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‘Mapping’ the domain
Varieties of practical work

Robin Millar, Jean-Frangois Le Maréchal and Andrée Tiberghien

Praetical work occupies a central place in science education in many countries. Prac-
tical work in science, however, is very varied in type, and in intention. [f we, as
teachers and researchers, want 1o explore the effectiveness of practical work in achiev-
ing educational goals, then we need to be clear about the different types of practical
swork which are (or could be) undertaken in classes, and their different purposes and
characteristics.

In this paper, a typology of practical work (a ‘map’) is presented, and some of its
implications for teaching and research will be explored. A 'map’ of this sort may help
us see how to address the key question of the effectiveness of practical work.

1 Introduction

The subject matter of science is the natural world around us, what it con-
tains, how it works, and how we can explain and perhaps predict its behav-
iour. So it is hardly surprising that, in teaching science, we often find that
we want to allow students to observe, handle and manipulate objects and
materials for themselves, rather than simply talking about them, or showing
representations of them (such as diagrams, photographs, or video extracts).
Not only does practical work with real objects and materials help us to com-
municate information and ideas about the natural werld, it also provides op-
portunities to develop students’ understanding of the scientific approach to
enquiry. Furthermore, practical work is the aspect of science education
which students say they most enjoy. For all these reasons, most science ed-
ucators would agree that science courses at school and university levels
should contain significant amounts of practical work.

Practical work carried out by the students themselves, usually working in
small groups, is a prominent feature of school science education in many
countries. In other countries where there has not been such a strong tradi-
tion of student practical work, introducing it, or increasing the amount of it,
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is often seen as a desirable reform, and as a means of improving science ed-
ucation. This enthusiasm for practical work in science education persists
despite the fact that it makes science a relatively expensive subject on the
school curriculum. Laboratories are more expensive to build and maintain
than ordinary classrooms; practical work requires equipment, and materials
which are used up in the teaching activities and have to be replaced.

In countries where there is an established tradition of student practical
work in school science, however, its effectiveness is being increasingly ques-
tioned. Students often fail to learn from practical work the things we had in-
tended them to learn. Frequently it is carried out very rapidly, or with unre-
liable equipment, or with insufficient attention to care and precision, so that
students fail even to produce the phenomenon they are supposed to ob-
serve, let alone be helped to appreciate patterns, trends or explanations,
Even when the outcomes are as the teacher intended, conelusions which
seem ‘obvious’ to the teacher can appear less so to the student, Often the
work is humdrum and routine, rather than engaging or inspiring, In one re-
cent critique of laboratory practical work, Hodson {1991) argues that:

As practised in many schools, it [practical wark] is ill-conceived, confused
and unproductive. For many children, what goes on in the laboratory con-
tributes little to their learning of science or to their learning about science
and its methods, Nor does it engage them in doing science in any mean-
ingful sense. At the root of the problem is the unthinking use of labora-
tory work. (p. 176)

The issue, then, is not about the usefulness, or otherwise, of practical work
in general. For the reasons outlined in the opening paragraph, practical work
is likely to remain a prominent part of science education. Instead we need
to ask about the effectiveness of specific pieces of practical work for achiev-
ing specific learning outcomes. The aim of the work presented in this article
was to develop a framework which can help us to raise such questions and,
in time perhaps, to answer some of them.

This framework consists of a ‘map’ - or classification system — which al-
lows us to describe in detail the characteristics of any given piece of practi-
cal work. The ‘map’ of practical work described in this article is a slightly
modified version of a ‘map of labwork’ which was developed by the authers
as a general framework for use in the European project Improving Labwork
in Science Education (LSE) (Millar, Le Marechal and Tiberghien, 1998),

‘Mapping' the domain

Although a number of classification schemes have been published in the
science education literature for analysing types of interaction in the science
teaching laboratory (Eggleston, Galton and Jones, 1975; Shymansky et al.,
1976; Penick et al., 1976; Hacker, 1984; Hegarty-Hazel, 1990; Giddings,
Hofstein and Lunetta, 1991), there have been very few attempts to develop
a classification system for science laboratory tasks themselves. Some cate-
gories, of course, are well established, such as teacher demonstration and
student practical work. The idea of ‘levels of enquiry', to describe whether
the problem, the procedure and the conclusion are open or given (Herron,
1971), has become widely used. Woolnough and Allsop (1985) propose a
general classification of practical tasks into four groups: exercises, experi-
ences, investigations, and illustrations of theory. Kirschner and Meester
(1988) suggest a four way classification of laboratory approaches: formal (to
illustrate laws and concepts), experimental (open-ended), divergent (from a
common start), and skills/procedures related. More detailed classification
schemes have also been proposed. Lunetta and Tamir (1981) used a modi-
fied version of an earlier scheme by Fuhrman et al. (1978) to compare lab-
oratory tasks in the PSSC Physics course and the Project Physics Course,
More recently McComas (1997) has proposed a taxonomy of ‘physical fac-
tors’ (aspects of the laboratory, the curriculum) and ‘personal factors' (char-
acteristics of students and teachers),

Any classification system is designed for a particular purpose and builds
in, to some extent, the perspectives of its constructors. In our view, the core
purpose of practical activity in science teaching is to help the student make
links between the domain of objects and observable things, and the domain
of ideas. So we wanted to develop a classification system for practical tasks
which would focus more prominently on the kinds of physical actions and
operations required of the student in dealing with objects and observables
on the one hand, and the kinds of mental actions and operations required of
the student in dealing with ideas on the other. The overall purpose is to de-
velop a tool which can be used to provide the kind of information which may
be useful for thinking about how to modify and improve practical tasks.

In the LSE project, labwork was defined in a way, which included some
activities that might not normally be regarded as practical work, and the fo-
cus was on teaching at upper secondary school and university level. In this
chapter we have modified some categories and added some new ones to
make the map better suited to classifying the kinds of practical tasks used
at primary and secondary school level.




Robin Millar, Jean-Frangois Le Maréchal and Andrée Tiberghien

2 The domain of practical work

It may be useful to begin by making clearer exactly what we will include
within the category of ‘practical work’. We might define practical work as:

all those teaching and learning activities in science which involve stu-
dents at some point in handling or observing the objects or materials they
are studying.

This places no restrictions on where the work is carried out. Practical work
might be carried out in a laboratory, or outside ‘in the field’, or in an ordinary
classroom. By including the words ‘at some point’ in the definition above, we
emphasise that practical work involves conceptual activity as well as practi-
cal activity, so that observing or handling objects and materials is just one el-
ement of a practical task. The definition above would also include teaching
and learning activities in which the students watch someone else (often the
teacher) handle objects or materials, as well as those in which they handle
them for themselves, i.e. it includes teacher demonstrations as well as pupil
practical work.

We might also want to extend this definition to include activities in which
students worked with representations of real objects or materials, such com-
puter simulations, or video recordings of events which would be too dan-
gerous, or too expensive, or too difficult to work with 'for real’. Our defini-
tion of practical work would then be enlarged to:

all those kinds of learning activities in science which involve students at
some point in handling or observing real objects or materials (or direct
representations of these, in a simulation or video-recording) .

There are, however, many ways of classifying any large collection of items —
and the merits of any particular classification system depend on the purpose
for which it was developed. Our aim, as we have said above, is to provide a
framework for asking more precise and specific questions about the effec-
tiveness of practical work. So we will now go on to look a little more close-
ly at what we might mean by ‘effectiveness’ in this context.

‘Mapping’ the domain
3 The effectiveness of a practical task

To help us clarify what we mean by the ‘effectiveness’ of a practical task in
a teaching and learning situation, it is useful to consider the processes in-
volved in designing and evaluating a practical task. A possible model of the
logical steps in this process, and some of the influences on them, is shown

in Figure 1.

Figure | A model of the process of design and evaluation of a teaching and learning
task

.




-3
-
“_

Robin Millar, Jean-Francois Le Maréchal and Andrée Tiberghien

The starting point is Box A: the learning objectives the teacher has in mind.
What does he or she want the students to learn? This then leads on to the
design of the practical task which is to be used to achieve those objectives
(Box B). The choice of learning objectives and the decisions taken about the
design of the task (Boxes A and B) are influenced by many considerations.
Three of these are shown: the teacher's view of science (ideas about what is
important to try to teach, about the nature of this knowledge, and so on); the
teacher's view of learing (ideas about how students lear); and the practi-
cal and institutional context (the facilities, resources and time available, the
way in which students will be assessed, and so on). Some aspects of this
background influence may be explicitly acknowledged in selecting the ob-
jectives and designing the task, whilst others may be tacit influences.

In designing a practical task, the teacher intends that the students will do
something when given the task. So the model in Figure I leads on to the
question of what the students actually do when carrying out the task (Box
C). The students may do what the teacher intended, or something which
differs from it to a greater or lesser extent. For example, students may mis-
understand the instructions and carry out actions which are not the ones the
teacher intended. Or they may carry out the intended operations on objects
and materials, but not engage in the kind of thinking about these which the
teacher intended. Finally, we move on to box D: what do the students actu-
ally learn from carrying out the task? Like the teacher’s decisions in planning
the task, the students’ actions and learning as they carry it out (Boxes C and
D} are also influenced by many factors, three of which are their views of sci-
ence (their interest in the subject matter, their understanding of the con-
nections to other ideas, and so on), their views of learning (ideas about how
one learns the sorts of ideas involved), and the practical and institutional
context of the task (the quality of the equipment, the time available, the im-
portance of the task in relation to achieving success in the course, and so
on).

This model (Figure 1) now allows us to say more precisely what we mean
when we ask: how effective is a particular practical task? We can distinguish
tWo separate questions, First, do the students actually do the things we
wished them to do when we designed the task? This is about the relationship
between Boxes C and B. We refer to this as ‘Effectiveness (1). This then
leads on to the question of the effectiveness of a task in promoting student
learning (the relationship between D and A). This we call ‘Effectiveness (2)’.

If we collect some evidence which suggests that a practical task is not

‘Mapping' the domain

very effective, in terms of either Effectiveness (1) or Effectiveness (2),
then we might want to re-design the task, whilst keeping the learning ob-
jectives the same — or we might feel that we need also to reconsider our ob-
jectives, perhaps to make these clearer or less ambitious.

In order to do this, however, we need to have a clear idea about two

things:

* the intended leaming outcomes, or learning objectives, of the task
e the range of passible variation in the design of the task and the con-
text within which it is carried out.

This allows us to characterise the task we are considering, and may suggest
ways in which its objectives or design could be altered. The 'map’ which we
will describe in the next section provides a means of doing this.

4 A ‘map’ of practical work

The model set out in Figure 1 identifies the two major dimensions of a 'map’,
or classification system, for practical tasks. The first is the intended learn-
ing outcome, or learning objective, of the task. Here we want to classify
tasks according to their main learning objective(s). The second dimension is
the task design itself. This is more complex and can be sub-divided into a
number of sub-dimensions. Any given task can be assigned to one (or more)
coding categories within each of these sub-dimensions. The structure of our
‘map’ is shown in outline in Figure 2.

Many of these dimensions and sub-dimensions are self-explanatory. B1.1
to B1.3, however, may need some explanation. The idea which underlies
these is that the fundamental purpose of practical work is to help students
to build bridges between two distinct domains: the domain of real objects and
observable things, and the domain of ideas (Figure 3).

So, in any practical task, students are expected to do certain kinds of
things with objects and observables; and they are also expected to do certain
things with ideas. Sub-dimensions B1.1 and B1.2 refer to these two aspects
of the practical task, whilst sub-dimension B1.3 asks; does the work on ob-
jects lead towards the work on ideas (in an inductive manner), or do the
ideas come first and lead to the work on objects (perhaps in a more hypo-

thetico-deductive manner)?
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A Intended learning outcome (learning objective)

BI Design features of the task

Bl.1  What students are intended to do with objects and
observables

B1.2  What students are intended to do with ideas
B1.3 Whether the task is objects- or ideas-driven
Bl4 The degree of openness/closure of the task
B1.5 The nature of student involvement in the task

B2 Practical consext of the task
B2.1 The duration of the task

B22 The people with whom the student interacts whilst carrying
out the task

B2.3  Information given to the student on the task
B2.4 The type of apparatus involved

B3 Student’s record of work on the task
B3.1 Nature of record
B32  Purpose of record
B3.3  Audience for record

‘Mapping' the domain
5 Coding categories for each sub-dimension

We will now discuss the coding categories we propose within each sub-di-
mension, providing examples in some sub-dimensions where this will help
to clarify the meaning of the coding categories.

5.1 Dimension A: Intended learning outcome (learning objective)

A first dimension to consider in classifying a practical task is the intended
learning outcome (or learning objective) which the teacher or the designer
of the task has in mind in presenting the task. Learning objectives fall into
two main categories, associated with the learning of science content or of
the processes of scientific enquiry. These can be further sub-divided as
shown in Table 1.

Content:

a to help students identify objects and phenomena and become
familiar with them

to help students learn a fact (or facts)

to help students learn a concept

Figure 2 Main dimensions and sub-dimensions of a ‘map’ of practical work tasks

domain of real
objects and oo domain of
observable | ideas

Figure 3 Labwork: helping students to make links between two domains

For each sub-dimension, we can then characterise a practical task either by
selecting the most appropriate descriptor (or descriptors) from a list, or by
ticking the appropriate boxes in a table, The coding categories within each
sub-dimension are not mutually exclusive: many practical tasks will have el-
ements which match several of the coding categories, Our aim is not to pro-
vide a set of ‘pigeon-holes’ for each sub-category, so that every task can fit
neatly into one of them. Rather it is to provide a means of obtaining a char-
acteristic “profile’ of each practical task.

to help students learn a relationship

nla|n o

to help students learn a theory/model

Process:

f to help students learn how to use a standard laboratory instru-
ment, of to set up and use a standard piece of apparatus

to help students learn how ta carry out a standard procedure

h to help students learn how to plan an investigation to address a
specific question or problem

i__to help students leam how to process data
i to help students leam how to use data to support a conclusion

k  to help students learn how to communicate the results of their

Wi

Table 1. Dimension A: Intended learning outcome, Coding categories

Some of the terms used here may be worth clarifying briefly. In b, a Fact’
means a statement which can be readily agreed, such as that pure water

353 S SRR R R R R R R B N T
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boils at (or near to) 100°C, or that common salt dissolves in water whilst
chalk does not. In d, a ‘relationship’ might be a pattern or regularity in the
behaviour of a set of objects or substances, or an empirical law.

Many practical tasks are likely to have more than ene of these learning
objectives. It is also unlikely that some (like k} would ever be the sole ob-
jective of a practical task. In classifying a task by its learning objective(s), it
is more useful if the focus is on the most important objective or objectives
rather than identifying all the possible objectives which the task might be
said to address.

5.2 Dimension B1: Design features of task

The second dimension along which practical tasks need to be classified con-
cerns the design features of the task.

Sub-dimension Bl.1: What students are intended to do with objects and ob-
servables

Some practical tasks require students to use an instrument, or a laboratory
device, or a standard laboratory procedure. Others ask students to present an
object 5o as to display certain features of it clearly, for example in a dissec-
tion of a flowering plant. Some practical tasks require the student to make
something, for example a physical object or a material (e.g. a chemical sub-
stance), or to make an event occur. The fourth, and perhaps the largest, cat-
egory of practical tasks is those which require the student to observe some-
thing. The observation may be of an object, or of a material, or of an event,
or of a physical quantity (or variable) associated with an object, or material,
or event. Also this observation may be qualitative (e.g. an observation of
colour), or semi-quantitative (noting if something is large, or small), or quan-
titative (i.e. a meas ). Some les of practical tasks of each of
these kinds are shown in Appendix 1.

This aspect of a practical task can be coded using Table 2. Note how this
table can also be used to provide additional information, by indicating
whether the source of data which the students acquire comes from the real
world, inside or outside the laboratory, or from a representation of the real
world, such as a video recording or computer simulation. Also, in the case
of the ‘observe’ categories, we can indicate whether the observation is qual-
itative, semi-quantitative, or quantitative, by using the codes QI, SQt, and
Qt, rather than a simple tick, in the appropriate boxes.

‘Mapping' the domain

|Source of data scquired by students
What students are ek d sppropeiate)
intended to do with tromn ceal woeld oo
objects and observables fram | comy

ingide | outside | video o
[ ek CD_HDM

an observation or measuring instrument

use | a laboratory device or arrangement

a laboratory procedure

present of
o an object

an object

make | a material

an event occur

an object

a material

observe
an evenl

a quantity

Table 2 Sub-dimension B1.1: What students are intended to do with objects and ob-
servables. Coding categories

In Table 2, although all the coding categories are expressed in the singular
(an object, a material, etc.), this should also be taken to include the plural,
for example, where a practical task involves making several objects or mate-
rials, or observing more than one object, material, event, or quantity. Also,
for many practical tasks, it is obvious that more than one box in Table 2 will
apply. For example, measuring a physical quantity (‘observe a quantity’) nec-
essarily involves using a measuring instrument. But for some tasks coded as
‘observe a quantity’ this will not be the case. So the combination of codes
gives a fuller picture of the requirements of the task.
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Sub-dimension B1.2: What students are intended to do with ideas

Practical tasks do not only involve observation and/or manipulation of objects
and materials. They also involve the students in using, applying, and perhaps
extending, their ideas. That is, in addition to ‘work with the hands’, practical
work also requires ‘work with the head'. As we have said above, the central
role of practical work in science education stems from its power to bridge the
two domains of observables and ideas. So a practical work task can also be
classified according to what the students are intended to do with ideas.

Some practical tasks simply require direct reporting of observations,
though, of course, the selection of features to observe and record is in-
evitably influenced by the teacher's and/or the student's ideas about the task
and its purpose. Other tasks require the student to identify a pattern, or reg-
ularity, in the behaviour of the objects or events observed. One particular
type of ‘pattern’ which is common {and so worth keeping as a separate cate-
gory) is a relationship between objects, or between physical quantities (vari-
ables). Another type of practical task requires students to ‘invent’ or ‘discov-
er'a new concept. We find it difficult to give a concise label for this catego-
ry, and might seem to be hedging our bets between an empiricist view and
a radical constructivist one by using both the words ‘invent’ and ‘discover’.
We are thinking here of practical tasks in which the first step is to realise
the need for a new parameter which allows a model (usually a quantitative
one) to fit better with the data; the second step is then to construct a mean-
ing for this parameter which then becomes a ‘new’ physical quantity; or ‘new’
concept. We think this second stage is likely to be teacher-mediated in al-
most all cases. Practical work of this type is very rare at school level, though
it may be more common in the research context.

Some practical tasks focus on determining the value of a quantity, using
an indirect method. This is distinctly different from direct measurement us-
ing a single measuring device. Here students are applying their ideas to ob-
tain a numerical value of the quantity from a number of other, more funda-
mental quantities, which can be measured directly. Another group of tasks
is those which involve testing predictions. In such tasks, a prediction may be
simply a guess, or it may be deduced from a more formal understanding of
the situation, such as an empirical law, or a theory (or model). We are using
the word 'testing’ loosely here, to mean seeking a match between prediction
and observation. We do not want to imply that we think practical tasks in
the teaching laboratory provide ‘severe tests’ of well-established ideas! Usu-
ally the real task for the student is to ‘produce the phenomenon’, that is, to

‘Mapping' the domain

succeed in producing the outcome predicted by a well-established scientif-
ic explanation. Finally, some practical tasks are about accounting for obser-
yations, either by relating them to a given explanation or by proposing an ex-
planation. An ‘explanation’ might be an empirical law, or a general theory, or
a model derived from a general theory, or general principles derived from a
theoretical framework. In some tasks, the explanatory ideas are known in
advance and the student is expected to use these to account for what is oh-
served, perhaps extending or modifying the framework of ideas. A variant of
this is where two (or more) possible explanations are proposed and the task
is to decide which accounts better (or best) for the data. In other tasks, the
observations come first, and the student is expected to select an explanation
from histher existing knowledge, or perhaps to extend this to develop an ex-

Tools to be used for
processing information

What students are intended to do with ideas (tick as appropriate)

manual cﬁ:ﬁ:’m computer

report observation(s)

identify a pattern

objects

explore relation between physical quantities (variables)

objects and physical quantities

‘invent” {or ‘discover’) a new concept (physical quantity, or entity}

determine the value of a quantity which is not measured directly

from a guess

test a prediction from a law

from a theory (or a mode] based
on a th ical framework)

in terms of a given explanation

by choosing between two
for more) given explanations

account for observations

by proposing an explanation

Table 3 Sub-dimension B1.2: what students are intended to do with ideas. Coding
categories

lt“'t“‘“.....l.‘......ll‘llﬁsam
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# What the students are intended to do with ideas arises from
what they are intended to do with objects;

b What the students are intended to do with abjects arises from
what they are intended to do with ideas

¢ There is no elear relationship between what the students are
intended to do with objects and with ideas

Table 4 Sub-dimension B1.3: objects- or ideas- driven? Coding categories

Specified by : EY] Chosen by
e teacher-student e
teacher 7 e students

Aspect of practical task

(tick as appropriate)

Question to be addressed
Equipment to be used

Procedure to be followed

Methods of handling data collected

‘Mapping' the domain

ideas of the observer (or the teacher giving the instructions). This dimension
of the ‘map’ is intended simply to reflect the emphasis in the practical work
task. The coding categories are shown in Table 4.

Sub-dimension B1.4: Degree of openness/closure
Practical tasks can differ widely in the extent to which the student is able

{or required) to take decisions about aspects of the task. So the fourth sub-
dimension of the design of a practical task distinguishes between ‘open’and
more ‘closed’ tasks, by looking at who takes the decisions about different as-
pects of the design and conduct of the task. The pattern of ticks in Table 5
provides an indication of the degree of openness or closure of the task.

Sub-dimension B1.5: Nature of student involvement
The fifth and final sub-dimension of task design concerns the nature of stu-
dent involvement in the practical task. The coding categories are shown in

Table 6.

Interpretation of results

Table 5 Sub-dimension B1.4: degree of opennessiclosure of a practical task. Coding
categories

planation. Some examples of practical tasks of each of these kinds are
shown in Appendix 2.

This aspect of a practical task can be coded using Table 3. Again this
table can be used to provide additional information, by placing ticks in the
appropriate column to indicate the kinds of tools available to students for
processing the information they obtain.

Sub-dimension B1.3: Objects- or ideas-driven?

A third sub-dimension of the design of a practical task concerns the rela-
tionship between the two domains: of objects and observables, and of ideas.
Some tasks are presented in an ‘objects-driven’ way: the student is required
to carry out some operations on objects from which, it is hoped, ideas will
emerge. Other tasks are presented in an ‘ideas-driven’ way: the operations on
objects are specifically undertaken to explore some ideas which have been
stated in advance. OF course, to some extent, all observation is guided by the

a demonstrated by teacher; students observe

b demonstrated by teacher; students observe and assist as
directed (e.g. in making observations or measurements)

¢ carried out by students in small groups
d carried out by individual students

t. Coding categori

Table 6 Sub-dimension B1.5: nature of student invol

5.3 Dimension B2: Context of the task

In addition to the wide variations possible in the design of practical tasks,
there can also be wide differences in the context within which the task is
carried out. Four sub-dimensions relaling to task context can be identified:
the amount of time that is given to the task, the people with whom the stu-
dent is expected to interact whilst carrying out the task, the way in which
information is given to the student on the task, and the type of apparatus in-
volved in carrying out the task.

Compared with dimension B of the ‘map’, these dimensions and their
associated coding categories are largely self-explanatory. They are sum-
marised in Tables 7-10.
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very short (less than 20 minutes)

short (one science lesson, say, up to 80 minutes)
medium (2-3 science lessons)

aln |or|e

long (2 weeks or mare)

Table 7 Sub-di B2.1: duration of task. Coding categories

other students carrying out the same practical task

other students who have already completed the task

more advanced students (demonstrators, eic.)

a
b
¢ teacher
d
e

others (technician, glassblower, etc.)

Table 8 Sub-dimension B2.2: people with whom the student interacts. Coding cate-
gories

a oral instructions

b instructions on blackboard/whiteboard/OHP

¢ guiding worksheet

d _texthbook(s)

e other (e.g. data book, data base, instruction manual, etc.)

Table 9 Sub-dimension B2.3: information given to the student on the task. Coding
categories

a d trated by teacher; students observe

a  standard laboratory equipment

b standard laboratory equipment + interface to computer

¢ everyday equipment (kitchen scales, domestic materials...)

Table 10 Sub-dimension B2.4: type of apparatus involved. Coding categories

‘Mapping' the domain

5.4 Dimension B3: The student’s record of work on the task

Finally, practical tasks can differ in the ways in which the student is ex-
pected to produce a record of work on the task, the purposes of such a
record and the audience for whom it is produced. As with dimension B2, the
sub-dimensions of B3 and their associated coding categories are largely sell-
explanatory. They are summarised in Tables 11-13.

a no written record

b notes

¢ completion of printed worksheet

d written account (using given structure and format)

Table 11 Sub-dimension B3. 1. nature of student’s record of work on the task. Coding
categories

to assist students in learning science content or process

to provide evidence that the task has been carried out

as a basis for assessing the student’s performance

as a record which the student can use to revise for tests or
examinations

¢ to help students learn how to write a scientific report
Table 12 Sub-dimension B3.2: purpose of student’s record of work on the task. Cod-
ing categories

Bin o=

the student
teacher

other students

-9 L -

other

Table 13 Sub-dimension B3.3: audience for student’s record of work on the task. Cod-
o :

6 Possible uses of a ‘map’ of practical work

A coding proforma for describing in detail the characteristics of any practi-

cal task can be assembled by collating Tables 1-13 above. This can be used
to produce a profile of the salient features of any given practical task. What,
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then, might be this classification and coding system be used for? First, it can
be used to identify similarities and differences in the kinds of practical work
used in school science courses, perhaps to compare the types used at dif-
ferent ages or stages, or in the different science disciplines. In this way, for
example, we might discover that some types appeared to be underused, or
overused. The coding categories may also suggest questions which we might
ask about practical work. Does a course make as much use as we might wish
of more open-ended tasks? What is the degree of openness in the tasks used,
and how does this compare with our intentions?

The ‘map’ also provides us with a clearer basis for addressing questions of
the effectiveness of practical work. From this discussion of dimensions, sub-
dimensions and coding categories, it should be clear that there is a very wide
variety of types of practical task which might be used in teaching and learn-
ing science. It clearly does not make sense to ask in general: is practical
work an effective means of teaching science? For any given task, however,
we can use the ‘map’to provide a full description of the characteristics of the
task. Then we are in a better position to carry out research to see whether
students actually do the things (with objects and with ideas) that we want
them to — and, if we find they do not, we can consider whether adjustments
to the task design or the context within which it is carried out, by modifying
it on one or more of the sub-dimensions which relate to these, might make
it more effective in attaining its goals. In this way we may be able, over time,
to make gradual progress towards a more efective use of practical work in
science courses at all levels.
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Appendix 1 Coding categories for sub-dimension
B1.1 with examples of each

What students are
cted to do
with objects and
observable things

Examples ]

r

use an observation
or measuring instru-
ment

wse a microscope to look at onion skin cells

use a cathode ray oscilloscope (CRO) to look at some signal
waveforms

wse a buretie 1o deliver measured volumes of a liquid

use a laboratory de-
vice or arrangement

set up distillation apparatus to separate two miscible liquids
wse a dissecting kit/scalpel to remove a muscle from a chick-

en win
set up nﬁfwrﬁmnel to separate a solid from a liquid

‘Mapping the domain

observe an event

record the manner in which an animal (an invertebrate, a
fish) moves

note what wkenupieceqfsndiumisylwinmm

pass a ray of white light through a prism and note the spec-
trum

mmbsenwims of the germination and growth of a broad
note whether an object floats or sinks when placed in water

observe a quantity

cedure

use a laboratory pro-

carry out a recrystallisation of a compound 10 produce a
prerer sample

set up a control for a biological investigation

follow a standard schedule for qualitative analysis of a
sample of an unknown inorganic compound

present or display
an object

carry out a dissection of a biological specimen to display the
main features of interest

display a collection of geological speeimens to illustrate @
particular feature

make an object

make a microscope slide to display the cells of a given speci-

En
make an electric circuit from a given circuit diagram

make a material

synthesise a particular chemical substance

make an event
accur

turte an electric circuit containing a capacitor {C) and an
inductor (L) 1o show resonance

ohserve an object

note and record the paitern of iron filings sprinkled around

a bar magnet
look at some fossil specimens
inspect some roch samples with @ hand lens for evidence of

volcawic origins

observe a material

wote and record the shape of erystals of copper sulphate
nate and record the ph)zfca{ p?u;enies of a sample of poly-

thene

e

measure the resistance of a piece of wire

measure the volume of an acid solution needed to newtralise

a given volume of an alkali solution
measure the density of a sample of a solid material
measure the length of a spring with different loads hanging
L
measure the melting point of a substance
observe the change in temperature of water in an insulated
comtainer over a pef:iadplff time
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Appendix 2 Coding categories for sub-dimension
B1.2 with examples of each

W'hal.ls ?ETS are | Examples

with ideas

report describe in detail how a fish moves
observation(s) describe the shape of crystals of a given substance

identify a pattern

compare the measured IR spectrum of
to known IR spectra in order to identify it

note the di t plant and animal species found at differ-
ent levels of a seashore habitat.

compare the outcome of a test for glucose on a sample of
Joodstuff with a previously ob: posilive lest

note shedaymgrdar I:hanges in the appearance of the moon aver
ald &

identify the objects and variables in an environment which
are involved in some interactions of interest within that
enviroiment

explore relation be-
tween objects

note that a pinhole camera produces an inverted image on
the screen

explore relation be-
tween physical
quantities

find out how the [extension — increase of length] of a spring
depends on the [load -mass| attached to it

find out how temperature and concentration of reagents af-
fect the rate of an enzyme reaction

explore relation be-
tween objects and
physical quantities

cmpg{re rates of reaction of a selection of metals with dilute

ac

investigate the effect of different drinks (tea, coffee, cocoa,
ete. | on rate of heartbeat

‘invent’ (or ‘discov-
er) a new concept
(physical quantity,
or entity)

identify the need for (or the usefulness of) the quantity de-
red as energyltime (power] in accounting for a set of
observations
identify that, for a weak acid, the ratio: lai (IH*L.[ATY
[HA]) is constant and can be used o characterise the
strength of the acid

determine the value
of a quantity which
is not measured di-
rectly

measure the acceleration due to gravity using the relation-
ship T = 2RR(\F(lg)) for a simple pendulum

measure the i l uctivity of @ material

determine the number of molecules of water of erystallisa-
tion associated with each molecule of a salt using volu-
metric analysis

test a prediction
based on a guess

test the prediction that rubber-soled shoes provide better
grip'on a

an orgaric compotnd,

i
guess that a sample of soil is mainly limestone and test ﬁ'ﬂJ

effervescence when dilute acid is added

if

‘Mapping' the domain

test a prediction
from a law

test whether the increase in h (extension) of a pi
elastic is directly rtional to the load appb&fﬁc;g
a limit (as icted by Hooke's Law)

test whether the electric current through a given conductor
mrjrponioml to the applied p.d. (as icted by Ohm's

test a prﬁd iction
from a theor

(ora mdelrgased
on a theoretical
framework)

a model of the mechanism of a chemical reaction predicts a
certain relationship between rate of reaction and temper-
ature; test this by comparing it with what is actually ob-
served

predict the pH of a solution of ethanoic acid ﬂ)f iven con-
centration using the formula: pH = \F(1,2 (;IK. — log
e e et
¢ of flui icts that the e i sec-
ggﬂ{r uﬂmu'ﬁ fhmug:;gipeis :fe%;ed’;o ?rgssst’f; dif-
P), radius (1) ngth (1) by the equation:
=\F(Par, 801}, where h is the viscosity of the liquid.

Carry out a series of measurements to test this relation-
ship in the case of water

account for observa-
tions in terms of a
given explanation

explain similarities and differences between related species
(g birds in terms of a given account of their evolution

explain observations in some displacement reactions (met-
aL"meiiaI salt solution) in terms of the reactivity series for
meta

account for obser-
vations by choosing
between two

{or more) given
explanations.

is the behaviour observed when the temperature %a sample
of air is raised better explained 1‘7{ saying that hot air
rises' or ‘air expands when heated’

account [or observa-
tions by proposing
an explanation

[from observation of the objects and variables in an environ-
ment, propose a model to explain some aspect of the in-
Iemctio}:s within that Mﬁmﬂm?:t '

measure the temperature of a sample of water in a calorime-
ter over a penod of min{ltcs as l;t is {aned by an immer-
sion heater. Eﬁdairx the shape of the temperature-time
graph produc
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Appendix 3 Practical work task: Profile Form 1.2 What students are intended to do with ideas
report observation(s) a
FrEE b
A Intended learning outcome (learning objective) identify 8 pattern B 1
a to help students identify objects and phenomena and become explore relation physical quantities (variables) d
familiar with them between objects and physical quantities e
b to help students learn a fact (or facts) invent (or ‘discover’) a new concept (physical quantity, or entity) [
¢ _to help students learn a concept determine the value of a quantity which is not measured directly 2
d to help students learn a relationship from a guess h
e to help students leam a theory/model test a prediction , from a law i
from a theory (or model based on a theoretical j
framework)
f to help students learn how to use a standard kbnnmry in terms of a given explanation k
instrument, or to set up and use a standard piece of apj o I:'“ - e 7
‘g 1o help students learn how to carry out a standard procedure RECOUN _r“ byl'i e tween Two (0 More) B
h to help students learn how to plan an investigation to address sbeepvations wE amm_ns 7
by proposing an explanation m

a specific question or problem
i _to help students learn how to process data
j to help students learn how to use data to support a conclusion
k .

mﬁlp stodénts lone o ia sombemioug tor el of thes 2 What the students are intended to do with ideas arises from

what they are i ded to do with objects

b What the students are intended to do with objects arises from
< what they are intended to do with ideas
Bl.1 What students are intended to do with objects and observables T Thaas to: o chear seintiomslily | s e ki e
intended to do with objects and with ideas

B1.3 Objects- or Ideas-driven?

an observation or measuring instrument a
use a laboratory device or arangement b

a laboratory procedure ¢ Bl.4 Degree of opennessiclosure
present or display an object d

- . Specified by | Decided by teacher- | Chosen by

B e s Aupact of practical vack teacher student discussion | students

make a material f -  lrersnd
O Question to be

:: ::e " E Equipment to be used

pr— = tJ - 0 - Procedure to be followed
e e - Methods of handling data
an event ] collected
a quantity k Interpretation of results
87
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B1,5 Nature of student involvement B3.1 Nature of student’s record of work on task

a__demonstrated by teacher; students ohserve no written record
b demonstrated by teacher; students observe and assist as directed
¢ carried out by students in small groups
d

carried out by individual students

notes
completion of printed worksheet

written account (using given structure and format)
written account (free format)

o laln jole

B2.1 Duration

B3.2 Purpose of record
a_ very short (less than 20 minutes)

b _short {one science lesson, say, up to 80 minutes)

to assist students in leaming science content or process

a
¢ medium (2-3 science lessons) b to provide evidence that the task has been carried out
d long (2 weeks or mare) ¢ as a basis for assessing the student’s performance
d as a record which the student can use to revise for tests or
exan ns
B2.2 People with whom student interacts e to help students learn how to write a scientific report
a_other students carrying out the same practical task
b other students who have already completed the task B3.3 Audience for record
¢ teacher
d more advanced students {demonstrators, etc.) the student
e others (technician, etc.}

other students
other

a
b the teacher
C
d

B2.3 Information given to the student on the task

a_oral instructions
b instructions on blackboard/whiteboard/OHP
¢ _puiding worksheet
d
e

textbook(s)
other {e.g. data book, data base, instruction manual, etc.)

B2.4 Type of apparatus invelved

a__standard [aboratory equipment

b standard laboratory equipment + interface to computer

¢ everyday equipment (kitchen scales, domestic materials...)




