors impacted on the 
students' performance in the programming examinations. 

In the next section, we· describe the software used to 
during the students' work and in Section 3 the course struc­
ture and method of assessment are detailed. Section 4 
investigates factors which influence programming per~or­
mance and in Section 5 the regression model for the vari­
ables which are significant in describing the students' per­
formance is presented. A discussion of the conclusions is 
given in the final section. 

2 Software Tools Used 

The course was associated with MIPSMARK, an auto­
matic program testing system which allows a lecturer to set 
assembly language programming questions and collect and 

SARTI SACJ, No 24, 1999 

Research Article 

mark the assignments automatically. The MIPSMARK 
system, a collection of Unix C-shell scripts, is freely avail­
able from the web site: 

http://www.compapp.dcu.ie/-jwaldron/itral/cahome.html 

The user begins by writing a program into a special MIPS­
MARK question file, for example: 

1 ## Start of file loop4.a 
2 ## 
3 ## Question: 
4 II Swap each pair of elements in 
5 II the string "chararray• and 
6 #I print the resulting string. 
7 ## There will always be an even number 
8 ti of characters in "chararray•. 
9 H 

10 #I Output format must be: 
11 ## "badcfe• 
12 
13 ##tt##tl######t################################## 
14 # # 
15 # text segment # 
16 # # 
17 ####t#t####tl#######t####t#t###########t######### 
18 
19 .text 
20 . globl _start 
21 
22 
23 

_start: # execution starts here 

24 t Any changes above this line will discarded by 
25 # mipsmark. Put your answer between dashed lines. 
26 #-------------- start cut-----------------------
27 
28 
29 
30 #-------------- end cut -----------------------
31 t Any changes below this line will discarded by 
32 t mipsmark. Put your answer between dashed lines. 
33 
34 lttttltttltttllt#llt#tt#l#l#l##################i# 
35 I # 
36 t data segment t 
37 t # 
38 tlttlltt###lt#tttt####ii#iii###ittti##i##iii##i## 
39 
40 .data 
41 chararray: 
42 .asciiz "abcdef• 
43 endl: .asciiz •\n• 
44 
45 H 
46 It End of file loop4.a 

The solution must be typed between the dashed lines 
as indicated. The code can be tested by loading the ti le into 
XSPIM, a programming tool incorporating a source level 
debugger, and running it. Once the user is satisfied with the 
solution typing mipsmark file.a in a terminal window runs 
MIPSMARK, which works by running a MIPS assembly 
language program and searching for a precise sequence of 
characters in the output. In general, MIPSMARK works by 
extracting the answer from between the dashed lines and 
trying it against several different test cases. If the program 
works for case zero and case one, but fails for case two, a 
copy of the source code for the third test case is obtained 
by typing showcase loop4.a 2 which will give a file called 
loop4..l.a. The XSPIM programming tool can then be used 
to locate the bug in the code preventing this test case from 

169 



Research Article 

working correctly. 

3 Course Structure and Assessment 

The course lasted twelve weeks with two lectures, one tu­
torial and a two hour laboratory session each week. Several 
simple programs had to be completed each week, and a stu­
dent recorded success with each assignment using MIPS­
MARK. Unsuccessful MIPSMARK attempts were also 
logged. Programming ability was assessed by two open­
book invigilated programming exams (each two hours in 
duration) at the end of the course in which plagiarism was 
impossible. These exams were based on mastery learn­
ing of simple programs - if a solution worked perfectly it 
got full marks, but if it did not assemble or failed some of 
the test cases no marks were given. Programming exam 
one (week ten) had three questions on arithmetic instruc­
tions, iteration involving character strings and array iter­
ation. Programming exam two (week eleven) had three 
questions on logical, shift and rotate instructions, stack ma­
nipulation and MIPS function call mechanisms. 

One of the advantages of automatic assessment is that 
the precise times taken to write a particular assembly pro­
gram is available, so it is possible to take account of this 
when assessing programming competency. For the pur­
poses of this study we created a variable (RANK6) by 
ranking the 87 students firstly by the number of questions 
solved and secondly by the speed taken to solve those ques­
tions. There is a very large difference between a program­
mer who writes a particular piece of code in an hour, and 
one who does the same job in ten minutes. Thirty years 
ago Sackman and his co-workers [8] showed time differ­
ences of up to 28 to l between pairs of programmers with 
equal experience. The biggest differences were found to 
be in debugging times. 

There was also a written exam associated with the 
course comprising twenty multiple choice questions after 
the end of the course. The overall mark was the average of 
the written and the programming exams. For the purpose 
of assessing programming ability we confine ourselves to 
analysing the score obtained in the programming exams 
(RANK6). The score is regressed [4] on-several sets of 
variables which, it was suspected, would be instrumental 
in predicting the students' competence. 

4 Factors that Influenced Program­
ming Performance 

In this section, we investigate factors which may influence 
programming performance. In particular we look at the 
students' background and previous experience, and their 
~pproach to and pattern of usage of the programming tools, 
m order to assess to what extent those factors impacted on 
programming performance. 
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4.1 Background and Previous Experience 

Our first analysis was to determine if the level of program­
ming skill reached was affected by variations in academic 
background and previous practical experience: Firstly the 
primary degree class may be anything from a 2.2 to a I st 
(the minimum entry requirement is a second class honours 
degree); secondly as this is a 'conversion course' in the 
sense that graduates from different academic backgrounds 
are eligible for the course, the academic history of students 
may vary; finally, although no previous computing is as­
sumed in the administration of the course, participants' ex­
perience did in fact range from no knowledge whatsoever, 
to experience of up to six high level languages. 

We obtained information on students' backgrounds 
from the application form filled out when applying for a 
place on the course; this provided data on gender, age and 
the type and level of the primary degree. In addition, a 
questionnaire (Appendix A) was administered at the end 
of the course from which previous computing experience 
was extracted. This information enabled us to define the 
variables in Table 1. 

RANK6, the performance score, was regressed on 
these variables to measure the impact of the students' pre­
~ious ~xperience on programming skill attained. Surpris­
mgly, at was found that neither previous degree type or de­
gree class had a significant impact on levels of assembly 
language programming skill achieved. The only signifi­
cant variable to emerge was EXPLANG, whether c;r not 
the student had experience of one high level language he-
fore starting the course. · 

Table 2 gives the means and standard deviations of 
RANK6 for the two categories in EXPLANG; those who 
never programmed before starting the course and those 
who had programmed in at least one high level langual!e. It 
also gives the results of the t-test of difference [9] bet~een 
the means of the two groups. The null hypothesis is that the 
means of the two groups are the same, and the alternative 
hypothesis is that the mean of the group with with no previ­
ous language experience is less than the mean of the group 
who have experience of at least one language. The data 
were tested for normality using the Kolmogorov-Smirnov 
test; the group with no language experience had a p-value 
of 0.484 and the group with at least one language had a 
p-value of 0.607. This indicates that the data in each group 
are normal. As can be seen from Table 2, the p-value is 
0.007 indicating that those with programming experience 
before embarking on the course significantly outperform 
those without. 

4.2 Approach to Method 

As this is a new method of learning, we were interested 
in investigating how the students go about writing the pro­
grams. Traditionally, students were encouraged to prepare 
their programs in advance of computer sessions, as this was 
thought to encourage the development of a thought out de­
sign before problems of syntax and the use of interfaces to 
various tools were addressed. The students were advised 
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Name 
Table 1 : Background Variables t 

Description Measure 
Age at entry to course 
Gender 

AGE 
GENDER 
EXPLANG 
DATA 
SPREAD 
WP 
CLASS 
TYPE 

Experience in at least one high language 
Did you ever use a database? 

~ 20 
F/M 
Y/N 
Y/N 
Y/N 
Y/N 

Did you ever use a spreadsheet 
Did y·ou ever use a word processor? 
Class of Degree I st, 2.1 and 2.2 

Four categories Degree type 

t Degree type was sorted into four categories; maths or engineering, general science including health or environmental science. business including law or 

politics, and degrees in general arts. This categorisation was introduced into the model by means of dummy variables. 

Table 2: Performance and Previous Computing Experience 
Mean SD No. of Cases t-value p-value 

No languages 38.06 24.33 57 
2.75 .0035 

At least one language 54.63 23.08 22 

to adopt this approach on the Java high level language pro­
gramming course which ran in parallel, but were neither 
encouraged nor discouraged to do so for this course. We 
obtained information on this by including the following 
questions in the questionnaire administered at the end of 
the course (see Appendix l ). 

1. Did you prepare and write down the programs on paper 
before going to the computer (Yes/no)? (PREPARE) 

2. If yes, about how many minutes did you typically 
spend on this for each program? (PREPARET) 

Surprisingly, when RANK6 was regressed on these vari­
ables it was found that those who did not prepare their 
programs in advance significantly outperformed those who 
did. The average scores for the two groups and results 
of the t-test of difference are given in Table 3, where a 
p-value of .001 indicates that the difference between the 
two groups is highly significant. The null hypothesis is that 
the means of the two groups are the same, and the alterna­
tive hypothesis is that the mean of the group who do not 
prepare their programs in advance is greater than the mean 
of those who do. The data were tested for normality us­
ing the Kolmogorov-Smirnov test; the group who do not 
prepare in advance had a p-value of 0.561 and the group 
who prepare their programs in advance had a p-value of 
0.837. This indicates that the data in each group are nor­
mal. As this conflicts with the view that preparing code 
before going to the computer is the best way to learn basic 
programming skills, we examined the results in more detail 
in Table 4 showing the average scores for the two groups 
broken down by EXPLANG. 

From Table 4 we see that the group who have no pre­
vious programming experience and do not prepare in ad­
vance appear to do better than those who have program­
ming experience but do prepare. Though not significant, 
the trend is clear and is counter to expectations. 
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Table 4: Exam Score, Preparation and Programming Ex­
perience 

Programming Experience 
No Yes 

Do you prepare No 45.47 68.15 
in advance? 

Yes 34.04 43.38 

4.3 Computer and Tool Usage . 

Our final analysis was to determine if the level of skill 
achieved in assembly programming was affected hy usage 
patterns of the computer and software tools. It was pos­
sible to analyse from log files, the extent to which each 
student used the XSPIM programming and MIPSMARK 
test tools; this enabled us to define the variables in Table 5 
as measures of system usage. 

To examine the impact of usage patterns on perfor­
mance, RANK6 was regressed on the variables listed in 
Table 5 and found that two significant variables emerged; 
T2SOLVE, time taken to solve class exercises relative to 
the first student who solved that exercise and XTEST, the 
frequency of use of the MIPSMARK test tool outside labo­
ratory sessions. It was found that T2SOLVE impacts neg­
atively on RANK6 since those who typically solved the 
class problems in shorter times tended to obtain higher 
exam scores. Counter intuitively, XTEST the total num­
ber of times the students used the MIPSMARK test tool, 
excluding use of MIPSMARK during laboratory sessions, 
which is not discretionary, was also found to have a neg­
ative effect on RANK6. One explanation for this could 
be that a student who copied an assignment would only 
use the MIPSMARK test tool once, whereas a student who 
did the program from scratch would need to run the test 
tool more often to produce a working solution. Those who 
solved problems later on may have relied too much of the 
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Table 3: Comparison of Performance in Prepare Groups 
No. of Students Mean Stan. Dev t-value p-value. 

Do you No 27 53.87 25.23 
prepare in 3.13 .001 
advance? Yes 51 36.24 22.79 

Name 
ATfEND 

AVE-TIME 

NLiIN 

T2SOLVE 

TOTLOGIN 

XPROG 

XTEST 

assistance of the early solvers. 

Table 5: Software Usage Variables. 
Description Measure 
Number of laboratory sessions attended ~o 

Average login duration MINS 

Number of logins during course ~o 

Average time to solve problems given out as DAYS 
class exercises relative to the earliest time any 
student in the class had solved each problem. 

Total login time DAYS 

Number of uses of XPIM programming tool ~o 
excluding use during laboratory session. 

Total number of times the students used DAYS 
the MIPSMARK test tool. excluding use 
during laboratory sessions. 

Q) ..... 
0 
0 
u, 
Q) 
0 c a, 
§ 
.g 
Q) 

a. 

80 ... 

60 ... 

20-

o@ o 
ocg 0 o 

Oo O 
6> 0 0 
00 8 

oo cfto 
~ 0 

0 0 0 0 
0 00 

0 0 0 

0 0 0 0 
0 0 0 

oO O 
0 0 0 

0 8 
O Oo 

0 0 

0 0 0 

0 

The frequency with which students logged on to the 
system (NLOGIN). the average duration of their logon 
sessions (AVE-TIME) and the frequency with which they 
used the XSPIM programming tool (XPROG) did not ap­
pear as significant determinants of programming compe­
tence. Also the number of laboratory session attended 
(AlTEND) did not significantly affect performance. The 
graphs shown in Figs. 1-5. show RANK6 plotted against 
the variables for each of the 87 students. From Fig. 
I. we see that most of the students engaged in between 
twenty and forty login sessions. The amount of time var­
ied greatly; in can be as small as 20 minutes and in some 
cases as high as 100 minutes (Fig. 2 or Fig. 3). There was 
also a wide spread in laboratory attendance (Fig. 4) but 
this did not influence performance in programming tests. 
Fig. 5 illustrates how despite the wide range of usage pat­
terns of the programming tool. no pattern in performance 
emerged. 0 

@o 
0 0 0 0 

0 

0 

0 

0 ~ 0 0 

0'---------"'-E~-~o...-.__., ___ _,_o ___ ~,---.....___.., ___ _..___. 

5 Regression Model 

From the analyses in the previous section. four variables 
appeared to impact on performance EXPLANG. PRE­
PARE. T2SOLVE and XTEST.· These were regressed on 
RANK6 to establish their overall effect. The results are 
given in Table 6. 
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Number of login sessions 

Figure I: Performance score and number of logins. 
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Table 6: RANK6 Regressed on Significant Variables 
Variable Co-efficient T VIF 
EXPLANG 11.18 2.07 1.05 
PREPARE -10.88 -2.11 1.07 
T2SOLVE -3.80 -2.71 1.09 
XTEST 0.40 2.57 1.07 

Multiple R = .58 R-Squared = 0.34 F = 9.19 Significance F = .0000. 

100 100 

og 
00 0 0 8 

80 0 0 80 @ 
0 

0 0 0 
~ 0 0 0 

0 @ 0 
G) 0 0 0 G) 0 ... <o 0 ... 

i 0 0 
0 0 0 0 
0 0 0 0 0 
u, 60 Oo 0 u, 60 0 0 

0 0 0 0 0 0 G) 0 G) 0 0 0 <t>oo 0 0 0 
0 

c c 0 
ctS 0 <t> ctS 0 @ 

e 0 0 0 e 0 0 0 0 0 

0 40 0 00 0 0 .g 40 ~ 0 0 

't: 0 0 0 

Oo O O 
0 @ G) G) 0 ij a. Oo O O a. @ 

0 0 0 8 c9 0 

20 c9 0 
0 

20 § 0 0 

joo ~ @ 
8 0 0 

0 0 0 0 
0 0 0 @ 

0 0 
0 0 
20 40 60 80 100 120 0 2 4 6 8 

Average time logged on Number of tutorials attended 

Figure 2: Performance score and average time logged on. Figure 4: Performance score and laboratory attendance. 
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Figure 3: Performance score and total logon duration. 
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Figure 5: Performance score and programming tool use. 
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As can be seen from the R-squared value in Table 
6, these variables explain over 30 per cent of the varia­
tion in RANK6. The coefficient of variable EXPLANG, 
11.81, suggests that there was roughly a 12 mark advan­
tage enjoyed by those with previous programming expe­
rience, and the coefficient of -10.88 for PREPARE indi­
cates that there was approximately an 11 mark disadvan­
tage suffered by those who prepared their programs in ad­
vance on paper. Since the T2SOLVE variable was mea­
sured in days, each extra day it took the student to solve 
the class problems on average, was associated with a drop 
of 4.24 exam marks. The coefficient of 0.46 for XTEST in­
dicates that each use of the MIPSMARK test tool outside 
of scheduled laboratory sessions added a little less than one 
half mark to the students' measured performance. Variable 
Inflation Factors (VIFs) are also reported, and although 
some multi-collinearity was present amongst the indepen­
dent variables, as it was not severe, it was not considered 
to be a problem. 

6 Conclusions and Discussion 

The philosophy of the computer architecture course anal­
ysed was that assessment defines the curriculum from the 
point of view of the student, and that the best way of un­
derstanding computer architecture is to begin by learning 
assembly language programming, moving on to processor 
design at a later stage. The emphasis was on mastery learn­
ing of assembly language assessed by automatically cor­
rected invigilated programming exams. One of the advan­
tages of automatic assessment is that precise times taken 
to write particular assembly programs are available, so it is 
possible to take account of this when assessing program­
ming competency. 

This was a graduate diploma and surprisingly, it was 
found that neither previous degree type nor degree class 
had a significant impact on levels of assembly language 
programming skill achieved. The only significant com­
ponent of prior experience in determining assembly lan­
guage programming skill was whether or not the student 
had experience of a programming language before starting 
the course. 

Traditionally, students were encouraged to prepare 
their programs on paper in advance of computer sessions, 
as this was thought to encourage the development of a 
thought out design before problems of syntax and the use 
of interfaces to various tools were addressed. However it 
was found that those who did not prepare their programs 
in advance significantly outperformed those who did. The 
group who have no previous programming experience and 
do not prepare in advance appear to do better than those 
who have programming experience but do prepare their 
programs on paper. 

Why is advanced preparation such a disadvantage? 
Perhaps the write, test, rewrite cycle of the automated 
marking software encourages hacking, or only students 
with less innate ability need to prepare for what are af-
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ter all relatively simple programs. Each program typically 
only involved one control structure, for.example a single 
loop, and one data structure such as an array. The most 
productive approach to initial phase of learning of a new 
programming language and associated software tools may 
be by "hacking" at the machine, rather than investing time 
writing out solutions with pen and paper. This conclu­
sion is borne out by the fact that the more times a student 
used MIPSMARK during the semester, the higher the fi­
nal exam mark obtained. Software engineering techniques 
involving specification and design, while appropriate for 
large or complicated programs, may not be helpful during 
the initial stages of acquiring a new language. 

Interestingly, the frequency with which students 
logged on to the system, the typical duration of their lo­
gon sessions and the frequency with which they used the 
XSPIM programming tool did not appear as significant de­
terminants of programming skill achieved. The average 
time measured in fractions of days students took to solve 
the 27 problems given out as class exercises relative to the 
earliest time any student in the class had solved each prob­
lem was found to be significant, as was the total number 
of times the students used the MIPSMARK test tool. One 
explanation for this could be that a student who copied an 
assignment would only use the MIPSMARK test tool once, 
whereas a student who did the program from scratch would 
need to run the test tool more often to produce a working 
solution. In addition, those who solved problems later on 
may have relied too much of the assistance of the early 
solvers. 

SACJ I SART, No 24, 1999 



A Survey Form 

SURVEY OF GDFl COMPUTER ARCHITECTURE 
THE INFl*MATION OIVEN ON 11tl5 FORM WllJ. BE USED Sill.ELY AS PART IIF A 5TUDY INt'O 
nu; FAC'TI IRS DEJUMININO SUCliSS IN COMPUTER ARCHITECI\JRE PRIIORAMMINO TtiSTS. 

(NAMF.: ) 
USUAL ADDRESS DURINO 11!1lM: 

J 
APPROXIMATE TRAVEL TIME 'J'O CULi.EOE IN MINUTES: 

BUS 11WN BIKE CAR WALK lmlER ) (SPliCIFY) 
MIIUE I If' c«>NVEYANCE TO COUEOE! CJ CJ CJ CJ CJ CJ 

r DID YOU USE ANY Ill' ntE FOLU>WINO BEFOllE STAR11NO 1HI! DIPLOMA! 

YES NO 
5PREADSHl!ET (l!.0. EXCEL) CJ CJ 
WI lltD PRIICESSllll(l!.O. WORD) 0 CJ 
DATABASE PACKAGE I.J CJ 
INlF.RNET BROWSER (E.0. EXPLORER) I.J CJ 

..... 
r 

1>1D YIIU PllllOllAM IN ANY <lF 1HE PIILLOWINO 8ER>llE STAll11NO TH! DIIPUIMA? 

YES Nil YES NII 
c CJ CJ JAVA CJ CJ 
C++ CJ CJ PA5CAL CJ CJ 
ASSEMBLY CJ CJ BASIC CJ CJ 

111HEllS (Pl.EASH SPECIFY): 

-.... 
1>11> YIIU PREPARE AND WRITE DOWN 1HE PRIIOllAMS ON PAPl!ll BERlltE OCIINO 'J'O 1HI! 
C( IMPUTER? Yl!SCJ NIICJ 

IF YF~._ All(ll1T HIIW MANY MINUTES DID YOU TYPICALL YSPl!ND IIN 1HIS l'IIR EACH 
PRllOllAM"I 

..... ~ 

r "' 1)(1 YIIU PREFER ntE MElHOD OF I.EAIININO ANI> ASSESSMENI' (I.E. AUTl'IMATIC 
CIIRRtiCTION) USED ON nas COURSE COMPARED WITH 1HE lmll!ll TECHNICAL 
SUBJECTS IIN 1HI! DIPLOMA: 

PREFER CJ 
lHESAMli I.J 

\.. 
l>ISUIC.E CJ 

r " ANY lmlER CIIMMENTS Oil SUOOEfflON ABOUT 1HE CIIMPUTER AllCHl'll!C1\IRE C(IUllSE: 

\... ~ 
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