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Preface 

The Proceedings of the 1998 National Conference of the Chemical Education Division of 
the Royal Australian Chemical Institute reflect the central role that chemical education 
plays in providing and serving as a link to theory and practice, to industry, to the 
community, and to education at the secondary-tertiary interface. 
The conference theme, Bridging the Gap, was selected in order to focus on the 
importance of chemical education in a broad societal context. These contexts formed the 
sub-themes for the conference and were: 

Bridging the Gap between Theory and Practice 
Bridging the Gap to Industry 
Bridging the Gap to the Community 
Bridging the Gap between Secondary and Tertiary 

The Conference Plenary presentation, Identz3ing, Bridging and Forever Narrowing the 
Gap, by Dr Joe Baker, OBE, not only provided a firm foundation for the conference 
theme but also spanned the sub-themes in a most stimulating and thought provoking way. 
In addition, each of the sub-themes was addressed by a number of keynote speakers 
whose fine contributions further developed the overall conference theme. The success of 
any conference is the people who make up the event. We acknowledge the conference 
participants and thank the delegates who gave presentations. 
A major goal of the conference was to bring together professionals from all sectors who 
share an interest in chemical education. The cross fertilisation of ideas between the 
sectors contributed significantly to the success of the conference. 
The conference would not have been possible without sponsorship and we are grateful to 
the industries and institutions for sponsorship and support. 
Finally, the papers in these Proceedings have been fully refereed and we thank the referee 
committee for the review work undertaken. 

David Druskovich and Greg Klease 
Central Queensland University, November, 1998. 
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IDENTIFYING, BRIDGING AND FOREVER 
NARROWING THE GAPS 

Joe Baker, OBE 

Commissioner for the Environment, ACT 
PO Box 3196, Canberra 2601 

Introduction 
In addressing the aims of the Conference, to give all of us "an enhanced appreciation 
and understanding of the central role of Chemical Education and of its relevance to all 
areas of Chemistry", I am forcibly reminded of the central role of the lessons to be 
learned from the systematic study of chemistry, and of the way that systematic 
approach has allowed me to link - or bridge - the issues, as we try to understand the 
challenges of sustainable development, protection of biodiversity, and maintenance of 
quality of life. We are fortunate in being well-trained to "Bridging the Gap" to 
generate an educated, informed, and concerned society, and my first thoughts to 
address the concept of "Identifying, Bridging and Forever Narrowing the Gaps", were 
quickly modified when I recognised that the "forever" was misplaced. 

We must be forever identifying, and forever bridging, as well as forever narrowing the 
"Gap", because of the always changing nature of the "Gap". 

Using the "Bridge" theme, and an image of what constitutes a bridge, this one is 
indeed challenging - the banks of the river to be bridged are not stable, the flow is 
varied both on and beneath the bridge, and the nature of the loading on the bridge is 
comparably varied. So, we are faced with the challenge of building a bridge, forever 
using it, forever maintaining it in good condition, forever being prepared to modify 
that bridge for the different types of traffic that will travel on it, or perhaps want to 
pass over, below, or around it, if our design, maintenance and upkeep are not adequate 
to meet the perceived needs of all potential users. 

In the Periodic Table,.the element Carbon has certainly shown the ability to address 
different challenges, and to come up with a myriad of types of bridges - bonds - to 
change what may appear to be a position of weakness, (halfway between the two 
alternative stable arrangements), to be one of paramount significance in the web of 
life. Dwell on that capability whenever you are faced with a new, perhaps apparently 
impossible challenge. 

Can you reorganize your resources to share, donate, or rearrange to accommodate the 
needs of others and yet emerge stronger yourself? 

The Conference Organizers have specifically designated some obvious gaps to bridge 
in this Conference - between the theory and practice of teaching, 

- to industry 
- to the community, and 
- between secondary and tertiary education levels, (and 

perhaps even between the primary and secondary levels) 



I believe that we have to bridge another Gap - that between the inquiring mind and 
the informed mind, even earlier than the primary level, and that is at the pre-school 
level. I see one resource to help bridge that gap at the opposite end of the age 
spectrum, that of the early "chemistry" retirees, who have the benefit of enormous 
experience and recognition of the need for careful explanation of the questions of the 
YO'wZ- 

There is also that remarkable bond between the very young and the aged, which 
continues to enthrall me. 

Not all chemist retirees would be suitable, but the available pool becomes larger each 
year. At another critical step in the preparation scale, there is a clear need to bridge 
the gap between the "chemistry educated" and the "employment ready" graduate (at 
all tertiary levels), and we (you and I, the chemistry professionals), face the challenge 
in society, to bridge the gap to 

- elected representatives (at Local, State, and Federal levels), 
both those in Government and those in other parties; and to 

- the general community. 

At the "initial level", we have the challenge to 
- ensure we are on the bridge of global Chemical Education; and to 
- bridge the gap among ourselves. 

On this diversity of challenges and opportunities, there will be a diversity of priority 
Conference outputs and outcomes for each of us, and that, in itself, is a satisfying 
prospect because of the different principal emphases of our current professional 
positions, and responsibilities. 

Even that is a bridge between past and present, and building to the future, and I 
encourage you to exercise lateral thought in analyzing how this fascinating topic can 
better prepare you for your future development. 

The Royal Australian Chemical Institute (RACI) is a wonderful vehicle to bridge the 
gap among qualified Chemists, and, although we must always maintain the 
professional standards of the Institute, I would love to see an effective method of 
regularly informing the non-Chemists of what is exciting for them, in the advances in 
Chemistry. Creating a classification of "Corresponding Members", particularly at 
local levels, may be one way to build this bridge - or, perhaps, we have to join local 
service clubs and community groups to bridge the gap, locally. Certainly, one can 
begin to build a bridge from either side of the gap. 

We have to make the general community part of the adventure of discovery and 
awareness of chemistry in life. 



Being a Chemist 
In my Abstract I said, effectively, there is not one thing in this world that is not a 
chemical or composed of chemicals. 

Let us analyze a couple of consequences - perhaps sub-conscious, from the public 
viewpoint: 

(i) "You're a chemist, you must know about that" - no matter what the "that" 
aspect of Chemistry is; 

(ii) "You're a chemist; you're responsible for all those nasty things that are 
polluting our waters, destroying the ozone layer, causing "El-Nino" and so 
on. 

In practice, the public image of the chemist is not good, and the situation of the 
1960's when chemists were seen as producing "good things" is long since gone. I 
suggest that the reason for this unsatisfactory image may lie - at least in part - with 
us. As a generalisation, we've been shockingly bad public communicators! This 
applies at all levels, and we have not attained the skills of the engineer in making 
decisions on existing knowledge, and maintaining a respected public image. 

The challenge of chemists is obviously more diverse than for the engineer, but if in a 
local community, we have effective bridges among ourselves, we can respond to the 
difficult questions in a very positive manner. For example, in response to a question 
one could say "That is a very significant question; my colleague (name) is 
knowledgeable in that area; I'll arrange, by tomorrow, to let you know when helshe 
can come with me to talk to you about it". 

A response in this form establishes your professional attitude and awareness, and your 
personal commitment to be the bridge between the enquirer and the knowledgeable 
person. Both factors will build trust and respect. 

I think it was Samuel Johnson who said, "knowledge is of two kinds; that which you 
have in your memory, and that which you know there to find it". The latter is often 
more reliable than the former! 

More recently, but still a couple of decades ago, the father of a Chinese student of 
mine told me: "You will succeed if you - know what you know, and know what you 
don't know, and you will not succeed if you - don't know what you know, and don't 
know what you don't know." I have tried to live in accord with both of those lessons. 

Experiences in "Bridging the Gap" 
My comments are based on my conviction that every living and non-living thing is 
composed of chemicals, and that chemicals are significant in the regulation of our 
health and general well being. 



On that basis Chemical Education must prepare products as diverse as the greatest: 
- chemistry research worker 
- chemistry teacher 
- homemaker 
- managing director 
- board member of the largest company. 

Certainly you should be as likely to find a successful chemist in the home, or in a 
business suit, as in a white laboratory coat. 

The following examples and opinions have been significant to me in establishing, 
building, and maintaining bridges to narrow gaps in different situations. I recognize 
that you may not agree with all my points, but they may represent opportunities for 
you to identify improvements on my experiences. 

(1) To me, teaching is the most important profession, no matter what level the 
teaching involves - pre-school, primary, secondary, tertiary, or post-tertiary. 
Therefore, I will always respond positively to a request for assistance from a teacher, 
and I've always served on School P & Cs, when our children were at school. 

(2) At University teaching level, always let the students know (early) that you are 
interested in them as individuals. Messages can often be best communicated in a 
light-hearted manner (to suggest to these young people that a Professor may in fact be 
human). I would often tell a class of "freshers" that I will always wear a tie in the 
hope that they will at least wear a shirt or a blouse. 

Having attracted their attention, I would then inform them that one of my principal 
objectives in teaching was that, in each class in each year, someone would emerge as 
"better" than me - a better researcher, a better teacher, a better person - and wherever 
possible, a better chemist. 

No matter how large the class (and they were often around 400 in first-year Chemistry 
at University of Queensland), it was always my objective to be able to identify each 
student, correctly, by first name, by the end of term 1. This was essential, in attaining 
their confidence. 

(3) Find out about any limitations of your students. Some may not hear well, some 
not see well, some may have difficulty understanding our "English", or more likely 
our "Australian", expression. Also, get to know their interests and their needs. 
(Those principles apply equally for all types of contacts and interactions.) 

(4) Try to be involved in tutorials and laboratory classes in a less formal way than 
in lectures. Show you enjoy what you are doing! 

(5 )  Remember you are always on display, as a professional, wherever you may be! 
This applies very much to the way we may speak about other people. It is non- 
professional to speak negatively about people, in community discussion. There was 
an old adage "If you can't say anything good about someone, don't say anything". 
Although the media and politics don't seem to follow this line, I suggest that it is a 
good guideline for scientists, in the public arena. 



(6)  Try to be apolitical in your interactions with politicians. Support the elected 
Government, but keep in touch with "opposition7' members. (I dislike the term 
"opposition", it is immediately confrontationist, and assumes that the parties not in 
power must oppose whatever the Government proposes. Whereas that may sell 
newspapers, it does not ensure the best outcomes of Government.) 

(7) Tell your story of chemistry with care and conviction - but don't tell people "it 
is important", it may be "significant", but "importance" has to be a judgement of the 
listener. My most dramatic lesson in this regard was when I had the opportunity to 
present a new discovery to our Minister; I began by saying, "Minister, this is the most ~ important discovery we could bring to you". I observed that his eyes showed that he 
had lost interest, so I stopped and said "Minister, what's wrong?'. He replied "Joe, 
every person that walks through that door tells me that they are here to tell me the 
most important event or activity, which I must support". 

I asked for another chance to tell my story. I recast it to make it personally relevant to 
his well being, not as a Minister, but as a person, and he became interested, and asked 
questions. At the .end, he said, "that is very important" - and he has never forgotten 
that discovery. 
He, not I, made the decision on importance! 

(8) Don't use scientific jargon in interaction with the public - my own research on 
the substances which give rise to the Royal Purple dye of 'mtiquity is a wonderful 
example of a story that can be told in very precise technical terminology, or, it can be 
related in a way that links the study to stories in the Bible, to stories of Greek 
mythology, and to the Roman emperors. The second method certainly wins high 
interest. The first leads to early onset of ptosis! (or drooping of the eyelids). 

(9) Offer solutions to challenges/problems. If you go to a meeting not supporting a 
proposal, have an alternative, ready to propose. In Landcare, we found that farmers 
were eager to grasp solutions to problems, provided they could clearly understand the 
benefits - for them. The way in which cane-farmers in the wet tropics accepted green 
cane harvesting and minimum tillage farming, is a classic example of this approach. 

(10) Don't wait until you need the contact to make the contact - whether it be with a: 
- journalist 
- radio or TV presenter 
- politician (all 3 levels) 
- leader of industry, or a 
- funding agency. 

Create the linkages (bridges) early, and keep them active by communication of brief 
high-interest items. 

(1 1) Do not evaluate a lack of an immediate response as a failure to establish a 
linkage! It may be some time before the target person has a specific issue to address, 
which brings to mind your exercise. 



(12) In everything you see or read, think laterally. "I wonder if 'so-and-so'would be 
interested in that?', or "Would that be useful for me to illustrate a certain 
technology", or "Could that be made into a good public interest story?'. 

(13) Be punctual for meetings! It may be lonely at times, but there is nothing better 
than being a bit early for a meeting, particularly if the other person is late. The same 
goes for Committee meetings. 

(14) If you are called to a meeting with a decision-maker or industry leader, establish 
your willingness to help, early on. Even at the "hello" stage, it is a good strategy to 
ask "How can I help you?', or, if you already know the challenge, say "I think I may 
be able to work with you to solve this problem". 

Bridging the Gap to Sustainable Development 
My education in Chemistry, and the associated systematic approach to problem- 
solving, have been essential building blocks in my role as Commissioner for the 
Environment in the ACT. In that role, I am responsible for preparing State of the 
Environment (SOE) Reports. 

We were first challenged to define "the environment", and now have in place in the 
Environment Protection Act 1997, for the ACT, a definition, which I believe is 
comprehensive. (see Attachment I). The definition is a result of building a bridge 
from what I saw as a single paragraph definition to one that is acceptable to a 
Parliamentary draftsman. It is a new type of bridge, for a chemist to traverse. 

At the same time, we have been aware of the development of the National Strategy for 
Ecologically Sustainable Development (NSESD), and of the need to develop 
measures (indicators) to assess progress along the pathway to ESD. 

It is our belief that, provided the indicators selected for SOE reporting are satisfactory, 
and that the assessment of the SOE takes into account the interactions and 
interdependencies, as required in the definition of the Environment, then the SOE 
Reports are the logical bridges on which to build the assessment of progress towards 
ESD. 

Attachment I1 shows the stepwise manner in which we take into account the 
requirements of the definition of the Environment, to produce a SOE Report, and 
Attachment I11 is a representation of the way we can bridge the gap to take into 
account the extra steps which will be necessary to achieve awareness across the whole 
of community, of what is needed to achieve progress towards ESD. 

It is a fully interactive process with numerous bridges to build, maintain, and forever 
use. It is a process in which chemists have numerous roles - in many of the measures 
of individual indicators of the condition of the Environment, and in using their 
systematic approach to problem-solving, to achieve a comprehensive understanding of 
the State of the Environment, and of the way the Environment is changing over time. 



Concluding Remark 
My example of the role I play as Commissioner for the Environment may seem to 
some as a long bridge from the most fundamental role of Chemical Education in 
bridging the gaps, but if one analyses my introductory remarks, and the examples I 
have given in bridging gaps of a wide range of types, it is clear that my training in 
Chemistry has been critical in providing the professional foundation on which to build 
towards my current responsibility. Chemistry is an essential factor in life - and a full 
appreciation of the way in which Chemical Education can be applied to meeting the 
everyday challenges of professional development could well explain why you are 
equally likely to find a successful chemist in a business suit as in a white laboratory 
coat. 



Attachment I 

ACT Environment Protection ACT 

Definition of 'Environment' 

(a) the components of the earth, including soil, the atmosphere and water; 
(b) any organic or inorganic matter and any living organism; 
(c) human made or modified structure and areas; 
(d) ecosystems and their constituent parts, including people and communities; 
(e) the qualities and characteristics of places and areas that contribute to their 

biological diversity and ecological integrity, scientific value and amenity; 
(0 the interactions and interdependencies within and between the things mentioned 

in subparagraphs (a) to (e) (inclusive); 
(g) the social, aesthetic, cultural and economic conditions that affect, or are affected 

by, the things mentioned in subparagraphs (a) to (b) (inclusive). 



Attachment I1 
Minimum Requirements for SoE Reporting in the ACT 

State of Environment Reports 

T 
Synthesis 

T 

I Measurement . 

*Indicators may be composite, eg Economic 
Activity or Specific, eg. Carbon Monoxide 
Concentration. 

Economic, 
Aesthetic; 

Social, 
Culture 



Attachment I11 

The ideal outputs of SoE Reports 

tate of Environment Reports d Recommendations to 
Gov/Industry/Community 

1 
Popular Press Articles- Assessmen 

Capacity Building 

T Education programs 
C Synthesis 

Database T Holistic Planning for Sustainable 

? Development 

Measurement I 

*Indicators may be composite, eg Economic 
Activity or Specific, eg. Carbon Monoxide 
C U  - - -  

Social, 
Culture 



BRIDGING THE GAP - ONGOING 
INTERACTION WITH YOUTH, WITH 
COMMERCE AND WITH INDUSTRY 

Joe Baker, OBE 

Commissioner for the Environment, ACT 
PO Box 3198, Canberra 2601 

Explanatory Note 
This is the second of two plenary lectures, originally prepared as "Bridging the Gap - 
Ongoing Interaction with Convnerce and Industry". In the actual lecture, which was 
given in Gladstone, some 16 Vacation Course Secondary School students joined the 
lecture. They had not attended the first lecture, the day before, in Rockhampton, 
whereas everyone else had done so. For the interest of the students, some parts of the 
first lecture were discussed again, but in different contexts. "Environment7' was again 
defined, and the interactions and interdependencies incorporated in that definition, 
highlighted and debated. The challenge of understanding "change" in the condition of 
the environment was stressed, and the questions asked as to what the audience 
believed were the major things (or Themes) that people included when they discussed 
the "Environment"; then given any one Theme, what were the significant Issues 
within that Theme; and once the Issues were identified, what were the Indicators 
necessary to identify change in those Issues, and how should each be measured? 
The "Condition - Pressure - Response" model for State for the Environment was 
introduced, and the audience challenged to consider how each person could become 
involved in understanding and improving the environment, and how this Central 
Queensland Region, in particular, could become a model of interaction across all 
sectors of Society, in developing towards and through the 21'' Century, in a manner 
which was sustainable. 
Given the significance of coastal activities in the Gladstone-Rockharnpton area, the 
opportunities for sustainable marine development were also included in the 
presentation, and the audience was encouraged to consider the diversity of job 
opportunities associated with the sea, particularly with respect to the area of 
jurisdiction for Australia, under the United Nations Convention on the Law of the Sea 
(UNCLOS). This area is more than one-and-a-half times the area of the continent and 
that marine area is small compared with the marine volume in which so many living 
resources (and some non-living resources) are distributed. The area also includes the 
sea-bed. 

Introduction 
Interaction can be ongoing only if there is reciprocal benefit, mutual respect and a 
shared need, At a time when public funding of research is diminishing, there is an 
expectation that commerce and industry will take on this function. 
However, we must be realistic. 
For commence and industry, there is a clear and unambiguous essential outcome from 
their activities, and that is an ongoing economically profitable operation. 
In the first instance, they will support research only if it is clear to them that the 
research results will improve their economic profitability. 



Only at later stage, when they are financially secure, and have trust in our 
performance, are they likely to offer support for fundamental, or basic, research. 
It is essential that we establish the linkages to commerce and industry, at early stages, 
rather than only when we need to help. They do need our help now, in the drive 
towards Ecologically Sustainable Development (ESD). 
I would like to think that industry and commerce can make a transformation, in time, 
to an essential environmentalZy profitable outcome - based on the definition of the 
Environment that I have given. 
The significant difference in the two outcomes is that the environmental profitability 
has measures of social, cultural and aesthetic profitability, as well as that related to the 
economic outcome. I seek an environmental rationalist, rather than an economic 
rationalist, and believe that the chemist can help in that significant shift in objectives. 
Other sectors of society will also contribute, but the systematic approach of the person 
educated in chemistry will be a key component. 
The challenge is complex; it requires a wise choice among available technologies, and 
benefit-cost analyses that are much more extensive than simply looking at dollar 
costs. 
We are seeing the social and cultural costs of economic rationalism, - as well as 
dramatic ecological costs is some types of activities consequent upon economic 
rationalism decisions - but we are not yet seeing the progressive movement to 
environmental rationalism. 
Somehow we have to find a way to retain the economic profitability, while we build 
in the other components necessary to achieve environmental profitability. 
It will not be achieved in one giant step, but more likely in a series of small steps, 
with occasional noteworthy gains. 
Tliere are many promising signs of mechanisms that will facilitate that process, 
among which I include State of Environment Reporting, the Intergovernmental 
Agreement on the Environment, the National Strategy for Ecologically Sustainable 
Development, the International Standards Organisation (ISO) 9.000 (Quality) and 
14,000 (Environment) Series for internationally competitive industries - and for all 
types of organisations, the National Environment Protection Council (NEPC) and its 
derived National Environmental Protection Measures (NEPM's), and the Regional 
Organisations of Local Governments, which are joining together to analyse the 
holistic attributes of their regions, and to assess the most appropriate types of 
development to encourage. In industries, in many countries, we now see the absolute 
requirement for total materials and energy audits - where each company has to record 
the materials coming in and, in detail, the products coming out, whether they be 
"waste" or "desired" products. 
I put "waste" in inverted commas, because, we as chemists, should be helping to show 
that "waste" is really the sign of a lazy mind, and that all materials should have a use. 
In Japan, the materials and energy audit requirements have resulted in many 
regroupings of industries, so that the "waste" of one operation can be used as a 
"resource" of another. Can we begin to do that locally? 

Being Aware Globally but Acting Locally 

We have to be aware of the developments that are occurring to facilitate international 
interactions, but, equally, and as for the selection among "available technologies", we 
must be able to analyse what aspects of that international emphasis will, in fact, 
benefit the region and the individual. The term "Global Village" has been coined, but 



in any village there are the privileged and the underprivileged, and we should be 
carefully debating all relevant international agreements and arrangements, to ensure 
that we - as a Nation - do not become the underprivileged. 
AS one immediate action, have you considered a debate on the General Agreement on 
Tariffs and Trade (GATT), and its relevance to the objective of moving towards 
~ ~ ~ l ~ g i c a l l y  Sustainable Development (ESD)? 
such a debate is equally apposite among Year 11 and Year 12 students as it is among 
professional chemists, and industry and commerce. 
These are the types of activities the local Branch of the RACI can facilitate, and thus 
demonstrate its awareness of issues of relevance to this and future societies. 
Successful ESD is going to require such involvement! 
The challenges associated with environmentally sustainable commercial and industrial 
development and profitability, encourage me to propose the establishment of networks 
around the local Branch of the RACI, where those networks will allow rapid 
identification and communication of relevant information. Each arm of the network 
would be a bridge to one sector of society, and the RACI local Branch would be the 
nucleus which ensured that all those bridges were well maintained. 
If in the local Branch, you established a number of coordinators you would, in my 
experience, be richly rewarded by the interest of the different sectors of society. For 
example, one could have the following types of coordinators, to: 

- maintain a data base of qualified chemistry graduates, and their 
interests; 

- link to secondary schools; 
- link to industry; 
- link to commerce; 
- link to the Local Governments, 

in the region. 
Such a system should stimulate enhanced employment opportunities, enhanced 
business and industry success, and enhanced community spirit arid quality of life, and 
enhanced respect for the chemist. 
Naturally, one would continue to interact in the way that I proposed in the first of 
these two lectures! 
When I speak of these points, I clearly recall the way in which an RACI member, and 
Chairman of North Australian Cement, Lew Davies-Graham, stimulated the 
inauguration of the North Queensland Branch of the RACI in the mid-1960's, how we 
developed weekend meetings involving students, industry and commerce, how we 
involved partners in the Saturday night social occasions, and how we made chemistry, 
very much a part of life. The weekend-meeting model has persisted to this day! 
I am pleased to observe that Industry members play a significant part in this meeting 
and in the local RACI operations. 

Some Specific Talking Points 

(i) Employment Opportunities 
The theme we have been developing is "Building Bridges". In the sections above, I 
have stressed the value of networks -which must be relevant, and alive. 
Employment opportunities are automatically enhanced when one is aware of existing 
activities, of new developments, and of the abilities of local candidates. 
Although I will give some specific examples, I want you, firstly, to consider the 
benefits of the Cooperative Research Centre (CRC) Model. 



The CRCs were the brain-child of the then Chief Scientist, Professor Ralph Slatyer, 
who saw the potential benefits of bringing close together, the research workers - 
Universities and Government Agencies, like CSIRO, ANSTO and AIMS - and the 
users of the results of research - commerce and industry. 
One of the unexpected beneficial outcomes of the CRC operations is that employers 
become familiar with the abilities of research students in interactive projects, and 
recognize them as employment prospects. This has removed one of the great barriers 
to employment - being known to the employer - being more than just another name 
on a piece of paper. 
The network system, suggested above, produces a de-facto CRC environment without 
the seed funding from Government, and could even spawn specific projects to 
advance sustainable development in the region. 
Obviously, there are wonderful opportunities for new jobs, when one tackles the 
challenge of removing "waste" from our operations - and from our vocabulary, in the 
longer term. 
One has only to look at the efforts in Japan and in Europe, to appreciate that "waste" 
is an international issue. Development of local "waste-avoidance" schemes could 
easily result in opportunities to export this type of technology. 
This represents a growth industry. 
In the ACT, the Government has developed a proposal to achieve "Zero Waste by 
201 0". Attachment I lists the components of the "Vision" which accompany that 
proposal. If one studies each part of the Vision, one can identifl new challenges - to 
influence manufacturers, to create new industries, to change society attitudes, etc. 
The pessimist will say it is all too difficult; the entrepreneur will see new 
opportunities - in education, in employment, in commerce and in industry. 
The ACT initiative is 100% consistent with the IS0 9,000 and IS0  14,000 series 
requirements, and these can be adopted equally in industry, in commerce, and in 
teaching institutions - and in the smallest and the largest organisations. 
Can it be initiated locally? Obviously, I believe it can! 
Another great employment potential is that associated wit11 the sea. 
It is not so long ago - and it may well still be the case in many societies - that if you 
said you wanted to work in marine fields, the reaction would be "You must be a 
marine biologist". I want to deliberately ridicule such narrow thinking! 
There is no type of job "in the terrestrial sphere" that is not comparably applicable "in 
the marine sphere"! 
Attachment I1 lists certain classifications of marine study areas that one may expect to 
see as available in University curricula. Attachment 111 shows the employment 
opportunities and or fields of specialisation that could be derived from such studies. 
There are rich employment opportunities in all these fields, but if one asked me what I 
saw as immediate urgent needs, they would be in the fields of "Law of the Sea" and 
"Marine Veterinary Science". 
However all the fields are relevant to Australia's challenge to have in place by 2004, 
satisfactory management practices to show that it can sustainably manage the living 
and non-living resources of its vast marine area of jurisdictional responsibility, 
afforded by the UNCLOS. 
Attachment I V  shows the extent of this "new" area of responsibility. 



(ii) New Commerce and Industry Opportunities 
What some may see as a constraint, others will see as opportunity. 
m e  examples above, of new employment opportunities are equally valid as new 
business opportunities. The ACT Vision on Waste specifically addresses the need to 
develop new industries, and this has already occurred in Canberra. 
m e  marine sphere of activity is one where Australia has already shown its ability to 
develop a range of industries, e.g. specialist boat-building in Tasmania, specialist 

instnunentation in Western Australia, aquaculture of several types 
throughout Australia- tuna in South Australia, Atlantic salmon in Tasmania, blue 
mussels in Victoria, prawns in New South Wales, Queensland, and Northern Territory 
- to name a few, reef tourism in Queensland, and Western Australia - including teams 
of young graduates who have set themselves up as tour guides. 
These are but a few of what lias already emerged in the past decade. 
But what of the future, and what of this Central Queensland Region? 
The Fitzroy River is one of Australia's major rivers, and water is going to be a 
resource which will determine what industries can be sustainably maintained in 
different parts of Australia. I suspect that we cannot, in the future, see dams as the 
best way to store water. The evaporation rate is far too high in our climate which 
features long periods of hot, dry conditions. 
We need inventive ways to store water. What ideas do you have? 
Central Queensland already has a strong primary industries base, and a strong 
educational and research institution structure. Are those factors well integrated to 
ensure that we are analysing every opportunity to derive value-added products from 
our primary produce? 
Do we have the people trained in international Laws, and in international trade to take 
advantage of new opportunities which may arise through those factors? 
Wherever I look, I see opportunities, but they all seem to have one feature - no one 
can be implemented without cross-fertilisation of ideas and awareness. 
Inevitably, the situation brings me back to the opportunities that can be identified and 
realised through networks - which the RACI is qualified to initiate - and through 
CRC-type arrangements. Earlier on, I also spoke about the significance of IS0 9,000 
(quality) and IS0 14,000 (environment) series, which are a basis for implementation 
of best management practices, no matter what your business. There are groups that 
have established operations to explain and to assess progress against these 
international standards, and I suspect that many of the successful places of business in 
the Central Queensland Region have already adopted IS0 9,000 - but perhaps not yet 
IS0 14,000. 
It may be timely to initiate a forum on the IS0  14,000 series and their impact. 
Value-adding of products and targeting niche markets have already been features of 
recent successful Australian business ventures. 
Australian native plants offer spectacular opportunities for both distinctive value- 
added products, and for niche market entry. 
Marine species have been little exploited, except for direct food value, (and for their 
tourist appeal), and the marine sphere remains open for groups willing to observe and 
to think laterally for new business opportunities. 
Gladstone itself almost demands consideration of industries based on waste- 
avoidance, as it emerges as a - if not the - major centre of industrial development, 
outside of Brisbane. 



Concluding Remarks 

Today, I look at an audience that represents the present and is primed for the future. 
We have an ideal mix of students, teachers, researchers and leaders of commerce and 
industry. If we can build the bridges to maintain and forever facilitate and strengthen 
the links among us, we can build a society capable of meeting challenges and dealing 
with change, while minimising any adverse effects that may impact on our quality of 
life. 
This is an era of change, but it is also an era in which local communities and regions 
should evaluate the opportunities and technologies available, weigh them against your 
specific social, cultural, and aesthetic requirements, and select those most appropriate 
to your own priority directions towards sustainable development. This is a good year 
to put networks and planned interactions in place. The devolution of responsibility 
for Agenda 21 implementation to Local Government - and for many other functions - 
will make Local Government, and groups of Local Governments, more significant in 
developing plans for sustainable development, consistent with the objectives of the 
State's Integrated Planning Act. The year 2002 will see the next assessment of how 
the world is progressing towards sustainable development, in "The Riot-1 0" 
Conference. It would be nice to think that Queensland, and particularly Central 
Queensland, could show leadership in demonstrating that planned and integrated 
sustainable development can be economically, socially, culturally, and aesthetically - 
that is, environmentally, achieved. 
The W C I  can facilitate the realisation of this leadership potential. 
You can all be part of the Network to achieve it. 



Attachment 1 

THE VISION 

By 2010 it is envisaged that waste will have been eliminated by a community that: 

has encouraged the producers of goods to take responsibility for the form in which , 
their products are sold to ensure that waste is not generated with the initial 
production, during use or at the end of the product's life; 

has created an environment for developing innovative solutions to avoid 
generating waste; 

only buys what it needs. Whether they be building materials or groceries, waste is 
avoided by efficient buying and production practices; 

has created cost-effective methods for recovering resources so that materials can 
either be re-used or reprocessed into valuable products; 

has created industries dealing in unwanted materials; 

has extended the opportunities for resource recovery to the Canberra region; and 

takes pride in its achievements in eliminating waste and includes environmental 
education as a key element in achieving the vision. 
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Abstract 

High quality teaching demands more than both good content knowledge and good 
pedagogical knowledge: it requires a consideration of how specific characteristics of the 
content might influence one's pedagogy, and vice versa. The term pedagogical content 
knowledge refers to knowledge derived from the interaction between pedagogical beliefs 
and characteristics of the content in order to decide how a particular topic might be 
presented for optimal "learnability". To use an example in our context, pedagogical 
content knowledge refers not to knowledge about stereochemistry, but to knowledge about 
the teaching and learning of stereochemistry. Perhaps reflection upon, and research into, 
pedagogical content knowledge will be the next major step in the evolution of chemical 
education. 

Attention is given to an analysis of pedagogical content knowledge specific to a particular 
topic in chemistry, and how this might influence the teaching of that topic. 

It is argued that developing pedagogical content knowledge about topic X constitutes the 
creation of new knowledge different from, but equally as worthy as, research knowledge 
about topic X. Recognition of this might enhance the status of good chemistry teachers. 

Introduction 

It is my perception that the chemical education enterprise has traversed two distinct phases 
over recent decades: a reflective phase and, more latterly, a research-based phase. 
Currently it seems not sure of its identity and where it should go. If we accept a distinction 
between pure and applied in chemistry research, then I suggest by analogy that we have 
been intensively engaged in pure chemical education research in recent years. Perhaps the 
time is ripe to engage in a line of applied research, involving both reflective analysis and 
empirical studies, the findings of which will be immediately useful to the teacher at both 
secondary and tertiary levels. When we have bridged the gap between general educational 
theoretical advances, and specific knowledge that can assist us to teach about chemical 
equilibrium (for example), then perhaps chemical education research will begin to make 
more impact on the practice of teaching chemistry. This applied research will necessarily 
involve collaboration between chemists and teachers, along with science education 
researchers. 

Chemical education, Stage 1: Reflection about "What to teach?" 

Until about 1975, there was very little experimental research concerning the chemistry 
curriculum. Chemical education was concerned almost exclusively with either (i) advances 
in the subject matter, or (ii) the question "What should be included in the chemistry 
curriculum?" Almost every issue of the Journal of Chemical Education contained articles 
related to this latter question. The powerful influences in chemical education were position 



papers published by highly respected academic chemists. These papers were based on 
opinion and judgement derived, not from empirical findings, but from reflection grounded 
in experience and wisdom. 

These position papers seem to suggest that the "answer" for chemical education lay in the 
selection or design of the "right" curriculum, as defined by the choice of subject matter. In 
most (but not all) of these discussions, it seems as though the curriculum is perceived as an 
interaction between teacher and subject matter. It was as though the students were 
regarded as part of the fixtures (or the teacher's context?) in the teaching task - especially 
at the tertiary level. 

Chemical education, Stage 2: Experimental research into "What is learned?" 

From about 1975 we have seen a dramatic change in the nature of the science education 
endeavour. Although we still need to, and do, ask the question "What should be taught?" 
there has been an enormous investment of energy in experimental research into the 
question "What is learned?" The world has been tipped upside down! The focus has 
shifted from the curriculum (the syllabus to be taught) to the student, reflection has given 
way to experimental investigation, and those asking the questions are mostly "science 
educators" rather than scientists. In a few instances around the world, people engaged in 
this research are in Chemistry Departments, doing chemistry and working with chemists. 

Probing students' understandings became a science education "industry" and there is at 
least one book (White & Gunstone, 1992) describing methods for going about this very 
difficult task. Much of this research is described as "misconceptions research": its purpose 
has been to identify inadequacies in students' understandings, in comparison with what the 
teachers might have hoped for. Garnett et al. (1995) and Nakhleh (1992) have published 
comprehensive reviews of the findings of "misconceptions research" in chemistry 
education. 

There are two stunning outcomes from the very many "misconceptions research" studies 
that have been conducted. Firstly, many of the misconceptions that have been identified 
are common to students of all countries, and at a variety of levels of education, including 
many students scoring well in formal written examinations. Secondly, many 
misconceptions are extraordinarily resistant to change. 

These findings have led to questioning of the "transmission" (teaching is telling and 
learning is remembering) mode of teaching. The evidence supports the view that formal 
learning often constitutes little more than an ability to reproduce symbols and words and to 
apply algorithms. And so began (or, perhaps better, re-convened) a period of reflection 
upon how people learn. If transmission of knowledge by telling is not a very effective way 
of teaching and learning, why isn't it? What is a better way? This is a story in itself and is 
not the issue here, but perhaps I might refer to two lines of thinking. 

Firstly, we have had ten or fifteen years on top of a wave called "constructivist" theory. 
The essence of constructivism is perhaps best summarised as: "Knowledge is constructed 
in [not absorbed by] the mind of the learner" (Bodner, 1986). By and large, a 
"constructivist" teacher will value and take into account the students' prior 
understandings, will look for ways to develop linkages between new knowledge and pre- 
existing sound student knowledge, and might try to create situations such that the students 
need to grapple with challenging ideas. 

Secondly, an "Information Processing model" (Johnstone, 1997) has at its heart (i) a 
selective filtration process, influenced by what we already know, for choosing which of the 



incoming sensory signals we attend to, and (ii) an interaction in a limited capacity 
b6working memory space" between selected new information and prior knowledge. 

Where are we at? 
For researchers, the belief that teachers' conceptual understandings can be transferred in 
1: 1 correspondence to students through "teaching by telling" is dead and buried. But it 
must be said that praxis consistent with the transmission model is still alive and kicking, 
The research-practice gap has not been bridged. 

Here we are in 1998 with an encyclopedic collection of student "misconceptions" and an 
enhanced knowledge of the conditions for effective learning, based upon which a range of 
student-centred teaching methodologies, such as cooperative learning, have become 
fashionable. Mitchell and Mitchell (1992) have published a valuable typology of 
classroom strategies designed to provoke conceptual struggle, and Bucat and Shand (1996) 
have developed examples of these in a few chemistry topics. 

But there is a partid vacuum. We have new generic ideas about teaching, but little 
guidance as to how each teacher might apply these to the teaching of particular chemistry 
topics. We have a multitude of research publications concerned with identification of 
misconceptions, but usually no more than bland, general statements about preventative or 
curative actions - such as "We must find out what the students know at the start and use 
that as the basis for our teaching.". We have educational researchers and teachers working 
in isolation from each other - except in a few cases of teachers involved in "action 
research". We have science education researchers and academic chemists by and large 
distant from each other and even exhibiting some disdain for each other. And, perhaps as a 
consequence of all of the above, educational research has had little impact on science 
teaching except in particular instances. Finally, it seems to me that many people involved 
in science education research are asking "Where to now?" 

Chemical education - the future: Pedagogical content knowledge. 

Science education research has important messages for the teaching and learning of 
chemistry, but I wonder if the focus is not too much on advancement, rather than 
application, of generic educational theories. Commenting on criteria used for evaluation of 
teaching in the 1980s, Shulman (1986) asked "Where did the subject matter go? What 
happened to the content?" Of course we should attempt to advance educational theory, in 
the same way that any other discipline does "pure research". But surely advances in theory 
of a discipline have only one purpose: to reflect back on, and improve, the practice of that 
discipline. Is the time ripe to think through what we now know about student learning, in 
conjunction with anaIysis of what it means to understand particular concepts in science, to' 
generate useful pedagogical practices specifically tailored for each concept? And then to 
assess, through research, the effectiveness of these practices? This would correspond with 
the notion of "applied research" in the science disciplines. 

A clue to the future is in the following excerpt (Fensham & Kass, 1988): 

There are two primary and interacting sources of events in chemistry instruction that can 
lead to inconsistency, or discrepancy for its learners ........... . The first is the science of 
chemistry itself. The second is the teaching of chemistry. ........... . The interaction between 
these two sources is obvious, but it is often ignored in the education of chemistry teachers. 

Perhaps a productive path for us to travel is what Shulman (1986) has labelled 
pedagogical content knowledge (PCK). While content knowledge refers to one's 



understanding of the subject matter, and pedagogical knowledge refers to one's 
understanding of teaching and learning processes independent of subject matter, 
pedagogical content knowledge refers to knowledge about the teaching and learning of 
particular subject matter, taking into account its particular learning demands. 

The rationale for doing this is aptly put by Geddis (1993): 

The outstanding teacher is not simply a 'teacher', but rather a 'history teacher', a 'chemistry 
teacher', or an 'English teacher7. While in some sense there are generic teaching skills, 
many of the pedagogical skills of the outstanding teacher are content-specific. Beginning 
teachers need to learn not just 'how to teach7, but rather 'how to teach electricity', how to 
teach world history', or 'how to teach fractions'. (p. 675) 

Or, 'how to teach stoichiometry', or 'how to teach chemical equilibrium', or 'how to teach 
stereochemistry". Obviously the demands of learning about stoichiometry are different 
from the demands of learning about stereochemistry. Good teachers analyse (with varying 
degrees of consciousness) the various sorts of content-specific demands. 

Each chemistry teacher has a unique knowledge of chemistry. We cannot hope to transmit 
to the students a duplicate of this knowledge. The teacher's job is to re-package and re- 
present hislher knowledge in such a way that gives the students some hope of achieving 
the understandings that we hope for. The re-packaging task will depend upon the nature of 
the subject matter. And so we teachers have to come to know the subject matter, not only 
for itself, but also in terms of its teachability and learnability. This task has been 
conceptualised (Shulman, 1986) as "transformation of subject-matter knowledge into 
forms accessible to the students". Geddis (1993) points out: 

In order to be able to transform subject matter content knowledge into a form accessible to 
students, teachers need to know a multitude of particular things about the content that are 
relevant to its teachability. (p. 676) 

Developing ways to do this is indeed the creation of new knowledge of a type that 
characterises the good teacher and is part of hislher professional skill. The requirement for 
teachers to invent this new knowledge should be recognised. The highest levels of 
teaching ability demand more than just common sense. 

What constitutes pedagogical content knowledge? 

It seems to me that a prerequisite to generating PCK about a given topic is an analysis of 
the "sorts of knowing" that will enrich one's understanding of that topic. In relation to 
single-component phase diagrams, West and Fensham (1979) have identified a highly 
interlinked relationship amongst propositional knowledge, intellectual skills and images of 
observable phenomena. Let's consider just a few 'sorts of knowing', other than 
propositional knowledge and intellectual skills, in relation to the topic of chemical 
equilibrium (just to provide a concrete example). Awareness of these constitutes PCK: 

1. White (1988, p.3 1) has remarked on the importance of images of observed phenomena 
and experiences, to which he attributes the label episodes. What episodes might enrich 
a student's understanding of chemical equilibrium? In what senses could each episode 
lead to richer understanding? 

2. We have become increasingly aware, as discussed by Johnstone (1991), of the learning 
difficulty presented by the need to consciously switch between observable macroscopic 
phenomena and images of the sub-microscopic molecular level - which we use to 
rationalise macroscopic behaviour. Bent (1984) has written in fascinating terms about 



"seeing through the eyes of a chemist". Ben-Zvi et al. (1987) have demonstrated the 
importance of also recognising the distinction between single-molecule sub- 
microscopic imagery (eg, for dipole moments) and multiple-particle images (eg, for 
limiting-reagent stoichiometry). What are the characteristics of "good" mental imagery 
for the topic of chemical equilibrium? Could some mental models have features which 
would handicap quality learning? 

3. One component of richness of understanding chemistry is an ability to properly use and 
interpret the language that chemists use (Cassels & Johnstone, 1983; Sutton, 1992). 
Categories of language that can provide difficulties for meaningful communication 
include (i) chemical symbolism, such as symbols, formulas and equations, (ii) 
mathematical statements, (iii) technical jargon peculiar to the field, (iv) words which 
are also used in everyday settings, perhaps with different meanings, and (v) oddities, 
that might be called chemical colloquialism. The topic of chemical equilibrium is 
loaded with linguistic traps for students. What are these potential traps? What strategies 
might be used to avoid mis-communication, or to avoid rote uncomprehending use of 
the language, in the topic of chemical equilbrium? 

4. The more easily one can operate with a variety of models, or multiple levels of 
explanation, the richer is one's understanding of a subject. Carr (1984) has pointed out 
that multiple models of acids and bases can be a source of confusion for students. Are 
there multiple levels of explanation applicable to the topic of chemical equilibrium? 
What are the inclusivity/exclusivity relationships amongst them? What are the 
limitations of applicability of each? Which are appropriate for your students? Why? 

5. In the first conference in this series nineteen years ago, West and Fensham (1979) 
suggested that awareness of the linkages between ideas, skills and episodes is important 
to quality learning of chemistry. We might add mental images to this list. And we might 
also argue that recognition of the (extrinsic) links between the topic under study and 
other chemistry topics can enrich our understanding. What intrilisic links are important 
for an understanding of the topic of chemical equilibrium? What extrinsic links show 
the place of equilibrium in the discipline of chemistry, and in the world of science? 
How might we help students to realise these links and to appreciate their importance? 

6. Other components of PCK for any given topic include recognition of the scientists' 
sources of knowledge (why we believe what we believe), an ability to distinguish 
between what is demonstrable knowledge and what is arbitrarily decided knowledge, 
and what the scientific community still does not know about the subject. 

In addition, a teacher with good PCK will know what chemistry education research has to 
say about students' understandings of the subject. What do students find difficult, and 
what is not so difficult? What is the source of the difficulties? What misconceptions are 
common? What recommendations are made for avoiding or "curing" them? 

Such a teacher would also have an acute awareness of the tension that may exist between 
attempts to simplify the subject matter for immediate "learnability" and either veracity or 
long-term teaching goals. Hawkes (1995; 1996) publishes regularly in the Journal of 
Chemical Education on this issue. 

To achieve the sorts of understandings identified above, a teacher might have a vast store 
of PCK in the form of a repertoire of teaching strategies to call upon as appropriate - 
including analogies, laboratory experiments, classroom demonstrations, concept mapping 
tasks, Venn diagram tasks, assignments, or projects. And this teacher will understand the 



specific purposes of each of these strategies, their strengths and weaknesses, and the 
appropriate moment to use each of them. 

I believe that the bbpedagogical-content knowledgable" teacher is better placed than 
otherwise to make sound choices between alternative courses of action, based on content- 
specific reasoning, in order to maximise richness of learning. Of course one needs to 
recognise that classroom decisions cannot be made entirely on content-specific grounds. 
Any teacher will, with some degree of consciousness, take into account hislher educational 
philosophy, system constraints, colleague support, colleague constraints, and 
understanding of the motivations and the abilities of the students. 

Again I point to the incredibly diverse and demanding range of skills needed for good 
teaching. Are these any less, in terms of difficulty of acquisition or responsibility of 
administration, than the skills of lawyers, sharebrokers, politicians or research chemists? 

Where to? 

In the teaching profession the accumulated PCK of each of its participants grows with 
experience, peaks at retirement, and then disappears - often with hardly a contribution to 
the collective wisdom of the profession. What other profession would accept this state of 
affairs? While in other professions, successive standard-bearers "stand on the shoulders of 
giants who came before them", the teaching profession seems to be engaged in many-fold 
"re-inventions of the wheel". I recommend two courses of action: 

1. For each topic in chemistry, teachers, chemists and chemistry education researchers 
should work together, integrating pedagogy, chemistry and research findings, to 
systematically create and document a pool of PCK. I do not envisage that this collection 
of PCK should be prescriptive. The collection might, however, constitute a research- 
based resource pool of notes, ideas and strategies relevant to the teaching and learning 
of the subject matter, into which all chemistry teachers might dip. 

There are, of course, already a myriad of teaching tips and discussions to be found 
about the teaching of particular topics dispersed throughout the science education 
literature. But there is not a systematic collection of these, with evaluations and 
comparisons. Furthermore, I believe that recent research findings and yet-to-be-done 
analyses of the particular demands of understanding particular topics, will lead to new 
PCK. 

2. Architects, chess players and lawyers can learn from documented case studies that 
exhibit the philosophies and skills of masters in their field, indicating their "game 
plans", their strategies, tactics, and responses to particular problems and situations. 
Wouldn't chemistry teaching benefit from research which provided detailed case 
studies of master teachers teaching about chemical equilibrium, for example? This 
"applied research" (in the sense that it is not necessarily directed at extending theory, 
but attempting to provide insights into real problems) would not only describe the 
master teacher's actions, but also probe histher thought processes at critical points 
during a course, and track the changing understandings and perceptions of the students. 

There are previous reports of observations, akin to case studies, of teachers' use of 
content knowedge in the classroom (Garnett, 1987; Munby & Russell, 1992; Wilson, 
Shulman, & Richert, 1987), but in these the subject matter has been merely the vehicle 
for making interpretations about the generic nature of teacher knowledge. The moment 
seems to be crying out for studies which, in the light of these generic characterisations, 
observe, interpret and evaluate the PCK used by particular teachers in instruction of a 



particular topic, to illuminate the teaching of that topic, rather than to illuminate 
teaching in some generic sense. In a word, it would be useful to know "what works" in 
terms of specific content-related decisions, for master teachers. 

There already have been exploratory attempts to describe pedagogical content knowledge 
pertaining to particular chemistry topics. Examples include those by Geddis et al. (1993), 
Magnusson and Krajcik (1993), and De Jong et al. (1995) which refer, respectively, to the 
content-related demands of teaching about the topics of isotopes, thermodynamics and 
oxidation-reduction chemistry. Hopefully these represent the beginning of an accumulation 
of such analyses, which would be extremely useful for both the pre-service education and 
the professional development of chemistry teachers. And they might even be useful 
resources for chemistry students - especially those at the tertiary level. 
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USING THE CABLE NETWORK TO TEACH 
CHEMISTRY OFF-CAMPUS 
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Abstract 
During the past eighteen months first year chemistry units offered by the Rusden campus 
of Deakin University have been broadcast live throughout Melbourne on the Optus 
Education channel. This has not only provided a service to the University's on-campus 
students, but it has made these units accessible to all subscribers to the Optus cable 
network in Victoria and interstate. This situation arose because of the necessity to 
deliver the first year unit Foundations of Chemistry on two of the University's 
metropolitan campuses in 1997. This paper will describe how this was done and the 
impact that it has had upon course delivery. 

Introduction 
Foundations of Chemistry has been taught successfully on the Rusden campus of Deakin 
University or its predecessor institutions for 25 years. It has enabled hundreds of 
students with no background in chemistry to proceed to more advanced studies in the 
discipline. In recent years, the unit has drawn students mainly from the School of 
Biological and Chemical Sciences, though there are also some from other schools within 
and outside the Faculty of Science and Technology. 

In 1997, it was proposed that the unit be offered on the Burwood campus for the first 
time as a service to students in the Faculty of Health and Behavioural Sciences. In order 
for this to occur, either the lecturer had to travel to repeat a lecture that had already been 
delivered on the Rusden campus or students had to travel to attend the lecture at 
Rusden. Although the Rusden and Bunvood campuses are only eight kilometres apart, 
previous experience had indicated that students were loathe to travel between campuses 
because of the costs and loss of time incurred, as well as the inconvenience and the 
difficulty of parking. Similarly, it would have been inconvenient and time-consuming for 
the lecturer to present the same lecture twice because of the lecture demonstration 
format which was used in virtually every lecture. It was felt that the use of appropriate 
technologies could provide a solution to this problem. 

Using Optus 
Demonstrations of chemical phenomena form a very important part of the lecture content 
which also involves exposition by the lecturer and the use of Powerpoint software1 to 
display computer generated images. The computer display is closely linked to the 
chemical phenomena being demonstrated on the lecture bench. The consequent need for 



high quality visual images made the use of the existing video conference facilities 
impracticable. Moreover the videoconference suites lacked the facilities necessary for 
the presentation of chemical demonstrations and were too small for the number of 
students enrolled on each campus. 

Because it was clear that the university's internal network lacked sufficient bandwidth for 
high quality cross-campus videoteachg, the assistance of the Optus Education channel 
was enlisted to deliver lectures, in real time, from the Rusden to the Burwood campus. 
The Education Channel is based on the Rusden campus, from which it delivers a variety 
of material to  the main transmission site for distribution throughout suburban Melbourne 
over the company's optic fibre network. 

In order to take advantage of the opportunity that this provided, the University 
authorities had to be persuaded to provide the necessary hardware in the theatre from 
which the lectures would be delivered together with a high grade link to the Optus 
control room. A schematic diagram of the hardware used on the Rusden campus is given 
as figure 1. 

It was also necessary to prevail upon Optus to connect the Burwood campus to their 
network. This was not difficult as the company has a policy of connecting schools free 
of charge, however, because the theatre to which the lectures had to be delivered is so 
far from the university perimeter, it was also necessary to arrange for the University to 
run an optic fibre optic cable across the campus. In the event, it was the end of the 
second week of the semester before transmissions commenced. Fortunately a 
contingency plan had been put in place for delivery of the first few lectures. These were 
videotaped at Rusden and played at Burwood the following day. The practice of 
recording lectures was continued for the remainder of the semester and the tapes were 
made available in the libraries on both campuses. In addition to this, some students who 
had access to the Optus Education channel at home found it more convenient to watch 
the lectures there or to record them for subsequent viewing. 

The relatively small number of students enrolled (98 distributed more or less equally 
across the two campuses) made it fairly easy to monitor their patterns of attendance. 
These are detailed in table 1. 

Table 1. Attendance patterns for Foundations of Chemistry Lectures. 

View live at Rusden 
View broadcast at Burwood 
View andlor tape broadcast at home 
View tape in library - 

* Students were asked to designate themselves as being based on either the Rusden or 
the Burwood campus. The totals in each column add to more than 100 5% because 
some students gained access to lectures in more than one way. 

Rusden students* 
100 % 
0 %  

? 
27 % 

Burwood students* 
6 % 
89 % 
3 % 
12 % 



To Optus control room 

Figure 1. Schematic Diagram of Video Transmission Arrangements 
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Laboratory work and tutorials 
In addition to three lectures each week, the unit involves tutorials and laboratory work. 
The author ran all of the tutorials on both campuses in order to ensure that all students 
had the opportunity to interact with me personally. Although this involved considerable 
effort, it was based upon the premise that students would be more likely to accept the 
technology if they saw the lecturer as someone who knew them and had a real concern 
for their welfare. Subsequent evaluation of the unit based upon verbal and written 
feedback from students on both campuses appears to validate this belief. There is no 
doubt that this approach compensated for the fact that the use of an external carrier 
made full two-way interactivity during lectures impossible. 
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Fortunately, access was made available to a laboratory on the Burwood campus, so 
laboratory classes were also conducted both there and at Rusden. Practical exercises 
were scheduled on the two campuses in alternate weeks with the same demonstrator 
running classes on both campuses. Consequently it was not necessary for any student to 
commute between campuses though some elected to do so. Those students who 
watched the lectures at home attended laboratory sessions on whichever campus was the 
more convenient. 

Supporting materials 
A comprehensive printed summary of the lectures2 was made available to all students 
who were thus relieved of the necessity taking their own notes during lectures. This left 
them free to concentrate upon the content, a situation which almost all of them 
appreciated. Students were also provided with copies of the examination papers that had 
been set over the previous three years together with detailed worked solutions. The 
lecture summary contained a series of graded problem sheets for which worked solutions 
were also available separately. The reason for not including them with the problems 
themselves was to discourage students from working the problems with the solutions in 
front of them. 

Outcomes 
In 1997, Foundations of Chemistry was taught in this way more or less out of necessity. 
It did however, provide an opportunity to assess the advantages and disadvantages of 
videoteaching and to monitor and student acceptance of it as an alternative to face-to- 
face lectures. Because the two campuses were so close together and the student 
numbers relatively small, it was always possible for staff to commute between campuses 
and to interact personally with students individually or in small groups. Any 
shortcomings imposed by lack of face-to-face contact during lectures could be 
compensated for in other ways. These included having the lecturer run all of the tutorials 
and having the person who ran the laboratory classes sit in on many of the lectures on the 
Burwood campus. In addition, the use of a studio quality camera in filming the lectures 
enabled all students on both campuses to get a much closer view of many of the 
phenomena being demonstrated on the lecture bench than would have been safely 
possible in any other way. The fact that the subject matter of the unit was relatively 
simple permitted the lecturer to attend to the demands of the technology to an extent that 
would probably not have been possible in a more advanced unit so that it was always 
possible to lecture with one eye on the camera or the monitor. 

At the conclusion of the unit, students were surveyed as to their views on this mode of 
delivery. Interestingly, a large majority of those who had only attended live lectures at 
Rusden expressed the opinion that receiving lectures on television from a remote site 
would be a vastly inferior way of learning. On the other hand the Burwood based 
students and those who attended lectures on both campuses overwhelmingly approved of 
the system that was used, with 42 % actually expressing a preference for the video link 
over live lectures and a further 30 % responding that they were equally happy with either 
a live lecture or the video link. 



One consequence of this experiment was that those Bunvood students who had 
experienced the delivery of Foundations of Chemistry by video link in first semester 
expected that the second semester chemistry unit would be delivered in the same way. 
Another was that Burwood based students who had been compelled to travel to Rusden 
for Chemistry A, the standard first semester unit which assumes a knowledge of 
secondary school chemistry, also began to demand access to video lectures on their 
home campus. Several students reported having persuaded their parents to subscribe to 
the Optus cable television service in order to gain access to the lectures at home thereby 
avoiding the necessity to attend on either campus. There was also some evidence that 
the lectures were watched by members of the general public inasmuch as the University 
started to receive enquiries from outsiders about their content and about other areas of 
chemistry. 

As a result of student pressure, the highly complimentary responses from the Burwood 
students in relation to the delivery of this one unit, and our own desire to extend the 
experiment, it was decided to broadcast the second semester unit on the same basis. This 
unit, Chemistry B, takes students from both Chemistry A and Foundations of Chemistry 
and consequently attracts much larger numbers, typically around 250. Unfortunately it 
was not possible to run the laboratory classes on the Bunvood campus for lack of a 
suitable laboratory, nevertheless all of the students saw not having to travel to Rusden 
for lectures or tutorials as a very big advantage. 

This year the experiment has been extended even further with both Chemistry A and 
Foundations of Chemistry being delivered over Optus in first semester and Chemistry B 
planned for second semester. In addition, two second year Biochemistry units are being 
delivered in the same way. Increasing numbers of students are reporting watching the 
lectures at home and a signifcant number of part time students are watching the lectures 
in the Rusden and Bunvood campus libraries on Sunday afternoons. 

As a result of last year's success, the University administration has recently embraced 
this technology and upgraded the intercampus microwave links. It is currently in the 
process of installing equipment for videoteaching on four of its six campuses. This will 
enable lectures to be transmitted between campuses without reliance upon an outside 
party. As a result, it is unlikely that students in 1999 will be able to get out of bed, walk 
into their living rooms and learn about atomic structure while eating their breakfast, or 
that viewers in suburban Sydney will be entertained by exploding hydrogen balloons or 
colourful transition metal complexes. 
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Abstract 

A collaborative project involving Central Queensland University, the electricity 
support organization AUSTA Energy, and four Queensland power stations is 
described. The process that was used in setting up and coordinating ,the project is 
analyzed and discussed. 
This paper describes the development of Guidelines for the Total Management of 
Treated Water Systems in Queensland Power Stations by the team. The objective of 
the project was to minimize corrosion in the stations' Treated Water (TW) circuits by 
assessing the corrosion inhibitor technologies being used. The challenge faced by the 
group was not only to choose an inhibitor that was "chemically effective" but, above 
all, to ensure that it was Workplace Health and Safety, and also environmentally 
acceptable. 
The strategy used to obtain and collate the materials needed to write the guidelines is 
discussed and the outcomes of the project are presented. 

Introduction 

Johnson and Donaghue (1996) have commented on the very low percentage of 
Australian university academics who chose to take a study leave program at a large 
chemical industry. This influenced one of the authors to spend an Outside Study 
Program (OSPRO) in the Queensland electricity generation industry during 1997. 
This was an interesting experience, not only because of the challenges arising from 
the project, but also in part to the major restructuring changes that the industry was 
undergoing at the time. 
The objective of the OSPRO was to review the chemical inhibitors used to minimise 
metallic corrosion in the TW circuits in Queensland fossil fuel-fired power stations 
and to make a recommendation on the ideal inhibitor. It needed to be not only 
chemically effective but also Workplace, Health and Safety compliant, and 
environmentally friendly. 
Prior to the restructure that commenced on July 1, 1997, AUSTA Electric was a single 
body running the States power generation facilities. Cooperation between the stations 
was commonplace where a Chemists Group routinely addressed major chemical 
problems facing the industry and devised strategies for their successful solution. Most 
of the research and development work was done by the Engineering and Technology 
support group and all their intellectual property was distributed within the industry. 
When the OSPRO commenced in July 1997, the industry structure changed 
dramatically. Four independent organizations were established by the State 
Government, three generating bodies and an electricity support organization, AUSTA 
Energy. The objectives of the OSPRO had to be fine-tuned to fit in with the new 
structure. The problem being investigated was still common to all the power 



generation facilities. However, the situation was now one where the facilities were all 
"independent" and were competing with one another. 

Results and Discussion 

The structure of the team that was set up to investigate the problem is shown in 
Figure 1. 
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Figure 1 The structure of the team investigating the Treated Water review 

for Queensland power stations 

AUSTA Energy coordinated the project. since they had both an excellent overview 
and had fully documented TW practices used by all stations since commissioning 
(Chalmers, 1993; Flitt, 1994; Kelly, 1990; Knights, 1993; and Robinson, 1995). The 
objective was to critically evaluate the existing literature and to design a bestpractice 
to be adopted by all stations. 
TW is a cooling system for a range of boiler and plant turbine equipment including 
primary coolers for Unit Cycle sampling. Heat is rejected from the TW system via 
the circulating water system (Queensland Electricity Commission, 1993). 
The choice of materials for TW Systems is governed by the need to 

maximise heat transfer in the cooling system 
reduce scale formation and microbiological growth 
minimise corrosion 

With power station owners demanding that plant equipment should have better than a 
25 to 40 year lifetime, it is imperative for scientists and engineers to ensure that 
stations have a best practice procedure to achieve this goal. Unfortunately, metals 
and alloys most suitable for maximising heat transfer in the system are not always the 
best materials choice from a corrosion management point of view, and vice versa. 
Therein lay the challenge! 
The task was to decide on the most suitable corrosion inhibitor for the aqueous phase 
in the TW circuits. Even though it was known that corrosion inhibition should begin 
at the design and materials selection stage, current materials at the stations had to be 
used. In addition, the choice of inhibitor had to be Workplace, Health and Safety 
compliant, and environmentally fiiendly. 



The initial step was to review the extensive literature held by AUSTA Energy. TW 
Chemistry had been documented since the 1970s. Each station had developed its own 
inhibitor treatment strategy for TW circuits, and they all used a different approach! 
The reasons for this were mainly historical. The choice of inhibitor treatments often 
reflected attempts to overcome costly TW shutdowns caused by tube corrosion 
failures. 
The next phase was to interview station chemists and technical staff involved with 
TW operation and maintenance. This was done by visits to the power stations, 
interviews and an extensive questionnaire designed to evaluate their strategy to TW 
management. 
Prior to writing the Guidelines for the Total Management of Treated Water Systems in 
Queensland Power Stations, the authors spent a reasonable amount of time on 
instructional design. It was realized that feedback from Station personnel on all 
aspects was critical, as the document being developed was one that the station people 
would be working with, and relying on, to solve problems that might occur in the 
system. 
A major hurdle was to convince station chemists of the need to reassess the use of 
very effective TW inhibitors such as hydrazine and zinc chromate. The argument 
employed was that it was essential to use chemicals having a minimal impact on 
personnel and on the environment. 
The next obstacle, was to convince stations personnel that they could change 
inhibitors without significant damage to the TW systems. The very significant 
research and development by the industry over the last 30 years, showed that the 
change could be successfblly implemented (Flitt, 1994). 
The bestpractice advocated was: 
0 a low-level phosphate irktibitor 

the use of demineralised water 
pH maintained at 9.0 to 9.5 

A recommended procedure for TW management with the above corrosion inhibitor 
was written for technical personnel maintaining the circuits (Druskovich, 1998). 
Issues such as TW pre-treatment, system control ranges, monitoring, and system 
blowdown and chemical dosing were addressed. 
The final aspect considered in the Guidelines was the issue of a corrosion 
management strategy for TW Systems. This is a topic which, although important, has 
in the past been neglected because of more pressing priorities, and because it is often 
seen as a highly technical task best left to experts. This view has changed in the last 
few years since reliable, user-friendly instrumentation, available at a reasonable cost, 
can be used to monitor this iniportant parameter. 
Corrosion tests recommended as essential were: 

potential monitoring 
coupon analysis 
linear polarisation resistance (LPR) 

The usefulness of the potential monitoring technique is illustrated in Figure 2 which 
shows potential/time data actually obtained at a Queensland power station. When the 
potential data is superimposed on an E/pH, or Pourbaix diagram, it may be seen that 
the system is in a "safe" operating region. Such a monitoring system could easily be 
automated and the result displayed on a conlputer screen. If the TW system failed for 
any reason, and the potential moved to an "unsafe" region, an alarm could be 
triggered to alert the operator to attend to the system. 
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(b) 
Figure 2 (a) Corrosion potential-time data for a Queensland power station 

(b) The data displayed on a Pourbaix diagram; illustrating that the 
system is in a "safe" operating mode. 

Conclusion 

This paper has presented the strategy that was developed to review the TW practices 
in Queensland power stations. Guidelines have been written which advocate the use 
of a workplace and environmentally compliant corrosion inhibitor, designed to extend 
the life of TW metal components and reduce costly maintenance. 
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 ROVING STUDENTS' UNDERSTANDING OF 
HIGH SCHOOL CHEMISTRY CONCEPTS 

Patrick Garnett 
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Research at the secondary and tertiary levels indicates that students' conceptions of 
chemical phenomena are often inconsistent with the scientific conceptions they are expected 
to learn; are resistant to change; and can be a significant factor in students' subsequent 
learning. Underpinning students' understandings of these topics is their inability to 
visualise the particulate/submicroscopic nature of matter in its various states and the 
processes underlying physical and chemical change. In addition, a range of curriculum and 
pedagogical practices have been identified which appear to influence the development of 
students' alternative conceptions. 

Studies that document students' understandings of chemical phenomena have implications 
for teaching and learning. From the research reviewed, the following factors have been 
identified that influence student conceptions: preconceptions, personal experiences and 
inadequate prerequisite knowledge; use of everyday language in a scientific context; 
oversimplification of concepts and use of unqualified, generalised statements; use of 
multiple definitions and models; rote application of concepts and algorithms; and inability to 
visualise the particulate submicroscopic nature of matter. Various strategies for reducing 
students' alternative conceptions and improving students' understanding of chemistry 
concepts are proposed consistent with a social constructivist framework. 

Introduction 

Science education research prior to the 1960s reflected the pre-eminent position held by 
behavioural psychology in the first half of the twentieth century. An agricultural research 
paradigm prevailed with a focus on the effects of various treatments on student 
performance. The actual process of learning within human consciousness was largely 
ignored because it could not be directly observed. 

The change in focus towards a consideration of the actual process of learning and the 
learner's construction of knowledge was largely due to the influential work of Jean Piaget. 
Piaget was an epistemologist, interested in the development of knowledge in humans. 
Piaget's approach was a radical change to the way that researchers viewed learners' 
construction of knowledge. Piaget proposed that knowledge is constructed as the learner 
seeks to organise their experiences in terms of pre-existing cognitive structures or schemes 
(Bodner, 1986). Equilibration, the process of adaptation, involves two complementary 
processes, assimilation and accommodation, and is an internal self-regulatory mechanism 
by which the learner makes sense of their environment. In assimilation, learners interpret 
experiences within existing cognitive structures or schemas; the new experiences are 
incorporated within existing structures. In accommodation, the learner's experiences do  not 
"fit" existing cognitive structures which must be restructured to resolve this discrepancy. 
According to Piaget humans pass through a set of distinct developmental stages - 
sensorimotor, preoperational, concrete operational and formal operational from birth to 
adulthood. The consistent and global nature of developmental stages is one aspect of 
Piaget's Theory that is now less strongly advocated; it appears that knowledge develops in 



learners unevenly, both temporally and across different discipline domains. Learners' 
reasoning depends not only on the general level of development but also on the familiarity 
and difficulty of the context and task, and the level of language involved. Nevertheless, the 
twin concepts of assimilation and accommodation remain important within the context of 
modem views on learning. 

Foremost among those in science education who challenged the utility of the Piagetian 
approach were Novak and coworkers (eg. Novak, 1978) who argued in favour of 
Ausubel's Theory of Meaningful Learning. This theory emphasised that learning involved 
the development of a framework of specific concepts as the learner sought to make sense of 
experience. Ausubel distinguished between meaningful and rote learning, with meaningful 
learning occurring only when learners relate new knowledge to concepts and propositions 
that they already know:This proposition led to Ausubel's famous statement that "the most 
important single factor influencing learning is what the learner already knows" (Ausubel, 
1 968). 

Alternative conceptions research 

The science education literature of the 1980s and 1990s contains numerous studies of 
students7 understandings of scientific concepts and phenomena. These studies indicate that 
students' conceptions are often inconsistent with the scientific conceptions they are 
expected to learn. Various terms have been used to describe these alternative views, 
including alternative frameworks, alternative conceptions and misconceptions. For the 
purposes of this paper the term 'alternative conceptionsy will mean a conception that differs 
from that agreed by the scientific community (Gilbert, 1983). 

Research on alternative conceptions has established (Garnett, Garnett and Hackling, 1995; 
Gabel and Bunce, 1994; Wandersee, Mintzes and Novak, 1994; Nakhleh, 1992) that: 

there is a diversity in students7 knowledge about scientific concepts and phenomena 

students' conceptions are often inconsistent with those held by the scientific community 
* studentsy conceptions are often resistant to change, especially where the scientific 

conceptions are counter intuitive 
students' conceptions can influence subsequent learning 
students' ideas within specific content domains tend to follow 'conceptual trajectories' 
that are common across different educational systems and cultures 
students can hold inconsistent conceptions that they apply in different contexts 
studentsy altemative conceptions have numerous origins including diverse personal 
experiences, language, culture, teaching and curriculum materials 

Alternative conceptions research has led to an acceptance that students' current knowledge 
plays a critical role in any intellectual activity. Learning is no longer viewed as the passive 
accumulation of information but as a process of conceptual change as learners use existing 
knowledge to make sense of new information. In response to this awareness of students 
altemative conceptions, increasing attention has been focused on the notion of conceptual 
change. The seminal paper by Posner, Strike, Hewson and Gertzog (1982) proposed that 
the replacement or reorganisation of naive conceptions requires learner dissatisfaction with 
existing conceptions and that the new conceptions be intelligible (understandable), plausible 
(believable) and fruitful (worthwhile). In an extension of this view Hewson (1981) 
suggests that it is useful to consider two forms of conceptual change: 

capturing new conceptions (conceptual capture; assimilation); where new learning is 
consistent with current views 



exchanging existing conceptions for new conceptions (conceptual exchange; 
accommodation) 
In this approach, learning can therefore be considered (Duit and Treagust, 1998) as 

occurring via continuous pathways (assimilation) and discontinuous pathways 
In the former, students learn new knowledge by m&ng connections to 

what they already know ; the new conceptions are consistent with and are added to existing 
conceptual frameworks. In the latter, there is a change in the students' existing conceptual 
frameworks to accommodate new information that is inconsistent with existing 
frameworks. According to Hewson (1996) a key concept in accommodation is the relative 
status of existing and new concepts for the learner. Conceptual change is dependent on a 
change in the relative status of the conceptions, with some concepts increasing in status and 
others decreasing in status. Thus an important feature of teaching and learning is changing 
students7 naive conceptions to more scientific conceptions by showing that scientific 

are more fruitful. 

A considerable number of research studies in the area of conceptual change have focused 
on the use of conceptual or cognitive conflict strategies aimed at demonstrating to students 
that current naive conceptions are inadequate and thereby increasing the likelihood of 
exchanging these conceptions for more scientific conceptions. The effectiveness of these 
conceptual change strategies has been subject to considerable debate. Some researchers are 
sceptical of the efficacy of conceptual change strategies and believe that extinction is 
difficult or improbable (Solomon, 1994) while others are more optimistic (Wandersee, 
Mintzes and Novak, 1994). Although there is continuing debate on the issue it does seem 
that conceptual change is rarely a sharp exchange of one theory-like set of meanings for 
another. Conceptual change is more often a gradual process involving conceptual addition 
in which cognitive restructuring occurs but without necessarily extinguishing prior 
conceptions. This approach recognises the existence within learners of parallel or  plural 
conceptual schemes concerning aspects of science in different contexts. While learning 
does involve the restructuring of ideas it does not necessarily result in the extinction or 
abandonment of prior conceptions. Conceptual change strategies based on the extinction of 
naive conceptions and their replacement by scientific conceptions seems to be particularly 
unlikely where the concepts involved are counter intuitive. 

Constructivism 

Alternative conceptions research is largely interpreted within the constructivist learning 
paradigm. Social constructivist learning theory (Duit and Treagust, 1998; Treagust, Duit 
and Fraser, 1996; von Glasersfeld, 1993; Tobin and Tippins, 1993) includes the following 
important elements: 

' Students actively construct new meaning by using their present conceptual frameworks 
to make sense of their experiences of the physical world or the words and images they 
see or hear. Learning is the active construction of knowledge by the learner, and should 
not be viewed as the transfer of knowledge. Knowledge is actively developed by the 
cognising subject and what the learner already knows is of considerable importance. 

' Cognition is functional and adaptive; learners construct "viable" knowledge, ie. 
knowledge that is useful, rather than necessarily representing "reality". Knowledge 
about reality is a human construction and it is only possible to know about reality in a 
personal and subjective way. 

Knowledge is personally constructed but is also socially mediated. The process of 
constructing meaning is embedded in a social setting of which the individual is a part. 



Learners construct knowledge to make sense of their environment; this requires the 
construction of viable and useful knowledge. This approach considers that knowledge is 
constructed by each individual through active engagement with the physical and/or social 
environment. Knowledge construction by the learner requires an active process of 
interpretation within this social and cultural setting. The construction of knowledge is 
viewed as a search for a viable "fit" rather than a match with "reality". Knowledge is viable 
if it works. 

The earlier "personal" forms of constructivism emphasised the individual construction of 
knowledge; knowledge was also viewed as stored mental models of the outside world. 
Emphasis was placed on the learner's personal construction of knowledge and the 
conceptions developed about natural phenomena. This approach emphasised the interaction 
of learner's cognitive structures with physical events and phenomena. 

The newer forms of "social" constructivism place greater emphasis on the social milieu in 
which learning takes place. Learning is viewed as more than knowledge construction based 
on interaction with physical reality. Knowledge is both individual and social. It is a set of 
socially negotiated understandings of events and phenomena that comprise the experienced 
universe. Knowledge is, therefore, personally constructed but it is also socially mediated, 
in two ways; firstly, through the mechanism in which it is developed and acquired, and 
secondly, because our ways of knowing, intellectual processes and language itself are 
socially derived. This approach recognises science as symbolic and socially constructed 
and communicated. Science is viewed as the constructs used to interpret nature rather than 
the physical events and phenomena themselves. 

Examples of alternative conceptions in high school chemistry 

There is now an extensive literature on alternative conceptions held by chemistry students at 
high school and the secondaryltertiary interface. Space precludes an exhaustive description 
of these studies but several reviews are available and the table below identifies a selected 
sample of alternative conceptions from these sources (Garnett, Garnett and Hackling, 1995; 
Gabel and Bunce, 1994; Griffi ths, 1994; Nakhleh, 1992). 



Table 1: High school students' alternative conceptions in chemistry 

1. Particulate nature of matter 
Nature and characteristics of particles 
1 . 1  Individual atoms and molecules have macroscopic properties eg freeze, expand, 

malleability, colour 
1.2 Atoms and molecules are alive 
1.3 Compounds (eg water) consist of mixtures of their constituent elements (eg 

hydrogen and oxygen) 
Arrangement and spacing ofparticles 
1.4 Matter is continuous 
1.5 Matter (eg air and water) fills the spaces between particles in other substances 
Properties of atoms and molecules in different phases 
1.6 Atoms and molecules have different properties in different phases (eg mass, size, 

shape) 
1.7 Heatitemperature affects the properties of atoms and molecules in a particular 

phase (eg size, shape) 
Phase changes 
1.8 When solids melt water runs out 
1.9 When liquids boil air escapes 
1.10 When water boils hydrogen and oxygen are released 

2. Balancing and interpreting chemical equations 
2.1 Formula subscripts are not associated with atomic groupings 
2.2 Chemical equations are not associated with a particulate representation 
2.3 Chemical equations are not associated with the representation of a dynamic process 
2.4 Equation coefficients are not associated with the relative numbers of reactant and 

product species 

3. Chemical equilibrium 
Characteristics of chemical equilibrium 
3.1 There is a simple arithmetic relationship between the concentrations of reactants and 

products (eg "equal" or related according to stoichiometric coefficients) 
3.2 Equilibrium is not a dynamic process 
3.3 Equilibrium involves "oscillating" behaviour 
Reaction rates 
3.4 Forward reaction rate increases as the reaction "gets going" 
3.5 Forward reaction completed before reverse reaction commences 
3.6 A catalyst can affect the rates of forward and reverse reactions differently 
Constancy of equilibrium constant 
3.7 K changes when equilibrium is restored following disturbance (at constant 

temperature) 
3.8 K is independent of temperature 
Inappropriate use of Le Chatelier 's Principle and interrelatedness of concentrations of 
reactants and products 
3.9 Changes to an equilibrium system increase the rate of the favoured reaction and 

decrease the rate of the non-favoured reaction 
3.10 A reaction can proceed to alter the concentration of a reactant or product without 

necessarily affecting the concentrations of other reactants and products 
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Table 1: High school students' alternative conceptions in chemistry (cont) 

4. Acids and bases 
Acid- base strength 
4.1 Strong acids have a higher pH than weak acids 
4.2 Strong acids contain more hydrogen atoms than weak acids 
4.3 More hydrogen gas is displaced from a strong acid than a weak acid 
Presence of hydrogen and hydroxide ions in all aqueous solutions 
4.4 Acid solutions contain no hydroxide ions 
4.5 Base solutions contain no hydrogen ions 
4.6 Salt solutions contain neither hydrogen ions nor hydroxide ions 
Bronsted-Lowry theory 
4.7 Neutralisation always results in the formation of neutral solution 
4.8 Conjugate acid-base pairs consist of positive ions and negative ions 
4.9 Conjugate acid-base pairs consist of the species involved in the proton transfer or 

the non-conjugate acid-base pair 

5. Oxidation-reduction and electrochemistry 
Electric circuits 
5.1 Electric current is the flow of positive charge (electricity is different in physics and 

chemistry) 
5.2 Electric current in electrolytes is the flow of electrons 
5.3 Electrons move through solution by 

- being attracted alternately from one ion to another 
- being "carried" by an ion 

Oxidation and reduction 
5.4 Oxidation states can be assigned to polyatomic ions and is based on the charge of 

the ion 
5.5 In all chemical equations the "addition" and "removal" of oxygen and hydrogen can 

be used to identify oxidation and reduction 
5.6 Oxidation and reduction processes can occur independentIy 
Elect~ochemical cells 
5.7 The anode is positively charged because it loses electrons; the cathode is negatively 

charged because it gains electrons 
5.8 Negatively charged anode attracts cations; positively charged cathode attracts anions 
5.9 The salt bridge supplies electrons to complete the circuit 
5.1 0 Half cells need not be electrically neutral 
Electrolytic cells 
5.1 1 No reactions occur at inert electrodes 
5.12 There is no relationship between the predicted emf and the magnitude of the applied 

voltage required to bring about electrolysis 
5.13 Processes in electrolytic and electrochemical cells are reversed (eg in electrolytic 

cells oxidation occurs at the cathode compared with electrochemical cells where 
oxidation occurs at the anode; anions and cations migrate towards different 
electrodes in different cells) 



possible sources of alternative conceptions 

Clearly there are many potential sources of students' alternative conceptions in chemistry. 
While some conceptions undoubtedly are idiosyncratic to particular students, the 
consistency of alternative conceptions across educational systems and cultures suggests that 
a consideration of potential sources of their origins may be worthwhile. Outlined below is a 
brief description of some possible sources of students' alternative conceptions. 

Preconceptions, personal experiences and inadequate prerequisite 
knowledge 

Students have their own unique private world experiences they bring to instruction. This 
includes their interactions with the physical world together with the social and cultural 
experiences that make up their everyday lives. As a result students will have established 
conceptions in many cases quite different from those accepted by the scientific community. 
In physics, alternative conceptions such as "heavier objects fall faster" and "objects moving 
at constant velocity are experiencing a constant force" are well known. In chemistry, 
conceptions such as c'objects/substances get lighter when burned" and "reaction rates 
increase as the reaction gets going" have obvious origins from personal experience. 

Use of everyday language in a scientific context 

The context-specific meanings of language are well known and represent a potentially 
significant source of students' alternative conceptions. "Everyday" language and 
"scientific" language often have quite different meanings with the latter often being 
associated with a much greater level of precision. Terms such as weight, particle and 
equilibrium, can have different meanings in everyday and scientific contexts. In addition, 
terms such as "ionisation" can have different meanings even within the discipline of 
chemistry itself. 

The use of normal, everyday language, either within textbooks or classroom discourse, can 
have quite unintended consequences. For example, "water is made up of hydrogen and 
oxygen" can mean different thlngs depending on the listener's own cognitive framework; to 
an establshed chemist the statement is quite reasonable and understood to imply "chemically 
combined" whereas to naive learners the image created may be that of a mixture of 
unaltered elemental hydrogen and oxygen. Similarly the statement "the ions carry the 
charge" was interpreted by some students (Garnett and Treagust, 1992b) as a mechanism 
by which the ions actually "piggy back" electrons through solution. 

Oversimplification of concepts and use of unqualified, generalised 
statements 

Alternative conceptions can develop when educators, in attempting to simplify concepts, 
provide descriptions that may be limited or misleading (Bodner, 1986). For example, 
statements such as "the principles of operation of electrochemical and electrolytic cells are 
reversed" can lead to inappropriate conceptions if students interpret them literally and apply 
them more extensively than intended (Garnett and Treagust, 1992b). 

Use of multiple definitions and models 

The use of multiple definitions and models has been identified as a source of confusion in 
studies of students7 alternative conceptions in acid-base behaviour (Carr, 1984) and 



oxidation-reduction behaviour (Garnett and Treagust, 1992a). While the use of different 
models of increasing sophistication is probably justified in illustrating the tentative and 
developmental nature of science, there is a need to use these models carefully and clearly 
enunciate their limitations. In addition, different subjects such as chemistry and physics 
sometimes use conventions and terminology differently when dealing with the same 
concept. The use of conventional flow current and electron flow current certainly caused 
considerable learning difficulties for some very able students in a Western Australian study 
(Garnett and Treagust, 1992a). 

Rote application of concepts and algorithms 

Research has identified a tendency for students to reduce theoretical knowledge and 
principles to a 'factual' level and to 'apply' this in a rote fashion (Baird, 1986). This 
tendency has also been found in studies of students' applications of Le Chatelier7s Principle 
(Hackling and Garnett, 1985) and in approaches used in balancing redox equations 
(Garnett, Garnett and Treagust, 1990). The clear implication here is to present material in a 
way that encourages students' understanding rather than in ways that promote rote learning 
and the unthinking application of algorithms. 

Inability to visualise the particulate submicroscopic nature of matter 

Many of the alternative conceptions in chemistry can be attributed to students' inability to 
visualise the particulate/submicroscopic nature of matter. The theoretical basis of chemistry 
is very much associated with models of atomiclmolecular behaviour which are, quite 
obviously, inaccessible to students (and scientists) in any directly observable way. The 
work of Johnstone (1991), suggesting that chemists work at three levels - the macroscopic 
(or observable, real world), submicroscopic/particulate (unobservable models and theories 
of atomiclmolecular behaviour) and symbolic (chemical equations and mathematical 
representations) is now widely recognised. Chemists and chemistry teachers operate quite 
comfortably within and across these different modes of thinlung. For students however, 
working in these three alternative modes poses significant difficulties. In particular, 
students seem to  have difficulty in visualising the particulatelsubmicroscopic level which is 
beyond their experience and only accessible through the use of diagrams, models, 
analogies or computer simulations. Furthermore, illustrations in curriculum materials of the 
particulatelsubmicroscopic nature of matter and chemical processes can lead to further 
misunderstandings where these illustrations are inadequate (fill, 1988). 

Endowing objects with humadanimal characteristics 

Several studies have identified students' tendencies to endow objects with humanlanimal 
characteristics. While this is particularly prevalent among younger students, it is also 
evident in more mature populations. Statements such as "electric current chooses the path 
of least resistance" and "atoms try to obtain a share in eight electrons" may be a 
contributing factor. This again suggests the need for more precise use of language. 

Implications for the curriculum and teaching and learning 

General comments from a social constructivist perspective 

Constructivist learning theory proposes that students actively construct new meaning by 
using their present conceptual frameworks in ways that make sense to them. Knowledge is 
personally constructed through the learner actively engaging with the physical andlor social 



(Roth, 1993) but is also socially mediated. The process of constructing 
meaning is embedded in a social setting of which the individual is a part. 

~ ~ ~ ~ t r u c t i v i s t  learning theory does not imply a unique preferred instructional approach. It 
is, however, as described by Tobin and Tippins (1993), a useful theoretical referent with 
which to assess the appropriateness of various learning environments in terms of their 

J to maximise student learning. Constructivism challenges the so-called 
transmission approaches to teaching and absorption views of learning. The notion of the 
learner's mind as a 'tabula rasa' to which scientific conceptions are simply transmitted 
cannot be sustained. Within this context it is important to consider the curriculum, learning 
experiences and learners together rather than as separate entities. 

kaming is a complex interplay of personal experience, language and socialisation and the 
e teacher has an important role to play in facilitating the social discourse associated with 

science learning. This includes introducing the phenomena and symbolism of science, 
i helping students to establish links and bridges between their current conceptions and those 

associated with more scientific conceptions. 

Research indicates that exemplary chemistry teachers may employ quite different 
approaches to their teaching (Garnett and Tobin, 1989). However, it is reasonable to start 
from a position that teachers should plan learning experiences that develop students' 
conceptions towards those accepted by the science community. This involves identifying 
and being sensitive to students' prior conceptions, encouraging students to take greater 
responsibility for their own learning, and providing learning experiences that progress 
student understanding. This may include hands on activities, individual activities, and a 
range of social interactions such as peer group, teacher-group and teacher-class 
discussions. Teachers need to monitor student understanding, listen, diagnose, challenge, 
negotiate and guide in the quest of improved understanding and more appropriate scientific 
conceptions. Roth likens the teaching and learning process to enculturation and cognitive 
apprenticeship as the student moves to progressively develop their scientific knowledge. 
Terms such as cognitive apprenticeship, scaffolding, coaching and situated modelling relate 
to the facilitation of enhanced levels of understanding through the learner's interaction with 
their peers or teachers. The development of this enhanced level of understanding occurs in 
what Vygotsky (1986) describes as the zone of proximal development. Learning occurs as 
learners appropriate new knowledge or reconstruct their current knowledge. 

Specific strategies 

As we search to bridge the gap between theory and practice it is worth considering several 
strategies that have been suggested to enhance student understanding and the developnlent 
of appropriate scientific conceptions. 

Prior conceptions 

An important aspect of constructivism, and one previously advocated by Ausubel(1968), 
is the importance of being aware of students' prior conceptions and designing instruction 
on that basis. An extension of this suggestion is that, as teachers, we all need to be more 
aware of the nature of commonly held student alternative conceptions. The establishment of 
students' prior conceptions, through careful questioning, discussion or written tasks, is an 
important first step both in planning subsequent instruction and in helping students to 
articulate and reflect on their current conceptions. 

Conceptual change strategies 



Conceptual change strategies usually are based on approaches such as those proposed by 
Posner et a1 (1982) and Driver and Oldham (1986). Common elements in these approaches 
include encouraging students to articulate their own conceptions; students evaluating their 
understanding in situations that may create conceptual conflict (eg. demonstrations, 
application in new situations, student-student and student-teacher discussions); fostering 
the restructuring of students' conceptions; and applying these modified understandings in 
new situations. There is continuing debate regarding the efficacy of this approach and 
Wandersee et a1 (1994) have suggested that while success is less likely where the scientific 
conception is counter intuitive, several research studies have demonstrated success. It is 
unlikely, however, that conceptual change will be a sharp exchange involving the 
substitution of naive conceptions with scientifically valid conceptions. Conceptual 
restructuring is more likely to be incremental, with students moving more gradually 
towards scientific conceptions. 

Teachng for understanding 1 
As previously mentioned, students tend to reduce theoretical knowledge to a factual level 
and apply this in a rote fashion. As teachers, we need to emphasise to students the 
importance of seeking to fully understand the scientific conceptions they are taught. The 
content and experiences to which students are exposed should be selected with this 
objective in mind. In addition, when teaching some of the more complex topics in , 
chemistry, the rote, unthinlung application of algorithms to obtain answers should be 
avoided. Topics such as the application of Le Chatelier's Principle, the writing of balanced 
redox equations and the application of the factor label method of solving stoichiometry 
problems commonly are associated with such approaches. 

Examples of active learning strategies likely to promote student engagement and 
understanding include the following: 

construction of explanatory tables 
elaborateiexplain exercises (across Johnstone's levels of thinking) 
predict-observe-explain exercises (across Johnstone's levels of thinking) 
' guess the rule' sessions 
drawing diagrammatic representations of complex procedures (eg volumetric analysis) 
drawing particulate representations of matter and chemical processes 
laboratory investigations 

Use of language 

Language creates different mental pictures for different people and is critical to the process 
of thinhng and knowing. As well, our use of language in scientific contexts is a highly 
significant factor affecting students' understanding. Mention has been made previously of 
student confusion arising from the different meanings of words in everyday and scientific 
contexts. In addition, the use of particular phrases can be interpreted differently by students 
from the way intended by teachers and textbook writers. Clearly there is a need to use 
words and expressions that are unambiguous and accurately convey to students our 
intended meanings. 

Metacognitive processes 

Several writers (eg. Baird, 1986) have stressed the importance of inculcating in students 
the practices of self-reflection and metacognition, and encouraging students to become 
more responsible for their own learning. In addition to encouraging students to question 
(what am I learning about? what are the important ideas here? how does this relate to?.. .) 



there are several strategies that can help students to explore their current conceptual 
knowledge and the relationships between these concepts. These include: 

concept mapping 
construction of flow diagrams 
construction of Venn diagrams 
creative writing exercises 
small group discussions 
feedback quizzes 

Use of multiple definitions and models 

The difficulties posed for students through using multiple definitions and models was 
described previously. While the use of multiple approaches may be desirable in some 
circumstances, it is important to be aware of the difficulties this may cause for students. 
Teachers should take care to clearly enunciate the reason for using different models, the 
strengths and weaknesses of these models and their particular limitations. 

Improving students' abilities to visualise .the particulate/submicroscopic nature of matter 

Students' inability to visualise the particulate/submicroscopic nature of matter and the 
dynamic nature of chemical phenomena has been highlighted as a major area of difficulty 
for students as they seek to develop a sound conceptual understanding of chemistry. As 
Nakhleh has suggested: "There are profound misconceptions in the minds of many students 
from a wide range of cultures concerning the particulate and kinetic nature of matter." The 
difficulties students experience because of the abstract, unobservable particulate basis of 
chemistry suggests that students need to have more experience manipulating molecular 
models, be provided with and construct more diagrammatic representations of matter and 
work with appropriate computer simulations. Modem multimedia technology offers 
exciting possibilities in this regard. 

Conclusion 

This paper has described a range of students' alternative conceptions held by high school 
chemistry students and the contribution of alternative conceptions research to our 
understanding of student learning. Teaching strategies that are based on an understanding 
of students' alternative conceptions and their possible origins, and a social constructivism 
approach have the potential to considerably enhance students' understanding of scientific 
conceptions commonly found in high school chemistry curricula. 
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 his paper describes the development of interactive multimedia materials designed to 
improve beginning students' understanding of chemical equations. The materials make 
extensive use of the graphical and interactive facilities of multimedia to provide an 
environment that supports the development of students' concepts and skills relating to 
chemical equations. The materials include three modules dealing with molecular equations, 
ionic equations and interpreting equations. In the first two modules students explore a 
range of chemical reactions from three perspectives: macroscopic (video footage of each 
reaction), submicroscopic (an interactive computer simulation of molecular behaviour 
during each reaction), and symbolic (balancing chemical equations). The module on 
interpreting equations develops students' skills by providing them with quantitative 
exercises that require them to work with equations at a particulate level. 

I Introduction 

Alternative conceptions research 
Reviews of alternative conceptions research (Garnett, Garnett & Hackling, 1995; Nakhleh, 
1992) indicate that it is difficult for introductory chemistry students to develop adequate 
conceptions of the unobservable entities (atoms and molecules) and events involved in 
chemical reactions. The difficulties students experience visualising the submicroscopic 
particulate nature of matter and the processes involved in chemical reactions represent a 
major barrier to the development of a scientifically valid understanding of many chemistry 
concepts. As a result, beginning students often exhibit a range of alternative conceptions 
about the molecular basis of chemical reactions and this subsequently affects their ability to 
write balanced equations, interpret the symbolic representations used in equations and solve 
problems based on equations. 

Studies of students' understanding of chemical formulas and equations and what they 
represent indicate that many students have a limited understanding of the meaning of 
formula subscripts and equation coefficients and do not appreciate the particulate basis and 
dynamic nature of chemical reactions (Garnett, Hackling, Vogiatzakis & Wallace, 1992; 
Friedel & Maloney, 1992; Schmidt, 1990; Ben-Zvi, Eylon & Silberstein, 1987; Yarroch, 
1985). 

In an American study Y arroch (1985) found that only about half the students in a Year 12 
sample who were able to balance chemical equations were able to draw a reasonable 
diagrammatic representation of the equation at a particulate or molecular level. Students 
often drew representations which, while consistent with the total number of atomic particles 
involved, were inconsistent with the formulas of the substances involved and the 
coefficients in the equation. Yarroch concluded that many students had inadequate 
conceptions regarding the meaning of formula subscripts and equation coefficients. 



Students often regarded these as numbers distinguished by their location in an equation, 
and used to balance the numbers of atoms on both sides of the equation, but had little 
understanding of their chemical significance. 

Ben-Zvi, Eylon and Silberstein (1987) reported that many Israeli students also held 
inappropriate conceptions a b u t  both structural and interactive aspects of chemical 
reactions. Students commonly represented the molecular compound C120 as two 
fragments, C12 and 0 ,  and failed to distinguish between N 2 Q  and N2 + 0 2  when 
considering possible products of a reaction between N2 and 02 .  Student difficulties with 
the interactive nature of chemical reactions are illustrated by the reaction between N2 and 
02. Some students thought N205 could not be formed because of the need for three 
additional 0 atoms, while others thought NO could not be formed because the mass of the 
products would be less than that of the reactants. 

In a study involving Year 10 Australian students Garnett et al. (1992) reported that many 
students &splayed limitations in their ability to balance chemical equations and apply an 
understanding of equations to 'simple' stoichiometry problems. Students were often unable 
to draw diagrammatic representations of equations and many showed a lack of 
understanding of the different meanings of formula subscripts and equation coefficients. 

It is clear that many students lack a conceptual understanding of the submicroscopic 
particulate nature of matter and the changes represented by chemical equations. In addition, 
Andersson (1986) and Ben-Zvi et a1 (1987) identified students who held a 'static' rather 
than 'dynamic' understanding of chemical reactions. These students failed to visualise 
chemical reactions as dynamic processes in which particles/molecules react to produce new 
particles/molecules by rearrangement of atoms through breaking bonds and forming new 
bonds. 

The difficulties students experience because of the abstract, unobservable, particulate basis 
of chemistry has been previously described within a Piagetian epistemological framework 
(Henon, 1978). Several authors have advocated the use of concrete models to help 
students better understand the nature of matter (Garnett, Tobin & Swingler, 1985; Gabel & 
Shenvood, 1980; Herron, 1978). Modern multimedia technology has considerable 
potential to provide students with simulations of the submicroscopic/particulate nature of 
matter in its various states and the processes underlying physical and chemical change. 

Chemistry at the macroscopic, submicroscopic and symbolic levels 
Johnstone (1991) has proposed that chemical change is represented in three modes or 
levels. These are: 

The macroscopic level, which is sensory and deals with tangible and visible 
phenomena, eg. salt dissolving in water 

The submicroscopic level, which provides explanations at a particulate level, eg. 
disruption of the ionic lattice with ions, surrounded by water molecules, moving into 
solution 

The symbolic level, which represents processes in terms of formulas and equations, 
eg. NaCl(s) + H20(1) --) Na+(aq) + Cl-(aq) 

Johnstone believes that insufficient attention is given to understanding chemistry at the 
submicroscopic level and has pointed out the difficulty for students when teachers move 
quickly between these different levels. From the available research evidence it appears that 
students have most difficulty in dealing with the submicroscopic which is, of course, 



outside their experience and can only be made accessible to students through the use of 
analogies or computer graphics. 

computer based instructional materials 
Interactive multimedia (IMM) describes an instructional technology with a number of 
critical attributes (Jonassen, 1988). In particular, IMM provides multiple media forms to 
represent infonnation, opportunities for high levels of student engagement, and contextual 
feedback in response to student input. IMM technologies are able to provide learning 
environments that are self-paced, learner centred and flexible, cater for individual 
differences and offer a collaborative learning environment. 

Interactive multimedia materials are eminently suited to the simulation of chemical 
processes using dynamic graphical representations of molecular interactions. Tasker, Chia, 
Bucat and Sleet (1996) and Russell, Kozma, Jones, Wykoff, Mam and Davis (1997) have 
reported recently on the development of molecular animations of a range of chemical 
processes aimed at improving students' understanding of the submicroscopic/molecular 
basis of these processes. 

Description of the project 

Materials 
This project developed an IMM package designed to help beginning students understand 
the particulate basis of chemical reactions and their symbolic representation as chemical 
equations, and to apply this understanding when balancing equations and solving simple 
problems based on equations. In particular, the materials were designed to: 

assist students to link the three levels of chemical knowledge described previously, ie. 
the macroscopic, submicroscopic and symbolic levels 

provide students with an understanding of the particulate basis of chemical reactions 

help students understand the dynamic nature of chemical reactions 

provide opportunities for students to learn and practise the slulls of balancing chemical 
equations 

develop students' skills in interpreting chemical equations at a quantitative level 

develop an understanding of the concept of limiting reagent 

The materials were designed for use in lecture, tutorial and self-instructional modes. 

The project has developed three discrete modules that introduce students to chemical 
equations and develop skills in balancing equations and their interpretation. Two modules 
deal separately with molecular and ionic equations . A third module provides students with 
practice in the interpretation of equations. 

Modules 1 and 2 both include instruction for eight chemical reactions. For each of these 
eight reactions students can: 

1. View a video demonstration transformed into computer images. These images were 
intended to show students the actual appearance of a reaction when it occurs in real life. 
The purpose of this macroscopic view was to provide a link between the real world and 
the submicroscopic/particulate models chemists use to interpret chemical reactions. 



2 .  View a simulation of the reaction at a particulate level. These animations use dynamic 
graphics that illustrate the behaviour of atoms and molecules and the transformations 
they undergo in chemical reactions. The animations were designed to represent, at a 
particulate level, the processes that occur during chemical reactions using information 
that is available about these processes. In some examples, where these processes are 
very complex, the process animations were simplified. 

3. Write a balanced chemical equation. Equations are used to represent chemical reactions 
at a symbolic level. Students are provided with a particular approach to the balancing 
of equations which enables them to scaffold their knowledge. In this interactive 
program students are provided with a word equation and are asked to enter the formulas 
of each of the substances involved. Feedback is provided in relation to the chemical 
formulas written and also on the coefficients used to balance the equations. An option 
allows students to enter the physical states of all the substances involved. 

Sets of twenty additional reactions are provided with both these modules to give students 
further practice in writing balanced chemical equations. 

In Module 3 students develop their understanding of what chemical equations represent and 
their slalls in interpreting equations. They are asked to interpret equations by drawing 
"before77 and "after" diagrams to represent what occurs in a chemical reaction, do simple 
calculations to develop an understanding of the meaning of coefficients in chemical 
equations, and write equations to represent reactions illustrated by "before" and "after" 
diagrams. The concept of limiting reagent is introduced in some sections of this module. 

Project management 
The project management team consisted of three members who collectively had knowledge 
and skills in chemistry, science education, interactive multimedia development and 
instructional design. The development team also included personnel with the following 
areas of expertise: graphics design, programming, video production and video digitising. 

The materials were designed to be across-platform, and a hybrid CD-ROM has been 
developed which can be operated in both Macintosh and Windows environments. The 
videos and some molecular simulations are Quicktime movies while other simulations are 
Macromedia Director animations. The balancing and interpreting equations exercises were 
constructed in Macromedia Director. 

Issues of content in the design of the materials 
During its development phase the project developers were confronted with several 
interesting challenges. These included: 

Selection of reactions where the materials contain a representative selection of reactions 
encountered in introductory chemistry courses including the following: reactions 
between gases, metal with oxygen, decomposition, precipitation, acid with base, acid 
with metal oxide, acid with carbonate, acid with metal, metal displacement and halogen 
displacement 
Designing the materials to assist students make connections between the symbolic and 
submicroscopic representations of chemical reactions 
Designing activities that enhance students' skills in interpreting equations eg. simple 
interpretation of equation coefficients, interpretation of equations using numbers of 
species that are simple multiples of equation coefficients, interpretation of equations 
involving limiting reagents, and developing equations from diagrammatic 
representations 



Establishing the current state of knowledge concerning mechanisms of chemical 
reactions at the submicroscopic1pa.rticulate level - this knowledge is often limited 
Malung compromises between scientific accuracy and student sophistication 
Programming difficulties such as the use of subscripts and superscripts which was 
overcome using fontmonger to create a purpose-specific "chemfont" 
Developing appropriate feedback strategies to match likely student difficulties 
Representing hydrogen ions and proton transfer processes 
Representing electron transfer processes 
Malung compromises between illustrating vast numbers of molecules and focusing 
student attention on reacting species 
Representing relative atomiclmolecular sizes 

Features of the IMM materials 
Use of illustrations and dynamic graphics 

The program was designed to make extensive use of video illustrations and animations 
using dynamic graphics. From a cognitive perspective, graphics have been found to help 
learners focus their attention on explanative information and to aid them in organising 
information into useful mental models (Mayer, 1989). In addition, the dual-coding theory 
(Paivio, 1979), which recognises independent visual and verbal coding mechanisms in 
long term memory, suggests that visual imagery is more likely to be dually coded than 
verbal information. 

Learner interactivity and engagement 

The program was planned with a number of opportunities for learner interactivity and 
engagement. Constructivist epistemologies value learner-centred activities that facilitate 
personal involvement in knowledge construction through students' cognitive activities 
(Lebow, 1993; Reeves, 1993). In multimedia environments, interactivity that leads to high 
levels of cognitive engagement appears to be an important aspect in achieving this 
involvement. 

Feedback routines were carefully planned to encourage reflection among learners and to 
anticipate learning difficulties based on learner responses. Oral feedback was included in 
certain parts of the program in place of conventional textual feedback. Cognitive load 
theory (Sweller, 1988) reasons that when viewing computer feedback in several forms, for 
example, animations and textual descriptions, the tasks create split attention with the learner 
attending to two discrete information sources. The theory argues that one of the sources 
can be neglected and the learning becomes inefficient and ineffective. The use of oral and 
visual feedback can reduce the split attention and lead to enhanced learning outcomes. 

Interface design 

In most CBL packages learner control is a key element of the instructional design and high 
levels of learner control are usually considered a positive attribute associated with increased 
learner motivation and achievement gains. The user interface for this program provided for 
higher rather than reduced levels of learner control. Some instructional influence over 
naive users was planned through implementation strategies that included a level of 
instructor support and scaffolding. The program content was organised in an hierarchical 
fashion which reflected a recommended instructional sequence but which placed little 
constraint on users' instructional choices. 



Conclusion 

This IMM package was designed to improve students7 understanding of the 
particulatelmolecular basis of chemical reactions, and their ability to interpret chemical 
equations and solve problems based on equations. The provision of concrete 
representations of unobservable entities and processes, and the use of an interactive 
approach with associated feedback should facilitate students' achievement of scientifically 
acceptable conceptions of chemical equations and their application. 
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Abstract 

Despite the fact that indigenous people have their own knowledge of a wide range of 
materials and sophisticated preparation and processing techniques, access to the 
strictly codified knowledge of chemistry in a western scientific tradition is often 
problematic. For us as teachers and educators, an appreciation and understanding of 
appropriate learning styles is leading to increased access and greater success for 
indigenous students and consequently others, in their study of chemistry. The support 
of a culturally safe environment and the establishment of links between bridging and 
degree programs in science are promoting articulation into higher education of 
students from diverse cultural backgrounds. 

Introduction 

It is not difficult to understand why few indigenous people are either enrolled in 
chemistry or working as chemistry professionals in the field. The lifestyle of 
contemporary and traditional indigenous people often involves a direct knowledge 
and expert use of chemicals and the application of what could be described as 
chemical principles. However, when it comes to the formal study of chemistry, 
generally the material is considered to be, at best important, but inaccessible or simply 
irrelevant to daily life. This is not surprising when you consider the origins of 
chemistry and the underlying assumptions of the worldview upon which the study and 
application of formal chemical principles are based. Chemistry is a science and 
science is enmeshed within culture. It could be argued that it is now a widely held 
understanding that learning subjects such as chemistry involves many aspects of 
language learning including the need to be aware of and understand the associated and 
inter-relating culture. For a student to learn such a subject successfully, requires us as 
teachers to develop strategies that make explicit the language of chemistry; the jargon 
and the cultural assumptions that go along with knowing about the subject material. 
Combine this with the foreign nature of formal studies at secondary and tertiary 
institutions and the lack of cultural appropriateness of educational institutions, and it 
is hardly surprising that so few indigenous people "make it" in either secondary or 
tertiary science education. The education system in which subjects like chemistry are 
taught are at odds with the very foundations of indigenous pedagogy where the 
education process is contextualised within the culture. At the Faculty of Aboriginal 



and Torres Strait Islander Studies of the Northern Territory University, the aim of our 
Higher Education Preparatory Program in Maths and Sciences (HEPPMS) is to 
establish a learning environment where indigenous students feel secure in accessing 
formal studies in science. The languages of science (and chemistry in particular) are 
made explicit and accessible, and students are encouraged and supported in their 
moves towards studies in science in higher education. 

Chemistry as Language and Culture 
The difficulties that arise in learning a subject such as chemistry stem mainly from the 
cultural embeddedness of the subject material and its traditional modes of delivery. 
Chemistry as a scientific discipline is a product of the Enlightenment period of 
history, based in the western scientific tradition and studied and taught, on the whole, 
by people who subscribe to that worldview - one based on atomistic and objectivist 
notions of reality (Christie 1992: 14-15). The discipline is a product of its own 
history and is constrained by the very processes, events of history and personalities 
that created it. It is important to identify and make explicit this culture of chemistry 
and its expression within the classroom. Just as it is important to recognise and value 
the background and life experiences brought to the classroom by the learner (Wittrock 
1994), so too is it important to recognise the history and background of the subject 
material, to enable learners to navigate more effectively through the content. 

The language of chemistry is a language of jargon (as are most specialised subjects) 
and a formal study of the subject is stacked h l l  of terms, phrases, procedures and 
conventions that have a coherent meaning usually only within the context of that 
study. Common words and phrases often have vastly different meanings when used 
in a chemistry context. There is essentially no problem with this! Chemistry deals 
with abstract concepts and the evolution of new concepts requires the development 
and use of new language to allow chemists to interact easily at new conceptual levels. 
It is important however, that this is clearly understood to be the case before beginning 
to attempt to involve others in the learning process. 

Chemistry language learning is happening constantly and in a variety of ways within 
the classroom. Often, students are expected to learn new concepts and underlying 
language by some process of osmosis. To a greater or lesser extent, many teachers 
provide information, skills (and language to varying degrees) to students, who then 
take the materials away and attempt to decipher it on their own and amongst peers. In 
effect the students are trying to translate the new material into linguistic forms that are 
familiar to their own experiences. Our experience suggests that when you provide an 
explanation to students which helps them to understand what it is they are actually 
doing, so that they are explicitly aware of the linguistic nature of learning chemistry, 
rates of student success and levels of student satisfaction are much higher. By 
providing appropriate scaffolding experiences and modeling how the language of 
chemistry can be translated, you give students familiar strategies by which they can 
begin to establish a sense of how to approach learning the subject material. 



'Some teachers and some students see chemistry as consisting of 
avenues that each of us can take as we try to make sense of a part of 
the physical world. Each student builds a base of understanding and 
can then go on to make sense of the idea of atoms, molecules and all 
the chemistry that is opened up. ' (Barrow 1997 p 1 154) 

Students need a clear structure upon which to develop their conceptions of the subject 
rather than the 'alchemy' and mystique of chemistry education of the past (Johnstone 
1997). 

Flexible Delivery 
As is usually the case, the dilemma in tertiary bridging education is one of balance. 
There is a fine line somewhere between instituting the pressures of structures deemed 
necessary to prepare students for higher education chemistry and the time and 
flexibility needed to allow students to access new material, understand the rigors of 
tertiary study and cope with the new stresses of tertiary student life. Our experiences 
suggest that our science bridging programs are more successful in providing students 
with a strong grounding in the subject material and confidence in their own ability to 
tackle the challenges of a degree program when they focus upon the need for 
adaptability and flexibility. We strive to reflect this in the strategies we use to allow 
students time to explore the ideas that are presented and develop and consolidate basic 
skills without many of the external university pressures. Our aim is to ensure that 
students feel secure enough to be willing to take intellectual risks in their learning. 

The aim is to ensure that chemistry classes are as experiential as possible. When 
students are able to make contact with the real 'stuff of chemistry and see for 
themselves the macroscopic results of chemical processes, they are provided with 
visual keys to assist in the chemical language translation process. Regularly in our 
chemistry classes, impromptu demonstrations are provided as discussion develops in 
certain directions. There is a certain spontaneity in the way classes are run when 
matters arise which can be demonstrated by some practical activity. Many of the 
issues raised provide opportunity for students to develop their mapping of chemical 
concepts - assist students to develop pictures of how chemistry works that will help 
them make sense of the abstract and unseeable that constitutes chemical theory. They 
may need to create completely new pictures as their understanding of chemistry 
broadens and develops, but at least they will be attuned to doing so and recognise and 
accept it as a valid learning apparatus. 

Limited time frames for learning require an administrative balancing act between the 
timetable and the pedagogical need for un-hurried and un-pressured learning. To 
circumvent this potential conflict, our courses have appropriated the timetable in as 
many ways as possible including running classes over both one year and six months, 
impromptu tutorial sessions and free access to lecturers outside designated class 



times. Students who are able to pick up concepts quickly, move through the program 
in a shorter period of time, whilst those who arrive with little background in science, 
can take up to a year to farniliarise themselves with the language of chemisty, using 
the full gamut of learning environments to facilitate this. The aim is to ensure that the 
learning experiences of the students and their needs drive the timetable and 
administration procedures, rather than the other way around. 

Mathematics is often a key obstacle for students enrolling in chemistry classes and 
our strategy is to approach the subject material from a strongly qualitative 
perspective. We leave the mathematics out of the curriculum until students feel 
comfortable with the chemistry and then introduce it where it is necessary and 
increasingly as students feel confident with its use. The key with mathematics is to 
use strategies that work rather than focussing on the principles behind the 
mathematics. The aim to contextualise the mathematics and use it as a tool for 
deriving usel l  answers rather than an end in itself. Hence, students are exposed to a 
wide range of memory aiding devices and short-cut methods that work and can be 
explained when necessary. 

Figure 1: Chemical Formula Pyramid: A useful aid in circumventing many of the probems of 
mathematical formula re-arrangement. 

The thumb is placed over the symbol for the quantity which is to be the subject of the 
mathematical enquiry. The resulting equation is the algebraic formula required to solve the 
problem. Students learn to use the units of  each quantity to check their answers at the same 
time. 

Most of the students are involved in studying mathematics at the same time as 
chemistry and often the content overlaps. In many cases the same lecturer may have 
input into both classes and therefore it is easy to indicate the application of the 
mathematics within the other science classes. 

Additionally, the well known and discussed benefits of smaller classes, individual 
attention, proactive tutorial support (both from the lecturer and through the Aboriginal 



tn mtodd Assistance Scheme - ATAS) and accessibility of teaching staff are important 
m 
9 cts of the culture of the institution, all of which contribute to the development of 
g an encouraging, learning environment while minimising undue stress. Proactive 
e support involves getting to know the students, anticipating problems they may 
d m e  and prepare strategies to circumvent difficulties and to help regain confidence 

1 The program of support doesn't stop when students leave the HEPPMS program. 
, support is provided in a number of practical ways to assist students enrolled in higher 

education science programs which involve chemistry. Regularly staff members are 
co-opted by the Faculty of Science to contribute to the running of the introductory 
chemistry units where indigenous students are able to relate to familiar faces, 
providing some continuity to their study program across the university. Indigenous 
students still have access to the ATAS scheme and are free to use this program for 
both remedial and pro-active support. 

Environment 
Many of the teaching strategies used in our Higher Education Preparatory Program 
have application across the spectrum of cultures and are not specifically designed to 
prepare indigenous chemistry students. However, the broader environment in which 
the chemistry learning takes place has a more culturally specific tenor. By developing 
a Higher Education Preparatory Program within the Faculty of Aboriginal and Torres 
Strait Islander Studies, we aim to provide an environment which is culturally safe. 
The indigenous students own the program. It belongs to them and others who enrol in 
the program are meeting indigenous students on their 'country'. The indigenous 
students are not in the minority and as such are more immune to apprehension caused 
by the structures of the university (or school) system and the subject material. The 
environment is a crucial aspect of the success of the program. By recognising the 
needs of indigenous students, catering for them specifically and providing the 
opportunities for success within their personal and social constraints, students are able 
to see that there is the possibility of learning about science and chemistry. An 
opportunity arises for students to see that chemistry doesn't need to be a barrier to 
careers as scientists, nurses, doctors and other professions often the seemingly 
exclusive domain of non-indigenous people. 

Access 
Chemistry education at a pre-tertiary level is becoming increasingly necessary as 
employers and other educators recognise the significance of developing a basic 
appreciation of the principles and practical skills associated with chemistry. In a 
majority of universities, science and nursing desgrres expect some level of 
proficiency in basic chemical theory. Students entering the Higher Education 
Preparatory Program in Maths and Science and the chemistry units in particular, come 
from a variety of backgrounds and enrol for a variety of reasons. Those attracted to 



school or who simply have not had the opportunity to attend full secondary education. 
They include mature-age students wishing to change career, upgrade qualifications 
and those who simply want to extend their education. School leavers who require a 
chemistry background for courses often enrol to achieve qualifying grades. Students 
come fiom a wide variety of cultural backgrounds, particularly indigenous Australians 
fiom both remote and urban areas and lately, non-indigenous Australians, some for 
whom English may not be a first language. Understandably, difficulties that non- 
indigenous students face in learning chemistry are mirrored to a degree in the issues 
faced by indigenous students and it would make sense that many of the appropriate 
teaching strategies described above would be successful irrespective of cultural 
background. 

It is clear that the intention of the Higher Education Preparatory Program chemistry 
units is to provide sound initial chemical education to students who have been 
educationally disadvantaged and particularly for those with an indigenous cultural 
background. Have we succeeded? More to the point, how do we measure success? 
Quantitatively, it may seem that the success we aim for has been elusive. Many 
students who appear to be succeeding in chemistry and other units leave without 
completing units for a variety of reasons. Some students succeed in chemistry units 
but choose not to continue with further education and others continue on to Higher 
Education, dropping out for the same variety of reasons, whilst others successfully 
complete their chosen programs in the same or different universities. 

Nevertheless in the time that the program has been running at the Northern Territory 
University, a significant number of student have completed the course and moved on 
into higher education and careers in science as is indicated by the table below. 
Students fiom our course have excelled in their higher education studies in chemistry 
(perhaps in spite of their training) including one student who won an RACI award for 
the best chemistry student in 1997. Success, although not overwhelming is however 
eilcouraging with students going on to Associate Diploma and degree courses in 
Science, Information Technology, Engineering or Nursing. 



Table 1: Subsequent Career and Study Moves for Students Enrolled in 
the Higher Education Preparatory Program in Maths and Science 

(HEPPMS) at the Northern Territory University 1991 - 1997. 

Subsequent Career or Study 
Moves for Students enrolled in 

HEPPMS 

Successfully completed the 
program and moved into: 

TAFENET Education 
Higher Education 
Work 

Sucessfblly completed the 
program, not involved in further 
education, work or have been 
untraceable 

Not successfully completed the 
program. 

Total number of students 
enrolled in the course. 

Speaking to past and present students involved in the program indicates that they do 
feel secure and confident of their own abilities; two important factors for success in 
any field. It is also obvious that many students do not start out that way. Many have 
commented that their ownership of the course is important to them and they feel that 
it is an important component of their success, particularly when faced with large 
number of students participating who aren't indigenous. Those students who do take 
advantage of the articulation of chemistry programs do receive on-going support from 
the faculty and often achieve high standards in their chosen fields 

Number of Students 

1 
13 (+9) 

4 

9 (+lo) 

26 (+7) 

53 (+26) 

As a faculty our aim is to provide services both to the indigenous community and to 
the community at large and we consider that the Higher Education Preparatory 
Program in Maths and Sciences does in fact provide a valuable service in preparing 
both indigenous and non-indigenous students for higher education study. By being 
explicit about the learning process, recognising the cultural embeddedness of the 



subject material and supporting students as and before difficulties arise, we begin to 
create an environment which allows for risk taking in learning and confidence in 
approaching subjects which may at first appear alien. Positive responses fiom 
students and continued academic achievement in science of significant numbers 
encourages us to continue developing the course and identifying ways in which to 
draw interested indigenous students into chemistry and therefore, perhaps other 
scientific fields of study. 
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Abstract 

Modelling is the essence of scientific and technological thinking and models are both the 
methods and products of science and technology. But how do secondary students view 
models? Usually as toys or miniatures of real-life objects with few students actually 
understanding why multiple models are used to explain concepts. A conceptual typology of 
models is presented and explained to help teachers select models that are appropriate to the 
cognitive ability of their students. The article concludes by recommending that teachers 
model scientific modelling to their students by encouraging the use of multiple models in 
chemistry lessons. 

Introduction 
Chemistry students need to become competent modellers if they are to understand and 
manipulate the models that permeate chemistry lessons and textbooks. This immediately 
raises the question of "What is modelling?' Modelling can either be a multi-step problem 
solving process or it can refer to specific models like atomic and molecular models, graphs 
and equations. Indeed, iconic symbols and chemical formulae (e.g., CO,) have been used so 
frequently for so long that they have become part of chemistry's language. But how do 
chemistry teachers use these concept-building analogical models? Do they explain the shared 
and unshared model attributes or do they leave students to work this out for themselves? 

In chemical education, the terms "model" and "modelling" are quite ambiguous: a model may 
represent a concrete object or process (e.g., a chemical bond), an algorithm for balancing a 
redox equation, a system for classifying acids and bases or a teaching-learning process like 
the models for teaching with analogies. These terminological differences lead to semantic and 
real confusion when the terms "model" and "modelling" are used in unqualified ways. When 
a teacher reads or hears the word "model", she  must ask the question, Is it concrete or 
abstract?, Is it a process or a behaviour? If differences in the way "model" is used for 
symbols, processes and strategies challenges teachers, how much more confusing is 
unqualified "model" use for teenage students? Indeed, do students consistently share the 
teacher's understanding about a particular model? 

This paper is, therefore, interested in the ways "models" and "modelling" are used in science 
and technology lessons and asks the question, How do secondary students perceive the 
models that feature in textbooks and teacher explanations? In trying to make sense of models 
and modelling, the paper has two interests: It proposes that modelling is a sophisticated 
thinking process that should be an explicit part of the curriculum, and, it argues that teachers 
should be sensitive to the similarities and differences between the models that they use in 
their explanations. 

Models and Reality 
There are good reasons to believe that many science students view models as reality and that 
student modelling often is more algorithmic and instrumental than relational. The positive 
view, however, is that research conducted by Finster (1989) and Grosslight et al. (1991) 
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show that students can learn to think critically and creatively. Furthermore, empirical studies 
in secondary science classes show that students can learn to thmk in sophisticated ways at an 
earlier age than was previously thought possible. A useful recent finding is that Grade- 1 1 
chemistry students who became creative multiple modellers realised that no model is wholly 
right and appreciated that science is more about processes than objects (Harrison, 1996). 

Modelling in School Chemistry Lessons 

Various studies show that school students and some teachers think about science models in 
mechanical terns and believe that 'scientists know the answers' (S. Gilbert, 1991). But 
models are not 'right answers', models are simultaneously the methods and the products of 
science and it is quite impossible to teach and learn science without using models (J. Gilbert, 
1993). How can we describe or explain atoms, molecules and chemical reactions, without 
using one or more models? Teachers regularly use models to explain immaterial phenomena 
like periodic element properties, reaction rates, equilibrium and electron flow. What do 
teachers do when they see the worried looks on their students' faces in the middle of an 
explanation about an abstract concept? They reach for an analogy or model and this explains 
the frequent occurrence of analogical models and diagrams in chemistry lessons. 

This paper now presents a typology of concept-building analogical models designed to 
highlight the similarities and differences existent in the models that teachers use in chemistry. 
The typology is offered to alert teachers and writers to the variety of models that may 
confuse some of their audience. The main categories in the model typology are represented in 
Figure 1 which is a concept map of concept-building analogical models. 

A Typology of Analogical Models 
Concrete and Concrete /Abstract Models Designed to Represent Reality 

1. Scale models. Scale models of animals, cars and boats are used to depict colours, external 
shape and structure. They carefully reflect external proportions but rarely show internal 
structure, functions or use (Black, 1962). 

2. Pedagogical analogical models. One or more target attributes dominates the analog's 
concrete structure; e.g., ball-and-stick and space-filling molecular models or a model eye. As 
analogical models reflect point-by-point correspondences between the analog and the target 
for a few attributes, they can be oversimplified and enhanced to highlight those concepts. 

Abstract Models Designed to Communicate Theory 

3. Iconic and symbolic models. Chemical formulae and chemical equations are symbolic 
models of compound composition and chemical reactions. Formulae and equations are so 
embedded in chemistry's language that school students and non-specialist teachers mistake 
them for reality when they are, in fact, explanatory and communicative models. 

4. Mathematical models. Physical properties, changes and processes (e.g., k = PV), can be 
represented as mathematical equations and graphs that elegantly depict conceptual 
relationships.(e.g., Boyle's Law, exponential decays, etc.). 

5. Theoretical models. Analogical representations of electro-magnetic lines of force and 
photons are theoretical because the models are human constructions describing theoretical 
entities. Model theoretical explanations like the kinetic theory model for gas volume, 
temperature and pressure also belong to this category (Zumdahl, 1989). 

Models Depicting Multiple Concepts ancVor Processes 
6. Maps diagrams and tables. These models represent patterns, pathways and relationships 
that are easily visualised by students. Examples are the periodic table, phylogenetic trees, 
circuit diagrams, food chains, webs and pyramids. 

7. Concept-process model. Most science concepts are processes rather than objects and this 
is a major explanatory dilemma: How do teachers explain immaterial processes to students, 
most of whom think in concrete terms? Teachers use concept-process models like the 



multiple models of acids and redox (Carr, 1984). Concept-process models often comprise 
multiple pedagogical, analogical and theoretical models. 

8. Simulations. Are a unique category of multiple dynamic models simulating highly 
sophisticated processes like reaction mechanisms. Simulations let novices and researchers 
develop skills and knowledge without risking life and property and also may include 'virtual 
reality' experiences, e.g., computer games, interactive multimedia. 

Personal Models of Reality, Theories and Processes 

9. Mental models. Mental models are intrinsic descriptions of objects and ideas that are 
unique to the knower and arise and evolve "through interaction with a target system" 
(Norman, 1983, p. 7; Vosniadou, 1994). Mental models are highly personal, dynamic and 
difficult to access. Mental models often include synthetic models. 

10. Synthetic models. Vosniadou (1994) used this term to describe the evolving alternative 
conceptions students' synthesise as they meld their intuitive model with their teachers' 
scientific model. Synthetic models are a common product of science lessons. 

Models and Analogical Reasoning 
Of the models used to represent science concepts, analogical models are frequently used to 
model macroscopic, microscopic and symbolic entities (Gabel et al., 1992). Analogical 
models can be concrete (e.g., the camera analogy for the eye ), abstract (a simple tube for an 
earthworm's gut) or mixed (a ball-and-stick molecular model - Keenan et al., 1980). 
Analogical models are simplified and enhanced in some way to emphasise the attributes 
shared between the analog model and the target concept. Despite careful planning to reduce 
the unshared attributes, analogical models always break down somewhere. Two types of 
analogy operate between the analog model and the target concept: surface similarities that 
quickly attract students to the intended analogy and deep systematic process similarities that 
develop conceptual understanding. The desired concept learning almost always lies in the 
systematic process similarities and students usually need guidance in mapping these links 
(Gentner, 1983). 

Models only act as aids-to-memory, explanatory tools and concept-learning devices if they 
are easily understood and remembered by students. Analogical models need to be familiar, 
logical and owned by the students. Ownership, seems to be strongest when students 
generate their own analogies; however, reports of student-generated analogies are rare and 
only Cosgrove (1995) reports success at this level. Students more easily map self-generated 
analogies than teacher-supplied analogies because their personal analogies are more familiar 
and easier to apply (Zook, 1991). However, students find it hard to generate or select 
appropriate analogies for a given problem and are more likely to apply an analogy to a 
problem when the teacher supplies the analog even though they find mapping it difficult. 

This highIights the need for teachers to systematically plan model and analogy use in their 
lessons and recommends the use of an approach involving the focus, action and reflection 
(FAR) aspects of expert teaching (Treagust et al., 1998). Focus involves pre-lesson 
planning where the teacher focuses on the concept's difficulty, the students' prior 
knowledge and ability and the analog model's familiarity. Action deals with the in-lesson 
presentation of the familiar analogy or model and stresses the need to map the shared and 
unshared attributes. Reflection is the post-lesson evaluation of the analogy's or model's 
effectiveness and identifies modifications necessary for subsequent lessons or next time the 
analogy or model is used, The FAR guide is outlined in Figure 2. 



FOCUS 
CONCEPT Is it difficult, unfamiliar or abstract? 
STUDENTS What ideas do the students already know about the concept? 
ANALOG Is it something your students are familiar with? 

ACTION 
LIKES Discuss the features of the analog and the science concept. 

Draw similarities between them. 
UNLIKES Discuss where the analog is unlike the science concept. 

REFLECTION 
CONCLUSIONS Was the analogy clear and useful, or confusing? 
IMPROVEMENTS Refocus as above in light of outcomes. 

Figure 2: The FAR guide for teaching and learning with analogies and models. 

Student Modelling Abilities 

Students are poorer modellers than teachers expect and younger secondary students usually 
do not look further than a model's surface similarities. Grosslight et al. (1991) studied 
student-expert modelling abilities in terms of students' beliefs about the structure and 
purpose of models. They classified many lower secondary students as level 1 modellers 
because these students believe that there is a one-to-one correspondence between models and 
reality (models are toys or small incomplete copies of actual objects); models should be 
'right'; items are missing because the modeller wanted the model that way, and they do not 
look for ideas or purposes in the model's form. Some secondary students achieve level 2 
where models fundamentally remain real world objects or events rather than representations 
of ideas; are incomplete or different depending on the context; and the model's main purpose 
is communication rather than the exploration of ideas. Experts alone satisfy level 3 criteria 
that models should be multiple; are thinking tools; and can be purposefully manipulated by 
the modeller to suit hisher epistemological needs. Some students fell into mixed level 1/2 
and 213 classifications. Because the levels are derived from the ways students describe, 
explain and use models, the levels also provide useful information about the status of 
student's conceptual development. 

Nearly every textbook examined fails to warn its readers that models are human inventions 
that break down at some point. Teachers also may assume that their students understand the 
limits of models; however, Grosslight et al. show that this belief is mostly false. This raises 
a major thinking and learning problem for students. Students need time and help to realise 
that models are contrived and limited representations of reality and that the legitimacy of 
multiple scientific models is a function of epistemological expertise. 

Multiple Explanatory Models 

Many science concepts depend on multiple models for their description and explanation. The 
more abstract and nonobservable a phenomenon, the more likely it will require multiple 
models (e.g., atoms and molecules, forces and nerve circuits) because each model elaborates 
but a fraction of the target's attributes. In many cases, the sum of the models is less than the 
whole phenomenon for two reasons: the concept itself is not fully understood, and the 
models tend to overlap. There are sound reasons why no single model can fully illustrate an 
object or process for, if it did, it would be an example not a model. Expert teachers mostly 
use models to stress and explore important and difficult aspects of a concept and this is best 
achieved by over-simplifying the model to emphasise key ideas. This is why multiple models 
are so useful because a series of simplified models can be used to explain, one at a time, the 
key ideas. 



Conclusion 
This article argues that many different teaching models regularly feature in secondary science 
lessons. Models can range from concrete scale models depicting no more than superficial 
features through to abstract concept-process models that use multiple models to represent 
scientific processes. These concept-building analogical models can be arranged in a model 
typology that helps teachers understand the conceptual demands that different model types 
place on students. The paper also points out that no single model can ever adequately model 
a chemical concept, therefore, students should be encouraged to use multiple explanatory 
models wherever possible. This is best done by teachers modelling multiple modelling in 
their lessons. Further, a systematic model should be used whenever analogies and models 
are presented to school students to ensure that the students recognise the importance and 
limitations of the analogy or model. Research shows that this task is best accomplished by 
discussing the shared and unshared attributes with the students.Whenever the social learning 
environment is supportive and multiple models are used, students can rise to the challenge 
and surprise their teachers. 
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Abstract 

The need for a good public understanding of science is discussed in terms of three 
approaches: the practical argument, the cultural argument and the political argument. In 
a world in which increasingly complex science is involved in every day life, it is 
important that ordinary people have some understanding about the chemical world they 
live in. There has been a shift away from considering an educated person as one versed 
not only in the arts but in the sciences too, and many sophisticated people appear to be 
proud of being scientifically illiterate. Finally, politicians must have a measure of 
understanding of science and particularly risk assessment when weighing up arguments 
of how to spend public money. 
Bringing 'good news', as typified by the Cochlear prosthetic implant, is one way of 
combating increasingly negative stories about science. However very few topics are 
entirely without controversy, and the science communicator must realize this, and be 
prepared to maintain the rational debate. In the case of the hearing implant, some deaf 
groups believe that the money is not well spent turning a functioning deaf person into a 
partially-hearing 'ordinary' person. Funding of research by commercial or political 
interests also lays a scientist open to accusations of bias brought about by the need to 
maintain funds in an increasingly competitive world. 
Conclusions drawn are that more scientists should enter popular debates as informed 
citizens, rather than 'men in wlute coats' and be prepared to face criticism with clear and 
well-founded arguments. A number of scientifically-literate people offering different 
views on the issues of the day will counterbalance the worrying trend to 'damnation by 
assertion' practiced by certain groups in society. 

Introduction 
It may be argued that 'science' won the Second World War for the allies, and for a time 
after 1945 to be a scientist was the aspiration of many of the brightest school children. 
Indeed the present cohort of academics who are between forty and fifty years old, will 
have been brought up in a world in which the discovery and exploitation of knowledge 
about the world was held in high esteem. By the end of the 1970s when science had 
apparently not delivered the goods of a demonstrably better world for the majority of its 
citizens, the tide turned with scientists held out to be evil (or at best misguided) 
megalomaniacs, or lunatics in the pay of government or multinational business. No 
amount of 'what about . . . ' arguments could stop a popular view that tied science in 



general, and chemistry in particular, with pollution, destruction of the environment and 
threats to the integrity of the planet. Indeed it is now popular to argue that science is a 
passing fad of humankind that has done its dash (Gimpel, 1995), or that science is 
simply another religious construct that has no more special place than the animist 
religions of the more inaccessible regions of the world. Clever students now are to be 
found in medicine, law and commerce with the bright idealism of an earlier time giving 
way to monetary remuneration and a lifestyle far removed from the ethereal academic, 
innovative inventor or thrusting industrialist. 
Understanding the place of science in the modern world is not a trivial exercise. People 
will not be won over only by careful and reasoned argument in the up-market press, or a 
popular campaign by the chemical industry. A number of complex and interrelated 
issues must be grappled with before the scientist is rehabilitated in the world. 
This paper discusses arguments for a popular understanding of science, and explores 
some of the issues related to telling the 'good news' to the public. 

Arguments for a better public understanding of science 
If science is misunderstood, and as a consequence is held in low esteem, one of the 
goals of a movement to reinstate science must be a program of education of the public. 
Mere abstruse facts and high opinion from scientists is not sufficient. If the average 
person hated science at school, they are not voluntarily likely to resume their 
acquaintance with the subject in later life unless they perceive benefit. I offer three 
arguments on why a non-scientifically trained person should bother to know anything 
about science. 

The Practical argument 

Despite the opinion of sections of the community, the readers of this paper will all live 
in a country that depends on modern science and technology, and will interact with 
manufactured chemicals every day. Dr Joe Baker in his keynote "Bridging the Gap to 
Industry" noted that he had identified 75 chemicals in his bathroom and was still 
counting. It should be without contention, therefore, that a basic knowledge of 
chemistry can be useful when purchasing, handling and disposing of every day 
chemicals. Concepts of acids and bases, of the toxicity of substances and of corrosion 
would be a knowledge base to start with. Just as early society passed down knowledge 
of what plants were edible, which could be used medicinally, which required processing 
to make them safe, modem society needs to have a similar body of knowledge for the 
present-day materials its people are exposed to. 
A basic understanding of chemistry and physics may also protect the public from frauds 
and scams. It is possible to buy a so-called 'magic plate' in a weekend market in 
Sydney, Australia, that will clean silver. The plate has strategically-placed holes and it 
is asserted that in a bicarbonate of soda solution, an item of silver rubbed up against it 
will have its tarnish removed and silver lustre restored. The plate sells for around $30, 
and the problem is not that it does not work, but that it is made of a 1 cent piece of 
aluminium. The electrochemistry that turns aluminium into A13' and Ag' back into 
silver metal, is basic redox chemistry, and while a member of the public may not be 
expected to write the balanced equation, the notion that the process is probably 
explainable in terms other than 'magic' should be sufficient to drive the price down or 
send those with dirty silver to a roll of coolung foil (Hibbert, 1993a). This may not be a 



good example, as the chemistry is not trivial, and a professor of marketing suggested 
that if the buyers believed it was worth $30 to clean their silver, then a fair trade had 
taken place. 
Despite Julius Meyer's statement of the First Law of Thermodynamics in 1842, the 
number of inventions that palpably violate this fundamental law of nature increases 
without check. Whether fraud or a simple misunderstanding, millions of dollars are 
poured into schemes that are based on the idea that something can come of nothing 
(Hibbert, 1994). The reporting of such schemes is often ingenuous, with the reader 
thinking that the energy problem has been solved, or cancer cured. An example is to be 
found on the front page of the Sydney Morning Herald of 13" September, 1988, of 
whlch the headline proclaimed "Water into Fire an Inventor's Triumph", and the article 
commenced "A cramped workshop at the back of a suburban house in Sydney's west 
seems an unlikely place to trigger a global energy revolution". The article went on to 
suggest that within a few years we would be "running our cars from the garden hose". 
The inventor of the welding machine (!), being given more publicity than money could 
buy, was calling himself a 'Research Professor'. Thus in the ensuing debate, the public 
could well have dismissed the argument as between two nutty professors (I was also 
featured in the article). And when, for example, Professor Hibbert announces a small 
step forward in fuel cell research, the public may also remember and wonder why the 
much heralded energy revolution was still in abeyance. However this game is played 
science does not come out at all well. 
Of more significance is the fate of the inhabitants near the Northern Italian city of 
Seveso, where in 1976 a chemical factory blew up releasing dioxin into the 
surroundings. Dioxin has been claimed to be one of the most toxic chemicals around. 
Helen Caldicott, an Australian environmentalist, has been reported as saying that the 
scourge of dioxin would make AIDS pale in comparison. Fortunately for the world, the 
preliminary findings on the carcinogenic properties of the dioxins have not been 
confirmed, and it is now thought to be no more dangerous than more common 
chemicals such as benzene or carbon tetrachloride, or even smolung. However, 
prompted by the hysteria following the Seveso incident, 90 women had elective 
abortions for fear of abnormalities in their offspring. In 1988 a ten year study of foetal 
abnormalities in the region after the incident revealed no increase in abnormalities near 
Seveso (Mastroiacovo et al., 1988). 

The Cultural argument 

There was a time when kings of England were noted for their learning and knowledge 
of the world. Henry VIII was the epitome of a Renaissance monarch and would have 
been abreast of the latest in scientific theories. (He also would have had a court 
astrologer, but such were the times). Up to one hundred years ago, to be an educated 
person in Europe or America, required a working laowledge of science and emerging 
technology. In the mid nineteenth century around a dinner table in London, it was as 
likely to hear a debate on the latest theories of evolution of Mr Darwin, as on the 
scandalous paintings of the French Impressionists. The acceptance of natural 
philosophy as one facet of our understanding of the world was without contention. 
Weighty matters worthy of dispute still remain, so why is there not the popular debate 
about, for example, whether the emergence of life is inevitable and ubiquitous, or 
whether we on planet Earth are unlikely winners in a cosmic game of Lotto? Recent 
work on chaos, fractals and complexity lead to challenging conclusions about the 



Universe, that can be understood and debated by the intelligent public. Why do people 
discuss their horoscopes, or indulge in pointless superstitions when the real world is so 
interesting and worthy of thought? 
The descent of science is encapsulated in the writing, and subsequent bastardisation, of 
Mary Shelley's "Frankenstein or, the Modem Prometheus" (Shelley, 18 17). At the time, 
Mary Shelley believed she was contributing to the general debate on the nature of life. 
In the preface to Frankenstein, she writes: 
"The event on which this fiction is founded has been supposed by Dr Darwin, and some 
of the physiological writers of Germany, as not of impossible occurrence." 
Frankenstein is no crazed and mad scientist, but a troubled, thoughtful man whose 
experiment has gone awry, and who has the ultimate obligation to accept responsibility. 
The real story is about the human condition, of what it means to be human (or simply a 
bunch of body parts), and of our reaction to the outsider. By the time Boris Karloff 
(Universal Pictures, 1931) is swanning around with a bolt through his neck, albeit with 
certain pathos, the message is lost, and all that remains is a confusion between the 
monster (unnamed) and Dr Frankenstein (the mad scientist). 
The reason that Mary Shelley did believe that such events were possible is that the 
experiments of Dr Frankenstein had already been attempted. In 1793 F X Bichat 
attempted to revitalize bodies and reunited heads of guillotined aristocrats, during the 
Terror in France. In1803 Giovanni Aldini (a nephew of Galvani) experimented on 
newly hanged English murderer Forster. He subjected the corpse to 'the precise effects 
of galvanism with a voltaic column of one hundred and twenty copper and zinc couples' 
(Hibbert, 1993b). The connection between electricity and life was firmly in the public's 
minds. 

The Political argument 

The poor perception of science by the public feeds through to the politicians, who then 
react in ways that are contrary to the long tenn interests of society. Of great concern is 
the lack of understanding of risk. It has been shown that the perceived risk of living next 
to a chemical works is much greater than that of regularly driving a motor car, and yet, 
in fact, the position is reversed. 
There are two local examples of the pressure exerted on politicians by public 
chemophobia. The first is the removal of asbestos and PCBs (polychlorinated biphenyls) 
from schools in New South Wales. When a fluorescent light fitting leaked PCBs the 
public outcry was sufficient to force the government to spend scarce health resources on 
replacing all such lights. In the light fitting, the PCBs were quite harmless, and a more 
considered, leisurely replacement scheme, while being no greater risk, would cause less 
disruption and would be much cheaper for the public purse. However any chemical risk 
is seen as unacceptable. The removal of asbestos in building materials is another 
debatable issue in the same vein. While in walls and ceilings the asbestos poses no risk, 
so when is the best time to remove it? The answer may not be 'now' while the building 
is in use. 
In the 1980s and early 1990s there was a debate in Australia concerning the building of 
a high temperature incinerator to dispose of intractable wastes. The case was 
overwhelming, except for the fact that dioxins are produced in small quantities by the 
incineration of many organic compounds. Unfortunately the question of the high 
temperature incinerator coincided with the hysteria over dioxins and the public concern 



was such that the project did not go ahead. Intractable waste is now dumped in land fill 
with the much greater potential to be a long-term hazard for the country. 

A 'good news' story - the Cochlear Implant 
The foregoing discussion leads to the conclusion that a greater level of understanding 
and information must be imparted to the public. The program must work at all levels, 
from the youngest (in schools), through the readers of the popular media to the decision 
malung politicians and members of the business community. Thus far it appears that 
science has been largely reactive, with obvious apologists appearing whenever there is a 
problem, or a condescending style of 'look what you would be missing if we were not 
here' advertisement. Some years ago the Australian mining industry ran a series of 
advertisements on the television depicting what would be left in a typical house if the 
products of that industry were removed. The naked inhabitants of a hole in the ground 
were supposed to impress on the public the vital need for the mining and minerals 
processing industry to thrive. The naivety of such an approach was amazing, and I 
cannot believe that it did anything positive for the industry. 
One approach that may fare better is to be proactive about success stories and try and 
display a positive attitude to science. The Cochlear implant is an Australian invention 
that has brought hearing to about 16,000 profoundly deaf people. The company is 
profitable, invests in research and can indeed be held up as 'science helping humankind'. 
After briefly describing the device, the foundations of this technology in science will be 
discussed. The Cochlear implant will also allow us to show that nothing is entirely free 
from contention, and that scientists must be very careful in proselytising business from 
which they derive research funds. 

The Cochlear implant 

The Cochlear implant is a prosthetic device that stimulates the auditory nerve in 

Figure 1. Schematic of the Cochlear implant. Reproduced with kind 
permission of Cochlear Pty Ltd. 



response to sound. It is designed for the profoundly deaf following certain illnesses or 
accidents in which the cilia in the cochlea are destroyed. The device is surgically 
implanted after which the recipient undergoes an extensive training to learn to interpret 
the current pulses in terms of hearing. The implant, surgery and following training is 
expensive (around A$20,000), but may be covered by public medical benefits. 
The device has two parts. Externally, sound is received by a microphone and the signal 
is then processed by electronics worn on a belt. The output is a radiofrequency signal 
that is sent through the skull behind the ear to a receiver, which responds by applying 
short (200 ps) current pluses between specific pairs of electrodes located in the spiral 
cochlea (Fig. 1). In a present design there are 22 such electrodes. 
The technology has been extensively developed in recent years and the company now 
claims that users of the device score nearly 80% in standard hearing tests. Research is 
being conducted into a device that will stimulate the brain stem directly, for those 
whose auditory nerve is not functioning. 
The company has financed research (with the Australian Government) into the 
electrochemistry of the device. The work provides an interesting example of how 
understanding the fundamental science can aid the development of the technology. 

Electrochemistry of platinum in perilymph 

The liquid inside the cochlea is known as perilymph. It is a saline solution containing 
amino acids and proteins. The implant operates by passing current between platinum 
electrodes through the perilymph, and so the research started by investigating the 
electrochemistry at platinum in such a solution. The composition of perilymph is 
known, so the experiments could be carried out in vitro in an artificial solution. 

I 0 2  

Figure 2. Cyclic voltammogram of a platinum electrode in phosphate buffered 
saline (dashed line), and artificial perilymph solution (solid line). See text for 
details. 

Experimental details may be found in Weitzner (1998) and future publications of the 
author. Cyclic voltammetry is a technique in which the potential at an electrode is 
cycled linearly with time between set lower and upper limits. The measured current is 



displayed against the voltage (Fig. 2) and from this it is possible to gain insights into the 
electrochemical mechanisms at the electrode. In phosphate buffered saline, peaks due to 
platinum oxidation and reduction (peaks Po and PR respectively in Fig. 2) and hydrogen 
ion reduction and oxidation of adsorbed hydrogen atoms (HR and Ho respectively) may 
be seen. At the extremes of voltage, water is broken down to hydrogen gas (Hz) and 
oxygen gas ( 0 2 ) .  

The study shows that the presence of perilymph, and in particular its amino acid 
content, causes a depression of the platinum oxidation and reduction currents. In the 
anodic region, current is increased as the perilymph itself is oxidised. The hydrogen 
region is also affected by the adsorption of amino acids. Experiments with and without 
added human serum albumen, show that there is no extra effect due to protein. 

Dissolution of platinum 

A second aspect of the electrochemistry of interest to Cochlear was the extent to which 
platinum may dissolve during the operation of the device. Platinum is a toxic heavy 
metal, and although it is known to be chemically inert, long term use as an electrode 
does raise questions of dissolution and release of platinum into the body. From the 
results of our investigation it appears that the adsorption of amino acids suppresses the 
dissolution of platinum at the potentials of operation of the device. At more extreme 

adsorbed compounds appear to disrupt the passivating layer of oxide and 
promote dissolution. 

Modelling the behaviour of the implant 

The ubiquity of modem computers has allowed development of sophisticated modelling 
techniques that can be used for a range of scientific and technological problems. 

Time 

Figure 3. Upper graph: voltage response from a Cochlear array corrected 
for solution resistance. Lower graph: modelled voltage response assuming 
double layer charging only. 

Simulating the response of a device can save considerable time and cost in bench 



experiments and, in the medical field, testing on animals or humans. A computer 
program was written in C++ (Borland CU Builder V1.O) to simulate the voltage output 
of two electrodes given the current profile, and parameters of the different 
electrochemical reactions (Fig. 3). Double layer charging, platinum oxidation and 
reduction, and other electrochemical reactions were programmed. Using the program it 
is possible to determine voltage limits during operation, what electrochemistry is 
happening and what parameter ranges are safe. 

Joining the public debate on hearing prostheses 

Negative views on hearing prostheses 

From the above discussion it would appear that the Cochlear implant is an ideal 
example of the benefits of scientific research. However, while the science is 
unarguable, the sociology of the deaf community has brought into question the use of 
prostheses. Oliver Sacks (1995) sums up the problem 

"But in addition to these cognitive problems there are identity problems 
too; in a sense they must die as deaf people to be born as hearing ones. 
This, potentially, is much more serious and has ramifying social and 
cultural implications; for deafness may not be just a personal identity, but 
a shared linguistic, communal, and cultural one." 

In other words, is it desirable that a 100% functioning deaf person become, at great 
expense, a 80% hearing person? Not being deaf, I cannot answer the question easily. 
Proper counseling and a full understanding of the arguments is needed for a person (or 
parents of a deaf child) to make a decision. In addition there is the political debate as to 
whether the expense should be borne by the state or the individual. Should a researcher, 
who is a good electrochemist, buy into the argument or remain aloof, simply offering 
the benefit of his or her scientific knowledge? 

Funding of research 

Before the previous question is addressed, a further complication arises. Should our 
scientist say anything at all if the research being done was funded by the company in 
question? There has been considerable debate about the ethcs of accepting research 
funds from tobacco companies, and more recently from pharmaceutical companies, the 
adage 'he who pays the piper calls the tune' being cited more than once. 
A famous historical case is that of R.A. Fisher (Gould, 1996), who, while being a paid 
consultant for the Tobacco Manufacturers' Standing Committee produced papers (the 
data for which is now found to be deeply flawed) to show that the extent of inhaling 
tobacco smoke does not affect the predisposition to lung cancer, and that the rate of lung 
cancer had increased faster in men than in women. Fisher took great umbrage at the 
suggestion that his objectivity may have been compromised, but, as Gould notes 
"Higher powers must judge the tangled commitments wrought by such employment; 

'I ... . 
Merely being bought off by big business is not, I suspect, the problem. There is a more 

~ - 

insidious pr~ssureresulting from any relationship. I have a working relationship 
with my opposite number in Cochlear, whom I respect as a fellow scientist. The 
financial side does not come into it, but I would still find it difficult to criticise in public 
any aspect of the Cochlear implant. Conversely, if the relationship had been a disaster, 
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as occasionally happens, it may well be that spleen would cause a ready flight to the 
press with prejudicial stories, real or imagined. 

A scientist's duty to debate 

Final evidence for the correct approach of science to the community comes from a 
professor of semiotics. Umberto Eco (popularly famous for his novel The Name of the 
Rose) was asked by an American reporter how he reconciled his academic work with 
hls regular contributions to a popular newspaper. He replied (Eco, 1995a) 

"This habit [of writing for the popular press] is common to all European 
intellectuals . . . where a scholar or scientist often feels required to speak 
out in the papers, to comment, if only from the point of view of his own 
interests and special field, on events that concern all citizens." 

Unlike in America where scholars are compartmentalized, it is seen as a duty of 
academics in Italy to enter the political arena and offer their opinions on pressing 
matters of the day. That all speak out does not mean that we will like or agree with 
everything they say. In one of his articles on a new film on China by Antonioni, Eco 
(1995b) writes of medicina povera that it 

". . . substitutes the rediscovery of the relationship between human beings 
and medicinal herbs, and the possibility of a new, popular knowledge, for 
the poisoning of our pharmaceutical industries." 

Professors of semiotics need education about science as much as the average person. If 
the debate is vigorous many strands of opinion will be given but ultimately 
understanding will eventuate. 

Conclusions 

In this paper I have argued that the present low point of science ip the eyes of the 
community will not be solved by naive attempts to talk down to an erring populace who 
only need careful guidance to see the truth and the light. Nor will it suffice to present 
only the 'good news' in the face of opposition, albeit from minorities. Scientists need to 
understand their place in the world, and interact from a knowledgable and concerned 
standpoint. Decisions made as a result of our work impact on us, quite as much as on 
the next person. Hopefully, we are at least as articulate as the average person, and so 
must be prepared to take a full part in the debate, accepting that there are other 
arguments and that our own position may be called into question. 

If the community perceives scientists, not as bld, deranged men in white coats' but as 
fellow members equally as concerned and committed to a better world, science may 
have made a start on the road to regaining credibility. 
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'GET REAL' - BRIDGING THE GAP BETWEEN 
SECONDARY AND TERTIARY 

D Brynn Hibbert 

School of Chemistry, University of New South Wales, Sydney, NSW 2052 

Abstract 
The three or four years that a tertiary student spends between school and the work force 
are typified by the change from a school student to a maturing professional. One aspect 
of this change is that increasingly the results and outcomes are important. A theme, 
therefore, in the analytical courses at the University of New South Wales (UNSW) is 
one of receiving marks for the actual result turned in by the student, and less for good 
excuses why it is wrong. To expect greater rigour from students requires a case to be 
made for their increased effort. The present concerns about the quality of analytical 
results are discussed, highlighting the conclusions from several international studies that 
the most important factor in achieving correct results is the quality of the analyst. 
Employers stress planning team work and presentation skills, often over advanced 
laboratory skills. Tertiary institutions are responding to this by implementing more 
group project work. Analytical chemistry provides an excellent vehicle for providing 
realistic situations for students to learn in. Examples of laboratory based projects and 
case studies are given. 
An argument for university-like education is that research informs learning and that 
exposure to the cutting edge of a subject provides important benefits to students. An 
example of this is the development of a portable 'electronic nose' at UNSW for 
measuring car exhaust pollution. High profile exposure to the public was followed by 
its use in a third year project and then for use by students to solve a real-life problem 
that arose in the university. 

Introduction 
A tertiary course in chemistry may be seen as a bridge between secondary school and 
the workplace. Starting a course at a university brings a student into contact with 
working chemists whose task is to not only add knowledge about the subject, but to give 
an awareness of what it means to be a professional chemist. The bridge that I shall 
discuss here therefore is concerned with that transition between bright young student 
and bright, young, maturing professional. 
One approach is to ask employers of chemists what they value in a graduate. It has been 
reported in this conference that the wish list of employers has more general, personal 
skills than specific chemical skills (McKinnon et al., 1998). This supports much 
anecdotal evidence from university chemistry departments, visiting committees and 
RACI surveys. It is often the case that the would-be employer takes for granted the 
basic chemical skills, but it is important that universities heed the comments, and find 
sensible ways of providing what industry wants. Rather than providing separate 
'problem solving skills', or 'public speaking' classes, we believe that integrating into the 



chemical curriculum the need to work in groups, problem solve, or present results, is the 
correct approach. 
This paper explores three scenarios of real world learning; giving marks for correct 
results, project-based subjects and using high-profile research in undergraduate courses. 
The 'get real' message will also be underpinned by a discussion of why 'getting real' 
should matter anyway, in the light of findings about the quality of analytical chemistry 
results. 
A general tone of these innovations is embodied in the title of this paper - 'get real'. If 
the student can be exposed to situations that are sufficiently real world like, then 
pertinent slulls will be learned. 

Marks for results 

The analytical quality problem 

Analyhcal chemistry is at a critical point in its history. Used as never before in industry 
and commerce, hardly any goods cross a national boundary without analysis by seller 
and buyer, almost no trip to the doctor fails to generate a specimen for analysis, no facet 
of the environment now goes unsampled. Whether a direct result of this increased 
activity, or a parallel development to it, recent publicity has been given to claims that a 
significant fraction of chemical analyses are wrong. The US Food and Drug 
Administration (FDA) announced that one quarter of all medical pathology had to be 
repeated. The UK Government Analyst proposed that one third of chemical analyses 
were not 'fit for purpose' (Hibbert, 1997). There is discussion about how uncertainty 
should be treated in analytical chemistry, and even whether the term 'uncertainty', which 
took over from 'error', should not itself give way to 'certainty' (Sargent, 1996). Bringing 
this debate to the attention of students may shake their confidence in the infallibility of 
their mentors, but may also impress them with the need for competence when dealing 
with life-and-death issues. 
Recent examples come from a series of studies funded by the European Union, called 
the International Measurement Evaluation Programme (IMEP) (van Nevel et al. 1996, 
1998). The programme offers reference values, established by primary methods, against 
whch participating labs can evaluate their performance. The degree of comparability is 
thus established against the most objective references available at present. Two of the 
rounds (IMEP3 and IMEP6) were concerned with analysing water for trace elements. 
Two samples were sent to each of 169 laboratories in 29 countries. The samples 
containing 14 elements at trace levels (0.01 - 30 pmol kg-') had been prepared by the 
National Institute of Standards and Technology (NIST) and analysed by isotope dilution 
mass spectrometry to an expanded uncertainty (k = 2) of 2%. Each laboratory was 
invited to return the concentration of each element in each sample, an uncertainty range, 
the method used, whether the laboratory considered itself experienced in this analysis, 
and whether the laboratory was accredited by a national body. The results showed 
evidence of bias, with a number of laboratories returning values up to 3 orders of 
magnitude away from the assigned value. There was no correlation between the ability 
to determine the correct answer and the method used, the experience of the laboratory, 
nor the level of accreditation. Many of the laboratories did not know how to express 
uncertainty. There was no obvious improvement between the rounds. The leader of the 
programme, Professor De Bi$vre has come to the conclusion that the quality of 



analytical results depends on but one thing - the quality of the analyst. This is a 
heartening conclusion for an educator. 
Another example from pathology is the determination of lithium in blood. Lithium is 
used to treat certain types of personality disorders. It is given orally and blood samples 
must be analysed frequently in order to establish a correct dose for each patient. Figure 
1 shows the analyses of two samples containing 19 pmol lithium in serum by six 
pathology laboratories. All but one laboratory obtained high results. Indeed some 
laboratories could not tell the difference between a therapeutic and a toxic dose. The 
problem with this interlaboratory comparison is that using normal statistical methods to 
analyse the data the only correct laboratory would have been rejected as an outlier! 

Figure 1. IMEP results for the analysis of lithium in two samples of 
serum. Certified value 0.019 mmol L-'. 

The undergraduate laboratory 

The community of analytical chemists has long known that they are obliged to deliver 
results that are 'fit for purpose" ie capable of answering the client's problem within an 
agreed time frame and budget. One obvious aspect of this is accuracy. Having 
discussed with the second year analytical class about the current concerns of the outside 
world, we then explain that we too will demand a high level of professionalism from 
them. In particular the majority of the marks for the class will be given for the correct 
answer (ie value plus uncertainty plus units), and that the excuse that "the method was 
correct, only I made a mistake in writing the answer down", will not attract much 
sympathy. The scenario of a hospital with grieving relatives of a patient, who was 
prescribed double the correct dose of a highly potent drug because the pathologist forgot 
a 2 in the calculation, usually suffices to concentrate the students' minds. 



It must also be pointed out that the right answer is not everything. A properly kept work 
book and an ability to show how the answer was arrived at are also essential. In these 
laboratory classes the analyses are not particularly realistic, being designed to teach a 
given method. We believe, however, that an emphasis on obtaining a proper answer will 
prepare the students for the project-based subjects that they will encounter in their third 
year. 

Project-based undergraduate courses 

Laboratory projects 

Project-based, group practicals are an excellent way of addressing the concerns of 
employers that students do not have enough group skills such as problem solving in 
teams and presenting work to others. While many departments have introduced this into 
final year subjects, the School of Applied Chemistry of Curtin University of 
Technology has demonstrated that such classes may also fit into second year curricula 
(Dunn and Phillips, 1998). The argument against this approach is that time that would 
have been spent rehearsing and learning basic chemical techniques is given over to the 
more general personal skills, and that there is a danger of turning out good problem 
solvers who are not equipped with basic knowledge about chemistry to solve anything. 
However, the message from employers is clear, these skills are essential and they are 
lacking in the majority of chemistry graduates. 
Figure 2 shows a typical brief given to two or three third year students who have chosen 
the analytical chemistry elective. The ten weeks of the project, which takes place in the 
four hour laboratory slot for that subject, is broken up into four weeks preparation, four 
weeks experimental work and two to finish off and write up. At the end of the 
preparation phase the group gives a presentation to the class, outlining the problem and 
the approaches they mean to use to solve it. In the final week, they give a second 
presentation with the results and conclusions. The long preparation time gives the 
students an opportunity to understand the client's problem, search the library and 
Internet, discuss with people in the School (who may be senior technicians - a good 
source of help), and try out the technique if they are not familiar with it. The 
presentations are encouraged to be as professional as possible, using Powerpoint on 

Lead Pollution in the University Environment 
Aim and Background 
UNSW is in a densely populated area, with high traffic volumes especially on 

weekdays. Lead pollution associated with car exhaust emissions may be a 
potential health hazard for staff and students. However, there has also 
been a move to unleaded fuel in recent years. So how significant is lead 
pollution around UNSW? You are called in as the consultants to provide a 
report to the university community on ths  issue. 

Specialised resources available for this project 
(in addition to the general laboratory facilities) 
Techniques for lead analysis (ASV, AAS, ICP) 

Member of Staff for Consultation : Dr Moran 

Figure 2: Brief for a third year analytical project on lead in soil. 
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overheads or computers. In 1998 we propose to ask some groups to give a presentation 
to a non-chemist client, who must be persuaded that the problem is in good hands even 
if she cannot understand all of the jargon. We also may mange a courtroom drama, in 
which some of our Science-Law students will test the students' ability to defend their 
work in a hostile environment. 

Case studies 

Outside the laboratory, there is opportunity to give instruction through the 
contemplation of realistic scenarios. In an environmental subject, a number of case 
studies are worked through with the students, from the point of view of the analyst who 
is called upon to set up a program, or to determine the effect on the environment of 
chemical pollution. An example popular with the students is the collision of two ships in 
the Mississippi River Gulf Outlet in 1980, releasing an interesting cocktail of 
pentachlorophenol, hydrobromic acid, vinyl polymer and ethyl mercaptan into the 
waterway (DeLeon et al., 1982). Each day the waterway was closed cost of half a 
million dollars, there were important oyster beds in the delta and New Orleans was 
nearby. Therefore there was a need for rapid and accurate analysis to establish the 
extent of the pollution and the efficiency of the clean up. As well as the obvious 
analytical aspects of sampling, the analysis of the target compounds in water, sediment 
and biological samples, problems such as capacity of the laboratory, maintenance of 
quality control and health and safety of personnel are also discussed. The problem 
allows the lecturer to introduce information piecemeal (as, of course, happens in 
practice) which requires the students to estimate when they do not have full knowledge. 
"How much PCP is likely to have been released?" "What concentrations should we be 
looking for in the water?" are questions that arise early in the discussion. 
Everyone is relieved to discover that only PCP was released in significant amount and 
that caused little damage to the environment. Of interest is that the species analysed as 
having accumulated the greatest amounts of PCP during the spill were humans taking 
part in the clean up operation. 

Research to Learning 
An excellent way of enthusing students and giving them experience is to use the results 
of research in the undergraduate program. We were fortunate in having a project, the 
electronic nose, that had attracted some high profile media coverage, was 
straightforward to explain in chemical terms, and could be used by the students within 
the constraints of an undergraduate practical. 

An electronic nose 

Electronic nose technology embodies the concept of multiple, non-selective sensors 
giving signals that may be calibrated for a given range of gases (Gardner and Bartlett, 
1994). As its name suggests the idea is to ape the mammalian olfactory apparatus (the 
nose). A human nose has several million receptor cells with a few thousand different 
types, capable of distinguishing between about ten thousand odours. Present electronic 
devices are more modest in their complexity, having two to thirty sensors programmed 
for fewer than a dozen gases. The neural network processor of a mammal (the brain) 
also has the edge on the algorithms used by computers to unscramble the signals coming 
from the sensing device (Hibbert, 1998). 



Many different types of sensor are known, but the most popular is the Taguchi sensor 
based on a thin film of semiconducting tin oxide. Vapours that adsorb on the surface 
and can react with oxygen change the resistivity of the film. By doping, some partial 
selectivity may be imparted to the sensor. 
UNSW developed two and three-sensor devices that were calibrated for petrol vapour 
(as an equivalent concentration of butane) and carbon monoxide, both pollutants 
associated with automobile pollution. The portable device was used to check the 
exhausts of individual cars, and also as a mobile pollution monitor for measuring 
general levels in the air (Fig 3). 
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Figure 3. Output of two Taguchi sensors exposed to the 
exhaust from a Holden Commodore. 

Air pollution in Sydney 

Although air pollution in cities around the world is generally less than a decade ago, 
following the introduction of catalytic converters, and more efficient engines, air quality 
is still a matter of major public concern. 
When the Sydney Harbour tunnel was opened in September 1992, we were invited to 
monitor the tunnel using our portable analyser. On the day the tunnel opened we went 
through it with a TV crew and pronounced the air in the tunnel "better than in the 
Central Business District". Another TV station had picked up the story, and two days 
later we found ourselves driving through the tunnel with our device monitoring the air. 
This time we met a wall of white fumes and the sensors' responses showed a great 
increase (Fig. 4). There had been a minor problem with the settings of the ventilation, 
which was quickly fixed, but the incident caused a certain amount of public interest. 
Newspapers took up the story with headlines such as "Tunnel trapping danger gases" 
(Daily Telegraph Mirror, 3/9/1992), and "Uni sensor sniffs out air culprits" (The 
Australian, 5/9/1992). 
It is possible to build on this incident, using the media reports of the time to discuss 
questions like, "What is the air quality in Sydney?", "How do we measure it?", "What 
do we measure?", "How should the results be communicated to the public?". 
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Figure 4. Sensor reading during trip through Sydney 
Harbour Tunnel, September 2nd 1992. 

A third year project 

One of the prototype sensors was given over to a third year analytical class and formed 
the basis of a practical experiment. The students are asked to go out onto the main road 
that passes the University (Anzac Parade) and measure levels of hydrocarbons and 
carbon monoxide near flowing traffic, at some pedestrian traffic lights, and on the 
median strip. A mobile telephone can send the results back to the School by FAX. The 
instrument is sensitive enough to pick up the exhaust signature from individual cars and 
trucks, and it is possible to build up enough information for the students to start a 
discussion on the nature of automobile pollution. 
As this device is a real research instrument, the undergraduates tend to interact with 
postgraduate students, and they gain some insight into the nature of research. 

Pollution in the university? 

The involvement of undergraduate students gained a boost in 1996 when the University 
moved its main vehicle entrance a few hundred meters up Barker Street, and re- 
established it opposite a child care centre. At peak times cars queuing to enter the 
University (particularly those turning right) were providing a source of automobile 
exhaust gases close to where kindergarten children were playing. Worried parents 
approached us to determine if the levels in the child care centre were in any way 
dangerous. Two students spent a summer vacation project making measurements. They 
discovered the problems of sampling and calibration, and of what to do in the vacation 
when the volume of traffic was considerably less than in term time. The results 
suggested that there was no evidence, from this study, that the levels of hydrocarbons 
and carbon monoxide were in at all dangerous. Both students decided to stay in the 
School and take honours. 

Conclusions 
It is possible to find many instances in which the philosophy of 'get real' can be applied 
in an undergraduate chemistry degree. From the earliest times it can be impressed on 
them that results do matter, and that their progress will be measured in terms of the 
correct answers. In the real world there is little room for a good effort, but the wrong 



result. Project work, with groups of students being set realistic tasks, should be 
introduced as soon as possible. Here the level of realism is only limited by the 
imagination of the academic. Aspects of funding and cost may be introduced, the 
'clients' may suddenly change their mind in medias res, and the students may have to 
defend their results in a 'court of law'. Institutions with a thriving research culture can 
draw on that experience to provide interesting and pedagogically-sound examples to 
feed down to the undergraduate curriculum. 
One of the more important aspects of 'get real', is that the academics themselves have to 
be convinced that the examples are indeed realistic and worth talung seriously. Once 
enthused, the students do strive to do a professional job, and, hopefully, carry on this 
philosophy to their employment when they leave the protective confines of university. 
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EXTENDING THE RANGE OF TEACHING 
APPLICATIONS FOR THE 

IEC* STUDENT SPECTROMETER 

R J Hodges and H Pillekers 
Monash University, Gippsland Campus, Churchill 3842 

Abstract In the last 40 years, chemical analysis has increasingly moved fkom 
"wet-way" methods to instrumental techniques giving greater detail about samples 
in shorter periods of time. Comprehensive elemental analysis generally no longer 
needs chemical separation steps, but the sample as a whole when excited in a flame 
or plasma gives spectral lines for all elements present. However molecular 
analysis of mixtures still involves separation, since broadening by vibration and 
rotation fine structure give overlapping spectra that prevent accurate interpretation. 
Chromatography is frequently used for separation. "Wet-way" group precipitation 
and separation methods once prepared secondary school students well for industrial 
analysis but to ensure the present generation is adequately prepared for the 21 st 

cenhuy, low cost teaching equipment that relates to modem practice is needed. 
This paper outlines an earlier teaching spectrometer development extended to flow 
injection analysis (FIA) and gas chromatography (GC). 

Introduction The year 12 chemistry program for the Victorian Certificate of 
Education includes a major section early in the year (unit 3) relating to modern 
instrumentation. Students have a work requirement involving some "hands-on" 
experience with at least one technique, and to achieve this many schools organise a 
field trip to a local university or industrial laboratory. When first implemented these 
were run on a goodwill basis, however they soon became too large an exercise for 
most establishments to conduct free-of-charge. At Monash, for both the Gippsland 
and Clayton campuses, students are charged a nominal fee (typically $10-12) for the 
half day exercise which involves about 1,000 students. This is run over about one 
week just before the University semester starts. Goodwill at industrial laboratories is 
harder to maintain on an ongoing basis, thus for students in regional centres not 
serviced by tertiary education establishments, the need for suitable equipment at the 
school itself is highlighted. Some schools already have the IEC spectrometer (about 
120 units have been sold) and we have noticed that local students who have already 
used that equipment do gain a lot more when on the field trip as they are well 
prepared for and easily relate to the more sophisticated equipment. 

A three way spectrometer (see Figure 1, made by IEC Pty Ltd) for teaching visible 
absorption, flame emission and atomic absorption was developed, marketed and 
demonstrated earlier (Hodges, 1992). The equipment also gives stable flame colours 
as an alternative to elementary tests (McKelvy, 1998). Photographic filters (Fifield 
and Kealey, 1995) were used for the monochromator and medical aspirators for 
sample introduction into the flame to keep costs to less than A$1500. Output was 
linked to IBM compatible computers in keeping with modem spectrometer practice. 

FIA is important as it allows rapid "on-line" analysis of specific components for routine 
quality control work. The IEC spectrometer together with the computer readout and 
data storage facility has proved ideal for extending to FIA teaching applications by 

Industrial Equipment and Control PL, Thornbury, Vic 



merely 
gravity 

adding a flow cell. A simple flow system (Greenway and Hanis, 1996) 
and a plastic syringe to inject the sample. 

Figure 1: Student Spectrometer designed for colorimetric, atomic emission and 
atomic absorption spectroscopy (produced by IEC, Thornbury Victoria). 

To teach chromatography, attachments have been made to extend the existing 
hardware. The spectrometer was originally designed to take an external signal from 
an analogue output like a Carle GC, which used a thermal conductivity detector and a 
Wheatstone bridge circuit. However this approach needed compressed helium gas 
(expensive) as the mobile phase for adequate sensitivity and the cost of even this 
simple GC was more than the spectrometer. The more sensitive flame ionisation GC 
detector needs hydrogen as the mobile phase and special high tension circuits. 

A low cost attachment and circuit was needed to plug into the sensor port, capable of 
separating mixtures and detecting simple compounds. For teaching, in a limited time 
frame, temperature programming limits throughput. Ideally room temperature 
isothermal work gives minimal delay. A very low cost and easiest-to-obtain mobile 
phase is air, thus a hot wire sensor for hydrocarbons was selected (RS Components, 
1991), which uses catalytic oxidation and ohmic resistance for the signal. 

Soap powder as a low cost stationary phase illustrated GC for chlorinated 
hydrocarbons using a green copper flame (Bricker et al, 198 1) and more recently, a 
HP 5890 chromatograph gave better chromatograms (Furton and Mantilla, 1991). 

A third area of ongoing development uses sensors like selective ion electrodes and 
one of the most important of these is the pH electrode. The authors developed a 
variation of the spectrometer A-D circuit using only the power (3 mA) already 
available from the serial port of the computer and separate software to display output 
from emf sources. 

Special Apparatus The circuit used for producing the auxiliary GC input signal 
using the Pellister effect detector is shown (Figure 2) which plugs into the sensor port 
of the spectrometer (Figure 1). 



Figure 2: Circuit used to plug into the sensor port of the Student Spectrometer and 
detect flammable organic vapours 

Results Flow Injection analysis. Results obtained with a simple gravity feed flow 
injection system for iron using thiocyanate (a basic reaction taught both in UK and 
Victorian courses) are given (Figure 3) and a peristaltic pump for phosphorus by the 
molybdenum blue method, are shown (Figure 4). 
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Figure 3: Flow injection trace for the analysis of iron 011) by the thiocyanate reaction 
using the Student Spectrometer, a flow cell with gravity feed. 

Gas Chromatography Despite the fact the spectrometer already had a suitable flame, 
we found the use of chlorinated hydrocarbons too restrictive as only halogenated 
alkanes were suitable and the green copper flame too insensitive for quantitative 
work. Further, studies using soap powder as the stationary phase also showed two 
problems when used for teaching: 
(i) Whilst finely screened soap powder gave acceptable separation when first placed 

in a column, after a period of time voids between the particles were lost. This 
caused excessive back pressure and loss of flow of the mobile phase. New 
columns require too much effort for setting up. 

(ii) Larger particles of soap powder did permit adequate low pressure flow using 
inexpensive pumps (like fish tank air pumps) but the porous nature of the 



particles gave excessive tailing due to diffusion into, and out of the stationary 
phase. 
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Figure 4: Flow injection trace produced by students for the analysis of phosphorus 
using the Molybdenum blue method and peristaltic pump. 

For the work described here, we used glass beads (60 mesh) which were packed dry 
into a 2 meter long 6.5 mm ID teflon tube which was then coated with a dilute 
solution of paraffin oil in n-pentane. The excess solvent was evaporated off overnight 
using a fish tank air pump. This stationary phase gave enough voids for a flow of 20 
to 50 mL per minute. The very thin active stationary phase did not give significant 
tailing for simple volatile hydrocarbons like butanes, pentanes and hexanes. A typical 
GC is shown (Figure 5). 
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Figure 5: Separation of volatile alkanes using a 2 meter column packed with glass 
beads (60mesh) coated with paraffin oil using a one rnL plastic syringe to inject vapour 
and a fish tank air pump for the mobile phase flow. 

pH measurements The interface for pH and other electrodes to the computer bypasses 
the spectrometer altogether, but uses the same 8 byte AD converter chip and very high 
input impedance components so that the pH electrode gives a suitable emf response. 
One feature of this direct interface is the dual input or differential "Instrumentation 
Amplifier" arrangement which had the added advantage of making the interface 
behave as a 9-bit AD converter with a resolving power of 1 in 5 12 possible on the 
screen. A pH titration curve for this system and software is shown (Figure 6).  



Figure 6: pH titration response of phosphoric acid using the "Instrunientation 
Amplifieryy powered by ,the serial port of the computer (3mA). 0.1M NaOH was added 
at 10 rnLs per minute. 

Discussion and Conclusions The spectrometer already sold in the IEC package 
adequately covers the teaching needs in elemental analysis, but not the growing need 
for species andlor molecular analysis such as chromatography nor the trend towards 
automated analysis. Advances in instrumental techniques are particularly relevant to 
this country since Australians, Sir Alan Walsh (1991) and Ian McWilliam (see Willis, 
1992) respectively, developed atomic absorption and the flame ionisation detector for 
gas chromatography. 

The extensions illustrated above, namely (i) flow injection analysis (simulating on- 
line single species automated analysis), (ii) gas chromatography, showing how 
mixtures of compounds are separated by fluid flow and (iii) selective ion electrodes 
(eg pH) do permit the IEC equipment to introduce these key areas of modem 
instrumental analysis. 

During the coming year, the authors have offered a number of summer scholarships 
for students fi-om year 12 students to test and evaluate new experiments and the 
equipment prior to the next update of the manual and hardware. 
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CHEMISTRY PROBLEM SOLVING AND REAL 
WORLD KNOWLEDGE 

R. W. Hol l in~orth  

Division of Chemistry, University of New England, Armidale, NSW, 2351 

Our surveys of students entering first year chemistry show that their knowledge of 
scientific facts in the real world is quite limited and often inaccurate. All teachers can 
recall many instances of students giving wildly implausible answers to chemistry 
problems, indicating they have very little understanding of the physical significance of 
their answers. We have made a start to developing students' metacognitive skills in 
chemistry problem solving in two ways. First, by assisting them to specifically consider 
the sizes of objects in the real world, to build up a reliable mental database of scientific 
facts about the real world and to relate this to quantities in chemistry problems. Second, 
to check on the physical significance of their problem answers by checking against this 
background knowledge. This is being done in part by an on-line quiz, where feedback to 
the students plays an important part in showing how to build up a real world knowledge 
base and how to relate chemistry problems to this. 

Introduction 
We all have examples in OLK teaching, of students giving obviously implausible answers 
to chemical problems or not understanding the physical significance of what they are 
doing in practical work. I give a couple of recent examples from my own experience. 

1. A chemistry problem asked students to calculate the increase in their body 
temperature after eating a bowl of cereal, given the calorific value of the cereal. For an 
average student mass, the temperature rise is about 0.3 "C. One student calculated a rise 
of over 100 "C, a disastrous result for all those regularly eating a bowl of morning cereal! 
2. Students were asked to prepare an ice-water slurry to cool a reaction mixture in a 
laboratory experiment. One pair gave the temperature as -5 "C; and when asked if they 
thought this unusual, they replied this was what the thermometer read. When asked the 
freezing point of water they immediately replied 0 "C. These students had felt no 
inclination to query their result for the temperature of the slurry. 

I Clearly students do often have the background knowledge to realize that their answers 
are unreasonable, since this can easily be elicited with a little questioning. They also 
have the knowledge to assist them in their tasks in the laboratory, but often are not in 
the habit of questioning themselves to call upon this information. We all encourage our 
students to check their answers when doing chemical problems. "All teachers know that 
good students check their work. Teachers also know that admonitions to do so fall on 
deaf ears. Research on problem solving also reveals that successful problem solvers 



spontaneously engage in many strategies that effectively verify that procedures and 
conclusions are logically sound and accurately executed." (Herron 1996, p73) The many 
schema in the literature for problem solving all include a check on the answer. (For 
example, Polya, 1957, Bransford and Stein, 1993, Woodcock, 1995.) 

With this background, we decided to carry out a survey to determine more accurately 
students' estimates of the sizes of some common quantities. We wanted a measure of 
our students' state of knowledge and were looking for sensible estimates, rather than 
strictly accurate ones. If students do not even have reasonably accurate ideas about 
common objects, then they can hardly be expected to have any feel for the 
reasonableness of the less familiar quantities they encounter in chemical problems. To 
further address this need we are now developing an on-line tutorial introducing students 
to common physical quantities, units, etc. In this tutorial most emphasis is placed on 
the reasons why the answers to the simple quizzes are what they are. 

Results and Discussion 
Survey: We surveyed 159 students entering first year chemistry. These were in two 
major groups; the first group of 11 1 were internal students, a fairly homogeneous group 
of mainly recent school leavers, who were less than 25 years of age. The second group 
of 48 contained external students, who came fiom much more diverse backgrounds and 
many of whom, were mature adult learners. The students were asked to give the 
magnitude and units for the sizes of 30 common physical and chemical quantities. The 
questions were arranged into several groups as listed in Table 1, where some of the 
results are surnmarised. 

Some questions gave a little more detail than is listed in the table, so that the required 
quantity was clear to the students. The table shows the number of responses for which 
we could list a quantifiable answer. Responses were converted to a standard unit 
convenient for each question. In some cases students gave no units, but the meaning was 
obvious. In other cases no units or very odd units were given and no intelligible answer 
could be deduced fiom the written answer. Where a range was given we used the average. 
We calculated the average, median and mode for the responses to each question and 
these are given in the table with the minimum and maximum answers. Due to 
considerations of brevity we can only make a few comments about some specific 
questions here. 

Lengths: Most students were able to give reasonable answers for the height and width of 
the sheet of A4 paper, the dimensions of a 20 cent coin and their own height (nearly all 
gave a very specific measurement). More difficult were thickness of paper and the 
length of forearm (even though it was right there in front of them) and it was rather 
surprising to find a student with a forearm thought to be lm long! There were 138 
responses for the diameter of a human hair. These are shown in Figure 2, with a spread 
over several orders of magnitude, indicating very poor estimating skills for this quantity. 
Diameter of a copper atom ranged fi-om to nm, the exponents obviously 



causing great trouble. Out of 72 responses for the wavelength of red light 41 were 
between 600 and 800 nrn. Exponents again caused great trouble. 

Masses: Masses were more difficult. The mass of the A4 paper is rather deceptive and a 
wide range of answers was given. A histogram of responses is shown in Figure 1. Mass 
of the coin was poorly estimated. Mass of a teaspoon of sugar ranges fiom 0.01 g to 
100g, but most were a more reasonable few grams. Results are shown in Figure 3. For 
the mass of 21 container with milk, 23 out of 139 responses were less then 2 kg and the 
average was 1.95 kg! The mass of air in their bedroom presented a real challenge, with 
responses spread fairly evenly fiom 0.1 to 50 kg, with a slight peak at 5-10 kg. (The 
actual mass in a room of size 4mx4mx3m is about 56 kg.) We feel answers such as 0.1 g 
or 3000kg are not sensible. 

Temperatures: Normal human body temperature was one of the most accurately known 
quantities. This must be a figure strongly placed in most students' minds. The 
temperature of a refrigerator was well known, but the temperature of a hot drink had 
widespread answers mainly fiom 40 - 100 "C. (100 "C is not a sensible answer.) Room 
temperature was correct to within a couple of degrees. There were only 87 responses for 
the temperature of dry ice, ranging fiom -300 "C with a peak of 33 responses in the 0- 
25 "C range and 2 responses higher than that. The histogram for melting point of sodium 
chloride is shown in Figure 4. There were 28 responses out of 82 less than or equal to 
100 "C indicating perhaps confusion between melting and dissolving. 

Chemical Composition: Students were asked what metals are in a 20 cent coin. A very 
wide range of metals was mentioned for the composition. In fact the coin is made fiom 
cupro-nickel alloy containing 75% copper and 25% nickel. There are also very small 
quantities of manganese, zinc and tin of the order of 0.1 - 0.2%. The number of times 
different metals were mentioned by students were: Nickel 65, Silver 49, Copper 32, 
Aluminium 29, Tin 28, Iron 20, Zinc 16 and Lead 4. The word "alloy" was mentioned 
15 times and there were a few other odd combinations. 

Other: The volume of a can of Coca-Cola was the best-known quantity, presumably 
because most students drink this and have seen the volume on the label. There were only 
a few wrong answers, perhaps confused with other sized cans or bottles. Estimates of 
the volume of a cup of tea were spread from 100 - 300 ml, with a peak at 250 ml. 

Only half or less students answered the last group of questions. It is distressing to note 
that 39 out of 85 responses for the atmospheric pressure gave an answer equivalent to 1 
atmosphere, even though the students were in Armidale at an elevation of -1 000m. 



Q 
No 

Your own hodv 

20 cent coin 

10 1 Length of your forearm I cm 1 154 1 27-33 1 33.7 1 30 1 30 1 20 I 100 
12 1 Diameter of hair on head lmm 1 138 1 -0.075 1 0.13 I 0.05 I 0.10 I 1.00E-13 I 1.00 

Quantity 

Drinks 

The survey sheet of paper 

5 
6 
7 

Table 1. Survey on Sizes of Quantities 

Average 

Diameter 1 mm 
Thickness 1 mm 
Mass 1 g 

156 
154 
128 

1 
2 
3 
4 

Median 

153 
154 
148 
143 

Height 1 cm 
Width I cm 
Thickness l mm 
Mass 1 g 

28 
2 
11.3 

Mode 

29.7 
21.0 
0.1 
5.0 

26.9 
2.96 
11.7 

Minimum 

3 1.5 
20.2 
0.25 
1.84 

25 
2.5 
10 

Maximum 

30 
20 
0.10 
0.80 

25 
3 
20 

30 
20 
0.10 
1 

3 .O 
3.00E-06 
7.00E-04 

120 
35 
100 

24 
40 
1 .OOE-09 
1.00E-07 

100 
60 
5 .O 
25 



Figure 1 Mass of A4 Paper 
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Figure 2 Diameter of Human Hair 
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Figure 3 Mass of a Teaspoon of Sugar 
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Figure 4 Melting Point of Sodium 
Chloride 

Students' conceptions of nature move through a sequence of epistemological perspectives 
or positions according to Perry (1970). Many of our students appear to be still at the stage 
of Perry's basic dualism, where as passive learners, they are dependent on authority to 
hand down the truth and tell them what is right or wrong. A later stage is relativism 
subordinate, where an analytical and evaluative approach to knowledge is consciously and 
actively cultivated. 

We feel that the results of the survey indicate that we need to place much more emphasis on 
developing students' ability to relate chemistry to the real world. They must be able to 
make connections from chemical quantities to familiar objects as a first step, before they 
will be able to make sense of less familiar quantities often involving very small or very large 
numbers. An analytical and evaluative approach needs to be more explicitly nurtured. 
(Zadnik and Loss, 1995; Sleet et al, 1996) Research indicates that developing metacognitive 
skills for problem solving will be more effective than spending more time on mere practice 
at chemical problem solving. (Herron, 1996 and references therein, p85.) 



On-line Tutorial: In order to assist our students strengthen their metacognitive skills in 
problem solving we are now developing an on-line tutorial in WebCT, called "Making Sense 
of Your Answer." The tutorial comprises several modules, each with a short multiple choice 
quiz at the end. The modules cover: Sizes of familiar things, The SI system of measurement, 
Comparative sizes of objects, Conversion between units, Estimating answers in 
calculations, Some real problems. 

We have taken considerable time to give sufficient explanation to all answers in the multiple 
choice quizzes, to enable students to see some of the ways of thinking about answers and 
checking on their reasonableness. WebCT is a full system for developing courses on-line and 
we have taken advantage of this to use the bulletin board feature to obtain feedback from 
students. Encouraging a habit of reflection on their problem solving is important. Their 
comments are helping us to develop the tutorial and to build up a resource bank on problem 
solving and checking answers. 

Conclusion 
Our survey results tend to confirm both science teachers' intuitions and research into 
metacognition. It seems possible, even probable, that unless we take explicit steps to help 
learners to move beyond basic dualism they will not reach the analytical / evaluative stage, 
let alone eventually become "passionate knowers," that is constuctivists who enter into a 
union with what is to be known. (Belenky et al, 1997, p141) Our initiative with the on-line 
tutorial should indicate the feasibility of assisting these changes. 

References 
Belenky, M. F., Clinchy, B. M., Goldberger, N. R. & Tarule, J. M. (1997) Women S Fays 
ofKnowing, Basic Books, New York. 
Bransford, J. D. & Stein, B. S. (1993) The Ideal Problem Solver, Second Ed, W. H .  
Freeman & Co, New York. 
Herron, J. D. (1996) The Chemistry Classroom, Formulas for Success&l Teaching, 
American Chemical Society, Washington. 
Perry, W. G. (1 970) Forms of Intellectual and Ethical Development in College Years, Holt, 
Rinehart & Winston, New York. 
Polya, G. (1957) How to Solve It, Doubleday Anchor, Garden City, N.Y. 
Woodcock, D. (1 995) Problem Solving in Chemistry, The A thru E Approach.: 
URL http://oksw0 1 .okanagan.bc.ca/ chem/probsol/ps-A-E.html 
Zadnik, M. G. & Loss, R. D. (1995) Developing numerical problem solving skills through 
estimations of quantities in familiar contexts, Aust Sci Teachers J ,  4 1, 1 5. 
Sleet, R., Hager, P., Logan, P. & Hooper, M. (1996) Broader Skill Requirements of Science 
Graduates, University of Technology, Sydney. 



CHEMISTRY 123: A FOUNDATION LEVEL 
COURSE FOR EXTERNAL STUDENTS 

Division of Chemistry, University of New England, Armidale, NSW, 2351 

Abstract 
Students come to study first year chemistry at university, but unfortunately too many of 
them are ill prepared to do so. The is true for school leavers, but also more fi-equently 
for distance education students, who come from a very wide variety of backgrounds and 
periods of time since last studying any chemistry. This paper outlines the features of a 
one semester foundation level chemistry unit, offered by distance education, to bridge 
the gap between the students' existing chemical knowledge and that required as a 
prerequisite for entering first year chemistry. Mention is made of a range of media and 
teachingllearning strategies used to build an interesting and relevant chemistry unit at 
this level. 

Introduction 
For many years we have faced the problems of students entering first year chemistry 
without an adequate background at final year high school level. This can be a very 
negative experience both for the students and for the staff teaching them. Previously we 
offered a very short bridging course of one week's duration, but clearly such a short 
course cannot possibly cover two years' work. Due to the obvious need for a proper 
preparatory course and because we have been enrolling increasing numbers of external 
students, who have long periods since they last studied chemistry, we introduced 
Chemistry 123 in 1996. 

This is a one semester external unit offered in the second semester of the academic year. 
Since it was so successful in its first year of operation, we decided to also offer it over 
the summer semester, that is December and January, to allow further students to 
complete it in time to enter first year chemistry in the following year. Similar offerings 
were made again in 1997 and we are now about to accept our third intake in second 
semester 1998. Numbers enrolling in the unit so far have been around 130 and 30 for 
the second and summer semester offerings respectively each year. 

The unit does not involve any compulsory residential school or practical work (except 
for a few simple experiments carried out at home.) The textbooks for the unit are 
"Introductory Chemistry" (Zumdahl, 1996) and "SI Chemical Data" (Aylward and 
Findlay, 1994). Students are supplied with a whole range of learning materials and 
support, which are described in detail below. Assessment is by three submitted 
assignments and one examination at the end of the semester. Student response to the 
unit has been very positive, as noted below. 



Discussion 
In designing this unit three important aims were to: 

Provide as wide a range of learning materials as reasonably possible within the 
constraints of cost to the university and to students 
Provide a range of learning activities 
Present the students with relevant and challenging problems 

Because different students have their own preferences for different modes of learning, 
we wanted to provide a range of learning materials and activities for them. All students 
are presented with the basic materials of textbooks and workbooks on which the unit is 
based plus one video and five audiocassettes. Depending on the facilities available to 
the particular student, additional materials can supplement the above. We have not just 
concentrated on high tech materials, but included audio and video tapes, which virtually 
everyone has facilities for using. Our surveys show that about 80% of students have 
access to a computer and about 25-30% have access to email and the Internet. (This 
number is growing at a very rapid rate.) We felt we must provide materials and facilities 
that these students could use to maximise their learning opportunities. Also we wished 
to develop our own experience with new materials and technology, so we too can keep 
abreast of latest developments. 

Learning Materials 
Like many modern chemistry textbooks, Zumdahl has clearly stated learning objectives 
at the beginning of each section, contains clearly worked examples, provides self test 
examples for students and Chemistry in Focus sections. At the end of each chapter are 
key terms, summary and additional problems. We felt that the presentation was very 
clear and our students have particularly remarked on this. Rather than repeat material 
covered so well in the text, we built a student workbook to complement it. 

The workbook guides the student through the sections of the text, suggesting what to 
read, when to do particular exercises and when to use the other audiovisual materials we 
supply in the learning materials. There are chapter pre-tests and guides to what must be 
known before starting on each chapter. Also given are, extra information on common 
misconceptions for many topics, points at which to use audio or videotapes, other 
learning activities, simple experiments to perform, as well as end of chapter review 
activities. Thus, as they work through the unit, students are very clearly guided as to 
what to do, but it is their choice as to how closely they wish to follow the workbooks. 
(Students come to the unit with a wide range of experience and some appreciate more 
guidance than others.) 

Emphasis throughout is given to ensuring students understand concepts. End-of-chapter 
summaries assist them to be clear on new terminology and help them concentrate on 
tying concepts together by assisting them to construct concept maps. After completing 
the chapter or module, students should be ready to tackle the assignment problems. 
(These are discussed in more detail later in this paper.) 

We have produced a number of audiovisual materials to assist students. Audiotapes 
include "Introduction to the Unit," "Study Tips," "How to Use Your SI Data Book" and 
"Questions and Answers About.. .". "Introduction to the Unit" is aimed at welcoming 



the students and informing them of various administrative matters. We feel it is 
important to give students assistance with regard to study skills, particularly in relation 
to studying chemistry. "Study Tips" is a general talk about effective study, but 
emphasises concept maps particularly. "How to Use Your SI Data Book" is an activity 
tied in with the workbook, searching for data. In our experience many students use data 
books very ineffectively. This cassette aims to introduce and explain all the tables in the 
SI Data Book, then asks students to search for specific information and finally gives 
answers and comments on this. We hope that after doing the exercise they will 
definitely have a better idea of what data actually is in the book, but also use a more 
thorough approach to searching for information in books in the future. 

We also produced a number of short 15 minute interviews with lecturing staff called 
"Questions and Answers About ..." These cover the topics of Atomic Theory and 
Bonding, Gases, Liquids and Solids, and Equilibrium. Rather than one person giving a 
mini lecture, we felt it would be more interesting to hear a couple of staff discussing 
these topics together. 

We have also produced a 30-minute video, "Introduction to Chemical Equations," 
linked to three chapters of the text. The video concentrates on the fundamentals of 
balancing and classifying chemical equations. The workbooks note clearly when to view 
sections of the tape. Students see equations and reactions mentioned in the text. Quite a 
lot of graphics animation was used since much of the material is rather abstract. 

We spent considerable time searching the Internet for free computer software, which 
was relevant for our students. If students indicate to us that they have access to a 
computer, they are given two floppy disks of programs. The most important is RasMol, 
the molecular viewing program, made available freely on the Internet by Roger Sayle. 
(Sayle, 1994; Martz & Finlayson, 1995) Students are also given a number of molecular 
files so they can view various simple molecules and ions, they come across in the unit. 
Other programs include a chemical calculator and unit converter, "Science and 
Pseudoscience," "Stoichiometry Tutorial" and a chemistry game. 

Producing media materials is a very time consuming and costly enterprise and we have 
only done this for areas in which we can see a specific need and where other 
commercial materials were not available. Fortunately there is a wide range of material 
available for chemistry and we have built a small multimedia library for our students 
to borrow from. This includes audio and video cassettes, CD ROMs and computer 
software. Most of the items are held in multiple copies and students may borrow these 
essentially for the price of postage to them. 

We have also built a web site for our external students. (Hollingworth, 1997) These 
pages give general information about Chemistry 123, as well as other external units. 
Information includes: staff teaching the unit, syllabus, latest administrative news 
concerning the unit and a list of useful links for chemistry students. One of the biggest 
problems for beginning students using the Internet is finding useful information and 
deciding what is relevant and reliable. We spent a great deal of time finding links to 
sites, which would be of direct benefit to our students. Sites include some covering 



study skills and problems solving, scientific magazines and journals online, periodic 
table, interesting molecules, and media - radio and television. 

Learning Activities and Problems 
The range of learning materials mentioned above provides a good variety of modes of 
learning for our students. Throughout the workbooks, active learning tasks are outlined 
for students to attempt. Using CD ROMs from the multimedia library or computer 
software adds another dimension to active learning. We emphasise making charts, 
summaries and concept maps. 

Only a small number of home experiments have so far been included in the workbook. 
It has been difficult to find many experiments, which are absolutely safe to carry out in 
the home and not requiring special equipment or chemicals. This is an area we would 
like to develop further. 

Realistically, we know students' attention will be directed towards assignment 
problems. We have tried to make these as relevant and as challenging as possible, given 
the level of the students. Many problems address objects and issues students come 
across in everyday life. Students need to obtain information from labels on various 
products, comments on the chemistry in short articles such appear in New Scientist or 
excerpts fiom popular science books. 

Assessment 
Assessment for the unit consists of three assignments and one 3-hour examination at the 
end of the semester. Assignments contain 50 multiple-choice questions and 1 1 problems 
requiring extended answers. The last problem is a longer, more challenging problem for 
which students can receive bonus marks. For assessment we have paid particular 
attention to devising relevant problems, designed to test students' understanding of 
concepts. 

Student Support 
We strongly encourage our students to keep in contact with us by whatever means they 
can. Staff are freely accessible individually by telephone, fax or email. Also we set up 
an email listsewer to encourage students to discuss issues with each other and with 
staff. About 25-30% of our students have access to email and the Internet at present. 
This means only a relatively small number of students can participate in this activity. It 
is an area we would like to improve, as we have found it rather difficult to encourage 
these students, who after all are beginning science students, to discuss issues openly 
with others. 

Students also have access to a Voicemail service. This is apart from the private 
voicemail individual staff have. By dialing the number after hours, students may access 
three boxes. The first is for short current administrative messages and replies to their 
queries. The second is for longer messages from staff, including general comments on 
performance in assignments and explanations of some minor topics. These messages are 
refreshed on a regular basis. A third box is available for students to leave their 
messages. 



Students may submit their assignments by email, but very few have done so to this 
stage. Producing documents containing chemical equations, symbols and molecular 
diagrams is quite a time consuming task for anyone who is not very proficient or had 
considerable experience at using word processors. 

A significant number of our students actually live in Armidale and some are doing other 
subjects internally. As a result we have provided tutorials in Armidale for these 
students in the weeks before each assignment is due. Students living away can ring us 
on a special phone-in night in these weeks also. 

We run an optional weekend school about a third of the way into the unit. It is 
designed to let students interact with staff, clear up problems, gain a little practical 
experience and view a range of the multimedia materials in our library. This school was 
made optional since it involves a significant cost for some students far away to come to 
Armidale for such a short time. Some students are keen to get some practical experience 
and the school can help to allay a lot of fears about studying chemistry. 

A regular newsletter is sent to students, usually with the return of their assignments. 
This includes latest news of an admiiiistrative nature as well as worked assignment 
answers and general comments on assignments 

Our latest endeavour is to build an on-line tutorial in WebCT. This tutorial is titled, 
"Making Sense of Your Answer." It contains a number of modules including, "Sizes of 
Familiar Things," "SI System of Measurement," "Unit Conversions," "Estimating 
Answers," and "Real Problems." The tutorial commences with a discussion of problem 
solving in chemistry in general. Each module ends with a short multiple choice quiz. 
Emphasis is placed on explaining in detail each possible answer of the multiple choice 
questions and illustrating how to use "real world" knowledge to make sense of the 
answers. Tied to this tutorial is a bulletin board for students to discuss issues concerning 
problem solving in chemistry. We expect this to build into a useful resource for students 
in Chemistry 123 and our other first year units over time. 

Student Response to the Unit 
We have conducted a survey of the unit each time it has been run. The survey is quite 
detailed with about 50 questions covering every aspect of the ~mit including details of 
the workbooks, textbook, audiovisual materials and multimedia library. We cannot give 
full details of the quantitative scores on questions here, but in general the unit received 
very favorable response from students. Some comments are: "Find myself thinking in a 
whole new way. Chemistry has added a whole new dimension to my life." "I found this 
course challenging and at times exhilarating." "Overall well planned, well run, well 
supported." "I enjoyed the course and was surprised that I found it so interesting." "The 
Chemistry 123 unit has engendered a sea change in my attitude to the subject.. . I now 
look forward to Chemistry 101 with a sense of excitement and wonder.. . These changes 
in my attitude are solely attributable to the fine organisation and content of the 
Chemistry 123 unit, the excellent choice of text and the helpful, friendly and 
enthusiastic attitude conveyed by the chemistry department." 



The university runs independent surveys of units, which have also indicated high 
satisfaction with the unit. The questions in these surveys are more general in nature and 
are scored on a rating scale of 1 to 6 ranging from strong disagreement to strong 
agreement. All questions had a median of 5 or 6. The lowest average of 4.48 was for the 
statement, "The workload expected in this unit was reasonable." Some encouraging 
average scores were - "The aims and assessment requirements of this unit were clearly 
set out," 5.68; "This unit stimulated my interest in the subject area," 5.12; and "I found 
this unit to be intellectually satisQing," 5.42. 

Resources 
Aylward, G. and Findlay, T. (1 994) SI Chemical Data, (Third edition), John Wiley & 
Sons, Brisbane. 
Hollingworth, R. W. (1 997) External Chemistry Home Pages, 
URL:http://www.une.edu.au/-chemistry/externalche External-Chem-Units.htm1 
Martz, E. and Finlayson, C. F. (1995) RasMol Home Page, 
URL:http://www.umass.edu~microbio/rasmol~ 
Sayle, R. (1994) RasMol URL: http://www.bio.cam.ac.uk/doc/rasmol.html 
Zumdahl, S. S. (1996) Introductory Chemistry, (Third edition), D. C .  Heath & Co, 
Massachusetts. 



TAKING THE INITIATIVE - MAKING THE TIME - 
FOR SCIENCE 

Roslyn Howse 

Environmental Scientist, 24 Douglas Avenue, Gladstone, QLD 4680 

Abstract 
So, you're a scientist. When was the last time you told anyone what you do in your job? 
Scientists fiom Gladstone Industry took the initiative and went to the schools to find out 
how they could encourage science in schools and show what fun it was. They also wanted 
to explain to students and teachers the work of scientists in the industries. This group of 
scientists and teachers are now well know in Gladstone as the Schools and Industries 
Science Group. 
Another group of environmental scientists from Gladstone Industry together with 
Government representatives created the Port Curtis Catchment Working Group. This group 
was successful in gaining Natural Heritage Trust funding and now employs a Waterwatch 
Officer and a Coastcare Coordinator. When was the last time you saw primary school 
children using pH meters and performing macrobenthic studies? The kids love it and so do 
the adults if someone takes the time to show them. 
The Gladstone Regional Environmental Forum had a rocky beginning with community 
representatives hoping that industry representatives would join them in the formation of a 
pressure group. Eventually the group settled to provide an environmental forum where, 
for example, representatives from potential and new industries could explain processes and 
potential environmental impacts and questions were encouraged. 
If you want to get out there amongst the community, and you are not quite sure how to go 
about it, come along and find out how we do it in Gladstone. 

Introduction 
Gladstone is that dirty grubby industrial city, just like Newcastle, right! Wrong! Gladstone 
has suffered from an image problem and it is time to get the story right. Craig Wotton a 
Science Teacher at Gladstone State High School described Gladstone as follows: 

Diversity A range of both large and small industries utilising both high and low 
technologies. 

Vigour A can-do attitude that hasn't yet found the bounds. 
Workforce Highly qualified specialists in a number of fields and many 

professionals in classic scientific disciplines. 
Industry With a sensitivity to the community and a willingness to release staff 

during school hours. 
Community With an interest in the future which it insists is balanced against social, 

environmental and compatibility considerations, but which is also more 
supportive of industry t h a  some other communities appear to be. 



If you don't believe us take a look at what we do in Gladstone! 

Gladstone Schools and Industry Science Group (SISG) 
The group was started in November 1991 by a chemist, Trevor Davies, and an engineer 
Malcolm Leinster, using Malcolm's lounge room as the venue for the first meeting. 
Initial development of the group involved discussion by industry representatives with 
teachers to determine the best way to support teachers in promoting science in schools. The 
message fiom teachers was, please no more or competitions or colouring contests, and what 
you do must fit in with the set curriculum. Teaching units were developed for presentation 
by indusby representatives on topics such as "Thick and Thin Liquids" and "Solids, 
Liquids and Gases" aimed at primary schools. Units developed for presentation at High 
School level include "Acids and Bases", "Environmental Monitoring'' and "Oscillating and 
Time Clock Reactions". 
When presenting sessions in the schools the industry representatives appear in normal work 
cloths and spend a little time talking about the job they do and the industry they work for. 
Presenters are careful not to give the message: 

"I am a scientist (engineer) and 
I am great and 
you should do science (engineering) and 
be like me!". 

In order to work towards achieving a quality science education for all students the 
Gladstone Schools and Industry Science Group has worked with the following goals: 

Improve the image of science in the school community 
Promote the message: "Science is Fun" 
Promote the message: "Science is for Girls and Boys" 
Improve liaison between schools and industries in the Gladstone region 
Improve awareness of the contribution science and industry make to the quality of 
life. 

Extended learning programs are also offered for Year 10 and Year 1 1 students. The Year 10 
program is conducted over two days at the Gladstone Power Station. Students investigate 
solar collectors, pH of substances and novel applications of mathematics. 
The extended learning program offered to Year 1 1 students is conducted over a 3 day 
period. The students are given a choice of topics including Forensic Chemistry, Materials 
Engineering, and Mangroves. At least one formal lecture on science related topics is 
scheduled for each day but as with all SISG programs the goal is to ensure the students 
have fun learning about science. The students are encouraged to complete a feedback 
questionnaire and the programs are modified to help ensure continual improvement. 
Funding is raised by letter requests to the local industries to cover the cost of providing 
lunches, T-shirts and consumable items. The finale of the 3 day program is a formal 
presentation by the students of the findings of their investigations to a group including 
parents, sponsors and fellow students. 



Port Curtis Catchment Working Group (PCCWG) 
The PCCWG was initiated following a workshop on the 15 July 1992 attended by 
representatives of the Departments of Primary Industries, Education and Environment. 
The PCCWG consists of representatives from Government Departments and environmnetal 
representatives from most Gladstone industries. It meets regularly throughout the year to 
provide support for the Watenvatch Officer and Coastcare Co-ordinator. In addition to 
financial support for the purchase of water monitoring equipment for example, the industry 
representatives offer encouragement and technical support (and Tim Tams). The part time 
salaries of the Waterwatch Officer and Coastcare Co-ordinator are paid from the National 
Heritage Trust (NHT) via an annual application. 
The Waterwatch Officer enthused 2240 students in 1997. The Year 7 program involves 3 
to 5 weekly sessions based on the theme "Everything we do is reflected in the water". 
Parameters students typically monitor in their local streams include turbidity, pH, 
conductivity and dissolved oxygen. Macrobenthic sampling stimulates enthusiasm and 
simple identification cards assist students to determine stream condition, on the basis of the 
range of creepy crawlies present. A student colouring competition was used to construct a 
calendar poster for 1998 and this inspired unprecedented support from the Mayor of the 
Gladstone City Council. 
N7aterwatch activities in the GladstonelCalliope Region have largely been targeted to 
schools, however community programs include an annual Catchment Crawl during Water 
Week. 
The aims of Watenvatch Queensland are to: 

Raise community awareness and understanding of water quality issues and 
relationship to whole catchment health 
Encourage and support participation by schools, land users, community groups, 
industry, local authorities and government to identify and resolve water related 
catchment issues 
Encourage informed community action to protect and enhance the quality of water 
systems and their catchments 
Provide school leaming opportunities within a wide range of curriculum areas 
Provide a network to share water quality and related information and data 

The Coastcare Co-ordinator commenced in April 1998 with NHT funding for the 
rehabilitation of Welby Creek, an alienated creek in the middle of Gladstone City. The 
project involves physical re-contouring, mangrove planting, water and mud analysis, 
macrobenthic investigation and identification of stormwater flows into the creek. 

Gladstone Regional Environmental Forum (GREF) 
Formation of GREF was initiated by environmental activists within the community in 1996. 
Other than the few dedicated activists the group has not yet enjoyed wider community 
support. Industry has found that the monthly forum is very convenient for presenting 
current issues and actively supports the group. Invitations are faxed to 24 organisations and 
individuals and attendance numbers are rarely below 20. The Gladstone City Council 
provides the venue and general organisation. 



Topics presented by industry and Government representatives throughout the last year have 
included: 

"Gladstone Port Authority's 50 Year Strategic Plan" 
"What is happening with Environmental Education in our Schools" 
"Air Monitoring in Gladstone" 
"The Developing Centre for Environmental Management at CQU (Gladstone)" 
"Draft Impact Assessment Study - Nickellcobalt Processing Plant" 

Encouraging broader community involvement has been a challenge GREF would like to 
solve. 

Science Boxes - for Schools pcJ Community 
There are a variety of science boxes available. The first science box developed by the 
Institution of Chemical Engineers and contains equipment for over a dozen simple science 
experiments, designed for use in lower primary schools. Last year Orica distributed 
hundreds of "CHEM boxes to primary schools throughout Australia. "CHEM is acronym 
for Chemicals, Health, Environment and Me. Importantly the "CHEM box is 
accompanied by a great manual providing step by step guidance for the presentation of the 
10 units including "Everyday Chemicals", "The Inside Story", "My Sweet Tooth" and 
"What is a Threshold"? Primary school teachers still need encouragement and support to 
gain confidence with the box. 
If the thought of presenting to kids scares you, how about encouraging the teachers - 
everyone should know at least one teacher? The "CHEM" box can be obtained from the 
Science Teachers' Association of QLD for $250, but look around first as there is probably 
one nearby gathering dust. I believe the "CHEM box has unrealised potential in the 
general public arena - how about the next Rotary meeting? 

Take the Initiative - Find A Way 
It is sometimes difficult to find a way to start. If you have kids or know a school teacher or 
a scout leader you have the perfect excuse. Double Helix offers good support with great 
ideas. Buy a copy of Ben Selinger's book "Chemistry in the Market Place" so you can 
explain everyday ordinary chemistry in everyday ordinary language. Explore the internet 
for ideas. Become informed about local issues and don't just dismiss the local greenie 
group, they might appreciate your informed comment. 
So get out there and get involved. Dispel the weirdo, remote and arrogant image scientists 
have acquired. I continue to be surprised at the personal rewards. 

Contacts 

"Chem Boxy' is available from the Science Teachers Association Queensland Office, Reply 
Raid 560, School of Mathematics, Science and Technology, Queensland University of 
Technology, Locked Bag #2, Red Hill Qld 4059. 
Waterwatch contact person is Lynne Turner, Department of Natural Resources, Resource 
Sciences Centre, Block A, 80 Meiers Rd, Indooroopilly, Qld 4068. (Telephone 07 3896 
9737, Facsimile 07 3896 9625, E-mail Lvnne.Turner@dnr.qld.~ov.au) 
"Science Boxes " is available from the Institution of Chemical Engineers. 



VIRTUAL SCIENCE FACULTIES: 
CONSIDERATIONS FOR EFFECTIVE 

IMPLEMENTATION 
T-rish Andrews and G r e ~  Klease 

Central Queensland University Rockhumpton Q 4702 

Abstract 
Virtual faculties are becoming a more common form of delivering education to dispersed 
students. These faculties can be inter-university as in distributed campus institutions or 
intra-university. They are generally built as Web based or videoconferenced 
environments. 

This paper discusses the outcomes of several projects at Central Queensland University 
(CQU) involving the development of virtual science faculties using videoconferencing. 
These projects have involved both inter and intra-university activities. An essential part of 
developing such faculties is obtaining staff and student feedback about their learning 
experiences in videoconferenced classes. This includes addressing the issues raised by all 
parti~ipants and incorporating suggestions into subsequent classes. 

The projects are briefly described, followed by a discussion of students perceptions and 
expectations of teaching and learning within virtual faculties using videoconferencing. 
The discussion will consider such issues as effective teaching and learning pedagogies for 
videoconference classes, technological issues, differences in students backgrounds and 
experiences, creation of a cohesive learning environment and the perceived need for staff 
and student preparation for these environments. The paper concludes with some 
recommendations for creating effective virtual faculties using videoconferencing. 

Introduction 
Multi-campus institutions require the use of innovative teaching~learning and delivery 
strategies to provide an equitable education for all their students, irrespective of location. 
It is generally too expensive and not cost effective for multi-campus Universities to have 
all expertise located at all campuses. Additionally, students undertaking final year, 
honours or postgraduate courses in small regional Universities are frequently 
disadvantaged because of the limited specialist expertise that may be located within such 
institutions. The wide scale adoption of telecommunications technologies, such as 
videoconferencing, across Australian Universities, offers a viable avenue for linking 
together distributed and isolated groups of students to form "Virtual Faculties". 

Collaboration between Universities and campuses could also be considered as the only 
means of offering some courses in specialised areas where numbers are too small in one 
University or campus to make the offer of such a course viable. Consequently, this type 
of collaboration involving small groups of students, both inter and intra-university, 
geographically dispersed, but sharing similar interests, enables peer collaboration and 
interaction that is not otherwise available. This ability to interact with peers in discussion 
and problem solving activities provides for a wealth of learning experiences. 

CQU has funded several projects which have had the development of virtual faculties as a 
central focus. Two of these projects have specifically concentrated on developments in 
the teaching and learning of Science using videoconferencing as the medium of delivery 
across CQU's Central Queensland campuses. The first project sought to develop an 



interactive teaching and learning environment, ultimately using group based tutorials as a 
vehicle for creating interaction between staff and students and across sites. The second 
project was developed around the concept of group presentations and resource based 
teaching and learning. There was considerable learning by all involved in these projects 
concerning the necessary elements for the development of effective, interactive virtual 
faculty environments, highlighting the strengths and weaknesses of both these 
approaches. The University has also been involved in a CUTSD (Committee for 
University Teaching and Staff Development) project which has looked at the creation of a 
virtual faculty involving a number of regional Universities. Again, experiences gained 
from this has provided essential information as to what does and doesn't contribute to 
effective virtual faculties. Staff and student feedback has been an important source of 
infonnation both in the development process and in evaluating the overall success of such 
activities. 

Description of Projects 

Interactive Chemistry Project 
The Interactive Chemistry Project was an initial attempt by the Science faculty at CQU 
to develop an interactive model for the teaching and learning of Chemistry using 
videoconferencing. The project intended to involve all staff (lecturer and tutors on other 
campuses) in delivering the content and to foster discussion between students and staff. 
Training in the use of videoconferencing for both students and tutors was a critical focus 
of the project. The professional development activity for tutors was intended to assist 
them in broadening both their teaching skills and their understanding of the subject being 
taught. The training for students aimed to assist them in coming to grips with the 
technology, that is, the physical technology and communicating within the constraints of 
the technology, as well as working in group situations, new experiences for many 
students. 

The project was piloted using the physical chemistry component of 83100 Chemistry 1, a 
large science unit for first year students and took place in first semester 1996. All students 
studying Chemistry 1 at the Mackay, Bundaberg, and Rockhampton campuses 
participated in the project, were encouraged to engage in interactive activities and were 
required to prepare materials or questions for the class at specified times. When students 
worked together in groups, the support of the other group members was useful in 
increasing confidence in both delivering the presentation and in dealing with questions. A 
successful outcome of this project was the development of an interactive tutorial approach 
to teaching and learning in the area of Chemistry, which encouraged active participation 
across all sites. 

Environmental Science Project 
The Environmental Science Project aimed to introduce an innovative model of teaching 
and learning into the Environmental Science B unit, a second semester, first year unit. It 
wgs intended to introduce a student centred, group based teaching and learning model to 
replace the traditional teacher centred lecture model. This model involved the use of a 
range of educational technologies includmg videoconferencing, email and the Web. 
Students were required to work collaboratively in groups to address and discuss the 
issues outlined in resources made available to them. Engaging the students by applying 
content to relevant and current issues promoted discussion and argument both w i h n  and 
between the groups. This group learning process, using a problem based learning 
methodology, encouraged the development of desirable life long learning skills including 
infonnation literacy skills. 

Students worked in small groups both to cover content and to complete assessment 
requirements which formed an integral part of the activities. These aims were achieved by 



students sharing their information across all sites in the form of group presentations. This 
integrated approach to teaching and learning also included innovative assessment 
strategies of which peer assessment formed a part. Discussion and sharing of ideas and 
information was encouraged through the use of a Web page and discussion list. The Web 
page enabled a central point of contact for all students and lecturers across all campuses 
and provided direct links to a range of current resources. In order to assist students with 
this different model of teaching and learning, student preparation activities were an 
important component of this project. 

Inter - University CUTSD project 
Using Chemistry as a test vehicle, the CUTSD project aimed to examine the role of inter- 
university collaborative teaching via videoconferencing. By means of a "Virtual Faculty" 
senior Chemistry students in small science departments at regional Universities were able 
to access classes offered by experts at distant centres. This exposure to a range of experts 
encouraged not only cross fertilisation of ideas between lecturers and students but also 
broadened isolated students exposure to a range of expert knowledge. The use of 
videoconferencing in this context promoted opportunities for peer and collaborative 
learning and thus provided richer learning environments for small groups of 
geographically dispersed students. 

This project was seen as a crucial test of inter-university cooperation and a key option in 
enabling smaller Universities to maintain vigorous, high quality degree programs in the 
face of competing demands on finances in a climate of increasing budgetary constraints. 

Exploring Effective Pedagogies for Videoconference Classes 
Student feedback from the projects outlined above, indicates that the traditional lecture, 
ie transmitting content knowledge, is the least prefened method of teaching using 
videoconferencing. This feedback is also supported by research (eg, Schiller & Mitchell, 
1993). Staff involved in the projects that have been run at CQU in developing 
pedagogies for the teaching and learning of Science using videoconferencing have also 
recognised this and this realisation has encouraged them to find more interactive ways of 
teaching and learning that engage the learner at all sites. 

The initial science videoconference project run at CQU, involving teaching 
undergraduate chemistry simultaneously at three sites, attempted to develop an 
interactive teaching and learning model involving staff and students at all these locations. 
Inspite of good intentions to develop a fully interactive teaching and learning model, 
initial attempts tended towards a lecture model based on content delivery by direct 
transmission, with an expectation of spontaneous interaction from students as requested 
by the lecturer. Feedback from students indicated this model was unsuccessful. While 
students could see opportunities for interaction, most felt inhibited in interacting 
spontaneously in front of the cameras and while open to view from a largely unknown 
and unseen audience (Klease, Andrews & Druskovich, 1996; Commeaux, 1995). 
Students also commented on a lack of content knowledge as another reason for 
inhibiting their participation in this environment. 

This feedback along with input from the team members of the project encouraged the 
group to modify the approach and to develop an interactive tutorial model. It was felt 
that structured activity might provide an environment where students could focus on the 
learning, resulting in the technology becoming transparent. That is, the focus is on the 
teaching and learning activites rather than on the technology. Students were organised 
into groups and had tasks they needed to prepare for presentation to and discussion with 
the whole group. Some training was provided for students to assist with this process. 



The other student groups in the class also had responsibility to become familiar with the 
content. Students commented that this approach made them come to grips with the 
content they had to present. They felt they really had to understand the problems and 
issues so they could "teach" their peers and engage in meaningful discussion. This 
approach considerably lessened students feelings of inhibition in communicating across 
sites using videoconferencing. The focus shifted to the teaching and learning activities 
and the technology became "transparentyy. Along with this change in methodology, 
active operation of the equipment by the students allowed them to become more familiar 
and comfortable with the technology, and thus feel less concerned about its presence. 

Student feedback and the experiences gained from this project were major influencing 
factors in the design of the subsequent project, involving the teaching of Environmental 
Science across three sites. 

The model adopted for this project was a student centred group based teaching and 
learning model with students t h g  considerably more responsibility for their learning 
than previously. Students were required to work in groups and select topics for 
presentation to colleagues from the broad content areas of the subject. Other class 
members were informed of the topics so that they could become familiar with the content 
areas in order to participate in discussions and in a peer assessment process. 

Students felt that they learnt the topic selected for presentation well and thorough 
understandings developed through the need to explain and discuss the subject material 
with other class members. The preparation for the presentations enabled the students to 
come to grips with the subject matter in order to be able to articulate it to their peers and 
lecturers. In spite of this, students felt that they learnt little from other students' 
presentations. This indicates a possible reliance on "the experty'. Many students still 
expressed a need to learn the "right" information from the "guru". Few students trusted 
the information they were receiving from their peers as being the "correct" information. 
This view tended to make them somewhat less interested in presentations other than their 
own. It also demonstrated a contradiction as they felt that the learning which resulted 
from the preparation for and the delivery of their own presentations was of a high 
standard, particularly as they needed to understand the subject matter well, in order to 
"teach" it to their peers. However, students did not place the same value on the 
presentations of their peers. 

Another problem that students expressed with this approach was the difficulty they 
experienced in differentiating between the quality of the presentation and the quality of 
the content in the presentation. Sometimes a competent presentation - good layout, high 
quality graphics and a polished and personable style of delivery masked an underlying 
lack of depth of research and preparation of the topic. Students also commented that the 
need to concentrate on the presentation, for peer review purposes, inhibited their ability 
to understand and absorb the content of the presentation. This then resulted in a 
difficulty for students in asking meaningful questions. While such a model of teaching 
and learning can be successful, students unfamiliar with taking responsibility for their 
learning require considerable preparation and support. 

An identified need for staff and student development 
Development of the CUTSD and environmental science projects was carried out in 
parallel, so that there was little sharing of ideas across projects. However, while it was 
intended that the subjects offered as part of'the CUTSD project be offered in a fully 
interactive teaching and learning manner, as with the initial project described here, 
feedback from the students indicated that this was not the case. Interaction tended to be 
sporadic and dependent on the style and experience of individual lecturers, particularly 



with videoconferenced teaching and learning. Students felt that experience in using 
videoconferencing was a critical factor in developing a fully interactive teaching and 
learning session. The students from Deakin University commented that they had seen 
great improvements in videoconferencing by Deakin lecturers as they gained more 
experience, understanding and confidence in teaching using this medium. Additionally, 
this point was commented on by the Northern Territory University (NTU) students who 
also felt that experience was a critical factor in successful videoconferenced classes. In a 
previous paper Klease, Andrews & Druskovich (1996) reported that the time and 
opportunity to develop skills and experience was a critical part of the staff development 
process for effective use of videoconferencing, a finding that is reinforced by students' 
comments. 

The students further commented that for an effective teaching and learning model there 
was a need for good organisation and planning on the part of the lecturer. Students need 
to clearly understand the requirements and expectations of the unit or part of the unit 
being offered, particularly those offered by Universities or agencies other than the one 
the student is attending. This not only helps the student to determine if participation 
would be beneficial, but can also assist in overcoming timetabling problems, which can 
pose considerable impediments to this type of inter-University collaboration. 

Students involved in the videoconferencing projects recognised the need for themselves 
to be familiar with videoconferenced teaching and learning environments in order to 
operate more effectively within them. The more experience they had in these 
environments, the more comfortable they felt in contributing to the teaching and learning 
activities. This is in keeping with the need expressed by staff that time and familiarity 
with the medium are important aspects for developing effective pedagogies. 

As such, student preparation was seen as an integral part of success in the development 
of virtual faculties using videoconferencing. Students commented favowably on training 
programs that assisted with activities such as presentations and subsequent discussion 
sessions. They also requested the opportunity to revisit information that assisted them in 
working in these environments and to have this information available on an ongoing 
basis eg on a Web page. This request was implemented and students were able to seek 
further support from this source if required. 

Access to lecturer 
Students expressed a need to be acquainted with and have access to the lecturer. Where 
the lecturer was a stranger to the students they felt very reluctant to ask questions or to 
ask for assistance with any difficulties they might be having. In cases where they did not 
know the lecturer they often preferred to ask their local lecturerltutor for assistance even 
thought they were aware that this person did not have the same content expertise as the 
lecturer conducting the sessions. 

Research from several CQU projects, including those associated with Science, have 
clearly demonstrated the need for students to meet with the lecturer early in the semester 
if at all possible. This is supported by other research in this area (Musial & 
Kampmueller, 1996; Ostendorf, 1994). Where this is not possible, students have 
suggested that an "informal, get to know you" session, using videoconferencing, would 
be of considerable benefit. Such sessions would be most effective if conducted in some 
structured manner. Spontaneous and informal conversation is very difficult to manage 
using videoconferencing as there is no facility for participants to break into small 
groups, which is the usual nature of such interactions. Organising a series of structured 
icebreaking and information sharing activities can provide some basis for shared 
experience and knowledge of the participants that can be brought to the classroom 
environment. This can facilitate an awareness of the background knowledge and 



understandings student bring to the proposed teaching and learning session and possible 
gaps in these areas. 

Technological Issues 
Technological problems are a major hurdle to the development of successful 
videoconferenced environments. Students involved in the CUTSD project commented 
that it seemed as though not one single videoconference link was without some kind of 
loss of signal. This meant that the time left for the lesson was often reduced. Local 
tutors were unable to continue the lesson as they were unfamiliar with the specialised 
content areas. Generally it was not known who was dealing with the problem, whose 
responsibility it was to try and reconnect or how long it might take for the problem to be 
resolved. Technical problems seem to be more common in multi-point conferences, than 
in point -to -point conferences which are often trouble free. 

Students involved in cross-campus projects also found that technical problems were one 
of the major causes of frustration. Again the biggest concern was with reduced teaching 
time and limited access to the lecturer. However, in cross-campus activities there is more 
possibility for local tutors to be able to provide academic support in case of technological 
breakdown. Loss of contact results in losing the flow of the presentation or interaction 
and reducing students ability to ask questions and deal with the content in a meaningful 
way. Even after reassurance by staff that there was sufficient time (in most cases) to 
cover material, this was still of considerable concern to students who felt that every 
minute was precious. 

Points for Consideration 
Student feedback strongly supports earlier research (eg, Schiller & Mitchell, 1993) that a 
traditional lecture mode of teaching and learning is the least preferred model. This 
highlights the need for staff involved in videoconferencing to develop an awareness of 
and competency in teaching and learning models that are suited to the technology they 
are using. This may mean that staff will need to undertake professional development 
activities geared towards assisting them in developing teaching and learning models 
more suited to videoconferencing. 

As part of developing an understanding of effective pedagogies for videoconferencing, 
there needs to be an awareness that there is not one "magical" model. In selecting an 
appropriate model for videoconferenced classes, lecturers need to take into account 
several factors including, the number of sites, the number of students at each site, 
students previous educational background, students experience with videoconferencing 
and the subject matter to be taught. For example, in situations where the student 
numbers are large and students have little previous experience of student centred 
teaching and learning models, the group work model may not be successful. On the 
other hand where student numbers at each site are small and students have the 
opportunity to gain skills in group work, this can be a very successful model resulting in 
students asking for more rather than less group learning activities (Luck et al, 1998). 

Student preparation for using videoconferencing is an important consideration in 
developing effective pedagogies. Levels of familiarity with and expertise in the use of 
videoconferencing and possible associated teaching and learning activities, for example, 
more student centred teaching and learning, will vary widely from site to site and student 
to student. Increased familiarity with and confidence in using technology and in student 
centred approaches to teaching and learning can promote transparency of the technology. 
As a direct outcome of both pedagogical and technical preparation for videoconferenced 
classes, students have shown an enthusiasm to participate actively and openly in 
subsequent videoconferencing activities. 
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WHAT'S IN ALL THOSE PIPES? 

Ted Lister 

The Royal Society of Chemistry, Burlington House, Piccadilly, London, WI V OBN UK 

Abstract 

This paper describes some of the activities of The Royal Society of Chemistry in the 
UK to produce materials for use in schools, which deal with industrial chemical issues. 
The Industrial Chemistry for Schools and Colleges video: a video of 12 five-minute 
clips of the major bulk industrial processes. 
Industrial Case Studies: a book of studies, written in collaboration with the industries 
involved, which explores the themes: the chemical industry and the environment; the 
economics of the chemical industry; and scaling up fiom bench to factory. 
Teacher Writing Workshops: professionally edited and produced material for use in the 
classroom written by teachers following a visit to a chemical company. 

What's in all those pipes? 

Most people's image of the chemical industry is probably of a large "wasteland" site 
covered with an incomprehensible jumble of pipes, most of them rusty . The chemical 
industry can sometimes present a dismal prospect. 

What do they do in there? 
This is probably the first question that a school student would ask when confronted by a 
chemical plant. 
"We make sulphuric acid" might be the reply. 
To a chemist this is a satisfactory response - we know the enormous variety of end 
products to which sulphuric acid contributes and we probably remember the famous 
quote fiom Liebig about judging the prosperity of a country by the amount of sulphuric 
acid that it consumes. 

"You will perceive that it is no exaggeration to say we may fairly judge the prosperity of a 
country from the amount of sulphuric acid it consumes." - Familiar Letters of Chemistry: Justus 
Von Liebig, 1843. 

However the term sulphuric acid has a rather different connotation to the lay person - 
ideas such as "acid rain", "poison", "corrosive", "danger" come to mind. Our questioner 
will never have bought any sulphuric acid and nor is she likely to do so knowingly. 
Understandably, people in general and children in particular are more interested in the 
final product - make-up, cars, paint, fertiliser etc, are rather more interesting than 
slightly viscous coloured liquids. So we need to stress the desirable end product rather 
than its less attractive beginnings. 
Industry itself is concerned about the problem but often doesn't know how to go about 
things. The resources it produces are sometimes poorly targeted and speakers often 
don't understand how to talk to audiences of young people. Masses of educational 
resources are produced by the chemical industry. Often they are beautifully and 



expensively produced but many are not correctly targeted with regard to level, language, 
curriculum and so on. 
We are not, of course, trying to make our students into chemical engineers (not many of 
them anyway), or even chemists, merely people who appreciate the place of chemicals 
and the chemical industry in our society and see it in a positive light - exciting, 
challenging, wealth creating - rather than as some sort of devil's workshop. This is 
education in the broadest sense of the word. 

Royal Society of Chemistry initiatives 

The Society has set up a number of initiatives to help teachers with the teaching of 
industrial chemistry: 
1. The Industrial Chemistry for Schools and Colleges video 
2. The Industrial Case Studies book 
3. Teacher writing workshops. 

1. The Industrial Chemistry for Schools and Colleges video 

"Let's make a video." Before doing so, we did some research among teachers. Two 
things came out of this: 

Teachers wanted short clips to support their own teaching, not long and detailed 
films . Trends in the classroom had changed. 
Secondly, there was lots of material already out there, much of it made by 
companies, but much of it was dated. Nothing turned students off more than to see 
kipper ties and f.unny looking old cars in the car park. 

Because of what is on school syllabuses, we decided to concentrate on bulk chemicals. 
All nine companies we approached agreed to co-operate in both research and filming. 

The clips in the video 

Aluminium extraction 
Ammonia manufacture (Haber process) 
Chemicals fiom salt (electrolysis of brine) 
Copper refining (electrolytically) 
Fractional distillation of liquid air 
Iron and Steel 
Nitric acid 
Nylon 
Petrochemicals 
Polythene 
Sodium manufacture 
Sulphuric acid 

Some problems and solutions 

The scripts and storyboards were trialled with a number of teachers as was an almost- 
complete version of the video. Many teachers did seem ill-informed andlor out of date 
on many industrial areas. Perhaps we should not be too surprised, as industrial topics 



are not covered in many chemistry degree and initial teacher education courses. 
Misconceptions abounded such as that in the Haber process, equilibrium is reached in 
the converter. These are sometimes reinforced by exam questions which are not based 
on true situations and there is danger of a mythology developing. 
To increase the potential life of the video, we consciously tried to avoid current 
fashions, hair styles etc. This wasn't difficult - hard hats and goggles don't date - but 
we did get a nice collection of old computers. 
Two further problems were ethnic minorities and women - specifically the lack of them. 
During research and filming, both these groups were conspicuous by their absence. 
Occasionally non-white faces were seen doing menial tasks and women were present in 
plant almost invariably as cleaners or secretaries - not the role models we wanted to 
present. We toyed with the idea of using actors/actresses but after much soul searching 
we decided to "tell it like it was". 
technical problem which we experienced was that the five electrolytic processes all used 
high electric currents - up to 200 000 A. These caused high magnetic fields in the plant 
- enough to affect the heads of a video recorder and a video camera. The film company 
solved this by using a mini camera based on a charge-coupled device (ie non-magnetic) 
which was connected to a video recorder by about 30 m of screened cable. The video 
recorder itself was kept in a specially constructed iron box to screen it fiom the fields. 

2. The industrial case studies book 

This is aimed at teachers - to inform and update them and it can also be used with post- 
16 year-old students. Industrial Chemistry is one of the areas where teachers seem to be 
least well informed and it is becoming increasingly difficult to organise visits within 
modern health and safety at work legislation. 
It was particularly intended to tackle three points 

Environmental aspects of the chemical industry 
The issues involved in scaling up fiom laboratory to plant 
The economic dimension - this was the area where companies were most reluctant 
to supply information. 

The case studies 

Formulation of pharmaceuticals and agrochemicals 
Development of an agrochemical (the fungicide azoxystrobin) 
Environmental improvements in the iron and steel industry 
Analytical chemistry: soil contamination and predicting wear in heavy plant 
Discharge of radioisotopes into a river estuary 
Scaling up the manufacture of a cable sealing compound 
Scaling up the manufacture of a drug 
Environmental issues in designing and constructing a 400 krn pipeline for ethene 

These issues were identified as potentially interesting by brainstorming among a 
number of chemists and chemistry educators and then identifying an individual or group 
of individuals within a company which was prepared to help. I then visited the 
companies and "interviewed" the individuals after which I wrote up drafts, which were 
trialled by teachers and commented on by the companies. This meant that the material 



was of direct use to teachers and that its production did not take up vast amounts of time 
for the company personnel involved. 
The material incorporates questions and its style is such that it can be used in a number 
of ways: 

by teachers for their own information 
by students individually 
as comprehension exercises 
by students for revision of chemical principles in novel contexts. 

3. Teacher writing workshops 

The RSC has organised Industry Study Tours for many years with the aim of refreshing 
teachers' knowledge and understanding of some aspect of the chemical industry. They 
have involved a small group of teachers visiting a plant for a presentation, tour and 
discussion. However, this can only make a small impact - on the teachers who actually 
attend and, hopefully, some of their colleagues and students. The idea of writing 
workshops is that the teachers who attend are expected to brainstorm some ideas for 
using in the classroom what they have learnt during the visit and then actually write (or 
at least draft) some material to be professionally edited, produced and circulated to 
schools. 
Who better to give other teachers what they want and get the level right? The scheme 
also has the advantage of honing the teachers' writing skills and giving them the cachet 
of being published authors. 
To date we have done five: 
A company which produces "biodiesel" from rape seed oil 
A company which produces "smart materials" such as shape memory materials and 
conducting plastics 
A company which produces platinum 
A company which smelts zinc 
A company which makes zirconia. 
The outcome is a book of up to date material based on a variety of chemical industries 
which includes suggestions for lessons, exercises and homework, all of which can be 
used directly by teachers. 

Conclusions 

The chemical industry does not have a very positive image amongst young people. 
Teachers are keen for more up to date information about the chemical industry so 
that they can teach about it more effectively. 
The RSC has started a number of initiatives aimed at informing teachers about 
current issues in industrial chemistry and supporting the teaching of it. 
Companies have shown a great enthusiasm for being involved in these initiatives 
provided the demands made upon them are not too great. 
We need to know what teachers want and what they will use in the classroom. 
We need to involve teachers as much as possible. 



NOT JUST WHITE COATS AND TEST TUBES 

Ted Lister 

The Royal Society of Chemistry, Burlington House, Piccadilly, London, WI V OBN, UK 

Abstract 

This paper describes two initiatives run by The Royal Society of Chemistry in the UK 
which show young people (and their parents) the role that chemistry plays in their 
everyday lives. It will attempt to raise and discuss some general issues involved in 
putting chemistry and chemists across to the general public (particularly young people). 
Chemistry at Work events provide a stage for chemists from a variety of local 
organisations to get across to groups of young people from schools in their area what 
they do and how they enjoy doing it. 
Chemistry is Fun for Parents Too is a series of workshops with demonstrations and 
hands-on activities for 8-1 1 year olds and their parents which aim to make chemistry 
accessible to as many people as possible. 

How are chemistry and chemists perceived? 

Many children (and a lot of adults) do not fully appreciate the extent to which chemistry 
contributes to their lifestyles. We, as chemists and chemical educators, have probably 
asked an audience to imagine that all the items in the room made by chemists disappear. 
There would be no plastic chairs, no metal chair legs, no pigments for paints and dyes, 
no glass in the windows and no electricity (for lack of copper wire and plastic 
insulation) and certainly no silicon chips for computers. Also, of course, without 
modem drugs, there would almost certainly be a smaller audience. 
Chemists themselves (that is ourselves), are sometimes thought of as "nerds" in white 
coats who inhabit some other planet and may be thought of as less creative than 
professionals from the arts side of the academic divide. So chemistry can always be 
helped by good presentation. This is not only to recruit creative thinkers into chemistry 
but to extend an awareness of chemistry's importance and central place in the lives of 
everyone. 

What can we do about it? 

The Royal Society of Chemistry in UK has two schemes which are designed to help put 
across to young people (and their parents) just where chemistry fits in with their lives 
and how exciting it can be. These are: 
1. Chemistry at Work 
2. Chemistry is Fun for Parents Too. 



1. Chemistry at Work 

Most Chemistry at Work events are aimed at 13-1 5 year olds. This is an age group when 
children in the UK educational system have to make some choices about their future 
options. (There have been events for older students and the first one for primary school 
children (up to age 1 1) is taking place during this conference.). They take place over 
one, two or three days in a venue such as a school, college or university - anywhere 
with a group of rooms or a large hall. Six to 12 local organisations which use chemistry 
in their work are each asked to put on a presentation (as interactive as possible) about 
how they use chemistry. Schools are invited to send groups of about 15 pupils (with a 
teacher) to spend half a day at the event during which they will see about six different 
presentations. Ideally organisations will be local and presenters will be young. Both 
sexes and a variety of ethnic groups will be represented so that all students can relate to 
the presenters. Organisations should be as varied as possible to present the widest 
possible view of chemistry's place in the world. 
The content of the presentations will be varied (see the list below). It will be based on 
the students' existing chemical knowledge but may range beyond the confines of the 
curriculum they are studying at school. It will complement the work done by pupils in 
schools by offering a taste of how chemistry is done in the real world. Examples of this 
might include: 

apparatus and techniques not encountered in school 
the economic dimension of chemistry 
chemistry outside the laboratory 
chemists dealing with the public. 

Individual events are organised by the Society's Local Sections, which cover the United 
Kingdom but The Society employs a national co-ordinator whose job is to help get new 
events off the ground and cross fertilise ideas. Often an event's driving force is a teacher 
(from school, further or higher education). Organisations called Education Business 
Partnerships, whose function is well described by their name, often help with the 
administration. 
The Society funds these events to the tune of £1 500 (about $3700) for a three-day event. 
This is to cover administrative costs. Presenters are not paid, nor do we cover the costs 
to schools of getting pupils and teachers to and from the event - these have to be found 
by the schools themselves. Pupils get to take away a booklet with a page by each 
organisation to remind them of what they have seen and so that teachers can do follow- 
up work back at school. Before events we offer short training sessions to help presenters 
target their presentations to the right age group. 
Examples of organisations which have put on presentations include: 
A local dry cleaner 
The army - testing fuels before filling up your tank (in both senses of the word) 
The police - forensic science and measuring blood alcohol 
The fire service -the chemistry of fire (and extinguishing it) and dealing with chemical 
spillages 
Water companies - treating and testing drinking water 
Breweries 
A college teaching a course on cosmetics 
A nuclear reprocessing facility 
Drug and agrochemical companies 



Manufacturers of bulk and speciality chemicals 
The following points have been gleaned fiom experience: 

Variety is important. One can imagine many students being interested in the armed 
forces, police and fire services, for example, who would not see themselves as 
"academic" chemists. 
The aim of Chemistry at Work is not recruitment but an appreciation of the part 
chemistry plays in our world, how it underpins "non-chemical" activities and that 
interesting people earn their living as chemists. 
Each event has a local perspective so that students might find out for the first time 
what goes on in the factory round the corner or that to be a firefighter you need 
some understanding of chemistry. They will also be able to hear and talk to local 
people who work in chemistry and are enthusiastic about what they do. 

Do they work? 
We do try to see if our money is well spent. Each event is visited as one can get a feel as 
to how well it has gone - was there a "buzz" about the students who attended? 
Secondly, we have commissioned professional market research to find out how 
children's attitudes have been changed by attending an event. 

Some quotes 
The following quotes recorded following an event in the south of England indicate that 
there are potential gains for all involved in Chemistry at Work events - students, 
teachers, presenters and employers. 
"There was still a big buzz when we got back to school and the children are still talking 
about their experiences." - Ian Thomas, teacher. 
"It showed you chemistry could be fun." - Gemma Mullins, pupil. 
"I really enjoyed the event. It improved my skills and confidence at giving presentations 
which was valued by my employer too." - Lucy Matthews, presenter. 

Market research 
90% of students rated events "interesting" or better. 
Almost half of children who had visited an event said that they were more likely to 
consider a job in the chemical or pharmaceutical industries. 

2. Chemistry is Fun for Parents Too 

These events are aimed at 8-1 1 year-olds accompanied by their parents. They usually 
take place in a secondary school for a couple of hours in the evening. The school itself 
usually sees the event as good a public relations exercise among its feeder schools (most 
UK secondary schools are in competition for pupils) while the chemistry department 
sees it as an opportunity to foster a sense of excitement about science, especially 
chemistry. 
A programme of experiments (both hands-on and demonstration) is put on including 
such things as popping hydrogen, freezing various materials in liquid nitrogen, flame 
colours etc. The success of these can be gauged from the fact that one teacher reports 
seeing parents pushing their own children out of the way in order to do the experiments 
first! 



Although the experiments are chosen to be fun, easy to do and colourful, the 
programme does have themes: 

The world is particulate 
Chemists make new and useful materials 
Chemists test things to check that they are safe. 

Conclusions 

Chemistry does not have a good image in with the general public and young people 
in particular. 
The two RSC initiatives described seem to have helped to redress the balance. 
These are relatively low-cost, easy to organise and reach large numbers of students. 
They are local events but within a national fiamework. 



COORDINATING THEORIES AND EVIDENCE IN 
CHEMISTRY CLASSROOMS 
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Abstract 
This research investigated student reasoning in a Year 12 chemistry classroom 

with a focus on students' thinking with and about the theory of equilibrium. Data 
sources included video- and audio-recording of classroom transactions; stimulated recall 
by students; and a survey involving student reasoning about possible explanations and 
evidential support. The research showed that many students had considerable difficulty 
in thinking with and about the theory of equilibrium and the classroom learning 
environment was not conducive to the development of such thinking skills. 

Introduction 
Both explanatory theories and empirical laws are central to the development of 

scientific understanding and explaining underlying mechanisms and processes of 
phenomena (Raghaven and Glaser 1995). It has been noted that while the derivation of 
empirical laws is common in science classrooms, there is less emphasis and opportunity 
for students to develop skills relating to thinking with and about science theories and 
models (Driver et al. 1996). Further, researchers have highlighted the need for educators 
to distinguish between the development of empirical laws and explanatory theories in 
classrooms "because the cognitive processes may be quite different" (Clement 1989, p. 
337). 

To think with and about scientific theories and the evidence that supports them 
requires an individual to be able to assess evidence independently of the theories they 
hold and to relate alternate possible theories to the evidence available (Duschl 1994; 
Kuhn, Amsel and O'Loughlin 1988). Kuhn (1993) has coined the metaphor of "science 
as argument" to describe this view of science reasoning. 

Kuhn et al. (1988) and colleagues have reported an extensive series of studies 
indicating that students of all ages have difficulty in coordinating evidence with their 
beliefs or theories. Most of these research studies involved everyday beliefs unlike 
theories typically found in science classrooms and principally related to relational 
principles rather than explanatory theories. In a longitudinal interview study, Driver, 
Scott and Wood-Robinson (1994) did investigate science reasoning using typical 
science classroom concepts. They reported a predominance of phenomena and relational 
based reasoning at primary and lower secondary levels, with limited theory or model- 
based reasoning. However, these studies have not been conducted in the context of 
normal science classrooms. From a sociocultural perspective a student's actions which 
include their ways of reasoning, can be seen as resulting from interaction of the 
individual's goals, their beliefs and their construction of the context and their 
experiences (McRobbie and Tobin 1995). Accordingly, this study is conducted in the 
classroom context and relating to science theories normally encountered in that context. 

The purpose of this study was to investigate student reasoning with evidence and 
explanations in the context of a Year 12 chemistry classroom. 



Design and Methods 
The research reported here is part of a larger interpretive study (Erickson 1986) 

investigating teaching and learning in a Year 12 chemistry classroom (17 students) 
studying equilibrium and rates of reaction in a suburban high school in Brisbane. The 
design, data collection and analysis methods followed the procedures for quality 
constructivist inquiry as recommended by Guba and Lincoln (1989). Data sources 
included: interviews with students and the teacher; classroom observations and video 
and audio-recording of classroom transactions; stimulated recall of critical incidents in 
the classroom with students; classroom axtifacts; and an interview with students on their 
coordination of evidence with explanations about chemical systems. 

Previous studies by Roth et al. (1997) in Year 12 physics classrooms had shown 
students to be making observations and deriving empirical relations, but not seeing their 
practical activities in terms of theoretical concepts or science theories. Similar concerns 
emerged in this study about the levels of reasoning in this chemistry classroom. It was 
in this context that an instrument (Table 1) consisting of possible explanations (guided 
by common alternative conceptions (Garnett, Garnett and Hackling 1995) and evidence 
from a series of experimental situations was administered. After familiarisation, 
students were asked to choose the explanation(s) consistent with the evidence in each 
system presented and to justify their choice(s). 

Results 
The results outlined here involve a triangulation of results from the explanation- 

evidence interview, stimulated recall of classroom transactions; student views on 
classroom transactions and researcher observations and field notes. All students 
subsequently received passing or higher grades in matriculation chemistry. 

Firstly, Table 2 reports the results on the evidence-explanation interview 
corresponding to the items in Table 1. The mean score (all items) was 5.5 (SD 2.3) 
(maximum possible score was 10). Responses classified as "Other7' included those such 
as, "That wouldn't happen, I don't think any one of the explanations applies" (Sally, 
Experiment 2b (Ex 2b)). With one exception, the students reported or demonstrated 
difficulties with determining appropriate explanations and justifying their choices. 

Of particular concern was the kind of reasoning employed in justifying the 
selection of various explanation options. Only three students clearly demonstrated they 
were thinking with the equilibrium model, that is, they interpreted what was happening 
in terms of whether or not an equilibrium was involved and then applied the principles 
of the theory to justifying their choice of explanation. For example: 

Explanation 2 because they are still both reaching an equilibrium position but 
because they are at different temperatures.. .it is a different equilibrium position 
which would make the constant different as well.. .the constant is constant for a 
set temperature. (Jenny, Ex 2c). 
Most of the other students did not demonstrate that they were thinking with the 

theory of equilibrium, mainly relying on linguistic cues and/or elimination to justify 
their choice, often noting that after eliminating explanations three and four on the basis 
of a change in ratio Q and both reactants and products being present at the final stage, 
that it must be "Explanation 2 because we have been told that the forward and backward 
reactions continue equally," (Matthew, Ex 2a) or "Explanation 2 because there must 
have been a reaction occurring so they are probably back and forward I guess"(Keny, 
Ex 2a). 



Explanation Options 
Explanation 1: On initial mixing, there would be forward and back reactions until a 
stable position was attained. The forward reaction rate would then be equal to the back 
reaction rate and would both be equal to 0. 
Explanation 2: On initial mixing, there would be fo~ward and back reactions until a 
stable position was attained. The forward and back reactions would continue to proceed 
at equal rates not equal to zero. 
Explanation 3: On initial mixing, there would be no reaction between the gases and the 
forward and back reactions rates would remain zero. 
Explanation 4: On initial mixing, there would be a reaction in the forward direction with 
all reactants being used up and converted to product, at which time the forward and back 
reactions would each be zero. 

Experimental Situations 
Experiment 2: Two separate experiments were carried out. In the first of these 
experiments, 3 moles of hydrogen gas, 2 moles of iodine gas and 1 mole of hydrogen 
iodide gas were placed in a container; and in the second experiment, in another same 
size container, 4 moles of hydrogen gas, 4 moles of iodine gas and 4 moles of hydrogen 
iodide gas. After allowing for any reaction to occur and a stable state to be reached: 

(a) If the final ratio Q for each container was found to have the same value, 
which in each case was different to the starting ratio. 

(b) If the final ratio Q for each container was found to be different and in each 
case the same as the initial ratio Q for the particular container. 

(c) The two separate experiments were repeated but at different temperatures and 
for each container the final ratio Q was found to be different from the initial ratio for 
that container and different from each other. 

(d) The two separate experiments were repeated at different temperatures and the 
final ratio Q was found to be the same as the initial ratio Q for each container, but 
different from each other. 
......................................................................................................... 
Table 1. The Four Explanation Options (1 to 4) and Four Examples (Experiment 2a, 2b, 
2c and 2d) of the Experimental Situations Proposed as Evidence. 

While only three students spontaneously proposed Explanation 1 as a possible 
explanation in relation to the evidence presented (for example, "I don't know whether 
the reaction has stopped or whether it is still going.. .there is not enough information 
given to decide (Gary, Ex la)), most other students accepted it when specifically asked 
whether the evidence presented enabled a choice between Explanations 1 and 2. Four 
students could not accept Explanation 1 as an explanation consistent with the evidence 
presented, noting that it was contrary to what they had been told in class. Such students 
might be said to have demonstrated an inability to think separately with their beliefs 
about the theory of equilibrium and the evidence presented. 

Evident in the justifications and in the choices made were many of the 
alternative conceptions previously reported in the literature (e.g., Garnett et al. 1995) 
including, assuming all mixtures reach a chemical equilibrium state; confusion of the Q 
and K ratios; dependence of equilibrium constant on initial concentrations ("That would 
be saying that regardless of how much was there (to start with), it is reaching the same 
equilibrium constant.. .it depends on how much you put in doesn't it?'(Carol, Ex 2a)); 
and, a static model of equilibrium. 



-- 

Item Explanation Explanation Explanation Explanation 
number 1 2 3 4 Unsure Other 

Table 2. Frequency of Selection of Explanations Listed in Table 1 (N=17). (Students 
were allowed to propose more than one explanatory statement.) 

A particularly interesting case was that of Larry, a high achieving student rated 
in tlie top one percent of the state at matriculation, and the highest achieving chemistry 
student in the class. Larry showed the first two of these alternative conceptions. 

In Ex 2b, Larry assumed the system would change towards an equilibrium 
composition in spite of the evidence presented. After the interview he admitted 
assuming each system involved a reaction towards an equilibrium composition and 
trying to apply the mathematical expression for the equilibrium constant. His reasoning 
showed how he was unable to separate these beliefs from the evidence presented and 
how he subsequently struggled to rationalise those beliefs. (In other items he indicated 
he was aware of the dependence of the equilibrium constant on temperature.) 

I really don't get how they (the final Q ratios) couldn't be equal, because they are 
at the same temperature. I suppose that suggests that temperature doesn't 
necessarily affect the equilibrium constant?. . . I just can't think hypothetically 
like this, because it upsets everything I know, and if the temperature is the same, 
the equilibrium constant would not be dependent on temperature necessarily. 
The assumption that all systems involved a chemical equilibrium was common, 

for example, "Doesn't equilibrium happen with every thing, every reaction unless it is 
an open container where it can go until it is finished?" (Holly), and, "I am assuming that 
they are going to be equilibrium reactions, I kept thinking the reactions had to go 
forward and backwards, I don't know why, I guess that is what we studied in class" 
(Nan). 

It was surprising that such a talented student as Larry would have such 
difficulties in answering these questions after studying the equilibrium topic. After 
completing the interview he commented further: 

I sort of had trouble when the results contradicted what happened in the real 
world, I tried to apply the same rules and didn't sort of change my theories to 
suit the new ... I would have to change my theory if some of these situations 
came up in the real world ... This is one of the hardest things I have 
done! ... Because I have some idea of what should happen, I have trouble 
accepting the idea something else might happen. 
Secondly, further evidence about the extent of thinking with the equilibrium 

theory was found in the stimulated recall with the students about their practical 
experiments, in particular, the iron I11 thiocyanate activity. Firstly, the teacher directions 
for the experimental activity were replayed to the students for them to indicate what 
they considered the teacher was expecting of them in the laboratory. 



The teacher is asking us to think about what is happening, why it is happening 
more so ... more asking us to focus on why stuff is happening instead of just 
blindly going through the experiment, this is like she usually says. (Jenny) 

Then the students were shown a replay of their group conducting the practical activity 
and asked to comment on what they were thinking and talking about during the practical 
activities, showing phenomena based and some relational based reasoning: 

Actually, we were just looking at the colour changes, thinking about how 
intense the colours were.. . we did think about the concentration of the coloured 
one going up as the colour increased . .. no, we were not focusing on what was 
happening at the molecular level when that was occurring. (Jenny) 
Thirdly, student's comments on the nature of classroom transactions were 

supported by observations and field notes. Students commented that, "We are just told 
what the answer is, we are never asked about other possibilities (explanations)" (Kerry), 
and "No, we don't have these sorts of questions in class,. . . in class the questions are just 
more calculating things, more straight forward, just follow this formula lund of thing" 
(Carol). Observations and field notes by the researcher suggested that practical activities 
largely involved just recording observations; many of the practical activities or 
demonstrations conducted by the teacher were not integrated into further classroom 
discussion; and, the learning environment was characterised as a rule based approach, 
including extensive numerical problem solving, rather than the development of a 
conceptual understanding of the equilibrium model. There was little modeling of 
thinking with the equilibrium theory to explain phenomena nor opportunities for 
students to practise and test the viability of their reasoning in discussion with their 
partners or in a whole class situation. 

Discussion 
These results show that most students in this class, including some of the high 

achieving students, had difficulty coordinating and justifying their choice of explanation 
to match the experimental situation. In this, they showed some of the difficulties 
reported by Kuhn et al. (1988) in their studies, which could lead to the conclusion that 
many students in this group were unable to coordinate their theories and explanations 
and justify their choices by thinking with the equilibrium theory. 

On the other hand, a different interpretation emerges if one investigates the 
reasoning practices of the community in this classroom. A review of the learning 
experiences showed that all chemical systems considered were equilibrium reactions. At 
no stage were mixtures of substances that did not achieve equilibrium considered, nor 
how one would distinguish between mixtures of substances in a stable but non- 
equilibrium state and mixtures in equilibrium states. The Equilibrium Law was therefore 
able to be applied to all systems considered in class, which led students to expect that 
application of those principles they had learnt would be able to be applied to all systems 
encountered. Also, the Q ratio was not discussed nor distinguished from the equilibrium 
constant in class, further leading to the impression by students that mechanical 
application of the equilibrium law would be appropriate for all situations. 

If students are not shown how, and do not develop the skills of reasoning with 
evidence and theories or explanations, they have little option but to learn and apply rules 
without understanding. An environment to develop such skills would be one in which 
teachers modeled the kind of thinking involved with a focus on coordinating different 
forms of evidence with explanations at phenomena-based, relational based and theory- 
based levels and encouraged students to be aware of the kind of explanation they were 
presenting. Students would discuss forms of evidence, say from practical activities and 



make claims, thereby ensuring the evidence to support those claims was explicit to 
themselves, other students and the teacher, so the viability of their claims could be 
tested against alternative views. 

This study shows how it is more fruitful to consider the science reasoning 
students employ arises as a result of the practices of the community in which they are 
learning to reason, rather than as a deficit model of their capabilities. It is also clear that 
these skills cannot be taken for granted in students even at the Year 12 level, and if 
students are to successfully be able to think with explanatory theories, discuss the 
viability of those theories in explaining phenomena, and to interpret laboratory activities 
in terms of science theories, then more systematic attempts should be made to develop 
these reasoning skills. This same point was echoed by a Year 9 student in a related study 
who commented, "They (the teachers) don't teach us how to explain, they only teach us 
other people's explanations." 
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Abstract 
Microcomputers are increasingly used in school chemistry laboratories for data 

logging, analysis of data, and the consequent development of understanding of 
phenomena. It is mooted that the successful implementation of such technology 
promises to enhance students' learning through faster and more reliable access to, 
analysis of, and interaction with experimental data. This study reports on a classroom 
where the promise of using microcomputers to enhance students' understanding of 
particle theory and gas laws was not fulfilled. Factors influencing the use of the 
microcomputer, and consequent less-than-expected levels of student understanding 
included the teacher's and students' beliefs about teaching and learning, the role of 
practical work in the chemistry course and the nature of the concepts being investigated. 
Suggestions for bridging the gap between the promise associated with the use of such 
technology and the reality of this contemporary chemistry class are proposed. 

Introduction 
The National Board of Employment, Education and Training commissioned a 

review (Tinkler, Lepani and Mitchell 1996) which found that there was a generally low 
penetration of computers as learning and teaching tools into classrooms. The use of 
microcomputers in science laboratory activities is one promising application of 
computers as learning and teaching tools. Such an application is congruent with the 
goals in the Australian Science Statement and Profiles (Curriculum Corporation 1994a) 
and the Statement and Profiles on Technology for Australian Schools (Curriculum 
Corporation 1994b) in that it seeks to provide opportunities for students and teachers to 
explore and understand workplace applications of science, and the development of skills 
of investigation, reflection and analysis, to generate or refine knowledge, find solutions 
and pose questions. Increasing the understanding of the science that is studied and the 
development of higher level reasoning skills such as these are central to reform 
directions in science education (Bybee and DeBoer 1994). 

Increasingly sophisticated Microcomputer-based Learning (MBL) systems are 
being purchased and used by secondary schools in their science laboratories for data 
logging, interaction with the student in the analysis of that data and the development of 
understanding of phenomena. Nachmias (1989; cited in Lazarowitz and Tamir 1994) 
suggests that this technology's potential to enhance learning lies in its ability to 
overcome barriers to learning including delays in processing results, observation of 
phenomena in multiple representations, and the capability of simultaneous multiple 
measurements. As most of the technical work is done by the computer, it is proposed 
that the student is more able to solve problems and employ higher order thinking skills, 
and that continuous interaction with the experimental data should aid in the 
identification of alternate conceptions and conceptual change. Lazarowitz and Tamir 
(1994), however, conclude that research is ambivalent as to whether the application of 



such technology does enhance learning. Many studies, e.g., Stein, Nachmias and 
Friedler (1990) and Nakhleh and Krajcik (1994), have involved a comparison of 
outcomes of varying degrees of MBL use. Few studies have investigated what students 
actually do and why they do so as they interact with this technology, how it influences 
their learning, and the significance of teacher and student variables such as beliefs about 
teaching and learning on the use of the technology. Hodson (1992) argues that until we 
study in detail what students actually do in laboratory activities, we are unlikely to 
understand the pedagogic value of laboratories in learning. Accordingly, the purpose of 
this research was to understand why teachers teach and why students learn as they do in 
a laboratory setting where the teacher is attempting to integrate MBL technology. 

Methods 
An interpretive methodology, concerned with the immediate and local meanings 

of actions, as defined from the actors point of view (Erickson 1986, p. 119) was adopted. 
The beliefs and experiences of the teacher and students were interpreted through the 
lens of constructivism. The benefits of the hermeneutic process, authenticity and 
trustworthiness, were important considerations in the study and the analysis of the data 
(Guba and Lincoln 1989). The class consisted of 12 males and 9 females studying Year 
11 Chemistry in a metropolitan Brisbane independent school. Multiple data sources 
were employed which included: classroom transactions video-recorded with front and 
rear cameras; interviews with the teacher and students about the nature of practical 
work, teaching and learning, and the use of the computers in the laboratory setting 
before and after the use of the MBL technology; pre- and post-tests on the behaviour of 
gases and particle theory; stimulated recall interviews with individual students (OYBrien 
1993) in which the recall of their thinking as they used the MBL technology was 
stimulated by having them view a split-screen image consisting of an image of their 
group superimposed on an image of the computer screen as it simultaneously appeared 
throughout the experiment. Six students spanning the range of students' views and 
chemistry achievement were selected for intensive study. 

Results 
Anne (all names are pseudonyms) had taught for seven years. Prior to teaching 

she had, with a PhD in chemistry, worked in chemistry laboratories. For the past two 
years she had collaborated with the head of the school's science department to introduce 
computers into the chemistry laboratories for use in practical work. "We were asked to 
think about what we could do for teacher appraisal ... one of the things that was lacking 
in our labs was a computer which was linked up to experiments." The reasons Anne 
outlined for choosing the computer innovation were congruent with the promise for the 
use of such technology previously outlined. 

"We saw that it would definitely improve our teaching because the kids would be 
having a more varied experience ... it would allow us to do things that we hadn't 
done before and give us more flexibility. It's so quick. You might do the prac two 
or three times over ...y ou can plot it straight away and you can immediately start 
talking about how the temperature and the pressure are related or how the pressure 
and volume are related. The results are so accurate compared to what we were 
doing before, and they will actually show you the mathematical relationship." 
Anne spent the majority of class time, both before and after the practicals utilising 

the MBL technology, adopting a quantitative, rule based, algorithmic and mathematical 
approach to the study of gases claiming, "This unit of work is very mathematical." Her 
belief in the mathematical nature of this area of the curriculum strongly influenced her 



prime use of the MBL technology as a means of collecting data for use in verifying the 
gas laws. "Sometimes kids are very hard to convince but if they have the evidence in 
front of them, they have to be convinced, even if it wasn't what they expected." It was 
the sole function of the computer to supply this evidence. 

By her own admission, Anne's teaching was very didactic and focussed on 
transmission of knowledge rather than having students construct meaning. 

"I feel most comfortable with a teacher-centred environment ... I only feel 
comfortable when it's teacher centred. Part of that is my educational background. 
I come from an era when talk and chalk was the way you learnt. Part of it is very 
much that I want to set things absolutely straight ... not let them go off with some 
stupid idea and fall in a heap because they haven't got the facts to start with." 
Tempering Anne's enthusiasm for the innovation was an emerging awareness that 

use of the MBL technology was not as straightforward for the students as she initially 
expected. "We're still finding out things that aren't so flash because we're still in the 
early stages of using it. The kids aren't always totally aware of what they're measuring 
unless you really get them to say, "What is it that we're measuring?' 

When introducing the two practical activities examined in this study, Anne used a 
very structured format. The aim of the experiment was outlined; apparatus specific to 
the experiment was introduced and its operation briefly explained; the variables being 
examined were clearly specified to students and briefly discussed at a macroscopic 
relational level; procedures specific to the experiment, for example ensuring that the 
volume of gas in the tube attached to the syringe was incorporated in the total volume of 
the gas, were identified. Students were given a very simple procedure to follow. Anne 
justified this level of direction stating, "...basically kids need a very brief procedure so 
that they don't have to do much of the delicate work. If you have nice simple 
instructions, one, two, three etc., they're much more likely to read it and follow it 
through.'' Missing from her introductions were references to how and why students' 
manipulation of the conditions under which the gas was contained affected the gas 
particles at a molecular level. Nor were students asked to relate changes in the 
macroscopic variables, measured using the computer, to simultaneous changes 
occurring at the molecular level as they altered the temperature or volume of the gas. In 
stimulated recall interviews students reported a similar interpretation regarding the 
focus of her introductions. Lisa, a high achieving student whose views were typical of 
those interviewed, recalled "She was talking about how the machines worked and stuff, 
and how we'd be working in groups on the computers, and how that should only take a 
certain amount of time. She's telling you what to do." Jon, a pass grade student from 
another group, suggested that following the introduction his focus was going to be to, 
LbJust operate the computer programme. Just press the buttons." 

Anne expected that, as the students did the experiments, they would be thinking, 
"Firstly, are they connecting it up properly; secondly, what are the results coming 
out and are they what you expected. They see it, and sometimes they think about 
it, but often they'll be given questions that they have to answer and that's when 
the thinking takes place, when they actually get home and they have to sit and 
answer those questions." 
While clearly acknowledging the potential of the MBL she stated she was "quite 

accepting of the fact'' that students would not be thinking critically regarding data as it 
emerged on the computer screen claiming "it's probably how my brain would have 
worked when I was that age. I know that I didn't look at data until I got home and I 
know a change happened during second year university and I wasn't really good at 
thinking about everything that happened as it was happening until third year." In her 



assessment of their practical work she concluded, "I'm happy with how they do their '$ 
practical work. They organize themselves reasonably well and they usually do the task. 
If I could change anything, I'd like to see them do more work outside." 

Analysis of data from the three groups whose use of the MBL was explored 
suggests that the students were almost exclusively concerned with, as they agreed in 
interviews, "following the recipe" of the practical as directed and obtaining the data. 
Within groups, the students allocated procedural tasks to each other then rigidly adhered 
to their task descriptions. In one group, where the division of labour was typical of all 
groups, as Jason read the instructions Neil manipulated the syringe while Jon operated 
the computer. Jason commented on the extent to which task allocation affected his 
behavioir and thinking claiming that in the Boy1e7s Law experiment his responsibility 
was to ensure that the instructions were followed. "If everything didn't run smoothly I 
knew that everyone would be blaming me because I'm the one with the instructions." 

The single-mindedness with which students sought to obtain their data resulted in 
several consequences. In some cases, thoughtful and reasonable questions were ignored 
to ensure that the collection of data continued uninterrupted. Jason confirmed and 
exemplified this obsession for data collecting stating, "The emphasis was more on 
getting it done and then thinking about it later." Students' interaction with the data as it 
appeared occurred at only a superficial level. Cleo, working in a third group separate 
from those of Jason and Lisa, asserted that she did not think about what the figures 
actually meant because "she was concentrating on the experiment, what to do." In 
addition, students did not systematically or purposefully examine the multiple 
representations of data that were available on the screen in the form of tables and 
graphs. In stimulated recall interviews students unanimously reported not noticing 
coloured dots, representing the pressure of the gas at certain temperatures, as they 
appeared in a graph on the screen. These dots often became highly visible lines as the 
temperature of the gas came to the temperature of its water bath it and the pressure 
exerted by the gas changed accordingly. As the experiments proceeded no discussion on 
events occurring in relation to the gas at the molecular level took place. 

Following their data collection, the students answered questions related to the 
practicals. In the case of the Boyle's Law practical they were shown by the teacher how 
to confirm the law from the data. As in the pre-experimental discussion, little in the way 
of cognitive scaffolding or modeling higher level processes was provided to the 
students. No discussion regarding data anomalies took place for either experiment. 
Questions following the practicals were predominantly of the type, "Express in words 
the relationship between gas pressure and temperature" and "Write the mathematical 
equation for the line." Only one question related to the temperature-pressure 
relationship of a gas, "Explain this relationship in terms of molecular velocity and 
collisions of particles" asked students to think beyond the relational level and seek to 
explain their data with reference to kinetic molecular theory. 

Students differed with respect to the quality of the learning they believed resulted 
from using the MBL technology. Some students, for example Lisa and Jason, suggested 
that the practical added little to their understanding of gas behaviour. Lisa commented, 
"In the computer pracs I knew what to expect because we'd already done it in class. 
They're just backing up what you've already learned in the textbook. I would have still 
had the same understanding after a certain time from something else." Ruth, Lisa's 
partner and the top achieving student in the class, further confirmed this. When asked if 
using the computer had made any difference to her learning she replied, "No. I don't 
think so. I don't think they're as hands-on as we usually do. You're just clicking buttons 
rather than actually doing it." Sue, a member of Cleo's group, and Jon suggested they 



could have learned the principles without the computer pracs but that, as they both 
stated "...it wouldn't have been as clear." Significantly, some students' alternative 
conceptions, identified on a pre-test, remained unchallenged as a result of the use of the 
MBL technology. These included the belief that gas particles clump in the centre of 
their container or fall to the bottom of their container as the temperature is decreased, 
and that the volume of air in a syringe is not altered as the plunger is moved in and out. 

In discussions with the researchers on the assertions emerging from the research 
Anne defended her use of the MBL technology stating, "...you have to really compare it 
to the experiments we did before ... even the brightest kids had a lot of trouble getting 
anything out of them." She agreed that, "...the questions that were asked after the pracs 
asked them to come up with a mathematical relationship ... I did spend time with them 
going through how to come up with a mathematical relationship" and conceded, "Now I 
know that half the class didn't really get to that, but that's what I would have ideally 
liked them to understand." After further reflection Anne suggested, 

"...it'd be good to have a question about why the pressure increased as the volume 
decreased, at the molecular level ... because what we're really interested in is the 
computer helping the kids understand the gas laws at a molecular level and what 
their thinking processes are as they're doing it. I think we can improve on what 
we're doing and try to make them a little bit more reflective." 

Discussion 
This study demonstrates that knowing and being able to articulate the promise of 

an innovation is not sufficient in itself to ensure that the promise becomes a reality in 
practice. It also further confirms the relation between teacher beliefs and their classroom 
practices (McRobbie and Tobin 1995). Anne's implementation of the MBL technology 
reflected her deeply held beliefs about the nature and level of thinking that should occur 
in her class's chemistry laboratory which were, in turn, based on her experience. Her 
practice represented a paradox between what she articulated was valuable in terms of 
her own developing learning processes at university, that is the investigation of data as 
it emerged during experiments, and her willingness to articulate and model such 
processes for students so that they could be apprenticed into this way of thinking in their 
high school chemistry laboratory. A view of teaching and learning consistent with 
objectivist epistemology influenced Anne's practice ensuring that rather than explore 
the full potential use of the computers, a use she communicated and aspired to, the 
computer served exclusively as a tool for replicating experiments that provided data for 
verifying already established laws. While the provision of quality data is an important 
consideration for teachers in their selection and use of experimental activities, the 
obsessive focus on data collection in these experiments resulted in an ideal opportunity 
for using the MBL technology as means of investigating students' alternative 
conceptions and enhancing learning being overlooked. 

Students' use of the MBL technology and their related cognition were determined 
by the classroom context which was greatly influenced by, and strongly reflected, the 
teacher's beliefs. There was little impetus for students to use the technology in a manner 
identified in the literature regarding the promise of this innovation. While Anne claimed 
that she was trying to get the students to think, the evidence from students' use of the 
MBL supports the contention that its use in these experiments did little to encourage 
students to think about or discuss the data or its significance as it became available, or 
to consider relating changes in macroscopic variables to changes at the molecular level. 
Students' assessment of the value of the MBL experiments leads us to query the value 
of these experiments, in their implemented form, as learning experiences. Furthermore, 



students' use of the computer was not independent of the social context of the classroom 
with relationships between group members influencing individual behaviour. The social 
context of the laboratory should therefore be considered when implementing MBL 
technology. We also suggest that the teacher should focus students' discourse on 
constructing meaning that is consistent with the experimental evidence. Students should 
then compare this understanding with their individual understanding, at both 
macroscopic and molecular levels, as well as the theoretical fabric of the discipline. 

This research proved valuable for the researchers and the teacher. Discussions 
regarding the emergent assertions between the researchers and Anne enabled her to 
begin questioning her practice and the beliefs on which this practice was founded. We 
propose that ongoing reflective dialogue is a key factor in facilitating the successful 
implementation of MBL technology. Teachers must understand why they teach as they 
do before meaningful conceptual and practical change can be achieved. The challenge 
for the authors is to collaborate with reflective, innovative teachers like Anne to assist 
them to become more aware of and reflective regarding their tacit beliefs about teaching 
and learning chemistry so they can reflect on the practices resulting from those beliefs. 
This reflective process is essential if teachers are to develop and modify their pedagogy 
in such a way that the promise of MBL technology as a tool for learning is realised. 
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Abstract 
In the science and engineering fields a good understanding of the practical 
aspects of the discipline is essential. It is contended that if students are 
stimulated to critically evaluate the processes/techniques employed in a 
laboratory exercise, then they will understand more fully the rationale 
behind these processes. This should also lead to better practical skills and a 
better understanding of the concepts involved in the exercise. Some of the 
strategies which have been introduced at Curtin University of Technology to 
stimulate students to critically evaluate the experimental processes and 
concepts involved in each laboratory exercise are outlined. The 
effectiveness of these practices of using laboratory tests are discussed. 

Introduction 
Laboratory classes are very complicated environments with a mixture of practical 
activities and theory coupled with a considerable amount of distracting information 
which often masks the important concepts of the class. To alleviate some of this 
complexity laboratory manuals are usually written with clear step by step instructions. 
However, this allows students to successfully complete experiments simply by blindly 
following the instructions, without any attempt to understand the processes involved. 
Some students are so concerned with "getting the right answer" that they often do not 
recognise what they are supposed to be learning from the laboratory. Furthermore, 
many students seem to regard laboratory work as something which must be endured and 
enter the laboratory class with the aim of carrying out the exercise as quickly as 
possible. It is rare that a student enters the laboratory with the attitude that the 
laboratory session is an opportunity to gather as much information as possible on the 
concepts/techniques involved. 

The Curtin Situation 
Third year organic chemistry students spend five hours per week doing laboratory 
work. Each semester they have a choice of approximately 15 experiments which are 
weighted according to degree of difficulty or effort required (see Table 1 for examples 
of experiments available). These experiments cover a range of topics, and students may 
choose which of these to do and when to do them. Typically students do approximately 
eight experiments per semester. Before commencing an experiment, however, the 
student is required to submit a "prelab" which is signed by the laboratory supervisor. 
The prelab exercise is an important component of the experiment and carries 20% of the 
assessment for each experiment. It includes equations for all reactions involved, a list 
of reagents and quantities required, comments on the hazards associated with all 
reagents used and products obtained, a flowchart, answers to assigned prelab questions 
and finally the supervisors signature. The hazards section is a. significant component 
and students are encouraged to consult the relevant material safety data sheets in 
preparing this section. 

Upon submission of a laboratory report, students are given a short test which examines 
a few of the key concepts of the experiment. The whole concept of using laboratory 



tests is based on work done by Simpson (1993). The laboratory tests were developed 
because it was felt that students did not take advantage of the learning opportunities 
available in laboratory classes. These tests were introduced primarily to encourage 
(stimulate/scare .....) students to think more deeply about what they were doing in the 
experiment and they carry 30% of the assessment for each experiment. Students are 
also encouraged to discuss the experiment and any questions they have with their peers 
and the laboratory supervisor during the class. Each test consists of three or four short 
answer questions and usually takes approximately fifteen minutes to complete, although 
there is no time limit. 

Table 1. A partial list of third year organic chemistry experiments 

Experiment [credit points] 
Acetylferrocene [40] 
Beckmann rearrangement [50] 
Conversion of (+)-limonene to (-)-carvone [go] 
Determination of caffeine and theobromine in 
chocolates by HPLC [BO] 
Dicyclopropyl ketone [60] 
Eugenol from clove oil 1501 
I -Heptene [60] 
Heterocycle [30] 
Hofmann rearrangement [60] 
Housefly sex attractant [80] 
Hydride reduction [50] 

A well constructed laboratory test must relate directly to the experiment. The questions 
may include observations, mechanisms, pre- and post-lab questions, explanations, 
inferences, generalisations, predictions, calculations and anything else that is pertinent. 
The questions in the test should require the student to demonstrate an understanding of 
the experiment. For example, consider an experiment in which students were asked to 
add five millilitres of dilute sulfuric acid to a reaction flask. To encourage the students 
to think about the function of the acid, one could ask a question relating to the degree of 
accuracy required in measuring the volume of acid, or whether another acid could be 
used instead. If the questions are trivial, then there is no stimulus for the student to 
perform at a higher level. Students are still required to prepare and submit laboratory 
reports and these along with any samples prepared constitute the remaining 50% of the 
laboratory mark. 

Experiment [credit points] 
Macrocyclic chemistry [60] 
Meso-stilbene dibromide [60] 
6-Nitrosaccharin [40] 
Stilbene [50] 
Triphenylcarbinol [60] 
Vegetable oil analysis [go] 
Wittig-Homer reaction [50] 
Analysis of polymers by infrared [40] 
Dilatometry [50] 
Emulsion polymerisation [60] 
Mechanical properties of polymers [40] 
Viscometry [50] 

The intended outcomes of using laboratory tests included: 
students would work harder during the experiment in an effort to gain as much 
information as possible to answer potential test questions. 
Students would gain a better understanding of the chemistry involved in the 
experiments. 
Students would learn to link laboratory practices to theory (not always an easy task). 
The tests would provide a focus of the main points of the experiment. 
The tests would be a useful form of rapid feedback for both the student and the 
instructor. 
Tests would be a fairer form of assessment. Laboratory marks would be based on the 
students' understanding of the laboratory, not on their ability to produce write-ups. 
Laboratory work would be easier to mark. 



Evaluation 
The use of post-lab tests in third year organic laboratories has only just been introduced 
and a formal evaluation has not yet been carried out. However, some students were 
informally quizzed on their opinions on the use of lab tests. In general students 
indicated that they preferred not to do the tests, but they acknowledged that the tests 
encouraged them to try to understand the experiments better. Many students saw the 
tests as assessment tools for theory which was covered in lectures and did not recognise 
that the questions were directly related to the laboratory. This inability to associate 
laboratory experience with theory has also been observed by others (Stensvold and 
Wilson, 1992; Nakhleh, 1994). Some thought that the laboratory work carried out was 
not adequately rewarded, especially given their perception that the tests were theory 
based. A pleasing aspect of the comments was the large number of times students 
indicated that the tests stimulated them to modify their behaviour for the better. Since 
the introduction of laboratory tests students were commonly seen reading and studying 
their laboratory reports before submission and would discuss their results with their 
peers. This behaviour was rarely observed previously. 

Conclusion 
The laboratory tests have been useful in stimulating students to better performances in 
laboratory classes and in their understanding of the underpinning theory. This was 
evidenced in the enhanced quality of their laboratory reports, particularly their 
discussion of the chemisty involved. A more extensive range of suitable questions and 
better communication to the students, of the philosophy behind the laboratory test, will 
further improve the program. 
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Abstract 

Better communication between industry, regulators and consultants is an important step in 
"Bridging the Gap". Industry has its own needs and production constraints which may not 
always readily fall in line with the policy objectives of regulators. While representatives of 
industry are involved in policy development t l ~ e  philosophy and endpoint objectives of 
regulatory agencies are often not made clear to industry as a whole. A pathway to achieve 
an endpoint may be put forward by a regulatory agency to an industry without real 
understanding of all the facets that make industry "tick". Industry is about getting things 
done and has to continually solve problems associated with this. If a regulatory agency 
clearly communicates an objective to industry then it is often best left to that industry to 
come up with the best means of achieving it. Consultants play a central role in assisting 
industry achieve regulatory objectives and this must involve an understanding of both 
parties needs and a facilitation of communication between both regulators and industry. A 
case study in relation to contaminated land legislation is discussed. 

Introduction 

The Contaminated Land Act 1991 (CLA) provided the legislative framework for the 
management of contaminated land in Queensland until 6 July 1998 and included processes 
for the identification, investigation and remediation of contaminated land. Over 1,000 sites 
frequently including multiple individual lots, have been remediated since the 
commencement of the CLA in 1992. 

The structure of the CLA did not adequately promote the management of contaminated 
land and has resulted in some unnecessary remediation, particularly of industrial land. 
There has been a perception in the community that all sites recorded on the Contaminated 
Sites Register were contaminated, unmanageable and required remediation. In fact, very 
few sites recorded on the Register posed a public health or environmental risk from their 
existing use. 



In addition, recent developments in national and international contaminated land policies 
have emphasised the need to clearly distinguish sites that constitute an environmental or 
human health risk and require remediation (risk sites) from those that are likely to have 
some contamination but have a low probability of environmental risk under the current use 
of the land (low-risk sites). This separation of sites on a risk basis promotes the appropriate 
level of management of contaminated land and improves the communication of 
contaminated land information to the public. 

New Legislation 

The Environmental and Other Legislation Amendment Act 1997 integrated the provisions of 
the CLA into the Environmental Protection Act 1994 (EP Act). The EP Act now provides a 
central piece of legislation to protect the environment in Queensland in accordance with the 
principles of ecologically sustainable development. The amendments to the EP Act have 
adopted the national approach on issues such as lender liability and the separation of sites 
on the basis of risk assessment. 

The EP Act minimises red tape for protection of the environment, reduces cost to business 
and provides the legislative framework to manage environmental impacts under the 
ecologically sustainable development principles. The legislation supports economic 
development by limiting lender liability for contaminated land and reduces overall costs in 
the development of industrial and commercial property by preventing unnecessary 
remediation. 

The EP Act adopts the concept of site risk management through the incorporation of two 
registers for the recording of land. The legislation distinguishes between sites which are 
likely to be contaminated but have low probability of risk to human health or the 
environment under the current land use (low-risk sites), and those which do constitute an 
environmental risk and require clean-up (risk sites). Low risk sites will be recorded on an 
Environmental Management Register (EMR). Risk sites will be recorded on a 
Contaminated Land Register (CLR). The vast majority of sites previously recorded on the 
Contaminated Sites Register of the CLA, are now recorded on the EMR, removing the 
"stigma" associated with contamination for low-risk sites. 

Financial institutions expressed concerns about potential liabilities under the CLA where 
the institution became the owner of the land as a result of exercising security over the land. 
This has caused a negative impact on lending for sites recorded on the current 
Contaminated Sites Register, resulting in landowners and developers having difficulties in 
obtaining finance under certain situations. To address this issue, the legislation now limits 
the liability of financial institutions in order to facilitate normal trading with such land. 
Mortgagees will not be liable for land contamination that has occurred prior to them taking 
control of premises. This limitation applies where the financial institution does not have 
the exclusive management and control of the land. The EP Act also limits the 
circumstances in which the local government may be required to conduct or commission a 
site investigation or remediation work. 



The new legislation also encourages the management of on-site contamination through site 
management plans, with particular benefits to commercial and industrial land, by ensuring 
that development capital is not wasted on unwarranted clean-up. In keeping with the focus 
on management of land contamination, the EP Act establishes site management plans to 
enable land which has some contamination to be used subject to plan conditions. These 
plans will provide considerable savings for industry and obviate the current tendency to 
remediate industrial land to unnecessarily high standards. Such land will be recorded on 
the EMR. 

Appeal provisions were limited in the CLA. The new EP Act removes those limitations 
and provides review and appeal provisions for dissatisfied persons such as landowners and 
persons required to remediate land. 

Under the new legislation, the review of site investigation reports, validation reports and 
approval of site management plans by Queensland Department of Environment and 
Heritage (DEH) will be in compliance with the development application requirements of 
the Integrated Planning Act 1997. This act sets the process by which land subject to a 
development proposal is referred to relevant agencies for their approval or otherwise and 
for the local government in the main, to then issue a single development approval to the 
applicant. 

In addition the Department of Environment and Heritage released draft guidelines for the 
assessment and management of contaminated land in Queensland in May 1998 to support 
implementation of the new legislation. 

A New Era for Industry 

The DEH draft guidelines for "The Assessment and Management of Contaminated Land in 
Queensland" released in May 1998 contain for the first time detailed health based criteria. 
Previously the DEH Guidelines set Environmental Investigation Thresholds and only a few 
health based criteria (eg. lead, arsenic, cadmium and polycyclic aromatic hydrocarbons). 
The health based levels stated were derived from a conservative residential Dutch setting 
and had little or no relevance to industrial sites. The new health based criteria are applied 
to four typical Australian exposure settings. One of these settings relates specifically to 
industrial and commercial use. Industry, regulators and consultants can now evaluate 
contaminant levels for specific industrial sites with respect to both human health and the 
environment. The DEH Environmental Investigation Thresholds are generally much lower 
than .the new industrial levels. In the past the tendency was to clean up to either 
environmental or to the residential health based levels. 

A new approach to the clean up of industrial sites should now emerge. This fbndamentally 
should give rise to on-site clean up and treatment where practical and feasible, to off-site 
treatment where options are available, to disposal only where no other options exist and in 



those cases where it is appropriate to be managed on site with a specific Site Management 
Plan. The old clean up strategy of dig and dump to landfill should therefore reduce 
dramatically and assist the State in achieving the agreed national target of a 50% reduction 
in waste to landfill by the year 2000, based on 1992 data. The increase in tipping fees and 
greater public acceptance of managed sites on the new Environmental Management 
Register will further assist this. 

Conclusion 

The challenge has been set to "Bridge the Gap" and it is now up to industry, developers, 
consultants, the financial sector and government to use the contaminated land management 
provisions for the benefit of all in meeting that challenge. 
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I Abstract 

An informal survey of a selection of industrial and government workplaces was 
conducted. The survey requested specific information on what employers considered 
important and relevant with respect to practical skills expected of a new chemistry 
graduate. In general, the employers did not have extreme expectations and it would 
seem that basic skills, familiarisation with a laboratory environment and some 
knowledge of common instrumentation are being reasonably well covered by typical 
undergraduate chemistry courses in Australia. Notably, employers indicated that the 
areas that needed greater attention were generic skills including: the ability to work in 
teams, communication skills including both written and oral, understanding of how a 
business operates, the ability to seek out information and critically assess it, an 
appreciation of the broader implications of chemistry in relation to an industrial process 
and interfaces with other disciplines, and some knowledge of statistics, data analysis and 
data presentation 

Introduction 

The importance of doing practical work in undergraduate courses in chemistry has been 
discussed and debated in many arenas over many years. The aims of providing practical 
experiences in chemistry are many and may include: 

1. to reinforce aspects of the theory component of the course 
2. to provide training in selected practical skills, data collection and interpretation, 

report writing and presentation 
3. to provide experience of designing experiments and the process of science 
4. to give students "experience" of the laboratory environment, awareness of safety and 

ambience of this environment which has been so much a part of chemistry. 

It has been argued that practical work may not be even be an essential part of all 
chemistry courses, particularly when the student is never intending to major in chemistry 
or work in a laboratory. However, the latter view overlooks the fact that the "laboratory 
experience" provides a useful vehicle for learning a variety of skills, which prepare the 
graduate for a professional career in wider employment settings. 

University teachers are generally the chief influences on the content of undergraduate 



practical courses. The decision on the content of their laboratory courses is based on a 
number of principles: 

1. Good ideas gleaned fiom other colleagues, universities and the literature 
2. The practical content of their own undergraduate courses 
3. Resource implications of practical exercises 
4. What will fit into the allocated laboratory times 
5. Relevance to the theory component of a course 
6 .  Techniques needed for progression to the research laboratory 
7. What is relevant to the "outside" world, that is, the skills and techniques required in 

industry 

This paper presents the results of an informal survey of a selection of industrial and 
government workplaces, conducted in order to gather specific information on what 
employers considered important and relevant with respect to practical skills expected of 
a new chemistry graduate. 

1 
I 

Survey Instrument and Responses 1 

The survey attempted to cover a range of chemical industries, which included 
organisations involved in environmental and analytical chemistry, polymers, paint 
manufacture, cleaning agents, films and photographic supplies, the energy industry, 
power generation, farm chemicals and instrument manufacture. About 15 companies 
were contacted and interviewed by telephone or asked to respond by fax. The questions 
were addressed to the "chief chemist" or laboratory supervisor and these were people 
who generally had significant involvement in recruitment of new chemistry graduates. 

The questions asked in the survey are listed below: , 

1 

2 
3 

4 
5 
6 

For a graduate chemist who is going to work in a laboratory immediately after 
graduation, what skills do you expect in the following areas: 
(a) Practical? 

Would you place greater importance on any of these? 
How much in-house training and induction is conducted by your organisation in 
the first year of a graduate chemist's employment? 
What skills do the in-house programs focus on? 
Is any of this out-sourced? 
Are there other skills and knowledge expected of a graduate chemist coming into 
your industry, that you feel university courses are not covering well? 

(b) Occupational Health and Safety 
Knowledge? - specifl if possible 

(c) Interpersonal skills? 



A summary of the responses obtained follows: 

Comments on Practical Skills expected 

General 
Understanding of basic theory behind common instrumentation and ability to follow 
analytical methods (eg IR, GC, HPLC, AA) 
Using balances and weighing accurately 
Able to measure pH and understand the concept 
Able to make up solutions accurately and perform serial dilutions 
Good titration skills 
Knowledge of common glassware and its uses 
Not expecting a great deal but ability to learn quickly, follow instructions and seek 
advice if uncertain 
Knowledge of common sample preparation techniques 

Occupational Health and Safety Knowledge 

Most respondents indicated that this was extensively covered through in-house training. 
Some expectations that emerged were: 

General knowledge of safe conduct in the laboratory 
Disciplined adherence to company procedures 
How to use an Materials Safety Data Sheets 
Familiarity with Dangerous Goods storage regulations 

Interpersonal Skills 

This area was generally very highly rated by all employers 
Good communication (oral and written) 
Ability to work as part of a team 
Willingness to work and show initiative 
Ability to relate well to a broad group of people (eg other parts of the organisation, 
clients, other organisations) 

Importance Placed on Different Aspects of Practical Skills 

The majority of people interviewed indicated that they placed as much importance on 
inter-personal skills as they did on laboratory practical skills. Several respondents 
actually suggested these were more important when selecting candidates for a job and 
that deficiencies in practical skills could be overcome through further experience and 
training. In addition, deficiencies in OH&S knowledge were seen as an area that could 
also be overcome quickly by in-house training. 
In general, from the expectations of employers, it would seem that basic manipulative 
skills, familiarisation with a laboratory environment and some knowledge (if not hands- 
on experience) of common instrumentation are being reasonably well covered by typical 
undergraduate courses in Australia. 



In-House Training 

The majority of the employers indicated that their organisation provided some form of 
induction program followed by further short courses relevant to the work the new 
graduate would take up. These programs were generally conducted by the organisation 
with little out-sourcing except for instances of special courses often linked to 
instrumentation or analytical methods. In most of the organisations, the new graduate 
worked closely with a senior mentor who taught them the specific skills and procedures 
required of the job. 

The induction programs tended to deal with aspects of the organisation's structure and 
procedures, safety rules and lines of responsibility. The on-going training often dealt 
with further safety issues, improving interpersonal and communication skills and 
selected technical information sessions. 

Other Skills and Knowledge not covered well by Universities 

The most significant feature of the responses to this question was the similarity in 
feedback offered by all employers. It was suggested that Universities might put more 
emphasis on the following areas: 

Training and awareness of how a business operates 
Ability to work in teams over a long period of time 
Communication skills in general, including both written and oral 
An appreciation of the broader implications of chemistry in relation to an industrial 
process and interfaces with other disciplines 
Ability to seek out information and critically assess it. 
Some knowledge of statistics, data analysis and data presentation 

Discussion 

In 1997, the Faculty of Science at Monash University, conducted a survey of employers 
of science graduates where specific questions about generic skills were asked. In this 
survey, a questionnaire was sent to over 70 employers of science graduates around 
Australia. This survey was not specifically directed to chemistry graduates and 
addressed generic skills. However, the results were most interesting in that a similar 
message was received fkom employers. 

The frndings of the broader Faculty of Science survey reinforced the attitudes and 
expectations that emerged in our own survey of employers of graduate chemists. Team 
skills and adapting to a new environment were consistently rated as very important by a 
majority of respondents. The ability to communicate and relate to a cross-section of 
people was also rated very highly. Furthermore, these communication skills were 
extended to the written form including the ability to communicate scientific and 
technical information to a non-technical audience. 

These findings are further supported by recent literature reports. In separate reports, 



Mabrouk (1 998), Lawton (1 997) and Chapman (1 995) suggested that chemistry 
graduates in the UK and the USA are not prepared for the demands of industry. Both 
reports urge the incorporation of training in communication skills, teamwork and 
problem solving to cover areas in which graduates showed the greatest deficiencies. 
Similarly, Thorpe and Ullman (1996), point to the need for analytical chemists having a 
range of non-technical skills in order to pursue successful careers. The same skills are 
listed; good oral and written communication, ability to work with others, take initiative 
and manage ideas and information. 

Conclusion 

How can practical courses in chemistry address these additional needs as part of the 
broader university chemistry curriculum? 

Cullen (1 998), in his role as Head of the Federation of Australian Scientific and 
Technological Societies, recently identified a number of priority issues for Australian 
science. These included the need for science faculties to build closer links with industry 
and for generic science skills to be given greater prominence in science degrees. Many 
chemistry departments in Australian universities have course advisory bodies with 
significant industry representation. Less common, but increasingly, generic skills are 
being given greater prominence through revamping existing subjects or the introduction 
of new ones. 

In the laboratory context, greater emphasis can be placed on communication, teamwork 
and reporting skills. Garratt(l997) has suggested a number of strategies, which 
encourage students to think as a professional chemist including developing experimental 
design and data interpretation skills in the laboratory. Johnstone (1 997) advocates the 
need for proper preparation before students undertake laboratory work and this will 
include planning and critical thinking skills. Overton (1997) has suggested the use of 
logic problems to encourage critical thinking, logical reasoning and deduction. An 
extension of this could be incorporated into the laboratory where students undertake 
some practical activities where a problem or riddle is to be solved, rather than the more 
typical "recipe" style of exercise followed by interpretation of the results. 

Practical work in chemistry provides considerable opportunities to address the 
additional skills that employers are asking of our chemistry graduates. A greater 
emphasis on some of these skills can be achieved with some thought to how we design 
our practical exercises. 
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Abstract 
Intentional application of research on cognition to the design of software is frequently 
absent and at best, unsystematic (Hannafin and Rieber, 1989). There is an impression that 
software engineers are sliding into an ad hoc approach which is not underpinned by 
learning theories. More recently, software is being touted as constructivist, primarily 
because access to information is non linear and offers scope for personal or communal 
interaction. This paper describes the difficulty in translating educational research influences 
into software design by reporting on conversations between engineers and a chemical 
educator in preparing a CDROM on atomic structure aimed at year 9 students. 

There is an assumption that instructional design system (ISD) is influenced by 

educational research and in particular, views of learning. Hannafin and Rieber, (1989) 

contend that when learning theory, albeit unacknowledged, does influence ISD, it is a 

consequence of psychology paradigms of the time. For example, early systems were 

developed in line with behaviourist ideology. Current systems, by promoting the notion 

of non-linear access choice, are implying an inclination toward constructivist 

philosophy. Indeed, even though Streibel(1989) suggested that constructivist 

assumptions and ISD methods are not compatible and Jonassen (1991) suggested that 

ISD methods need to modify their theory base to take on board constructivist 

principles, burgeoning technology involving hyperlinks and open pathway access 

assumes constructivist influences. Yet a text book is not considered constructivist, even 

though it allows an open pathway access, flit from page to page, and it links pages 

through keywords and the index. 

For educational researchers, the differences between the constructivist and behaviourist 

schools of thought are much wider. ISD influenced by behaviourist ideology would 

segment key concepts to build a bigger picture while constructivist influenced ISD 

would warrant realistic contexts, scaffolding, and metacognitive tasks through which 

students will develop their understanding. A behaviourist influenced tutoring and 

assessment computer assisted learning environment tries to quantify learning in some 



way. Whereas extreme constructivist philosophy often supports a view of qualitative 

change in personal understanding to be a real test, yet one that is not measurable at that 

instance in time (Cunningham 199 1). Yet another difference lies in the notion of 

motivation. A behaviourist ISD has extrinsic goals, a constructivist approach 

emphasises metacognition and an intrinsic notion of success. Indeed behaviourist 

tutorials involving repeat practice, reinforcement and control are opposite to goals 

advocated by constructivist philosophies (Heinich, 1984), where the notions of 

reflection, active construction and, personal relevance and autonomy (Lebow, 1993) 

are considered crucial facets of constructivist learning. According to Dick (1991) this 

issue of differences in perspective and seemingly incompatible contradictory stances 

can be addressed on two fronts. The software could be influenced by constructivist 

ideology or the technology may be employed as a tool in situated practice within a 

constructivist classroom. 

This paper reports on a collaborative venture between researchers and engineers in 

producing software, on atomic structure and the Periodic Table, that is guided by 

constructivist philosophy and research findings from a project (Rodrigues and Wong, 

1997). The project investigated year 9 students' use of a CDROM advertised as being 

constructivist influenced. This paper illustrates some of the difficulties encountered in 

interpreting and accommodating constructivist philosophies, in what are often 

considered objectivist environments, and highlights some difficulties that arise in 

attempting to merge ISD with constructivist philosophy. 

Experiment 

This paper fits into the action research paradigm (Carr and Kemrnis, 1986). It reports 

on an investigation into particular ideas in practice as a way of improving and 

increasing our knowledge of the curriculum, and it involves collaboration. It is not 

attempting to identify causal laws. It is drawing on experience and research to 

illuminate a single situation within the context of a more global perspective. 

Groups of final year student engineers are expected to work with clients on realistic 

tasks as part of the University of Melbourne's Computer Software Engineering Course. 

A chemical education researcher, with a familiarity of constructivist philosophy, 

became a client. The conscientious engineers were asked to create a Computer Aided 

Learning Environment (CALE) that could be used to support Year 91 10 students 

learning about atomic structure and the periodic table. Four software engineers were 

monitored during the year long process. The engineers prior ideas with respect to 

learning were identified and experiences were provided to help familiarise the engineers 



with constructivist philosophy. Meetings were audiotaped email messages collected 

and access to work in progress was noted through a web site managed by the 

engineers. The engineers provided access to minutes from engineers -only meetings 

and provided hard copies of documentation related to task accomplishments. The 

engineers also completed an emailed questionnaire that sought to identify their views of 

teaching and learning. To ensure some degree of validity, transcripts, other data and 

interpretations were made available to the engineers for comment. 

The heterogeneity of the group, educational researchers and engineers, in terms of 

previous experiences and roles in the group, no doubt resulted in group members 

complicated allegiances and different discourses. The perception of what were 'critical' 

issues and what were 'fundamental' assumptions is determined by our view of the 

world and this perception. This paper describes some of those issues and assumptions 

and illustrates how they influence the construction of software. 

Some Findings 

Transfemng research findings into software reality relies on educational researchers 

and engineers being able to share in their interpretation of research findings and being 

able to communicate ideas. Incorporating constructivist ideology into software design is 

difficult for two main reasons: 

a) interpretation and shared understanding of terms and goals 

b) limits with respect to the technology. 

With respect to goals, notions of appearance, non-linear access, motivation and 

interactiveness were initial foci of talks between the researcher and engineers and were 

taken on board by the engineers during early stages of the project : 

"Hopefully, this CALE will provide information to students in such away that 
they find it interesting and thus will remember the concepts taught. For example 
when a kid watches a great movie that is really exciting they can come to school 
the next day and quote parts of the film. If we can produce some software that is 
so exciting that they will remember it with out even trying this will be success. 
(1 .- email) 

" The aim of the CALE that we are trying to construct is to assist students to 
develop their understanding of introductory Chemistry concepts. The CALE is to 
be non-linear and facilitate student-centred exploration of the relevant material ie. 
the students can examine the material in any order and at their own pace. 
Ultimately we are trying to supplement what the students learn in their 
ChemistryIScience classes." (2. - email) 



"It will allow students 
learn, instead of being 
have encountered have 
email) 

to progress at their own pace, learn what they want to 
forced along a particular path. The other CALE's that I 
forced the student to progress along a linear path." (3.- 

"I would imagine the aim is to provide an experience that a book cannot. Perhaps 
a computer assisted learning environment may some day replace a human 
instructor, though I doubt it, but the CALE that WE are endeavouring to create is 
intended to provide functionality that a book cannot." (4. - email) 

Aesthetics, non-linear, quality graphics, open access choice and self directed pace, 

were all viable and are clearly visible in the final product. 

The notion of knowledge being an individual's construct was initially alien to the 

engineers. However even though the term became more familiar to them its 

interpretation and transference was more difficult. Constructivist came to mean 

construction. Providing students with opportunities to manipulate, build, and construct 

'atoms' was perceived to be constructivist. Hence the notion of hands on interactivity 

was perceived to be addressing the construction of knowledge remit. 

One engineer suggested that the technology itself curtailed the notion of minds on 

interaction in terms of metacognitive skills and fostering self-questioning. Building in 

effective engagement, or scaffolding, and cueing for active engagement was hard to 

achieve because this required control of cognitive overload, while still providing good 

navigation through the software and providing immediate goals. An effective teacher 

manages all three. 

The engineers tried to incorporate metacognitive devices such as advance organisers 

and frequent decision points while trying not to induce cognitive overload. They 

considered including anchors for the concepts, by including relevant everyday contexts, 

and they sought to provide help facilities and advice statements in the software. 

Assumed common understandings were soon seen to have different meanings. There 

were challenges in terms of negotiating meaning, from a technology frame of reference 

and from an educational frame of reference. This jostling for meaning within the 

discussion can be seen in the following excerpt where one scaffolding device the 'help' 

context was discussed. The engineers perceived 'help' to minimise cognitive overload 

while maintaining learner control of navigation. The educational researcher perceived 

help as a concept facilitator facet in the software. 



A test version of the preliminary screens shown in Figure 1 was provided on the 

Internet and these screens are discussed in the transcript. 

I 

Figure 1 Screen showing carbon as example 

Help became a means of helping students through the software, a means of 

farniliarising them with the different active and linked aspects of various screens. It did 

not provide any scaffolding in terms of helping them clarify concepts, ideas or beliefs. 

Stipulating requirements in contracts did not result in common interpretation. The 

transcript on 'help' highlights this interpretive process, even though the Software 

Requirement Specification stated requirements of the product, for example the inclusion 

of a help button. Interpreting these requirements was achieved, where possible, 

through constant discussion. 'Help', 'construction', 'scaffold', were all interpreted in a 

hands on manner by the engineers. The researcher's idea of 'minds on' constructing 

Researcher's comment 
Clarification required 
about 'help' button. 
His perspective is different 
to either 'help' as a 
means of scaffolding a 
particular concept or 
'help' to understand 
various icons. 
Hence 'help' is about 
navigating around a 
particular screen. A view 
shared by two of the 
engineers. 
Clarifying that it is the 
Page. 

A small scale version of 
the same element page 
will be on the help screen. 
It will have 'live' 
components that provide 
details about the screen. 

R 

D 

J 

R 

M 
J 

Verbatim transcript 
Is it going to be about atomic mass or is it going to be 
about ..... 
No! It'll be about using that screen. 

Using that particular screen. 

This is isn't about using this 'help' screen, isn't about 
using the screen it's about context? 
No, no. 
Hang on. I'll give you, give you an example, OK? 
You've got your lithium screen. Now what this bit here 
will contain is a shrunken version of the actual screen 
which you just came from. As an example. With arrows 
and little arrows and diagrams saying press this button 
to do this. Press this button to do this, press this button 
to do this. 



knowledge was manifested as an engineers 'hands on' constructing of objects. 

Building atoms, altering the number of protons and electrons, was interpreted as having 

reached the constructivist idea. This is constructionist, rather than constructivist. 

Other difficulties in translating research findings into reality stem from limitations with 

current technology. Making software non-linear by building in hyperlinks does not 

make it constructivist, thought it may make it less behaviourist. Users can still proceed 

from screen to screen without an reflective thought. Furthermore, the decision to go 

from screen F to screen A, may have involved little or no conscious thought. 

The role of language, a crucial aspect of constructivist tenets, is not easily transferred 

into technological applications. The artificial intelligence necessary to interpret 

submitted responses in not widely available. If the software is designed to allow for 

navigation ease, students could respond to questions by accessing appropriate screens, 

rather than developing any understanding for a particular concept. For example, faced 

with a question pertaining to the atomic mass of carbon, the student could simply go to 

the screen of carbon and read the value on the screen. This does not mean the student 

understands how the concept of atomic mass is deduced. However, to include 

scaffolds/help, that are a natural practice with effective teachers, creates difficulties in 

the technology with respect to cognitive overload and circumnavigation. To try to 

circumvent this, the nature of questions in a CALE has to change. This has begun to be 

addressed. Most CALEs can accommodate 'what?' questions, but not 'why?' nor 

'how?' questions, and this is one of the fundamental differences between behaviourist 

and Constructivist views of learning. Both views are concerned with the learner 

demonstrating an awareness of scientific community accepted ideas, Constructivists are 

also interested in whether the learner understands how and why this response is 

considered acceptable. 

Discussion 

If the emphasis of ISD is on processing knowledge rather than how we learn, then 

instructional systems that create hyperlinked multimedia textbooks are still underpinned 

by behaviourist rather than constructivist views of learning. Constructivist research 

findings in terms of non-linear access, context, autonomy, relatedness, self regulation, 

and active engagement in the learning process have to be interpreted and translated into 



However, designing software that allows the user access to screens at their own 

discretion, without encouraging the user to actively construct meaning or reflect on their 

constructions, will not lead to active engagement or metacognition. ISD has to do more 

than provide functionalist transmission of information bytes in a non linear fashion if it 

is to be considered constructivist. 

The notions of metacognitive devices such as advance organisers, anchoring the 

concepts, providing help facilities and advice statements, as well as frequent decision 

points without inducing cognitive overload or making navigation difficult are 

fundamental constructivist concerns in the development of software. The influence of 

constructivism on multimedia software design will be a consequence of the still- 

emerging technology, and even though negotiation of meaning between behaviourist 

influenced software engineers and constructivist influenced educational researchers has 

begun, current limitations of technology and artificial intelligence continue to limit 

constructivist influence. 

To a certain degree, the move from what were perceived to be behaviourist underpinned 

I tutorial systems has been replaced by ISD that promotes user access choice. However, 

1 this is more than likely due to advancement in the technologies themselves. Perhaps, 

I particular facets of technology, such as hyperlinks, have become more prominent in the 

I 1990's and hence the software design reflects new potential, rather than an awareness 

and interpretation of constructivist philosophy. How can we expect software engineers 

to design software in line with constructivist paradigms if newly qualified engineers 

have not been versed in these ideas. Expecting engineering courses to include learning 

theory is probably unrealistic. This means that communication between the researcher 

and the engineers needs to involve more than a contract and the construction of an 

software requirement specification document. Certainly, from this small study 

involving conscientious software engineers and a zealous chemical education 

researcher, there were differences in terms of shared understanding of constructivist 

terms and goals which were brought about by an existing unconscious intuitive view of 

learning and limits with respect to the technology. Therefore, perhaps, at the moment, 



because it is difficult for the software to be significantly influenced by constructivist 

ideology, we should settle for employing technology as a tool in situated practice within 

a constructivist learning environment. 
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Abstract 
Primary school students are capable of learning chemistry. Should the focus at this level be on the 
macroscopic, the microscopic or the symbolic? Two classes in a Queensland primary school were taught 
about atoms and molecules: Year 5 and 7. Data obtained by using the Australian Council for Educational 
Research's (ACER's) Tapping Students' Science Beliefs, and interviews with students and teachers, both 
before and following an instmctional sequence, suggest that many primary students appear to appreciate 
aspects of the particulate nature of matter (the 'microscopic'). Further they seem to really enjoy the 
learning experiences, many of which focussed on the use of molecular models. This paper reports the 
effects of the lesson sequences and raises questions about the implications for the primary curriculum. 

Introduction: A Place for Chemistry at the Primary Level 
Just as there is a need to explore the gap between the secondary and tertiary chemistry 
curriculum because there is sometimes a weak connection between them (Jong, Schmidt 
& Zoller 1998) consideration needs to be given to primary school chemistry (Skarnp 
1996) and its links to the secondary school curriculum. When considering this issue it is 
useful -to see chemistry education at three levels of explanation: sensory; atomic/molecular 
(microscopic or particulate); and symbolic (Gabel, Samuel & Hunn 1987) and to ask 
should particulate chemistry be part of the primary curriculum? 

The Australian Science Curriculum Profile (AEC 1994) includes the particulate nature of 
matter in the upper primary curriculum, as do other country's curricula (Davies et al. 
1996). Many primary texts assume particulate understandings (Lee, Eichinger, Anderson, 
Berkeimer & Blakeslee 1993). However research (e.g. Andersson 1990; Adams, Doig & 
Rosier 1991; Krnel, Watson & Glazar 1998) indicates primary students do not intuitively 
hold or use particulate conceptions to explain chemical phenomena, and even find 
difficulty after instruction (Children's Learning in Science Project in Andersson 1990; 
Gabel & Bunce 1995; Novick & Nussbaum 1978). In contrast Novak and Musonda 
(1991) and Lee et al.'s (1993) studies suggest that upper primary students (maybe 50%) 
could appreciate microscopic level studies; hence the issue remains problematic. 

Atoms and Molecules: A Direct Teaching Sequence 
Leisten (1995, and references therein) has argued that primary age students can appreciate 
that the world comprises atoms and molecules and that they are arranged and move in 
different ways, depending upon the states of matter; further their molecular weights can 
help to explain various properties. His two lesson sequences (phases 1 and 2) comprising 
about eight hours of teaching over the last two years of primary school have been trialed 
in a small number of British primary schools. The emphasis is "on (molecular) model 
making" and the "fun of predicting molecules" with "chemical puzzles" in phase 2 
(interview August, 1997). They also include video, an apparent emphasis on the correct 
use of words, as well as role play- these are strategies advocated to clarify conceptions by 
Garnett, Garnett, & Hackling (1995) although they would probably argue that the 
problem solving tasks are the rote application of concepts and algorithms, which may 
hinder conceptual learning. Leisten's ideas have caused considerable debate (Davies et al. 
1996). 

Research Methods 
Evidence for the success of Leisten's lessons is anecdotal. Hence this study focuses 
around the two main research questions: Firstly, can middle and upper primary students 
use a Particulate Model of Matter to explain physical and chemical phenomena afer 



experiencing Leisten's Phase 1 and 2 sequences? If ideas have changed what appears to 
be the main factor(s) effecting the change? Secondly, what do these students and their 
teachers think about these lessons? 

Changes in the students' conceptual understanding of the particulate nature of matter were 
ascertained using the ACER's (Adams et al. 1991) Tapping Students' Science Beliefs 
Instrument (TSSBI). This is a paper and pencil instrument which determines the 
"underlying conceptions" (rather than learnt algorithms) which learners hold about the 
'Structure of Matter'. It takes "students through the steps involved in making pancakes, 
asking them to comment on, and explain, the observations of characters in the story by 
providing illustrated and written responses" to nine items (Adams et al. p. 9). The tasks 
"explore whether students would spontaneously use the particulate model to describe the 
structure of matter" (p. 12) and related phenomena such as changes of state and 
dissolution. Responses to items can be categorised into mutually exclusive categories 
(e.g., see Table I), and summed to determine whether students were at prescientific, 
developing scientific, and scientific conceptual levels (Doig and Rosier 1993), as well as 
sublevels (Adams et al. 1991). 

Two classes, Years 5 and 7, in a provincial Queensland primary school were taught the 
phase 1 and 2 lesson sequences respectively during 1997. The Year 7 class had 
experienced the phase 1 sequence in 1996. Responses to the TSSBI were obtained for 
both groups prior to and at the completion of the sequences. Hence the delayed learning 
effects from the phase 1 sequence (for Year 7) and the immediate effects of phase 1 (Year 
5) and phase 2 (Year 7) were determined. A selection of responses which were more 
difficult to interpret andlor showed considerable changes were followed up by interviews 
on both occasions (pre: n=10, Year 5; n=15, Year 7; post: n=15, Year 5; n=13, Year 7). 
Interview responses were used to determine final item levels for further analysis. In the 
post interviews the students were asked from where did they get their ideas and, if they 
referred to the lessons, follow-up-questions were used to determine if the students 
enjoyed the lessons and why, what they learnt, whether they had used the ideas elsewhere 
and if they had changed the way they think about their world. To obtain a more complete 
picture of the sequences and their effects, Leisten and the teachers were interviewed pre 
and/or post the sequences. Teacher diaries and lesson notes were studied. 

Results 
The percentages of students at prescientific, developing scientific, and scientific 
conceptual levels were determined, as well as at the sublevels of these categories. 
Prior to instruction Year 5 students all used conceptions dominated by the directly 
observable and could be classified as "pre-scientific" in their thinking (Doig & 
Adams 1993, p.57) while 11 percent of Year 7 students were initially at a 
"developing scientific" level. After instruction the proportion of both groups at this 
level was about 25 percent. These changes were significant (0.001 level, chi 
square) only for the Year 5 group. When individual conceptual level changes were 
compared over 70 percent of Year 5 students moved up levels compared to 40 
percent of Year 7 (with about 20 percent of the latter group falling). 

Approximate comparisons with Victorian TSSBI results (Adams et al. 1991) 
suggest the distribution of post Year 5 and 7 students at the ends of the 
developmental continuum are similar for all three groups. This is despite the fact 
that post instruction far more Years 5 and 7 students gave particulate responses to 
those items directly related to the lessons. This could mean that most of the 
movement occurred in the middle of the developmental continuum. 

There were obvious pre-post changes towards particulate thinking on individual 
lesson specific items, viz., structure of a solid, nature of matter and changes of 



state. For the first two, differences were significant (chi square, 0.05 or less) for 
both groups, but only Year 5 for the last mentioned. Apart from significant changes 
for evaporation (Year 5) and 'What's in a bubble?' (negative, Year 7) there were no 
other significant changes. The lessons made no reference to condensation, 
dissolution or chemical reactions, and the vast majority of students were unable to 
extrapolate their awareness of atoms and molecules to the four items related to these 
phenomena. 

When the Year 7 post instruction results are compared with the year 5 post 
responses significantly more Year 5 students were using the particulate model for 
the structure of a solid and change of state. It was only Year 7 which showed 
relatively small but obviously forward chi square significant differences, related to 
items not associated with the content of the lessons. Responses for states of matter, 
dissolution, condensation, and evaporation did not significantly depend on the year 
levels. 

Table 1 
Percent of Year 5 and Year 7 Students (Pre and Post Instruction) at Different Conceptual Levels on 
selected items' on the ACER (1991) Particulate Nature of Matter TSSBI (compared with Victorian 
Sample) (Adams et al. 1991)~ 

Item and Conceptual Level Year 5 Year 5 Year 7 Year 7 Victorian 
Pre (n=48) Post Pre (n=46) Post (n=538) 

(n=47) (n=45) 
1. Structure of a solid 
Particulate (1) 0 66 4 22 11 
Continuous (0) 9 8 34 94 78 75 

2. Structure of matter 
Particulate (4) 2 60 20 64 1 
Continuous (3) 25 19 28 20 57 
Properties (2) 27 2 11 2 3 
Examples (1) 3 1 17 39 13 33 

3. Dissolution 
Suspended (2) 4 6 4 9 0 
Invisible (1) 19 28 22 22 12 
Mixes inldisappears (0) 75 60 74 67 44 

4. Change of state 
Particulate (3) 0 9 9 18 1 
Particulate (incomplete) (2) 0 5 1 15 24 4 
Heat and State (1) 67 23 48 22 43 
Restatement (0) 3 3 15 26 36 0 
0 -, . .- . - 

(chemical change), and evaporation. 
2. Percentages do not add to 100% as some Year 5 and Year 7 students did not respond to some items; in the Victorian 
sample uninterpretable responses are not included. 

Interestingly the Year 7 students did not, in general, differ significantly in their 
specific item pre-conceptual level distributions to the pre Year 5 group. Further it 
does seem that the post Year 5 student results for the structure of a solid, states of 
matter, and changes of state are proportionately at higher levels than the pre Year 7 
results. The older students in their post results, do not "catch up" on the structure 
of a solid item, but do so for the states of matter, and some perform marginally 
better on the change of states item (although when partial particulate responses 
(level 2) are considered, this is not the case). (On the dissolution, condensation, 
what's in a bubble (top two levels) and evaporation (top level only) items there were 



no post Year 5-pre Year 7 differences, and this remained the same when compared 
to the post Year 7 data, except that the post-Year 5 students performed better than 
the post Year 7 results on the 'what's in a bubble' item. Only on the cooking and 
burning items did the pre-Year 7 students outperform the post Year 5 students and 
maintain or slightly improve that difference in the post results.) 

Analyses of the interviews indicated that some of these students' macroscopic 
conceptions about chemical and physical phenomena (e.g., dissolution and burning) 
were similar to the literature, although condensation was an exception, but these 
interviews also noted that obvious evidence of reported alternative atomic/molecular 
conceptions, such as atoms taking on the shape of macroscopic objects, could only 
be found in a few instances (see e.g., Andersson 1990). Many of these students 
held scientific views about, for example, the movement of molecules. 

Comparison of the Year 7 interview responses with Year 5 suggests that the 
younger interviewees responded with as many meaningful ideas as Year 7. All 
believed they had learnt about atoms and molecules often mentioning the model 
building blocks. The Year 5 students recalled more specific molecular details. The 
behaviow of molecules, especially the change of state of water, was consistently 
referred to, even by Year 7 after a period of many months, whereas the concepts of 
'joining power' and molecular weight were rarely mentioned. All students said 
they had enjoyed the lessons as they were fun, active and involved new content. 
When asked if the phase 1 lessons affected the way they viewed their world most 
said they now saw everything as made of atoms and molecules. Very few had used 
the ideas elsewhere. 

The teachers thought the lesson sequences were "very positive" and focussed on 
things that "are made of littler bits and littler bits" ... "rather than ... formulae". 
None considered them too abstract but rather spoke about their "concrete" nature. 
As evidence of effective learning good mini-test results, question answers, and 
students electing to do more work in the area, were mentioned. Heather was most 
enthused about teaching these lessons and would reteach the sequence because of 
the "positive [student] feedback". 

Discussion 
The movement between prescientific, developing scientific and scientific conceptual 
levels indicates the Year 5 students did advance their conceptual level over the 
instruction period, with more being able to explain phenomena without reference to 
the directly observable. About 10 percent of the pre-Year 7 students were already at 
similar levels perhaps implying a similar (and sustained) impact from the phase 1 
sequence, but overall conceptual level changes were more limited for this group. 
Post instruction similar numbers of Years 5 and 7 students were at the three levels. 
These results suggest that the phase 2 sequence may not be as conceptually 
effective. This may be due to it being less pedantic about basic particulate model 
attributes (Ahtee and Varjola 1998) or maybe as one teacher commented: the Year 5 
were "a bright little lot", more motivated and with relatively higher reading scores 
than the Year 7 group. 

Initial consideration of the conceptual levels for the specific items appears to support 
the above interpretation, but closer analysis may suggest an alternative view. 
Comparison of the Year 5 pre and post specific item results suggests that conceptual 
understanding is more effective for those items most recently studied (structure of a 
solid, states of matter and change of state). With the Year 7 students many may 
have reverted to previously held conceptions to respond to the pre-questions. 



Revision of phase 1 content in phase 2 probably explains the post Year 7 results on 
two of these items. The conceptual level distributions for most of the other items do 
not seem to significantly depend on the year level suggesting that neither of the 
lesson sequences encourage most students to extrapolate their particulate 
understanding to non-studied phenomena. With the burning and the cooking items 
some older students may be starting to move towards a higher conceptual level. 

Comparisons with the Victorian sample, who probably have not experienced similar 
lessons (Rosier & Symington 1990), again suggest that the Leisten lesson 
sequences have been effective in advancing conceptual levels relating to lesson 
specific items. However that the pre Year 7 scores are similar to the Victorian 
sample suggests that learning may be superficial (memorisation?). However this 
may be too critical an interpretation of the results. The revised Matter and 
Molecules (MAM) sequence (Lee et al. 1993) with Year 6 students in the USA 
involved 35 lessons, with teachers specifically concentrating on previously 
identified misconceptions. Comparison of the percentage of MAM students 
achieving "adequate understanding" (p. 260) of molecular goal conceptions and 
those Year 5 and 7 students responding at particulate levels on lesson specific items 
indicates that the Queensland students achieved at least as well as the MAM group. 

Overall these across time changes and between year level differences, or lack of 
them, and comparisons with other studies, may indicate that some effective 
conceptual level change towards a particulate understanding is occurring in relation 
to specific contexts studied in the Leisten sequence. The pre Year 7 data though 
could mean that the learning may only be short term for most items. However the 
post interview data provides strong evidence that attempts to use atomic1 molecular 
explanations increased for most items and some Year 5 and more Year 7 students do 
offer credible particulate responses and this suggests that primary teachers could 
carefully introduce particulate explanations. Despite these cautious comments it 
cannot be denied that the vast majority of these students enjoyed these lessons and 
most felt they had changed their views about the world. 

In response to the first research question there are understanding gains (possibly 
short term) with significant improvements in conceptual levels post instruction on 
lesson specific items. This seems to be more so with the first sequence. If similar 
criteria were used as in the MAM study the conclusion that "middle (here read upper 
primary) school students are capable of understanding some important aspects of 
the kinetic molecular theory" (Lee at al. 1993, p. 268) would be supported. The 
extent to which this understanding is retained however is problematic. 

With reference to the second research question these students looked forward to the 
lessons and enjoyed the teaching strategies especially using the models to solve 
problems. All four teachers strongly agreed about the apparent strong attitudinal 
impact of the lessons. Leisten may be correct about the espoused attitudinal benefits 
of teaching "atoms and molecules". As attitudes towards science probably develop 
by the end of primary school (Harlen 1985) lessons such as these may make an 
important affective contribution. 

Should atoms and molecules be taught to primary students? From this study the 
answer is probably a strongly qualified "yes". If Leisten's approaches were used 
together with those suggested by others (Gabel, Briner & Haines 1992; Garnett et 
al. 1995; Lee et al. 1993) the sequences may result in better longer term 
understanding. This view is taken because these upper primary students seemed so 
keen to learn about atoms and molecules and as affective considerations are thought 



to strongly influence cognitive learning (Fensham 1988) foundations for later 
learning may be possible. 
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Abstract 

This paper considers two mental functions: perception and the storage of knowledge in 
long-term memory. These two processes are important functions in information 
processing models of learning. Explanations are given in this paper of practices which 
are designed to enhance the effectiveness of these two functions. The practices are 
based on the findings from research in education and neural science. They include the 
use of readiness packages, creativity exercises, challenging thinking tasks, whole brain 
learning and the practice of giving immediate feedback. 

Introduction 

A model of learning derived from knowledge of the ways the human brain processes 
information is shown in Figure 1. This paper will focus on two important functions 
designated in the model, namely perception and the storage of knowledge in long-term 
memory. The purpose of this paper is to explain practices which are designed to 
improve the quality of learning outcomes in chemistry by enhancing the effectiveness of 
these two functions. 
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Figure 1 An Information Processing Model of Learning 
(Adapted from Johnstone, Sleet and Vianna (1994)) 



Perception 

Perception is the way we interpret what we sense in our environment. This paper will 
be concerned with visual and auditory perception; that is it will consider what 
influences the way our brain interprets what we see or hear. Factors which influence 
perception are listed in the second column in Figure 2. In order to enhance students' 
abilities to perceive a new learning experience effectively the first two factors in this list 
(students' study processes and their prior knowledge) should be considered before the 
students undertake the new learning experience. This stage is referred to as the pre- 
stage in perception. The last two factors in the list in Figure 2 shown as influencing 
perception (students' misconceptions and their attention spans) should be considered 
when the student is undertaking a new learning experience. This stage will be referred 
to as the sensing stage in perception. These two stages will be considered separately. 

Pre-stage in Perception 

Studies of student learning have identified two different approaches to learning called 
deep and surface learning. According to Ramsden (1992), students who adopt a deep 
approach to learning try to understand new knowledge, try to relate it to previous 
experiences and to everyday life and attempt to "organise and structure content into a 
coherent whole". On the other hand, Ramsden (1 992) explains that students who adopt 
a surface approach merely aim to "memorise information for assessments", they 
"associate facts and concepts unreflectively" and they focus "unthinkingly on the 
formula needed to solve the problem". Research indicates that when students adopt a 
deep approach to studying they have a much greater possibility of developing a deep, 
meaningful understanding of the learning experience (Marton and Saljo (1984) and 
Trigwell and Prosser (1 991)). It is clear that students need to be encouraged to adopt a 
deep approach to learning before they engage in a learning experience. It seems, 
however, that the approach students adopt to learning depends on their lecturers' 
conceptions of teaching (Trigwell, Prosser and Lyons (1 997)). It is important for 
lecturers to reflect on their conceptions of teaching and learning and to appreciate the 
value of designing learning experiences and assessment tasks which students perceive 
as encouraging them to adopt a deep approach to learning. Students are unlikely to 
respond positively to encouragement fiom their lecturers to adopt a deep approach 
unless the students perceive that the tasks designed by their lecturers require them to 
learn in a deep, meaningful way. 

Another significant factor which influences the way a student perceives a new learning 
experience is the student's prior knowledge. Jensen (1995) has explained how research 
has confinned that learning is enhanced when new knowledge is related to previously 
learned material. It is important to activate students' relevant prior knowledge before a 
new learning experience so that this knowledge is ready to be connected meaninghlly 
to the knowledge fiom the new learning experience. 

Subject readiness packages have been designed by Sleet, Evans, Kalman and Norton 
(1 998) to prepare students for a new learning experience by encouraging them to adopt 
a deep approach to studying and by activating their relevant prior knowledge. Five key 
features of these packages are listed below. 



+ the purpose of each package is clearly explained and, in particular, it is made clear 
that more meaningful learning results when a learner can relate new learning to 
previously learned material 

+ there is a list of the knowledge and skills which students practised in earlier subjects 
and which also underpin the learning experiences in the new subject 

+ there is a list of resources (previous lecture notes and laboratory experiments, books 
and computer software) which students could use to revise these pre-requisite skills 
and knowledge 

+ self-assessment questions which test students' understanding of the pre-requisite 
skills and knowledge are included 

+ there is a preview of the exciting, new learning experiences in the new subject. 
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Figure 2 Relationships between mental functions and teaching and learning 
practices 

While these packages have yet to be evaluated their development, as explained above, is 
based on the findings from research. Furthermore, encouraging students to reflect on 
their prior learning before undertaking the study of a new subject should enhance their 



understanding of the subject in the same way as pre-laboratory work has been shown by 
Johnstone et. a1.(1994) to be effective in enhancing students' understanding of a 
laboratory experiment. 

Sensing Stage in Perception 

When a student is learning a new topic it is important that the teacher is aware of the 
misconceptions that research has identified some students develop about the topic. 
Sleet (1 993) in a review of misconceptions pointed out that there is evidence that the 
language, diagrams or illustrations we use in explaining our conceptions could 
inadvertently cause the development of misconceptions. For example, Garnett, Garnett 
and Treagust (1 990) have reported that students do develop misconceptions in 
electrochemistry because they misinterpret language. The statement "salt bridge 
completes the circuit" used in the description of a galvanic cell was interpreted by some 
students involved in the study by Garnett et al., to mean that electrons go through the 
salt bridge. The term STP is interpreted by some students to imply that in 
thermodynamics the standard state of a chemical depends on temperature. This term is 
defined by Atkins and Jones (1 997, p. 155) as ". . .The expression standard temperature 
and pressure (STP) means 0°C and 1 atrn". On page 197 of the same book, the authors 
state that the standard state of a reactant or product is the pure form of the chemical at 1 
atm pressure. Are these statements on pages 155 and 197 compatible? (Atkins and 
Jones correctly state that the pressure in their definition of a standard state should be 
one bar!). I recommend, as I have mentioned previously (Sleet (1993)), to discontinue 
the use of the term STP. 

Sleet (1 993) has explained that research by Hill (1 988) and others indicate that 
inaccurate or inappropriate diagrams or illustrations can cause students to develop 
misconceptions. It is essential that diagrams, illustrations and graphs are annotated to 
help students interpret them correctly, particularly since these representations often 
relate to the invisible world of atoms, molecules or ions. Recent studies by Fink, 
Halligan, Marshall, Frith, Frackowiak and Dolan (1 996) using positron emission 
tomography indicate that in interpreting diagrams or pictures the left hemisphere of the 
human brain is biased towards processing the local level (the details) and the right 
hemisphere is biased towards processing at the global level (overall picture). The 
implication of these findings is that if we want our students to perceive correctly both 
the overall picture and its details it is important to give the students explicit 
explanations which assist them to interpret both the local and global aspects of the 
picture. 

If teachers are aware of the misconceptions students can develop then the teachers can 
be alert to detect during the sensing stage of perception, whether or not any of their 
students are developing misconceptions. Teachers will be aware of the need to give 
explicit explanations of their conceptions. It is essential that the development of a 
misconception is detected as early as possible before the misconception is established in 
a student's long-term memory. The process called long-term potentiation (LTP) which 
leads to an increase in the strengths of the synaptic transmissions in the hippocampus in 
the brain is considered to be the start of the storage of information in long-term memory 
(Le Doux, 1997). LTP in the hippocampus could be initiated during the sensing stage 



of perception and eventually the memory of this learning experience could be encoded 
in the cerebral neocortex which is probably a site of long-term memory. Once a 
misconception is encoded in the neocortex it is likely to be very difficult for a learner to 
establish the correct conception strongly enough in long-term memory so that it will be 
recalled in a variety of contexts while the misconception will always be suppressed. 
The evidence from neural science about the formation of memories is compatible with 
the warning made many years ago by Pines and Leith (1 98 1) that it is ndive to think that 
misconceptions are silly mistakes that can be easily corrected through instruction. 

The attention spans of students is another factor which needs to be considered during 
this sensing stage of perception. How can we engage our students' attention or interest? 
According to Csikszentmikalyi (1991) if the challenge in learning exceeds the students' 
skills, anxiety will result and if their skills exceed the challenge, boredom will result. 
The optimal learning state is when the challenge and skills match. This state is 
sometimes referred to as the magic learning state (Jensen, 1995). We need to design 
experiences which challenge our students but at the same time the challenge must not be 
insurmountable. Students need to feel the satisfaction of solving a difficult task which 
is important to them. Critical thinking tasks which are novel paper and pencil problems 
developed by Sleet, Hager, Logan and Hooper (1 996) have been found to challenge 
students. Students generally enjoy attempting these tasks in small groups and evidence 
has been obtained that students considered the experience of attempting these thinking 
tasks promoted deep, meaningful learning (Sleet, Logan, Hager and Hooper (1 998)). 

Another aspect relating to students' attention spans is their ability to concentrate during 
a lecture. According to Jensen (1 995), usually after about 25 minutes in a lecture, adult 
learners are likely to become inattentive. They need a break for a few minutes before 
focussing again on the lecture. What kind of activity during this break would be 
beneficial to the students? My suggestion is to provide an opportunity for the students 
to test their understanding of the first part of the lecture. It is important to give them 
immediate feedback about what they have been learning. Jensen (1995) clearly explains 
that students have a need to know that what they are perceiving is correct. This need for 
reassurance or feedback is probably related to the fact that the limbic system in our 
brains, which regulates our emotions, also plays a role in formation of memories. 
Thonipson (1993) states the amygdala which is part of the limbic system, is essential for 
the initial formation of the memory. Le Dow (1 997) considers it has been shown 
convincingly that the amygdala plays an essential part in modulating the storage and 
strength of memories. According to Jensen (1 995, p.3 l), "In a learning context, the 
engagement of emotions at the end of an activity can help the brain to 'know what it 
knows', to give the needed stamp of approval." The practice of giving students 
feedback about their learning as soon as possible after each new learning experience can 
have a significant, positive influence on their learning. It is not surprising that Rarnsden 
(1 992, p.99) concluded from studies of students' views about teaching that "Of all the 
facets of good teaching that are important to them, feedback on assessed work is 
perhaps the most commonly mentioned." 

After the initial experience in learning a new skill or knowledge it is essential that 
students have opportunities in the future to consolidate that initial learning. Practices 



which are designed to consolidate that learning by ensuring it is stored effectively in 
long-term memory, are described in the next section. 

Storage of knowledge in long-term memory (LTM) 

Research indicates that thinking skills will be enhanced if information stored in LTM 
has the two qualities shown in Figure 2, namely: 

4 processing speed - that is the information can be recalled and applied quickly 
(Woods, 1983; McGaw, 1984; Frederiksen, 1984) 

4 meaningful storage - that is the information is stored as a network of ideas (Kempa 
and Nicholls, 1983; Hager, Sleet and Kaye, 1994; Buzan and Buzan, 1997). 

These two qualities will be considered separately. 

Processing Speed 

Expert problem solvers in chemistry have the ability to process quickly items of 
chemical information. For example, I am sure experienced chemists on being told the 
volume of a solution of a pure solute of known concentration can deduce 
instantaneously that they know or can determine the amount in moles of the solute in 
that volume. The ability to process quickly items of information is an important 
component of expertise in thinking and problem solving. It is sometimes referred to as 
automatic processing of information (Frederiksen (1984)). It is a key ability related to 
the availability of knowledge in LTM and it distinguishes expert problem solvers from 
novices. Frederiksen (1 984) has explained that a great deal of training and practice is 
likely to be needed to develop the skill of quickly processing bits of information. 
Hence, in order to develop the skill, students need to be given many opportunities to 
practise solving siniple problems (sub-problems). For example, the sub-problem 
"Calculate the amount of NaCl in 25.20 mL of 0.100 M NaCl" would afford the 
opportunity for a student to practise the skill of converting volume and concentration to 
an amount in moles. Doing sub-problems only, however, is not likely to be the most 
effective way for a learner to develop the skill of quickly processing items of data when 
the items are embedded in a complex, multi-step problem. For students to solve 
complex problems they need to develop the ability not only to use or process items of 
data but also the ability to identify how the data can be processed when no goals are 
given. For example, it is clearly implicit in the statement of the sub-problem that it is 
possible to calculate the amount of NaCl from the data given. However, students need 
to have the skill of recognising that the data in this sub-problem can be used to calculate 
the amount of NaCl as well as the skill of being able to cany out this process. 
Creativity exercises developed by Sleet, Shannon and Irvine (1 987), are experiences 
which foster the development of students' abilities to both identify goals and to use or 
process data to obtain those goals. With a creativity exercise, students are given some 
information and they are required to deduce or calculate as much chemical information 
as they can from the given data. The students are encouraged to show all their 
deductions and calculations, no matter how unimportant they may seem. Creativity 



exercises have wholly open goals. Examples of creativity exercises are given in Sleet et 
al. (1987) and Sleet (1991). 

Meaningful Storage 

Figure 2 lists practices which are designed to foster meaningful storage of knowledge in 
LTM; that is, so that it is stored as a network of ideas. The first practice in the list is the 
process of reflection. Essentially reflection involves learners making a conscious effort 
to enrich their understanding of a new topic by asking themselves questions which 
stimulate them to think about the topic in different ways. My experience indicates that 
some students need help in identifying what questions they need to consider in order to 
deepen their understanding. Hence they should be provide with a list of questions they 
might consider during their reflection. This list is shown in Table 1. 

Table 1. Questions to stimulate reflection 
(Based on the work of Baird (1986)) 

What is the purpose or relevance of this topic? 

- How does this new topic or knowledge compare with what I already know? 

What does the writer or teacher mean here? 

Does this information make sense? Do I fully understand this information? 
What do I have to remember or understand in order for it to make sense? 

What images do I have of this topic or information? 
Can I draw pictures to represent my images? 

How can I explain what I have learnt on this topic to another student? 

I have also devised a checklist called CAPS (see Table 2) which students are required to 
consider when they review their solutions to the thinking tasks developed by Sleet et al. 
(1 996). The CAPS checklist was designed to stimulate students to check that their 
solution to a thinking task has employed a suitable range of critical thinking skills. 
Furthermore, particularly the steps labelled A and S in the checklist (see Table 2) should 
encourage students to search for connections between their solution and other 
knowledge stored in their LTMs. 

Table 2. CAPS Checklist 

C check that all the Calculations, deductions and Conclusions are 
Correct 

A check that all the Assumptions made in solving the task have been 
clearly identified and Assessed 

P check that the answer or answers to the task have a degree of 
Precision consistent with the data or information used 

S check that the answer or answers to the task make Sense. 



Constructing a mind map is another experience which can stimulate students to adopt a 
deep approach to learning. The process of making a mind map about a topic requires 
students to identify and clarify concepts related to the topic and to think clearly and 
deeply about the relationships between these concepts. The technique of mind mapping 
was developed and is explained in detail by Buzan and Buzan (1 997). These authors 
give detailed advice on how to construct a mind map. For example, they explain why it 
is important to use images throughout the mind map; why colour is important and why 
only one key word per line should be used. They also point out that the construction of 
a mind map "harnesses the full range of cortical skills - word, image, number, logic, 
rhythm, colour and spatial awareness" (p.84). The importance of responding to or 
thinking about an experience using all the inherent capabilities of the human brain has 
also been explained by Atkin (1994) and Jensen (1 995). These authors have explained 
that learning with multiple strategies or multiple modes such as visual, auditory and 
kinesthetic modes, enhances the quality of learning. Multi-modal or whole brain 
learning leads to more associations between ideas or information in our brains. Jensen 
(1 995, p. 190) asserts that "The greater the number of associations that your brain elicits, 
the more firmly the information is 'woven in' neurologically". I consider a case can be 
made, on the basis of the concept of whole brain learning, that the learning of chemistry 
can be enhanced when students are engaged in games, simulations or role-playing 
involving chemistry. Lindsay (1997), for example, has described games or role playing 
as ways of teaching chemical equilibrium and electrolysis. The purpose of the complete 
set of nine questions listed in Table 1 is to encourage students when they are reflecting 
about a chemistry concept or topic to think about it in different ways including using 
words and images; that is to encourage them to engage in whole brain processing. For 
example, when students are comparing the meaning of the terms 'weak acid' and 
'strong acid' they could draw pictures which represent their images of aqueous 
solutions of weak and strong acids and then explain in words what their pictures mean 
or represent to them. 

De Bono (1 990) has developed the concept of six thinking hats to assist people to 
organise their thinking about an issue so that they will employ one thinking mode at a 
time instead of trying to do everything at once. He states that "The six hats of different 
colours represent every basic type of thinking" (De Bono (1996), p.65). I have 
compared his descriptions of the thinking style associated with each hat and the 
descriptions given by Herrmann (1 990) of the dominant processing styles associated 
with our cerebral hemispheres. This comparison indicates to me that the thinking styles 
associated with De Bono's white, black and blue hats are similar to processes in which 
the left hemisphere is considered to excel whereas the thinking styles associated with 
De Bono's red, yellow and green hats are similar to processes in which the right 
hemisphere is considered to excel. The procedure of using six thinking hats as 
described by De Bono is a thoughtful way to encourage whole brain thinking. 

Conclusion 

The "love of learning" is one of the attributes in the profile of the lifelong learner 
developed by Candy, Crebert and OYLeary (1994). One of the most important goals in 
chemical education is to foster in our students a love of learning through a study of 
chemistry. Ramsden (1 992) and Novak (1 988) explain that the achievement of this goal 



depends on students adopting a deep approach to learning. Research indicates that the 
practices described in this paper should promote deep, meaningful learning and hence 
the achievement of this outcome should lead to students feeling a sense of enjoyment in 
learning. 
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Abstract 

The research literature in chemical education is rich in demonstrations of student 
misconceptions due to poorly developed mental models of the sub-micro or 
molecular world. New resources from the VisChem project - Quicktime 
animations, and Quicktime Virtual Reality (QTVR) objects/panorarnas - target 
many of these misconceptions, and illustrate the link between symbolic notation 
and molecular structure. However, there is always potential for new 
misconceptions to be generated, or old ones to be reinforced, from such 
resources. Some poorly produced animations are now available on CD 
supplements to chemistry textbooks. The pitfalls in some of these are described. 

Introduction 
A rich understanding of chemistry involves being able to link what one sees substances 
doing in the laboratory, to what one imagines is happening within these substances at the 
invisible molecular/ionic level. Only then can these ideas be communicated meaningfully 
.using abstract symbolism such as chemical formulas, terminology, and mathematics as 
shown in Figure 1. Johnstone (1991,7) refers to the three levels as the macro, sub- 
micro, and symbolic, and pictures them at the corners of a triangle. Thinking in chemistry 
is then likened to "moving between a series of points within the triangle, depending on the 
proportion of the three levels at any one time". 

Figure 1 Ice melting at the three 'thinking levels9 - the symbolic (chemical equation), 
laboratory (ice melting in beaker), and molecular (adjacent frames from two VisChem 
animations - see http://vischem.cadre.com.au) 

Due to a shortage of high quality resources that portray the molecular level, most 
chemistry teaching occurs at the laboratory and symbolic levels, in the hope that mental 



models of the molecular world will develop naturally. Students are therefore left to 
develop these models from the static, often oversimplified two-dimensional diagrams in 
textbooks, or static, often confusing ball and stick models, or from their own imagination. 
However, there is convincing evidence that many student difficulties and misconceptions 
in chemistry stem from inadequate or inaccurate molecular models (Lijnse, 1990). 

Computer Animations - The Potential to Portray the Molecular World 
In the VisChem project (http://vischem.cadre.com.au), a team of chemical educators and 
multimedia developers is producing multimedia resources to explicitly link the molecular, 
laboratory, and symbolic levels. The most novel resources are a series of computer 
generated animations which portray substances at the level of molecules, atoms and ions 
in the solid, liquid, and gaseous states, during phase changes such as melting, and when 
they react together. 

Great care has been taken in the representation of molecular structures and processes since 
research by Ben-Zvi et al. (1988,89; 1987,117) has indicated that misconceptions can be 
generated easily, and perpetuated, with poorly drawn images. 

Visualising the invisible molecular world to generate mental models requires imagination. 
For example, the speed of atomic and molecular movements, and the uncertain non- 
Newtonian nature of electrons in atoms, require substantial artistic license to enable the 
structure and collisions at this level to be represented. For this reason students need to be 
constantly reminded that these animations are only models of reality. 

Animations can show the multiparticle nature of chemical reactions. For example, the 
laboratory observation of silver crystals growing on the surface of copper metal shown in 
Figure 2 is hardly consistent with the misleading diagram, often found in textbooks, of 
one copper atom donating an electron to each of two silver ions. An animation can show 
reduction of many silver ions on the copper surface, with concomitant release of m a n y  
copper(II) ions, in the required two to one ratio shown in Figure 3. 

Figure 2 
Figure 3 

Figure 2. Silver crystals form on the surface of copper metal as the solution gradually 
becomes blue. 

Figure 3. Frame from a VisChem animation showing reduction of silver ions to silver 
atoms, with the release of copper(II) ions, in a two to one ratio. 

In order to imagine what can happen to an ion dissolved in aqueous solution students 
need a refined model of hydrated ions. The exchange of water molecules around the ions, 
an introduction to formation of complex ions, the occasional formation of ion pairs, an 
introduction to precipitation, and the relative migration of hydrated ions in the solution 
are important images, as represented in Figure 4. A feeling for ion concentration can be 
gained by imagining the solution when most' of the solvent molecules are removed as 
represented in Figure 5. The separation of ions by an average of three water molecules in 



a one molar solution conveys a concrete image of an otherwise abstract concentration 
measurement. 

Figure 4 Figure 5 

Figure 4. A frame from a VisChem animation portraying a hydrated copper@) ion 
about to collide with a hydrated nitrate ion in a 1M copper(Q nitrate solution. 

Figure 5. A frame from the same animation with most of the solvent water molecules 
not shown. Hydrated anions and cations can be seen in the background. 

Animations of the molecular world can stimulate the imagination, bringing a new 
dimension to learning chemistry. What could it be like inside a bubble of boiling water, or 
at the surface of silver chloride as it precipitates, as depicted in Figures 6 and 7 
respectively? 

Figure 6 Figure 7 

Figure 6. A frame of the VisChem animation which attempts to visualise gaseous 
water molecules 'pushing back' the walls of a bubble in boiling water. 

Figure 7. A frame from another animation which depicts the precipitation of silver 
chloride after mixing solutions of sodium chloride and silver nitrate. 

Analysis of an evaluation pre-test/post-test survey on the VisChem video The Molecular 
World of Water: Let's look into it,  involving educators and students at both secondary 
(14 centres, 450 students) and tertiary (7 centres, 115 students) levels around Australia, 
was encouraging. The responses from students indicated that after a single viewing of this 
video they corrected their misconceptions and/or enriched their understanding. For 
example, 61 % of university students demonstrated the misconception that bubbles of 
boiling water contain air, and this decreased to 25% after viewing the animation described 
in Figure 6. However, this was only a preliminary study. A longitudinal study to measure 
long term conceptual changes, and transferability of these images to different substances, 
is in progress. 



Other unpublished work with students in small group interviews has highlighted the 
potential for new misconceptions to be generated by some students from a VisChem 
animation. After viewing the animation in Figure 7, two students were curious about the 
reasons why the water molecules appeared to be carrying the silver chloride ion clusters 
towards the growing silver chloride crystal. This unintentional impression was 
communicated by not showing sufficient exchange of hydrating water molecules around 
the ion as it migrated towards the lattice. 

Many molecular processes involve a competition between opposing forces. Examples 
include the competition for a proton on an i r o n o  bound water molecule with a solvent 
molecule, and between lattice forces and ion-dipole interactions when sodium chloride 
dissolves in water, as shown in Figures 8 and 9 respectively. 

-- 

Figure 8 Figure 9 

Figure 8 Frame from a VisChem animation showing the 'tug-of-war' for a proton on 
an iron(m) bound water molecule with a solvent molecule. 

Figure 9 Frame from a VisChem animation showing the hydration of a sodium ion on 
the surface of sodium chloride despite strong attractive forces from the rest of the 
lattice. 

Misleading Animations 
Unfortunately, there is a wide range of quality in molecular animations published 
internationally on video, CD or over the.Net. Compare the frame in Figure 10 below from 
one animation, with the example in Figure 9. Both animations attempt to portray NaCl. 
dissolving in water. What messages are communicated by these images? 

Fig 10 Frame from an animation depicting NaCl dissolving (from Chemistry: 
Interactive, the CD supplement for Ebbing's General Chemistry, 5th Ed). 
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Each animation conveys implicit and explicit information. The animation in Figure 10 
suggests that: 

water molecules in the liquid state are widely separated 

solid sodium chloride is composed of ions separated from each other by stick bonds. 
This image is reinforced by the image of a water molecule passing through the 
structure (sic!) to hydrate an ion, and by the space left when an ion, with its sticks, is 
removed from the lattice. 

In contrast, the VisChem animation in Figure 9 portrays: 

water molecules in the liquid state as much closer together 

solid sodium chloride as composed of ions, constantly vibrating, and closely packed 
together. 

The frames in Figures 11 and 12 are taken from another example of a misleading 
animation, which is supposed to portray the reaction occurring when aqueous solutions of 
hydrochloric acid and sodium chloride are mixed. Figure 11 shows distinct HCl 
molecules in solution shortly before reaction with water molecules! Figure 12 shows 
NaOH 'molecules' being added in a drop of solution. Animations such as these reinforce 
the misconception that molecular formulas for strong electrolytes, such as: 

HCl(aq) 
and molecular equations such as: 

HCI + NaOH ---> 40 + NaCl 

actually describe the species present and processes occurring at the molecular/ionic level. 
Little wonder students have trouble with understanding electrolytes and concentrations of 
ions in solution! 

Figure 11 Figure 12 

Figure 11 is a frame from an animation depicting hydrochloric acid which shows HCI 
molecules moving amongst water molecules, shortly before reacting with them! 

Figure 12 is a later frame from the same animation, just before a drop of sodium 
hydroxide solution, containing NaOH ion pairs, is added from a tube above. 

(From Chemistry: Interactive, the CD supplement for Ebbing's General Chemistry, 5th 
Ed.) 

The above animation also illustrates the problem of mixing the laboratory and molecular 
levels in imagery. Could students develop the idea that a drop of water contains only a 
few ionic species? Could students develop the image of water composed of water 
molecules surrounded by some other watery matter indicated by the grey background? 
Questions such as these are the focus of current action research in the VisChem project. 



Multiple Representations of Molecules 
One of the most difficult problems for chemistry students is linking two-dimensional 
formulas to three-dimensional molecular structures. A novel way has been developed to 
link the symbolic and molecular levels by using the Quicktime Virtual Reality (QTVR) 
interface. The student clicks and drags the cursor, up or down to move between 
representations, and left or right to rotate or 'manipulate' the molecule. Frame grabs from 
two QTVR resources shown in Figures 13 and 14. 

- 

Fig 13 Multiple representations of (2R)- bromobutane 

- 

Fig 14 Multiple representations of acetone 

In this way students can learn nomenclature rules relating changes in ball and stick models 
to changes in symbolic representations. They can also see how different representations 
of molecules can convey different types of information. 

Conclusion 
In the new millennium, most information will be communicated using computer-generated 
multimedia. There is a need to ensure that the same high academic standards that are 
demanded from text-based information are applied to visual infomation, which is 
arguably more effective in conceptual change, for better or worse. 
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