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ABSTRACT: The chemistry curriculum in both school and higher education tends to be based on the
logic of the subject, with applications of chemistry added as footnotes. This paper seeks to look more
closdy at the nature of the content to be taught and suggests that it is useful to consider an applications-led
gpproach rather than an gpproach which is based on the traditiond logic of the discipline. By an
goplications-led gpproach, it is meant that the chemistry to be taught is determined by applicaions from
life and NOT by the logic of the discipline of chemistry. The paper will look at both school and university
chemistry and give examples of materids that have been used successfully. This paper is based on a
plenary workshop offered at the 5th ECRICE, 1999. [ Chem. Educ. Res. Pract. Eur.. 2000, 1, 381-397)
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* Editor’s note: This paper has been presented at the 5" ECRICE in the form of a plenary workshop.

INTRODUCTION

In the 1960s, new chemidry syllabuses emerged in many countries a schoal levd and higher
education chemigtry courses were adapted to follow these. The impact of these changes has been
extendvey reviewed dsawhere - see, for example, Hodson (1985). In Scotland, a new syllabus at
school levd was introduced in the early 1960s (Scottish Education Department, 1962) and revised
later that decade (SCEEB, 1969).

A common fegture of such syllabuses a both school and higher education levelswas their attempt
to be up to date and to present the content in a logica order. There are two fundamenta issues to
condder: onwhat bassisthe content of the syllabus to be sdected and what principles can be used to
determine the order of presentation? It has been argued dsewhere (Johnstone, 2000) that a better
gpproach might be to present the materid in an order that takes into account the psychology of the
learner rather than the logic of the discipline.
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Over the years, numerous studies have consdered ways by which the content of a syllabus can
be determined. In a sad comment, de Vos, van Berkd, & Verdonk (1994), in looking a school and
genera chemistry courses together, note that the concepts to be taught have not adtered, even over a
long period of time. They observe that gpplications usudly gppear in syllabuses as ‘footno

Using numerous examples, Hawkes (1992), in a hard-hitting comment, seeks to demondrate that
much that is taught in chemigtry coursss is irrdlevant, lacks red meaning for sudents and is often only
partidly correct. He assarts that we do not redly know what are the fundamentals, noting thet, “We
have chosen to teach fundamentas that are of little vaue to the sudent while neglecting fundamentas of
greater vdue” He suggests that there is a need to andyse what chemidry is actudly required by
various groups in society including the educated reader and the decison taking ditizen.

In his reflective essay, Fensham (1985) observes that school curricula are determined by the
scientific concepts that are foundationd for the development of the science disciplines. He notesthat, as
areault, this “can take so much time that the excitement of contemporary science and its possibilities for
socid usefulness can be, and are, often overlooked and omitted.”

Focussng particularly on early levels of higher education, Gebd (1999) notes the importance of
usng maerids familiar to Sudents and that this has beneficd effects for udents mgoring in chemidry
as well as those for whom chemidiry is a support subject.  She notes that, “The chemistry needed to
become agood citizen or to leed afruitful life must be determined.”

This paper will look a both school and universty chemidry and give examples of materids thet
have been usad successfully in approaches that are more application-led in nature.

APPLICATIONS-LED

Chemidry embraces many abdtract ideas and the learner may wdl percelve chemidry as an
abdract discipline with limited connection to day-to-day living. The learner may fal to see the
contribution of chemidry to the development of society. The logicd perspective tends to dart a the
atomic levd, looking a energy and structures as molecules are derived.  Applications are sometimes
added towards the end.  However, it is equdly possible to reverse this, sarting with applications and
deve oping the chemica understandings required to make sense of these (Figure 1).

There are severd examples of this approach a very different levels where gpplications can
introduce topics or illudrate the way chemistry develops (Percivd, 1978; Reid, 1981a; Reid 19993).
Recently, Balley (1997) has described amodule, based on chemigtry, which amsto

Atoms, Molecules, Structures A Atoms, Molecules, Structures
Properties, Reactions Properties, Reactions
Explanations Explanations

v Applications Applications

FIGURE 1. 4 change of direction.
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develop communication skills. It is even possible to build an entire course around gpplications and an
ealy quite adventurous example is thet of Sdlinger (1986).

Thinking of the type of gpproach typicdly adopted in school chemidry syllabuses, Fensham
(1985) notes thet , “...the mgority of the school population learns thét it is unable to learn science as it
has been defined for schools” He argues srongly that basing schoal curricula on the logic of science
or on the science that is meaningful to scientists will produce a syllabus thet will fal. He advocates “a
view of stence from the position of ociety raher than one from within the science itsdf.” (italics
mine). This is a mog ingghtful pergoective. He refers to two criteria for sdection of content:  the
content (science knowledge and its associated skills) should have socid meaning and usefulness
(potentid of directly enabling the learners to enhance and improve their life beyond school) for the
maority of learners and should assgt learners to share in the wonder and excitement that has made the
deve opment of science such agreat human and cultural achievement.

Williams (1993) tekes asmilar line from amuch broader perspective when he argues that one of
the functions of stience education is to set understanding in its culturd role, leading to a deep
gopreciation of the nature of man in his surroundings, physica and biologicd. He seesthis as potentidly
humanisng.

Sarting from an established chemidry syllabus, Reid (1980) specified five areas where attitudes
might arise from sudying chemidry: the hisorical dimenson of chemidtry, the socia impact of chemistry
on our life Syle today, the indudtrid implications of chemidry in our society, the economic implications
of chemicd ativity in our socety, the socio-mord implications of chemidry. s it now possble to
define achemidry curriculum darting from such alig ?

This could be conddered a severd levels. It is possble to think in terms of a sngle teaching
sesson that is gpplications-led. Indeed, skimming through many science education journds provides
numerous simulating examples of this kind of gpproach. The gpproach being advocated here can be
described asfollows. aproblem is presented. This problem involves an gpplication of chemigiry to be
dudied. In discussing the problem, the necessary chemidry is unfolded and makes sense in the context
of the gpplication. This goproach is deveoped more fully esewhere (Reid, 1999D).

WHY STUDY CHEMISTRY?

On average it seemsthat, for every 100 pupils coming into aschool, perhaps only 1% goeson to
a degreein chemidry, with, perhgps, another 2% taking a degree heavily dependent on chemigtry. On
this bad's, there is no support for the notion that secondary school pupils should take chemidry in order
to prepare them to be chemists. However the latter argument is remarkably persgent. It is often
assumed that the chemidry to be taught a each leve is determined by the requirements of the leve
above. This is awrong goproach in that the population at the next leved up is only atiny fraction of the
level under consderation, meaning that the choice of chemigtry to be taught is determined by the needs
of the minority (see Fgure 2).

A better way isfor each levd to use what chemidry is there from the previous levd but it should

NOT determine whet isto be taught previoudy. In an interesting design of a Generd Leve Universty
course, it has been shown that success in the course need not be determined by
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Age 12-13 (Early Secondary) 100 %
Age 14-15 (Middle Secondary) 40 %
Age 16-17 (Top Secondary) 20 %

Age 18-19 (Start Higher Education)| 6 %

Age 21-22 (Honours in Chemistry) <1 %

v

FIGURE 2. Chemistry uptakes in Scotland.

the chemigry knowledge gained previoudy (Srhan, Gray, Johnstone, & Reid, 1999). Thus, there is
minima support for the teaching of school chemigry to prepare pupils for chemisinybased university
degrees. Indeed, even with those taking universty degrees in chemigtry and dlied subjects, a high
proportion do not enter careers where they will practice the chemidry they have learmned. Kener,
Hofgein and BenZvi (1997) assat that, “In recent years, science educators and curriculum
developers have redised that stience is taught not only in order to prepare for universty sudies and
careers in stience, but dso to become ditizens in a society that is highly dependent upon scientific and
technologicad advances” They argue for the rdevance of stience to daily life and they refer to the
importance of the implications of chemigtry being stressed.

Textbooks, of course, both reflect and influence curricula  In the current economic dimate in
publishing, textbooks tend to reech the market only if they reflect the generd trend of syllabus
condruction. This has an inhibiting effect on change new ideas are inhibited for lack of textbook
support while radical changes in textbooks are curtaled by lack of change in what is actudly being
taught. Looking at chemigtry textbooks amed a higher education, Gillespie (1997) has noted the lack
of change over many years and has commented that "they have not succeeded in interesting the vast
mgority of sudents or in providing them with an undersanding of chemidry.”

Chemidry, perhaps, has a mgor role to play in introducing the "way of knowing' thet is scence.
Influentid philosophica contributions have been made by Phenix (1964), and Hirst and Peters (1970).
Whitfidd (1971) picked up these themes and explored them in some detall in the secondary school
Stuation and his gpproach has had a prolonged influence on school curriculum
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FIGURE 3. Why study chemistry at school?

congruction in Scotland. Following these types of approach, the unique contribution of the sciencesin
the curricullum may be to devedop the skills so that the learner can address questions of the physica
world in such away that meaningful answers can be obtained.

Thus, the chemigiry curriculum can be condructed by exploring three themes:

(1) What arethe questionsthat chemigtry asks ?
(2) How does chemidry obtain its answers ?
(3) How does this chemigry rdaeto life ?

On this basis, there is a very srong argument that dl (not some) of our school pupils should be
led into an gopreciaion of the way chemidry seeks to obtain answvers and then on to some of the
answers that underpin our modern society and theway it works. Thereis an even greater argument that
this processis developed further in higher education.

Of course, like every other subject in the curriculum, chemigtry curricula must take into account
the likely detinations of school leavers and graduates and the kinds of skills thet potentid employers
might seek. (See Harvey & Green, 1994; Harvey, Moon, & Gedl, 1997, for aUK andysis) Their work
has outlined many intdlectud and thinking skills (eg problem solving, criticad thinking) as well as
atitudes (e.g. informed judgements, socid awareness) and socid kills highly prized in the workplace
(eg teamwork skills, communication skills). At higher education leve, Percivd (1976) looked at
devedlopment of severd of these skills (induding teeam work, communication, problem solving) while
others have focussed particularly on criticd thinking skills (Byrne & Johnstone, 1987a, 1987b; Overton,
1997; Garratt, Overton, & Threfal, 1999).

At schoal leve, numerous sets of teaching units exist, many of them presenting the pupils with a
problem to be solved, the problem being derived from the gpplication of chemidry in socety (Red,
1981b; Johnstone, Moarrison T. & Reid., 1981). In many of these early developments, gpplications of
chemidry were starting points and the rlevance of the skills that were being deve oped was seen to be
high in thet the problems were st in reak-life contexts.
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USING APPLICATIONS

In an gpplication:led gpproach, a problem depending on the gpplication of chemidry can be the
darting point. Students are dlowed to work with the rdevant chemidry to underand and move
towards a solution.  Such problems can indude diverse themes like the choice of fibres for particular
market applications, the formula of ozone, the development of anaesthetic compounds useful in surgery,
chemicd solutions to legidative demands about pollutants, the polywater controversy, energy content of
various fudsand soon

Two aspects have to be dressed. Firdly, it is important to recognise that the problem
goplications used mugt relae to the learners. Sometimes, gpplications that are seen as highly rdevant to
the trained chemig are not perceived that way by the learners. In this, industry may not dways be a
good darting point in thet it is not part of the ordinary normd experience of the learner and may be
percaived as judt as dodtract as any more traditiona approach to chemidiry.

Secondly, the proposa here suggests that, in such an gpplications-led gpproach, the ‘red-life
problem can define the area of chemidry to be explored and may provide the framework for the more
treditiond teaching that follows.  Some examples of teaching units that build on these principles are now
described .

SOME EXAMPLES

In ‘From molecule to marketplace (Reid, 19993), the sudentswork in smdl groupslooking & a
table of data about the properties of eight un-named fibres.  Given four marketplace gpplications
(making boats sals, underwear, aman's shirt, alady's pair of tights), they are asked to select the fibres
that would be mogt likely to be gppropriate. Having come together as larger group, they discuss their
choices. At this gage, the unit can be seen as defining the chemical agenda. The teecher can move
on to look a the kinds of dructures thet account for the range of properties or focus on a Sngle
dructurd fegture like hydrogen bonding.  The unit can initiate a mgor study of the polymer groupings,
based on the kinds of linkages between monomer molecules or the focus could move to polymer
gynthess

In ‘Choosng an anaesthetic' (Reid, 1999a), students, working again in smdl groups, re-livea
amd| part of the kind of activity thaet went on in the search for modern anaesthetics  They Study data
for various compounds in seeking to take a decison about which compounds are worth sdecting for
further testing. Coming together, they discuss what actudly happened in recent history. At this Sage,
the unit again can define the chemical agenda for further sudy. It may lead into discussons of ethers
and hdo-compounds or the way these two gdructurd festures both gppear in the most recent
anaesthetics. They can sudy flammability or solubilities or look a structura features.

At schodl leve, it is possible to teach the chemigtry of sulphuric acid in atraditiond way, making
appropriate references to indudria gpplications. In an dterndtive gpproach (Reid, 1999a), the pupils
work in groups to plan the congruction of a manufacturing unit to make the acid, taking into account
raw materids, required product qudity, avalable technology, scde of operation, and trangport and
communications. The need to build a production unit arises from the demands of the marketplace.
However, different groups are doing this a different points in hisory, given the data for the time, and
they come to different condusions. Not only have they uncovered a consderable amount of sulphuric
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acid chemigtry but they have dso begun to appreciate the impact that chemica industry has on society
and the fact that, while chemistry does not change, industry does change, with consderable socid
impact. The same gpproach can be used with university sudents, leading to a development of the
thermodynamics and kinetics of the process dong with an underdanding of the way the chemidry is
used to design a production unit thet fulfils ever increasing pollution requirements. Again, the gpplication
of chemidry defines the chemical agenda for further Sudy.

Many years ago, Perciva (1978) designed a teaching unit to illustrate the way science moves as
ideas develop, are tested and are then rgected. This involves groups of sudents following the
polywater controversy by reading and summariang key papers from the library in three phases. In the
fird phase, the early papers show the idea developing and the theory emerging. The second phase
shows the beginnings of doubts and questions.  The third garts to build the evidence that eventualy
demolished the theory. The gpplication defines the agenda for study, inthis case for alibrary search.

CONTEXTS AND APPLICATIONS

There have been numerous attempts to present chemidiry in acontext. Sometimes thisis socid,
sometimes indudtry isemployed. Thus, for example, the Sdters"A" Leve Chemidry course in England
(Sdters, 1994) has used this gpproach.  This gpproach is useful in that it has atempted to st the
chemidry in acontext. However, dthough the context has influenced the content, much of the content is
dill largely determined by the demands of higher education.

In a study conducted by Ramsden (1997) in which she looks at the Sdters course at Generd
Certificate of Secondary Education (GSCE) in England and Wales, she compares the Salters) course,
which she describes as context-based, with the traditiond linear GCSE courses.  She notes that both
courses are equdly effective (or, a times, ingffective) in deveoping key understandings but, Sgnificantly,
there gppears to be greater enjoyment among pupils following the context-based course and that the
pupils are more interested in what they are sudying.

Sdlinger’s course (1986) looks a chemidry in relaion to the laundry, the kitchen, the boudair,
the garden, the medicine cabingt, the dining room, as well as the chemidry relating to paints, plagtics,
metas, glass, fibres, energy users, and consumer choice, again the gpplications in life defining the
chemical agenda for further Sudy.

An atempt is made here b didinguish between context led gpproaches and applications-led
goproaches. In the former, sudents are introduced to chemisiry by showing them more of the chemidiry
as it is actudly 'don€ in today's world, by researchers and indudridids, applying basc idess in
gopropriate contexts. In an gpplications-led approach, sudents are introduced to the chemidtry that is
needed to make sense of the world around as they know it, giving ingghts in to the perspectives and
methods of chemicd enquiry as wel as its outcomes.  The key point is that the actual chemistry to
be taught is determined by the applications used.
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SOME OUTCOMES

There is a condderable accumulation of evidence, much from many years ago (Reid, 1980;
Johngtone, & Reid, 1981; Byrne & Johngtone, 1983), about the kinds of outcomes that arise from the
use of such maerids.  Ovedl, the evidence is quite dear in suggesting that this type of gpproach is
popular with students and there are dear gainsin the development of kills and atitudes.

Ancther fascinating piece of evidence came to light recently. In the Scottish Secondary school
system, Standard Grade Physics (Scottish Qudifications Authority, 1997a) is a nationd examinaion sat
around age 15-16. In Scotland, Physics is popular and has a good status without being regarded as
impossibly difficult. The syllabus is built around a number of goplication arees (like transport, space,
communications, hedth) and, in a very limited way, the physcs as a whole is gpplications-led. By
contradt, the Standard Chemidry syllabus (Scottish Qudifications Authority, 1997b) is more traditiond,
cariesasmilar gatus but is not gpplications-led in any way.

These two syllabuses were introduced in the early 1980s and it is an interesting observation to
note that, immediatdy after the introduction of the Physcs syllabus, the proportion of school pupils
electing to continue thair sudies in Physics (at the Higher Grade, the next examination) increased. On
average, about 55% of pupils sudying Physics a Standard Grade choose to stay on to study for the
Higher Grade, making the Higher Grade Physics course the fourth most popular subject (after English,
Mathematics and Biology). The figure of 55% is extreordinarily high. The equivdent figure for
Chemidry is about 45%, with Chemigry being the fifth most popular subject & the Higher Grade
(Scottish Qudifications Authority, 1990-1998).

Could it be thet the gpplications orientated course at Standard Grade is atracting school pupils
to stay an in Physcs and atempt the Higher Grade?  Although there may wel be many other factors,
ongoing unpublished work where pupils views have been sought seems to confirm that the gpplications:
led approach - even dthough it is only a partid applications-led gpproach - is a factor (Reid and
Skryabing, 1999). This is condgtent with the observation that gpplications-led teaching materids are
goparently dway's associated with very high levels of enjoyment when pupils and sudents are surveyed.
Enjoyment is linked to a sense of satisfaction, to higher levels of mativation and, then, to greeter
commitment. Have we, in our attempt to present chemidry as a logicd discipline not only log its
relaionship to the psychology of the learner but dso logt the vitd ingredient that dlows the learner to
percalve their gudies as meaningful in relation to their lifedtyle, their attitudes and their aspirations ?

AN APPLICATIONS-LED APPROACH: LOOKING FORWARD

To illudrate the gpproach, we can condder the desgn of an goplications-led gpproach at
secondary schoal levd. It isimportant thet the application aress relate to key areas of teenage lifestyle, -
themes like: music, cars and trangport, cosmetics and beauty, hedlth and consumer choice, food and
drink, clothes, colour and decoration, pollution and resources, our society and other societies. It is
likely thet five broad areas will be important - see Figure 4.
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FIGURE 4. Applications areas.

Possble garting points will indude: dothes, washing and dyeing; food and drink; cooking;
cleening; cosmetics and deanliness, drugs and medicing  colour, decoration; consumer choice,
andyss resources The aoove lig is merdy suggestive and not comprehendive in any way. Different
oaieies, cultures and socid contexts will suggest changes, additions and deletions.

These are only examples but what is being advocated is a paradigm shift in our thinking as we seek to
design syllabuses and to plan the individud learning experiences for sudents in chemidry. The same
principles will goply & dl leves but the choice of gpplications and the depth will vary widdly.
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The paper has sought to draw together diverse evidence that suggests an dternative way by
which chemidry curricula might be condructed. In this way, gpplications drawvn from life thet are
meaningful for the learners provide the framework. The chemidry to make sense of these is introduced
as required S0 that the learners can make coherent sense of their world. While it is extremdy difficult to
gather evidence which would conclusvely demondrate that this gpproach is the way forward, it is
hoped thet what has been obsarved strongly supports thisway of thinking.

FINAL COMMENT

A number of years ago, in one school with amixed sodid intake, a syllabus that reflected some
of the ideas in this paper was introduced. Some five teachers were involved. The course was the first
real chemigry tha the pupils had met and thelr age was about 13. The idea of the dements was
presented as ‘building blocks, andogous to the letters in a dphabet that could form an apparently
endless aray of words. The periodic table was seen smply as a device to display these dements.
Over the year, the pupils sarted to look at therr world (the air, water, the seg, rocks and minerds, the
amosphere) with a smple agenda what eements could be found and what was mankind doing with
what was there? Many fundamenta chemicd idess just arose naturdly, eg. the concept of bonding,
reactivity, physcal properties of matter, energy and bonds dates of metter. The course was
descriptive, based on the world around, gpplications orientated, and it avoided quantitative aspects.
The effect on the pupils was remarkeble. At the end of the year, every pupil who was of sufficent
ability, without exception, opted to take the chemigtry course for the ensuing two years. This nearly
doubled the chemidry uptake in that school, a most encouraging outcome!

ADDRESS FOR CORRESPONDENCE: Norman REID, Centre for Science Education, Kelvin
Building, University of Glasgow, Glasgow, SCOTLAND, UK; fax: +44 141 330 3755, email:
N.Reid@mis,gla.ac.uk.
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