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Research in science education has identified a vast catalogue
of misconceptions, or ‘alternative conceptions’: beliefs held
by students which are at odds with orthodox science. These
ideas are often held tenaciously in the face of teaching, and
while many are idiosyncratic, some are found to be widely
held. Alternative conceptions have been uncovered in all areas
of science, and have been elicited from learners at all levels,
from primary school through to graduates. University teachers
need to appreciate the strength of these alternative
conceptions, and the barriers they create for meaningful
learning. No matter how skilfully university chemistry is
explained, many students will build their new knowledge on
shaky foundations. The ‘constructivist’ research programme
seeks to explain the origins of students’ alternative ideas, and
to use this information to inform more effective teaching
approaches. According to this perspective, knowledge is
constructed in the mind of the learner, and therefore learning
builds on the existing ideas in the students’ minds, even if these
are far from matching the (presumably ‘more scientific’) ideas
the teacher had in mind. This review of the constructivist
literature summarises the implications for teaching and
learning chemistry in universities.

Introduction: student misconceptions in
chemistry.

A group of science graduates, training to be teachers, was
asked to compare the stability of three chemical species,
represented by the simple ‘Bohr-type’ diagrams shown in
Figure 1. A number of the respondents suggested that C, a
highly charged anion of sodium, would be more stable than
the neutral atom (B). Na7- is not found naturally, and has such
a high charge that it could only be held together under extreme
conditions. One might wonder how graduates, about to
embark on a career teaching science, could possibly think Na7-

was a stable chemical entity. One of the trainee teachers
explained that “C has a full [sic] outer shell of electrons and
so is less likely to give e- up than B, which will want [sic] to
give away an e- to get a full outer shell.” This is just one piece
of evidence for a common misconception that any species with
an octet, or a full outer shell of electrons, is stable, and that
atoms actively seek to fill their shells1.

Such misconceptions are very widespread, and not just
among weak or lazy students. The literature reports a wide
range of areas where pupils commonly misconceive the
chemistry they are taught. For example, readers may recognise
the following common ‘errors’:

• A reaction between an acid and a base always produces
a neutral solution2.

• In ionic bonding the ions can only bond with counter-
ions with which they have exchanged electrons, rather
than with any adjacent oppositely charged ions3,4.

• To be isomers, compounds must belong to the same class
(so, for example, CH3CH2OH, an alcohol, and
CH3OCH3, an ether, cannot be isomers)5.

Because of the widespread nature of such misconceptions,
and their perceived significance for teaching and learning,
there has been a great deal of research into their incidence,
and some considerable theorising about why they arise, and
how teaching should best respond to them. This review
considers how this literature can inform chemistry teaching
in universities.
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The constructivist approach

A wide range of terms has been used for these
‘misconceptions’. Here the term alternative conception will
be used, but some authors refer to intuitive theories, naive
theories, preconceptions, alternative frameworks or children’s
science 6. Although there are sometimes good reasons for
preferring different terms, there is no consensus, and so in
effect these labels are often synonymous. The research
programme is sometimes referred to as the ‘alternative
conceptions movement’, but is also commonly labelled
‘constructivism’.

Constructivism draws upon ideas from key thinkers from
the psychology of learning (eg 7–10), but since the late 1970s
the theoretical base of the research programme has been
developed within the context of a vast canon of empirical data
collected from studies into learning in science (eg 11–17). A
number of popular books discuss constructivist ideas in science
teaching18–23. Research into learners’ ideas has produced

Figure 1: three chemical species
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evidence of alternative conceptions in all aspects of science
that have been studied, and the findings relating to secondary
level science are summarised for teachers in a much cited
book24.

Much of the work has focused on the school sectors, where
there have been major projects such as LISP (Learning in
Science Project) in New Zealand20, and in the U.K., CLISP
(Children’s Learning in Science Project), and SPACE (Science
Processes and Concept Exploration). These projects have
examined a range of topics: for example SPACE (focusing on
primary school science) has produced a report on pupils’ ideas
about materials25 and CLISP (focusing on secondary school
science) has looked at the understanding of elementary ideas
in chemistry26. Although less research has been carried out
with university students than in schools, there is considerable
evidence that alternative conceptions continue to be a problem
at this level27–29. Indeed it would be surprising if this were
not the case, since alternative conceptions cannot be expected
to disappear spontaneously, and the importance of research
into this area at university level is increasingly recognised (eg
30). Findings within chemistry at all levels have been
reviewed31, 32 and a number of topics have been identified as
common sources of alternative conceptions (see Table 1).
University teachers who are aware of the nature and extent
of alternative conceptions and who understand how they
might have arisen are best able to help students to learn
effectively. Rather than being irritated or puzzled by learners’
responses in assignments and examinations, lecturers may use
their knowledge of why these ideas arise to develop more
effective teaching strategies.

Students’ alternative ideas are sometimes so ingenious that
their invention would seem to involve much more effort than
simply learning the conventional ideas taught in class. Other
responses may be so implausible from a chemical viewpoint
(such as the stability of the Na7- ion discussed above) that it is
difficult to conceive how students thinking along such lines
could possibly believe that they had understood their lectures.
The key to this apparent paradox is to appreciate something
of the way learning and memory works. To a first
approximation we can consider learning to be two separate
processes: adding new information to existing frameworks of
ideas, and restructuring these conceptual frameworks (eg 33,

34). In order to better facilitate the student’s learning, it is
therefore useful to consider the nature of their prior
knowledge, their assimilation of new knowledge, and the
restructuring of their conceptual frameworks.

The nature of prior knowledge
By the time students enrol on a university chemistry course,
they have been learning for (at least) almost two decades.
During this time they have been constructing a complex set
of understandings about the world. This structure of beliefs
and ideas is sometimes called ‘cognitive structure’35–37. At each
point in this process, new learning has been channelled by the
existing cognitive structure, so learning is something of a
‘boot-strapping’ operation38. As a person matures, their
cognitive structure develops: their knowledge base increases,
and – in general – becomes better integrated and more
sophisticated39. University teachers with some understanding
of how this knowledge base has developed are best able to
help students to build on it effectively.

Even at birth the brain should not be considered as a blank
slate upon which anything could be written. The human brain
has evolved so that it is ‘pre-programmed’ to develop in certain
ways40. The precise extent of this genetic input is subject to
research and debate41, but there is no doubt that the baby has
predispositions to learn certain types of information, and
‘chunk’ information from its surroundings in specific ways42.
The child is programmed to interact with its physical
environment and to learn from that experience. Children are
constantly bombarded by information from a variety of
sources: parents, siblings, friends, television and so forth43.
They make sense of what they hear and see in terms of their
developing conceptual frameworks. In everyday use, language
tends to be weakly defined, allowing increased scope for
misinterpreting what is heard44,45. Even when the
interpretation is accurate, much of the source information may
be unclear, confused or just plain wrong46. The child is then
exposed to formal schooling.

Some of the child’s early learning about its surroundings
provide the ‘intuitive theories’ that can later interfere with the
learning of formal science 47,48. For example, one of the most
common and tenacious alternative conceptions uncovered by
research is the erroneous belief that a force must be

Table 1: chemistry topics identified as leading to alternative conceptions.

Griffiths 1994 31 Garnett et al 1995 32

chemical equilibrium chemical equilibrium

acids and bases acids and bases

stoichiometry balancing and interpreting chemical equations

electrochemistry oxidation-reduction and electrochemistry

the nature of matter the particulate nature of matter

bonding covalent bonding, molecules and intermolecular forces

physical and chemical change

dissolving and solutions

combustion
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continuously applied to keep an object moving at a steady
velocity49. Orthodox science holds that any net force will
accelerate the object. The young child does not know about
the frictional forces that are ubiquitous in everyday life, and
falsely infers that the constant push or pull commonly needed
to work against friction is inherently required to maintain a
body’s momentum. Once this alternative conception is
established it tends to be retained and applied, at least until –
and often well after – Newton’s law of inertia is met in school
physics. Many other alternative conceptions are believed to
derive, at least in part, from such interpretations of early
experience50 and it should be no surprise that pupils often
come away from class with a different sense than that
intended1.

Learning from teaching, then, relies on the learners
perceiving connections between the curriculum content
introduced by the lecturer and their existing cognitive
structure. Effective learning depends as much on the student’s
existing knowledge as on the quality of the presentation. Any
mismatch between the expected and actual prior knowledge
can act as ‘bugs’ in the system, i.e. impediments to learning51.
As Sirhan and colleagues have pointed out in this journal, we
need to ‘prepare the mind of the learner’52.

Assimilating new knowledge
Although we each have enormous long term memory capacity,
our working memories are very restricted53. When subjects
are asked to remember nonsense information their processing
capacity is extremely limited. In this kind of rote learning
exercise, the typical person can only cope with between 5 and
9 bits of information. The number 102202216302311 (15
digits) would exceed most people’s capacities. Yet, in practice,
we all remember much more complicated information than
this, because we impose meaning on the information, in terms
of existing knowledge. It is easier to recall 102202216302311
if it is recognised as a representation of the ground state
electronic configuration for aluminium (10[=s]2, 20[=s]2,
21[=p]6, 30[=s]2, 31[=p]1). Complex information may be
learnt if it can be processed into manageable chunks, and this
processing involves spotting patterns in the information, by
relating it to existing knowledge. For example, a complex
structural formula may comprise a single chunk of information
for an experienced chemist, but may overload the working
space of a novice who does not share the same conceptual
frameworks54.

The human brain will automatically construct meaning
from what is heard and seen, by relating it to whatever is
already known (or, at least, already believed). In this way the
information is altered into a form that can be assimilated into
existing conceptual structures. Although this introduces
distortions, it is a much more effective means of data
processing than ‘total recall’55. Ausubel used the term
meaningful learning to distinguish this process from rote
learning. By making sense of information we can learn it more
effectively56. This characteristic of learning emphasises the
need for teachers to offer students ‘anchors’ which help them
to make meaningful connections with prior knowledge.

Restructuring conceptual frameworks
As people are so successful at interpreting most data in a way
that fits their expectations, radical conceptual change is
considered to be rare57. Learning usually involves refinement
of, or minor amendments to, existing frameworks, and it takes
time to develop a new, coherent, way of organising knowledge
about a complex topic. It seems that learners start to construct
alternative ‘versions’ of their understanding in the
background: versions that may come to be more coherent and
so in time become the preferred way of thinking about the
topic34,57. Clearly, then, it is not unusual for learners to hold
‘multiple frameworks’ for the same topic in mind37. An
important role for the teacher is to reinforce the reasoning
that justifies the scientific preference for accepted theories,
and so help provide a ‘scaffold’ by which the student can make
the transition from an entrenched alternative conception to
take up the preferred framework58,59.

Individuals are believed to compare their manifold
conceptions subconsciously using the same types of criteria
that scientists might use to decide between competing theories:
simplicity, degree of match with empirical data, scope of
explanatory power, etc.60, 61. The decision as to which set of
ideas to apply is often dependent on the perceived context62.
Indeed learners may access one set of ideas in a context such
as a test, and a different set in more everyday contexts63,64.
Researchers have been able to elicit different responses when
presenting individuals with several versions of what is formally
the same question, by embedding one version in an everyday
setting, and presenting the other as a more typical abstract
‘academic’ question65–67. Thus it is important to provide
contexts for the students in which the alternative conception
is clearly inadequate, but which are consistent with the
preferred framework.

The normally subconscious processes of coming to see the
inadequacies in our ways of thinking may be accelerated by
having to justify our ideas to our peers68. Both new
connections and unexpected inconsistencies may come to light
when talking through ideas69. Discussion between learners
may therefore both utilise the social imperative to reach
consensus, and also provide opportunities to elicit and explore
their ideas70.

It has been argued that learners can become much more
effective by being more aware of their own study habits, and
thought processes (an area referred to as metacognition)71–

74. This may be of particular interest in chemistry, where it
has been suggested that many difficulties experienced by
students result from ‘model confusion’: not recognising how
much of chemical knowledge is based around alternative
models that have different ranges of application75. For
example, it is not ‘wrong’ to equate oxidation with addition
of oxygen, or to see acids as proton donors: but these are not
the only definitions we use. Similarly, the bond between
carbon and chlorine could be better labelled either covalent
or polar, depending on the particular context76. Academics
can cause confusion by assuming that the context alone is
sufficient to make it clear which model is being used and is
most appropriate; in fact students usually need help in
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developing the ability to select the appropriate model from
the context.

A student who conceptualises scientific knowledge as a
series of models of varying applicability, and who appreciates
something about the way their brain analyses, stores and
accesses information could be a more flexible and successful
learner. Such a learner would be able to recognise their own
alternative conceptions as partial models that may not always
apply37.

Applying the constructivist approach to
teaching chemistry

According to the constructivist perspective each individual
learner has to construct their own personal knowledge system
piecemeal, whilst at each stage interpreting any new
information in terms of their understanding at that point. So
students come to class with a range of ideas, from various
sources, which seldom come close to matching the prior
knowledge suggested by the curriculum they have followed.
Recognition of this perspective is of practical value to the
extent that it can inform teaching practice. Suggestions have
been made about what a ‘constructivist’ teaching programme
might look like77.

A basic tenet is that the curriculum should be a programme
of activities that encourage learners to (re)construct scientific
knowledge. The teacher’s role is to be a “facilitator” who will
provide the appropriate opportunities for the learners to
undertake the construction. The focus is on the learners’
thinking about scientific ideas: the elicitation of existing ideas,
and their subsequent restructuring – including exposure to
conflict situations and the development and evaluation of new
(‘more scientific’) ideas. An example of the effectiveness of
this approach is given by Johnston and Driver78 who devised
a constructivist scheme for teaching particle theory to pupils
at age 13-14. They reported that both learners and teachers
were generally positive about the approach, although there
were reservations. Pupils seemed to enjoy the lessons, and
being required to “think…a lot” (p.175), but showed a
concern with not immediately being told the ‘right’ answers.
Some teachers, being used to prescriptive schemes of work,
found the need for a flexible response to pupils’ ideas rather
challenging. The emphasis on discussion and argument
intended to develop understanding made demands on learners’
concentration that were noted by both pupils and teachers.
However, teachers did report that they felt pupils were more
actively involved in learning during lessons, and there was
evidence that significant conceptual restructuring had
occurred.

‘Constructivist’ schemes designed for use in schools involve
activities that engage the students in the learning process –
brainstorming, designing posters, circuses of simple
experiments, debates about the merits of alternative ideas.
These may not readily transfer wholesale to undergraduate
courses79. Millar, however, has pointed out that constructivism
– as a theoretical perspective on learning – does not imply a
particular teaching methodology80. Effective learning occurs
whenever the teacher is able to help facilitate the students’

construction of something closely resembling orthodox
scientific understanding. It has been suggested that in
secondary schools “animated talk and argument are likely to
be the hallmark of fruitful science lessons”24. This might sound
a more desirable prescription for a research colloquium where
new and challenging ideas are being explored, than for a
lecture course designed to teach established principles. Yet it
is important to realise that for the undergraduate audience
the ideas being presented are novel and challenging, and do
need to be explored, and justified, and made familiar. A skilled
teacher can achieve a great deal through talking. However,
the traditional lecture, based on the assumption that
knowledge is simply transmitted as a unidirectional stream
of data flowing from lecturer to student, is unlikely to be an
effective mode of teaching81, 82.

In order to apply these principles to university teaching it
is useful to consider three factors

• The students’ prior knowledge;
• The selection and organisation of content;
• The choice of appropriate teaching methods.

Eliciting prior knowledge
It has long been considered as good practice when planning
courses and preparing lectures to bear in mind what might
traditionally be labelled as ‘assumed prior knowledge’83. In
an ideal world the lecturer might consider the question of
whether students hold the expected prior knowledge as
somebody else’s responsibility: the students themselves, their
previous teachers, or the department admissions officer! In
practice, universities enrol large numbers of students with a
limited understanding of that basic chemical knowledge that
might be considered as the foundation for undergraduate
study84–86. It therefore becomes necessary for the lecturer to
ensure that students are in a position to understand the
material included in a lecture. One of the key features of the
constructivist approach is that it takes further the common-
sense view that the teacher needs to make clear (and realistic)
assumptions about students’ prior knowledge. In the
constructivist perspective these assumptions must be made
explicitly clear to the students and alternative conceptions
must be taken into account.

Various techniques have been used to elicit learners’ ideas
in science (eg87,88), and some instruments have been published,
for example to diagnose alternative conceptions about ionic
bonding4 and about the factors influencing ionisation
energy89. As restructuring can be encouraged through learners
trying to explore and justify their ideas, some element of
interaction between students can be valuable. One way of
doing this is through the technique of ‘concept mapping’. This
involves producing a graphical representation of ideas about
a particular topic: often writing the key concepts in boxes
connected with lines or arrows labelled with the relevant
propositions (see figure 2). The technique can be readily learnt
by students, who may appreciate its value as a study and
revision technique91, 92. Asking small groups of students to
produce joint concept maps is one way of producing in-depth
discussion of their ideas.

Of course it takes time to discover the extent of students’
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alternative conceptions, and many teachers will argue that the
syllabus is so full that they cannot afford to be distracted from
teaching the curriculum. However, it is important to balance
the cost of spending time on this step against the potential
benefits of ensuring that students build new knowledge onto
a strong foundation. In constructivist teaching schemes, the
elicitation of prior knowledge is an essential part of the
curriculum process. The old joke that ‘I taught it, they just
didn’t learn it’ is telling here – “the verb to cover and the noun
information are responsible for much mischief”93. The
lecturer’s role in the modern university is not just to cover
the subject matter, but to ensure that it is learned.

Selecting and organising content
Where the students hold alternative conceptions they are
unlikely to be erased by simply pointing out that they are
wrong. Students will often need to be given time to understand
why their ideas are wrong, and why the orthodox scientific
viewpoint is more sensible. As their ideas may be well
integrated into their frameworks of thinking this is not an easy
task94. However, once identified, the lecturer can plan to
challenge alternative conceptions at various points in the
lecture course, by providing counter-examples (for example,
through data exercises), pointing out self-contradiction, and
developing critical thought-experiments95, 96.

When selecting content to prepare lecture courses it is
important to make sure both that the material is closely related
to the students’ prior knowledge, and that the content is
broken down into small manageable chunks that can be
logically related and sequenced97–99. As discussed above, the
‘size of chunk’ will depend upon the prior knowledge of the
learners. For the students to access the intended meaning they
should only be asked to consider one new idea at a time. Each
new concept or association should be explored in relation to
the learners’ existing knowledge before moving on.

Where there is no obvious source of relevant prior
knowledge – for example, some aspects of quantum theory100

– it is important to provide the students with something
familiar to which they can ‘anchor’ the new ideas101. This may
be in the form of imagery102, analogy103–105 or metaphor105–

107.

Appropriate Teaching Methods
Lecture Style
Assuming that most university teaching will continue to be
based on lecture courses, there are ways to make these more
interactive, and therefore keep students’ minds actively
engaged. As learning involves relating new material to old, a
brief review of the relevant background should always be part
of the introduction to any new teaching episode.

From: Taber K S 1994 Student reaction on being introduced to concept mapping Physics Education 29 (5) 276-281.

Figure 2: A concept map for the concept ‘concept map’.
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It is also useful for the lecturer to provide an outline of
where the lecture is heading, so that the students have an
overview of the material. A rough idea of the ‘shape of the
territory’ provides a template, which prepares the student to
organise the material. (This is analogous to a jig-saw puzzle,
which may be completed much more easily when the target
picture is known.) Students will have different learning styles,
and the logical progression of ideas is paramount to some,
but an initial overview is more essential for others58, 108. Ideally
a good presentation includes both an initial ‘route map’, and
a careful logical exposition of the fine detail.

Even university students will not be able to focus fully on
a talk for fifty minutes or more109. Few academics can hold
their audience spell-bound for that long, and it is therefore
beneficial to break lectures into short segments by varying the
activity. The more active the students’ minds, the greater the
amount of learning that is likely to occur, and so it is important
for the students to have to process the new information.
However this will not be effective unless students are given
time and incentive to carry out the necessary processing.

Ideally the lecturer could intersperse the presentation of
material with short question and answer sessions, which check
that members of the group understand key points before
moving on. As Edwards and Mercer point out, teacher’s
questions are usually designed to teach, and can be a useful
way of reinforcing ideas110. This may be a difficult approach
with large cohorts, especially where most of the students are
not known by name and cannot easily be identified in a lecture
context. However, interaction between peers can be equally
effective at reinforcing new ideas111. After each chunk of
material is presented, the students could be asked to complete
some simple questions – and discuss and explain their answers
with the person next to them. As an alternative, students can
be asked to produce questions for their neighbours to answer,
based on what they think they understand.

Anything that might seem to ‘interrupt the flow’ (sic) of
material in a lecture course can be criticised on the grounds
that it will reduce the amount of chemistry ‘taught’. However,
it is well recognised that most students are unable to effectively
learn all of the material in their lectures (as demonstrated in
final examinations!). It makes sense to be more selective in
choosing the material presented if this results in students
understanding, retaining and applying that core material
better. Hutchinson, for example, reports how a focus on
“active intellectual engagement” can enhance retention of
concepts, analytical and study skills, and indeed overall success
in studying undergraduate chemistry111.

Continuity and progression
One lesson from the constructivist approach is the importance
of making sure that the student has an overview of the subject,
and appreciates the interconnections within and between
different topics. When ideas are presented in different lecture
courses, there is even more chance of the learner failing to
make connections, especially where different terminology is
used by different teachers. (As a personal anecdote, I was told
by one A level student that different types of chemical bonds
were studied in organic and in inorganic chemistry – the

former used single and double bonds, and the latter ionic and
covalent bonds.) As learners tend to ‘compartmentalise’ their
knowledge, they will have difficulty accessing knowledge
when they do not realise that the context requires it112, 113.

In the school system in England, in common with many
other countries, there is now a National Curriculum, which
has been designed so that major topics are met at several
different stages of schooling, and with links to other parts of
the curriculum detailed in margin notes114. This helps the
teacher see how a particular topic fits into a coherent
curriculum. Universities can help their students by providing
a similar structure, so that their course does not seem to be a
disjointed set of experiences.

Tutorial work
Learners will most easily come to use scientific versions of
concepts in place of their alternative conceptions when they
are given the opportunity to rehearse the new ideas, and
appreciate their superiority. Even if the alternative conceptions
make little sense from a conventional viewpoint, they have
presumably been fruitful for the student. For example, some
learners believe that the nucleus of an atom gives rise to a
certain amount of attractive force that depends upon its
charge, and that this is shared between however many
electrons are present. Although this is not good science, it
enables students to make correct predictions about some
aspects of the patterns observed when atoms are ionised. So,
for example, students will explain that a second ionisation
requires more energy than the first (true), because once one
electron has been removed the others receive a greater share
of the nuclear attraction (false)113.

The student needs to be given sufficient experience of
working with the scientific models, to come to appreciate their
greater explanatory power. It is important, then, that the
student can be successful in applying the new ideas. This means
that the problems set have to be structured to ensure that the
student is both able to achieve success, and to develop their
skills by applying the scientific principles in increasingly
difficult cases and in ever-widening contexts. Ideally, the
students are provided with support and advice that is gradually
reduced until they have mastered the material – an approach
known as ‘scaffolding’59. As alternative frameworks tend to
be idiosyncratic, and as students have different strengths and
work rates, it is difficult for the necessary experiences to be
provided by including activities in lecture courses alone.

Tutorial work may play a key role, although cost
implications may require this to be supplemented with other
modes of delivery. In principle this could be through
programmed learning if high-quality materials are available.
Peer tutoring may also be very valuable, if other students are
willing and able to help. This can take place within a large
examples class, where students who have successfully
completed problems help others52. Another approach would
be schemes using, for example, students in the final year to
work with first years – something that may provide
experiences of benefit to both in constructing and developing
chemical knowledge115.
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Practical work
The constructivist approach emphasises how experiences can
only lead to meaningful learning when they can be related to
existing knowledge. The need to timetable sessions to utilise
available staff and laboratory resources, the time consuming
nature of some practical work, and the need to employ rotas
to use expensive equipment, all make it difficult to schedule
undergraduate practical sessions adjacent to the most relevant
lectures.

Practicals can sometimes be undertaken six months in
advance of, or behind, the presentation of the relevant theory.
This is a worry if we want practical work to provide the
evidence for, or demonstrate, scientific principles. Work in
schools has shown that even when practical work is integrated
with theory within science lessons, the learner’s spontaneous
tendency is often to interpret observations in terms of
alternative conceptions. Indeed, it is not unknown for pupils
and teachers to report seeing different results18!

It is not sufficient, then, to assume that a student who has
at different times been taught an aspect of theory, and
undertaken the course experiment that is intended to reinforce
the theory, will automatically make the connection and relate
the two episodes. Clearly some students will, and some good
students will put in the preparation to ensure they have a
coherent experience of the overall course. The constructivist
approach suggests that the two episodes can be mutually
reinforcing, but that the connections need to be made explicit,
and that most students will need to be provided with a
framework to draw their attention to the salient features of
the practical. This may mean an appropriate input from the
supervisor or demonstrator during the lab sessions (which may
be difficult when a wide range of practicals is occurring in the
same lab), or – at least – carefully designed textual materials
to accompany the laboratory session116, 117. At the moment
students are not always provided with such resources.

Conclusion

The vast literature into learners’ ideas in science suggests that
whenever a science teacher sets out to teach a topic there are
likely to be students in the class who hold ideas that are
inconsistent with the material that is to be presented.
Sometimes the learner will make little sense of the
presentation, but on other occasions learners will make their
own, alternative, sense by constructing a meaning that matches
their existing ideas. This is, at least in part, an explanation
for intelligent, motivated, and hard-working students
commonly failing to learn the intended curriculum.

The first step in a constructivist learning approach is to
make the teacher and student aware of the learner’s current
ideas. Teaching can then be planned that challenges alternative
conceptions, and provides students with the opportunities and
rationale for conceptual restructuring.

In secondary education constructivist approaches have
been claimed to produce more effective science learning.
Teachers are being trained to begin a topic by finding out what
the pupils think they already know, and to start from that

point, rather than simply assuming that the learners know
what they ‘should’ at that stage of their education118. Less time
is wasted repeating the over-familiar, or relying on non-
existent prerequisite knowledge, and teachers are aware of
where they could easily be misinterpreted through the pupils’
alternative frameworks. The same approach could also pay
dividends in university teaching.
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