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Abstract:

The use of computers and information technology is becoming more widespread in chemical
education and in the wider community and workforce. Universities are increasing the use of
computers and information technology in their teaching and learning programs. The Australian
situation, reported here, can be viewed as a microcosm, reflecting a world-wide trend.

The penetration of general IT literacy and ability amongst Australian undergraduate
studentsisrising rapidly. This paper reports surveys of the detailed IT skills of Australian
undergraduate students. To the best of our knowledge, apart from our own work, there have been no

other published surveys of specific IT skills. Most students have some reasonable computer skills at
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the start of their university studies, but the level of skill is not uniformly high. In fact, many IT
literate students lack a sufficient level of skill to use the new technologies, including full use of
web-based flexible learning. Thereis an urgent need for IT training for university studentsin order
to achieve successful learning outcomes using I T and to satisfy the needs of future employers.
This article, which isthe second in a series (1) of investigations on the computer skills of
undergraduate students at the start of university, is an expanded version of a paper presented at the

World Chemistry Congress held in Brisbane (Australia) during 1-6 July 2001.

I ntroduction

The use of computers and information technology is becoming more widespread in education and in
the wider community and workforce (1-6): the sameis true of chemistry and chemical education.
Indeed, the recent World Chemistry Congress held in Brisbane (Australia), had "Chemistry by
Computers' as one of its five major themes. Universities are increasing the use of computers and
information technology (IT) in their teaching and learning programs (6-9). The Australian situation,
reported here, can be viewed as a microcosm, reflecting aworld-wide trend: see, for example,
recent issues of this Journal, the Journal of Chemical Education and elsewhere (eg. 10). Also see
recent issues of Chemistry International, which have reported on the use of computersin chemistry

and in chemical education in less-developed nations (eg. 11).

Contextual Background

While computers have been used for teaching and learning for afew decades, their wide-spread use
dates from the mid-1980s with the advent of the Apple Macintosh, IBM PC and PC-compatible
computers. At the end of the 1980s, the Australian Education Council, on behalf of the State,
Territory and Commonwealth Ministers of Education, entered into a collaborative devel opment of
statements about the curriculum of al Australian schools. Thisincluded avision for the use of

computers in teaching and learning (12):
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"Computers and cal cul ators provide students with opportunities ... at ayounger age
than they might otherwise have ... [School] students should have sufficient
experience of calculators and computers ... to be able to make informed decisions
about whether to use them ... and to use them efficiently when they wish to do so"
(12).
In 2001, students, who have encountered the use of computers throughout their entire primary and
secondary (high-school) education are now entering university.

Government policy is being formulated on the assumption that (high-) school leavers and
university graduates are computer literate. For example, the Australasian Ministerial Council on
Education, Employment, Training and Y outh Affairs (MCEETY A) has supported the broad
directions of the Education and Training Sector Action Plan for the Information Economy, based on
the assumption of IT literacy which is defined to be (6):

"The set of knowledge and skills needed to use information technology at alevel
appropriate to a person’s position, work environment and discipline and the ability to
continue to develop them into the future” (6).

Universities are also developing and implementing policy based on the assumption that
students are computer literate. In 1996 and 1997, Pennell from the University of Western Sydney,
and Blackhurst, Hales and Lahm from the University of Kentucky published alist of IT skills,
which they believed were necessary for university students to benefit from the modern electronic-

learning environment (8): Tablel.
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Tablel. IT skillsappropriate for the general under graduate electronic-learning

environment (8).

. Electronic mail
. Email attachments
. Discussion lists; Electronic bulletin boards

. Telnet, FTP or Gopher sites
. Web download links
. Instructional management systems

. etc

Around the sametime, Zielinski and Swift published alist of IT skillsfor university chemistry

students (9): Tablell.

Tablell.IT skillsappropriate for the undergraduate electronic-learning

environment in chemistry (9).

. Electronic mail
. Discussion lists; Electronic bulletin boards
. Word Processing

. Spreadsheets / Graphing
. Molecular modelling

. WWW searching

Unlike the arts- and humanities-based disciplines, science and chemistry in particular)

requires more than basic writing, keyboarding and word processing skills for report writing (13,14).
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Tablelll isan extract of aphysical chemistry article showing the use of superscripts, subscripts,

mathematical symbols, Greek letters and equations (15).

Tablelll. Extract of a physical chemistry article showing the use of superscripts,

subscripts, mathematical symbols, Greek lettersand equations (15).

A simple harmonic valence force field, consisting of harmonic stretches, bends and
torsions, was used to describe the propane substrate:

Vintra =S Vatretchi +  Voendi * S Viorsion; )
The first two terms have been defined previously.*>*** The harmonic stretching and
bending force constants were obtained by the empirical prescription of Lindner:®
Ko = 4705 107 Im?, Ky gy = 47027 107 IM?, Koy con = 6.67 107 Jrad?, and
Koengiot = 561~ 10" Jrad™. Thefinal term in Eqn (4) is a3-fold methyl torsional
potential which was assumed to be:

_ Vo ¢ 3tij)
Vtorsion,i ) J=Sl cos? (T (5)
Thetorsional anglest;; are the nine H-C-C-H or H-C-C-C dihedral angles for each of the

i-th C-C bonds.

The above discussion shows that university policy and the use of information technology
(IT) in university teaching and learning are implicitly based on the assumption that university
students either already are computer literate, or are becoming computer literate. Indeed, this
assumption seems to be supported by a number of studies, which suggest that the penetration of IT

literacy and ability amongst Australian undergraduate studentsisrising rapidly (1-3): TablelV.
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Table V. Percentage of students entering university with ageneral I T skills (1-3).

Year 1998 2000 2001

U Sydney Deakin U (1) UWA
Survey School (2) | ™ 75 and this study this study
Ability to use the 75 87 94 93
WWW 82
Ability to use email 59 8 %2 %3
Ability to use aword 93 89 99 98 97
processor
Ability touse a 47 50 88 77 62
Spreadsheet

Reference (2) isa study by Meredyth et al. of Y ear 10 secondary students across
Australiain 1998. These students were in the 4" year of secondary school and would
have formed the mgjority of the students who started university in 2001. Reference (3)
was asurvey of al undergraduate students who entered the University of Sydney in
2000. Reference (1) was a survey of al students enrolled in 1% semester freshman (1%
year) chemistry. In each case, the results were not obtained through objective testing,
but are the students' (subjective) perceptions of their own abilities.

IT skills are generally high. However, we have anecdotal evidence that many students are
having difficulties using the el ectronic electronic-learning environment, which seems to contradict
the findings of references (1-3). Hence in 2000, we conducted a survey of beginning university
undergraduate students enrolled in first-year chemistry at Deakin University, investigating the
details of specific IT skills (1). This paper reports the continuation of our survey into a second year
and extended to include undergraduate freshman medical students at the University of Western
Australia (UWA).

To the best of our knowledge, our 2000 survey (1) isthe only survey that investigates
specific IT skills of university students (as opposed to general IT skills). Given the lack of hard data

on specific IT skills, the current paper is an extension of our previous work (1).

Survey Results

The results of the surveysfall into three groups:
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. genera IT skillswhich reflect familiarity with the different types of computer
software (6,12);

. specific IT skills associated with use of the Internet for teaching and learning activities,
including (8,9):
. electronic dissemination of material through the world-wide web, bulletin boards,

on-line testing, electronic submission of student work;
. on-line testing and electronic submission of student work;
. specific IT skills associated with use of word processors and report writing (eg. 13).
Details of the sample student demographics and survey administration the survey design can be

found in Appendix |; Details of the survey design can be found in Appendix I 1.

General IT kills

The proportion of first-year-university students who have agenera IT skill islistedin Table V. It
is clear that the percentage of university students who have knowledge of core IT skillsin the areas
of Web, email, and word-processing usage has increased in the last couple of years. Since the
results for Sciences and Technology students at the University of Sydney were consistently 3-6%
higher than the university average (3) we can expect approximately 90% or more of the overall
university population in 2001 to have knowledge of these I T skills.

The extent of knowledge of spreadsheets is significantly lower than for the other general
skills: Table 1V. We postul ate two reasons for this: firstly, the wide-spread use of graphing and
programmable cal culators in high schools may mean that spreadsheets may be due to the use of
spreadsheets being less integrated into most high-school curricula than Web, email, and word-
processing usage; and secondly there is a non-academic imperative for the use of the latter

technologies for electronic communication with friends and relatives.
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Soecific IT skills associated with use of the Internet for teaching and learning

activities

In aweb document, such asthis, alink to (eg) the[RACI Division of Chemical Education web site|

can exist as alhypertext [ind. However, in a text-based document, the web address or URL
(uniform resource locator) must be given as (eg)

<http:/www.deakin.edu.au/fac_st/bcRACI_ChemEd/>.

Table V. Crosstabulation of percentage of studentsat Deakin University who have

knowledge about Web addresses (URL s) and general Web usage.

Knowledge of Web usage
2000 2001

Do not Do not

K Know K Know
K now- now now
ledge of | Do not know 9 21 5 7
URLSs

Know 2 68 1 87

2000 data is taken from our 2000 survey (1).

Table V shows that while the general knowledge of overall Web usage is extremely high, in 2001,
1in 8 students still do not know how to use aweb address or URL.

Electronic teaching materials and lecture notes are often disseminated to students as (Adobe
Acrobat) portable document format (PDF) files (16). Table VI showsthat between 1in2and 2in 3
students believe that they do not know how to read a PDF file. The effective knowledge base may
be higher than this since over 90% of students have web skills and hence have unconscious
knowledge of accessing aweb-linked PDF file using a pre-configured web browser. Even with this
cavedt, it is clear that most students will encounter difficultiesif the PDF file is distributed through

anon-web medium (eg on diskette or CD-ROM).
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Table VI. Crosstabulation of percentage of students who have knowledge about
reading PDF files and general Web usage in 2001.
Knowledge of Web usage

U Western : : .

Australia Deakin University
K now- Do not K now Do not K now
ledge of know know
reading | Do not know 6 45 3 65
PDF
files Know 1 49 1 31

In the modern e-learning environment, students are often asked to download electronic files
from the world-wide web, bulletin boards, email attachments, instructional management systems,
etc (8,9). Similarly, students are often asked to submit work as attachments to email, bulletin

boards, instructional management systems, etc (8,9).

Table VII. Crosstabulation of per centage of students who have knowledge about

email attachments and downloading files from the WWW in 2001.

Knowledge of downloading files from the WWW
U Western . . .
Australia Deakin University
K now- I?(o not K now Do not K now
ledge of now know
email Do not know 22 15 26 17
attach-
ments Know 6 58 5 52

Table VII shows that approximately 1 out of every 4 students can not download files from
the Web or use email attachments. While many students might have unconscious knowledge of
accessing aweb-linked PDF file, 1 out of every 4 students will have difficulty accessing other

electronic files by any Internet medium. Approximately 1 in 2 students will have no difficulty
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accessing files by any medium, while the remainder may have difficulty depending on the medium

of dissemination. A very large minority will be unable to submit work as attachments.

Table VIII. Percentage of UWA students expressing pr eferences for on-line ver sus
written testsin 2001.

Written testing On-line testing %
Only preference 12
Preferred Possible 37
No preference 39
Possible Preferred 12
Only preference 0

Table VIII showsthat the students at UWA exhibit a clear preference towards paper-based
written tests. Since negative student attitudes will adversely affect learning outcomes, the use of on-

line testing will disadvantage the 1-in-8 students whose only preference is for written tests.

Soecific IT skills associated with use of word processors and report writing

The current survey indicates that in 2001 ailmost all students (>95%: see Table 1V) are able to use
word-processing software. University of Sydney datain 2000 indicates that 83% of students felt
that they had "fair" to "expert" keyboarding skills (3). Our study indicates that UWA students can
type at the same speed as they can write, with a small but significant number expressing a
preference to type rather than write.

The overal level of specific skills associated with word-processing is not uniformly high,
which is consistent with our 2000 results. However and most surprisingly, these skill levels either
consistently showed a consistent across-the-board decrease between 2000 and 2001 — see Table

I X and reference (1) — although this may a slight year-to-year variation.
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Table I X. Percentage of Deakin University studentswith various levels of skill for
specific skills associated with wor d-processing in 2001
: Use of
Use of Use of special .
superscripts characters and Use. of chemical
) equations structures
and subscripts symbols )
(diagrams)

Response a 11 5 6 23
Response b 27 20 64 69
Response ¢ 44 68 27 7
Response d 12 6 2
Response e 6 1
Responsea | have not heard about [this skill].
Response b | have heard about, but do not know how to use [this skill].
Responsec | know how to use [this skill].
Responsed | have expert knowledge on [this skill].
Responsee | have sufficient expert knowledge to teach [this skill].

Surprisingly, 11% of the students claimed "I have not heard about putting superscripts and
subscriptsin documents’. This claim is all the more the surprisingly when one considers the
educational background of the survey sample — all the students have previously studied chemistry
— and realises that superscripts and subscripts are part of the everyday language of chemistry: eg,
0,, N,, SO,* and PO,* for oxygen and nitrogen molecules, and sulfate and phosphate ions
respectively. This complete ignorance of superscripts and subscriptsis an increase from the
previous year (4%), and is part of a consistent across-the-board increase in ignorance and decrease
in knowledge: see Table | X and reference (1). This decrease may be part of small-sample
variability from year-to-year: future surveys are required.

While some disciplines may not require the use of superscripts/subscripts, special
characters/symbols, equations and/or technical diagramsin their written work, but some or all of

these features are required in the scientific and technologically-based disciplines. Thus Table 1V
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and Table | X indicate that students are becoming more capable of producing a word-processed

submissions, they are becoming less capable of producing an acceptable scientific submissions.

Discussion

Most students have reasonable computer skills at the start of their university studies, the level of
skill was not uniformly high: Table IV and reference (1). This general finding is consistent with the
results of other surveys (1-3). However, the level of specific I T skillsis very variable. What actions
are required?

Firstly, teaching staff and university administrators must acknowledge that students entering
university in 2001 are not fully prepared to benefit from the universities use of I T in teaching and
learning (5). This has been amajor objective of our previous (1) and the current work.

Given the increasing use of Web-based and el ectronic teaching resources (see eg. 7,8,17), it
then follows that there is an urgent need for IT training for university studentsin order to achieve
successful learning outcomes using I T and to satisfy the needs of future employers. Thisisnot as
onerous asit initially seemsto be. It can be ssmple and easy as using 5 minutes of classtimeto
demonstrate how to type an URL into the appropriate box in aweb browser, or to use the format
font option to create a superscript or subscript. This needs to be done systematically across the
curriculum. These 5 minutes of classtime, if taken early in university studies, can be viewed as the
proverbia "stitch in time" that prevents many problems latter in the students' academic career.

For example, one model for compulsory, across-the-board, student IT training is detailed in

Table X.
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Table X. Recommendations of a Deakin-University Working Party on computer

skillstraining for undergraduates

» Each"unit" (ietopic or "subject") has a prescribed list of IT skills, which are
deemed necessary for successful learning outcomes in that unit.

* Therequired IT skills can vary from one degree stream to another (ie Arts versus
Science majors). However, skills associated with "core" units, topics or subjects,
will ensure that all studentsin a particular degree stream will have the appropriate
IT skillsfor that particular discipline and degree stream.

e Students must demonstrate that they have the required IT skills, or take flexible-
learning training modules to acquire the required 1T skillsin the first few weeks of
semester, before they are permitted to proceed in the unit, topic or subject.

» A training module would take as little as 30 minutes to learn how to use email
attachments, or up to a couple of hoursto prepare a graph using a spreadsheet.

e Thetraining modules (or demonstration of requisite skills) are a pass/fail hurdle
barrier for completion of the unit, topic or subject. They do not carry any credit
points towards the degree program. Administratively, the modules are smilar to
teaching practicums or industrial placements, which are compulsory in some degree
program, but which carry no credit points.

Within the chemistry curriculum, special emphasis should be placed onthe IT skillslisted in Table

XI.

Table XI. Computer skillswhich require attention for chemistry under graduatesin

2001

 UsingURLs.

* Reading Adobe PDF files.

*  Downloading files from the WWW.
e Using email attachments.

e Using superscripts, subscripts, mathematical symbols, Greek |etters, equations and
diagrams in word processing documents.

Conclusions and Summary

Most Australian students have reasonable computer skills at the start of their university studiesin

2001, but the level of skill is not uniformly high. Although this study has concentrated on two
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cohorts of students at Deakin University and the University of Western Australia, these samples can
be viewed as a microcosm, reflecting awider trend within Australia and internationally.

Firstly, teaching staff and university administrators must acknowledge that students entering
university in 2001 are not fully prepared to benefit from the universities use of IT in teaching and
learning. Secondly, universities need to implement compulsory student IT training systematically
across the curriculum. This training can be simple and easy to implement, as discussed above.

This article, which is the second in a series (1) of investigations on the computer skills of
undergraduate students at the start of university, is an expanded version of a paper presented at the

World Chemistry Congress held in Brisbane (Australia) during 1-6 July 2001.
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Appendix |. Sample Student Demographics and Administration

Two cohorts of university students were surveyed at the start of the 2001 academic year. In each
case, every student enrolled in a particular university unit (subject) was required to complete the
survey.

The University of Western Australia (UWA) cohort was comprised of al studentsin the
first year of the medical degree (MBBS) program. The total sample size was 130 with 53% female
and 47% male. Approximately 23% had had prior university education, but the survey did not
identify these students. The survey was administered online through the locally developed
FlyingFish courseware, and students were required to complete the survey immediately after
logging in for the first time. Students were able to compl ete the survey independently if they felt
able, and others were given assistance to log-in and begin the survey at an introductory training
session early in semester. As students were required to access learning materials through the
FlyingFish, all students completed the survey.

The Deakin University (DU) cohort was comprised of al studentsin the first-year unit
(subject) SBC 111 (Chemistry A) within the School of Biological and Chemical Sciences at Deakin
University (Geelong campus). The total sample size was 84. The survey was printed on the front
and back of a single sheet of paper: 3 students failed to respond to the questions on the back of the
sheet, which included information on the student demographics. Hence analysis of the data used
either 81 or 84 students as the sample size, as appropriate. The majority of students (82%) were
enrolled in various degree programs (BSc, BForensicSc) within the Faculty of Science and
Technology, 18% were enrolled in double-degree programs (BSc/BE, BSc/BA, BSc/BCom,
BSc/BTeach, BSc/LLB), while 4% did not declare their enrolment details. 78% of students had no

previous tertiary education, 5% had one or more years of non-university tertiary education, 10%
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had one or more years of university education, while 4% did not provide their educational
background. 62% of the class were female and 38% were male.

Other researchers have noted that for voluntary surveys, there is a higher response rate from
females.(3) However, since the surveysin this paper were conducted in class time, the

predominance of females in both the DU and UWA cohorts reflects actual enrolment numbers.

Appendix I1. The Survey Design

The surveys used in this study were based on the previous design (1) and intended to investigate the
level of students' knowledge in the usage of I T. Survey-response options covered the range from no
awareness to varying levels of expertise: see Reference (1):

@ No awareness or knowledge;

(b) Awareness but no knowledge of usage;

(c) Knowledge to use the technology;

(d),(e) Expert knowledge to use the technology.
Responses (a) and (b) indicate that the student has no ability with the skill in question, while
responses (¢), (d) and (e) indicate varying levels of skill.

This study addressed the following general IT skills:

. Use of the World Wide web;

. Use of electronic mail (email);
. Use of word-processing programs; and
. Use of spreadsheets to analyse and plot numerical data.

The use of databases, the use of spreadsheets in capabilities apart from analysing and plotting
numerical data, the use of (multimedia) presentation packages (eg PowerPoint), the ability to create

web pages, and other genera skills were not addressed.
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In addition to the general skills, the survey addressed several specific IT skills such as the

use of keyword searches on the WWW, or the use of super- and subscripts within word-processing
programs. The version of the survey used at the University of Western Australia examined a smaller
range of specific IT skills, than the Deakin University survey. (Copies of both the UWA and DU

versions from available on request from the authors.)

Page 17


http://www.juen.ac.jp/scien/cssj/cejrnlE.html

Chemical Education Journal (CEJ), Vol. 5, No. 2 /Registration No. 5-24/Received August 13, 2001.
URL = http://www.juen.ac.jp/scien/cssj/cejrnl E.html
Lim and Kendle: Computer and I T Skills

About the authors

Kieran Lim (3 B2 F=") obtained his BSc (Hons) and PhD in theoretical chemistry from the
University of Sydney. He was awarded an Archbishop Mannix Travelling Scholarship to Stanford
University and has held Lectureships at the University of New England, the University of
Melbourne and Deakin University, where heis currently a Senior Lecturer in Chemical Sciences
(equivalent to Associate Professor or Professor in North America). Heisa Member (MRACI,
CChem) and Certified Practising Chemist (CPChem) of the Royal Australian Chemical Institute,
and aMember (MACS) and Practising Computer Professional (PCP) of the Australian Computer
Society.

Amanda Kendle was a Lecturer in Assessment within the Education Centre of the Faculty of
Medicine and Dentistry at the University of Western Australia Sciences (equivalent to Assistant
Professor in North America). She had a background as an instructional designer at Edith Cowan
University before joining the Education Centre to advise on student assessment issues arising from

the introduction of the new medical curriculum. Amanda.is currently pursuing other interestsin

Japan.

Page 18


http://www.juen.ac.jp/scien/cssj/cejrnlE.html

Chemical Education Journal (CEJ), Vol. 5, No. 2 /Registration No. 5-24/Received August 13, 2001.

URL = http://www.juen.ac.jp/scien/css)/cejrnl E.html
Lim and Kendle: Computer and I T Skills

Refer ences

All URLs were checked on 2 August 2001.

D

@)

©)

(4)

(®)

Lim, K. F.; Lee, J, "IT skills of students enrolled in afirst-year undergraduate unit", Aust. J.
Educ. Tech. 2000, 16, 215 <http://cleo.murdoch.edu.au/ajet/g et16/res/lim.html>.
Meredyth, D.; Russdll, N.; Blackwood, L.; Thomas, J.; Wise, P., Real Time: Computers,
Change and Schooling; Department of Education, Training and Y outh Affairs (Australian
Commonwealth Government): Canberra, 1999

<http://www.detya.gov.au/archive/school s/publications/1999/real time.pdf >.

UniServe Science, “ Survey of computing experience and skill development needs of
incoming first year students at The University of Sydney in 2000”, University of Sydney,
2000 <http://science.uniserve.edu.au/pubs/survey00.html>.

Australian Bureau of Statistics, Business Use of Information Technology; Australian
Government Publishing Service: Canberra, 1997; Lawson, R.; de Matos, C., "Information
technology skillsin the workplace: Implications for Bachelor of Arts degrees’, Aust. J.
Educ. Tech. 2000, 16, 87 <http://cleo.murdoch.edu.au/gjet/ajet16/lawson.html>;

Australian Bureau of Statistics, “Use of the Internet by householders, Australia’, Australian

Bureau of Statistics, Report 8147.0, 2001

<nttp://www.abs.gov.au/ausstals ans@.nsi/U/A EckEb /619446D B 22CA 2566A 90015950

pen=>.

Winship, J., “Information Technology Literacy Project”, Council of Australian University
Directors of Information Technology, 2000

<http://www.caudit.edu.au/caudit/information/projects/0012winship.pdf>.

Page 19


http://www.juen.ac.jp/scien/cssj/cejrnlE.html
http://cleo.murdoch.edu.au/ajet/ajet16/res/lim.html
http://www.detya.gov.au/archive/schools/publications/1999/realtime.pdf
http://science.uniserve.edu.au/pubs/survey00.html
http://cleo.murdoch.edu.au/ajet/ajet16/lawson.html
http://www.abs.gov.au/ausstats/abs@.nsf/0/AE8E67619446DB22CA2568A9001393F8?Open
http://www.caudit.edu.au/caudit/information/projects/0012winship.pdf>.

Chemical Education Journal (CEJ), Vol. 5, No. 2 /Registration No. 5-24/Received August 13, 2001.

URL = http://www.juen.ac.jp/scien/css)/cejrnl E.html
Lim and Kendle: Computer and I T Skills

(6)

()

©)

9)

(10)

(11)

(12)

(13)

Education Network Austraia, “The Way Forward: Higher Education Action Plan for the
Information Economy”, Education Network Australia (EANA), 2000
<http://www.edna.edu.au/highered/actionplan>.

Alexander, S.; McKenzie, J., An Evaluation of Information Technology Projects for
University Learning; Australian Government Publishing Service: Canberra, 1998
<http://www.autc.gov.au/in/in_pu_cu_ex.htm>.

Pennell, R., University of Western Sydney, Managing online learning
<http://ausweb.scu.edu.au/aw96/educn/pennel l/paper.htm>, 1996 (updated 5 November
1996; accessed 22 February 2000, checked 2 August 2001; Blackhurst, A. E.; Hales, R. M;
Lahm, E. A., "Using an education server software system to deliver Special Education
coursework viathe World Wide Web", J. Special Educ. Tech. 1997, 13, 78
<http://serc.gws.uky.edu/www/ukat/topclass/tc.html>.

Zielinski, T. J.; Swift, M. L., "What every chemist should know about computers, 11", Chem.
Educator 1997, 2, .

Bacon, D.; Johnston, I.; Ingemarsson, 1., "Editoria", CAL-laborate 2000, 5,
<http://science.uniserve.edu.au/pubs/callab/vol 5/director.html>.

Malin, J. M., "Chemical in Africa: A joint AAPAC-IUPAC meeting 11 July 1998, Durban,
South Africa', Chem. Int. 1999, 21, 1
<http://iupac.chemsoc.org/news/archives/1998/durban/index.html>; Mahaffy, P. G.;
Girman, B., "Chemical education in Eritrea", Chem. Int. 2001, 23, 97
<http://iupac.chemsoc.org/publications/ci/2001/july/eritrea.html>.

Australian Education Council, A National Statement on Mathematics for Australian Schools;
Curriculum Corporation (Australia): Carlton (Vic), 1990.

Kovac, J.; Sherwood, D. W., Writing Across the Chemistry Curriculum: An Instructor's

Handbook; Prentice Hall: 2001; Tilstra, L., "Using journal articles to teach writing skills for

Page 20


http://www.juen.ac.jp/scien/cssj/cejrnlE.html
http://www.edna.edu.au/highered/actionplan
http://www.autc.gov.au/in/in_pu_cu_ex.htm
http://ausweb.scu.edu.au/aw96/educn/pennell/paper.htm
http://serc.gws.uky.edu/www/ukat/topclass/tc.html
http://science.uniserve.edu.au/pubs/callab/vol5/director.html
http://iupac.chemsoc.org/news/archives/1998/durban/index.html
http://iupac.chemsoc.org/publications/ci/2001/july/eritrea.html

Chemical Education Journal (CEJ), Vol. 5, No. 2 /Registration No. 5-24/Received August 13, 2001.

URL = http://www.juen.ac.jp/scien/css)/cejrnl E.html
Lim and Kendle: Computer and I T Skills

(14

(15

(16)

17

laboratory reportsin general chemistry”, J. Chem. Educ. 2001, 78, 762
<http://jchemed.chem.wisc.edu/Journal/l ssues/2001/Jun/abs762.html>; Gordon, N. R.;
Newton, T. A.; Rhodes, G.; Ricci, J. S.; Stebbins, R. G.; Tracy, H. J., "Writing and
computing across the USM chemistry curriculum”, J. Chem. Educ. 2001, 78, 53
<http://jchemed.chem.wisc.edu/Journal/l ssues/2001/Jan/abs53.html >.

Schoenfeld, R., The Chemist's English; 3rd Ed.; VCH: Weinheim, 1989; Silyn-Roberts, H.,
Writing for Science: A practical handbook for science, engineering and technology students;
Addison Wesley Longman: Auckland, 1996; Spector, T., "Writing a scientific manuscript”,
J. Chem. Educ. 1994, 71, 47; Beadll, H.; Trimbur, J., A Short Guide to Writing about
Chemistry; Harper-Collins: New Y ork, 1996.

Linhananta, A.; Lim, K. F., "Quasiclassical tragjectory calculations of collisional energy
transfer in propane systems", Phys. Chem. Chem. Phys. 2000, 2, 1385
<http://www.rsc.org/ej/CP/2000/A909614K .PDF>.

Adobe Acrobat. Available from Adobe Systems Inc.
<http://www.adobe.com/products/acrobat/>.

McCann, D.; Christmass, J.; Nicholson, P.; Stuparich, J., Educational Technology in Higher
Education; Department of Education, Training and Y outh Affairs (Australian
Commonwealth Government): Canberra, 1998
<http://www.detya.gov.au/highered/occpaper/edtech.pdf>; Proceedings of the Computer
Assessment Wor kshop; UniServesScience: Sydney, 1997
<http://science.uniserve.edu.au/pubs/procs/wshop2/>; Proceedings of the University Science
Teaching and the Web Workshop; Fernandez, A., ed. UniServesScience: Sydney, 1998
<http://science.uniserve.edu.au/pubs/procs/wshop3/>; Brown, J. S.; Duguid, P., Heldref
Corporation, Universitiesin the digital age

<http://www.parc.xerox.com/ops/members/brown/papers/university.html>, 1996 (accessed

Page 21


http://www.juen.ac.jp/scien/cssj/cejrnlE.html
http://jchemed.chem.wisc.edu/Journal/Issues/2001/Jun/abs762.html
http://jchemed.chem.wisc.edu/Journal/Issues/2001/Jan/abs53.html
http://www.rsc.org/ej/CP/2000/A909614K.PDF
http://www.adobe.com/products/acrobat/
http://www.detya.gov.au/highered/occpaper/edtech.pdf
http://science.uniserve.edu.au/pubs/procs/wshop2/
http://science.uniserve.edu.au/pubs/procs/wshop3/
http://www.parc.xerox.com/ops/members/brown/papers/university.html

Chemical Education Journal (CEJ), Vol. 5, No. 2 /Registration No. 5-24/Received August 13, 2001.
URL = http://www.juen.ac.jp/scien/cssj/cejrnl E.html
Lim and Kendle: Computer and I T Skills

1 April 1998, checked 2 August 2001; Freeman, M., "Flexibility in access, interaction and
assessment: The case for web-based teaching programs’, Aust. J. Educ. Tech. 1997, 13, 23
<http://cleo.murdoch.edu.au/ajet/gj et13/wi97p23.html>; Glaser, R. E.; Poole, M. J.,
"Organic chemistry online: Building collaborative learning communities through el ectronic
communication”, J. Chem. Educ. 1999, 76, 699

<http://jchemed.chem.wisc.edu/Journal/l ssues/1999/M ay/abs699.html>; Krieger, J. H.,
"Chemistry sites proliferate on the Internet's World Wide Web", Chem. Eng. News, 1995,
73, (November), 35; Long, G. R.; Zielinski, T. J., "Teaching chemistry on-line: Why it
should be done", Trends Anal. Chem. 1996, 15, 445; Middleton, C. A., "Asynchronous
computer conferencing in the MBA classroom™, in Proceedings of the 32nd Annual Hawaii
International Conference on System ScienceslEEE: Hawaii, 1999;
<http://www.yorku.ca/cmiddlet/pubs/hicss.pdf>; O'Haver, T. C., University of Maryland,
Applications of Technology in Teaching Chemistry
<http://www.inform.umd.edu/EdRes/ T opic/Chemistry/ChemConference/>, 1993 (accessed
21 March 2000; Paulisse, K. W.; Polik, W. F., "Use of WWW discussion boards in chemical
education”, J. Chem. Educ. 1999, 76, 704

<http://jchemed.chem.wisc.edu/Journal/l ssues/1999/M ay/abs704.html>; Pence, L. E.,
"Cooperative electronic mail: Effective communication technology for introductory
chemistry", J. Chem. Educ. 1999, 76, 697

<http://jchemed.chem.wisc.edu/Journal/l ssues/1999/May/abs697.html>; Putting You in the
Picture: Proceedings of the UniServe Australia Workshop; Fernandez, A., ed.
UniServesScience: Sydney, 1997 <http://science.uniserve.edu.au/pubs/procs/picture.html>;
Proceedings of the Tools for Flexible Learning Workshop; Fernandez, A., ed.

UniServesScience: Sydney, 1999 <http://science.uniserve.edu.au/pubs/procs/wshop4/>;

Page 22


http://www.juen.ac.jp/scien/cssj/cejrnlE.html
http://cleo.murdoch.edu.au/ajet/ajet13/wi97p23.html
http://jchemed.chem.wisc.edu/Journal/Issues/1999/May/abs699.html
http://www.yorku.ca/cmiddlet/pubs/hicss.pdf
http://www.inform.umd.edu/EdRes/Topic/Chemistry/ChemConference/
http://jchemed.chem.wisc.edu/Journal/Issues/1999/May/abs704.html
http://jchemed.chem.wisc.edu/Journal/Issues/1999/May/abs697.html
http://science.uniserve.edu.au/pubs/procs/picture.html
http://science.uniserve.edu.au/pubs/procs/wshop4/>;

Chemical Education Journal (CEJ), Vol. 5, No. 2 /Registration No. 5-24/Received August 13, 2001.
URL = http://www.juen.ac.jp/scien/cssj/cejrnl E.html
Lim and Kendle: Computer and I T Skills

Proceedings of Evaluating the New Teaching Technologies Workshop; Fernandez, A., ed.

UniServesScience: Sydney, 2000 <http://science.uniserve.edu.au/pubs/procs/wshop5/>.

Page 23


http://www.juen.ac.jp/scien/cssj/cejrnlE.html
http://science.uniserve.edu.au/pubs/procs/wshop5/>.

