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Abstract

This article presents an investigation into the changes in the
teaching practices of practical work in senior science classes in
Namibia. The teachers in this study are involved in a training
programme, the Mathematics and Science Teacher Extension
Programme (MASTEP). Pre- and post-intervention data were
collected frem eight Biology teachers and four Physical Science
teachers. Lesson plans, worksheets and other documeniation were
used to characterise practical activities using an established
taxonomy. Classroom interactions were audio-taped and
transcribed verbatim. The findings indicate an increased fecis e
practical activities aimed more at  qualitative rather than
quantitative understanding of science concepts. In addition, the
Post-MASTEP  teachers favoured small group work and
demonstrations. The changes in teaching practices are attributed
to the improved PCK that has enabled teachers to align their
practice with the assessment system.

Introduction

The paper presents a study of how secondary school science
teachers use practical work in senior science classes in Namibian
secondary schools. The study (ocuses on a group of teachers on a
two-year, in-scrvice training programme (MASTEP). It also
desciibes some aspects of thc use of practical activities by scicnce
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teachers before and after following the in-service training
programme. . '

MASTEP (Mathematics and Science and Teacher Extension
Programme) originated as a professional development course that
uses distance education, residential workshops and school
placements. It aims to upgrade science and mathematics teachers
trained for lower secondary schooling to enable them to teach
effectively at senior secondary (IGCSE) level. The_nﬁcnded
outcomes of MASTEP emphasise a change in teachers’ classroom
behaviour, rather than merely a change in their knowledge, sklll_s_"or
attitudes. The underpinning philosophy focuses on strengthening

teachers’ pedagogic content knowledge (PCK) as the “_sp'e(_:'ial -

amalgam of content and pedagogy that is uniquely the p‘rovid'enlce
of teachers” (Shulman, 1987 p.3). -

Thus, the programme draws on the PCK of successful current
classroom practitioners as tutors (also see Van Driel ef al., 1998),
rather than on experts m subject content or in educational theory.
Customised interactive distance education materials for developing
PCK make teachers reflect on their own experiences (Zembal-Saul
et al., 2002). Also a major component of the programme is the
portfolio assessed classroom placement by close interaction
between trainee and an exemplary host teacher trained as a mentor
(Wolf, 2003). As a prerequisite for strengthening teachers’ PCK as
a way of changing their classroom behaviour, a robust subject
knowledge is required, especially the subject knowledge at school
level, Thus, MASTEP uses advanced level student distance
education materials for strengthening teachers’ subject knowledge
rather than especially written or undergraduate materals for
teachers. The programme’s assessment package includes a written
test equivalent to school-leaving IGCSE examination. Residential
sessions focus on hands-on content activities including practical
work, many immmediately usablc In class. Accompanying
how-to-teach tips provide the bridge with the evolving PCK.
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Practical work has long been a feature of school science education
but the role and intended lcaming outcomes of practical work have
been the subject of considerable debate (see for example, Bekalo &
Welford, 2000; Hodson & Benczc, 1998; Millar ef a/., 2002). With
regard to practical work, it is -difficult for a teacher to plan
systematically without having a clear understanding of the aims of
the practical tasks being set. If leamers are to cope with the
demands of such tasks they must possess appropriate conceptual
‘and procedural understandings with regard to practical work
(Psillos & Niedderer, 2002). In short, teachers need to be able to
select practical activities that match intended learning outcomes.
Such learning outcomes extend beyond substantive facts and
concepts to gaining an understanding of how to collect evidence
from practical activities and how to analyse, validate and use this as
a bastsfor decision-making (Roberts and Gott, 1999).

Teachers can unknowingly create significant difficulties for their
students by judging incorrectly what their students are and are not
capable of doing (Leach & Scott, 1995). Good teachers overcome
this by appropriate use of their PCK. The task of in-service
programmes of influencing established practices of practical work
is very challenging, as illustrated by Maboyi and Dekkers (2003)
who reported that teachers’ views of practical work remained very
similar before and after completing an Advanced Certificate course
in science education with a strong emphasts on practical work.

The MASTEP approach to supporting teachers in developing
appropriate uses of practical activities is through enhancing their
PCK. Indoing so, the programme integrates content and pedagogy,
theory and practice. It builds on teachers’ own knowledge and
experience of practical work and alerts them to a wide range of
purposes and forms of practical activities. Stress is given to the
notion that practicul activities ask learners to deal with objects and
observable things, or with ideas. A strong message to teachers that
runs through the materials ts the need to use practical experiences
for leamers, not just to help them to understand the subject content
but also help them to develop the experimental and procedurai
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abilities as both arc assessed in the !IGCSE examination. For
example, after studying one particular module MASTEP teachers
are expected to be able to: '

-State key purposes of practical activities;

-Categorise different forms of practical activities;

‘Identify the important leaming outcomes of different types of
practical activities;

‘Give examples of the difficulties faced by learners in doing
practical activities and how these may be minimised; -

-Explain the limitations of ‘practical activities as an aid to

leaming; _ o
‘Link practical activities- with the requirements of the IGCSE

examination syllabus. -

The main goal of MASTEP is to impact positively on c]assroom practice.
This paper thus deals with change:in the use of practical work and

addresses the following questions: -

1.How does the range of MASTEP teachers’ intended objectives for
practical work in science lessons change afier completing the
programme? I

2.How does the way in which MASTEP teachers manage practical -

work in sctence lessons change after completing the
prograthme? o

Methedology
Classroom data on practical work were co

The first set of data was collected from teachers newly emrolled in
the programme while the second data set was collected towards the
end of their two years of study. At each point two forms of data

were requested:
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-acollection of documentation on three recent lessons that included

or were dcvoted to practical activities;
‘notes on obscrved lessons.

The request for documentation asked teachers to supply copies of
materials such as lesson plans, worksheets, assessment materials,
visual ajds and learners’ writing and references to texts, syllabus
sections and other resources. Altogether, material was collected for
eighteen biology and eight physical science pre-intervention
practical tasks, and for nineteen biology and ten physical science
post-intervention tasks. Classroom observations were conducted
by a non-participant observer who recordcd classroom interactions
by using an aud:o tape recorder placed at the front of the classroom.
The observerused a pre-tested observation form to note teacher and
learner behaviours, classroom management strategies and the usc
of resources and materials. Such observations supplemented the
documentation. The audio tape recordings were transcribed
verbatim and along with the lesson observations were used to
supplement documents to help characterise lessons.

The taxonomy dcveloped by Millar et al. (1999) for school laboratory
work has been used as a starting point for the characterisation of
practical work. A previous study (Kapcnda e a/.,2002) has shown
that this 1s appropriate for the Namibian context.

Two or more of the authors coded practical activities
independeritly. For those cases where consistency of coding was
not achieved discussions of discrepancies led to a quick agrecment.
Frequency counts of activity characteristics were used to inform
analysis of practices of MASTEP teachers prior to and following
the INSET programme. This analysis highlights issues with
relevancebeyond the Namibian context of the study, in particular,
in relation to professional development programumes based on a

PCK approach.
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Findings

g objectives of practical activities ‘ _
gflfé%];fi/ analysiﬁglpmctical act’iyilics by topic, the leaclclilgg
objcctives were identificd for each. The cleven objectives usc 1y
Millar et al. (1999) were grouped I sIX f:lusters, two m. t1ef
conceptual and four in the procedural domain. "1_"hese clusters o
objcctives are defined as to help students to learn:

o science facts, concepts or phenomena;

« science relationships, theories or models; -
how touse a laboratory instrument or standard procedure;

 how to plan an investigation; o

e low to process data or 1o use data to support a conclusion;

e how to communicate the resuits.

The data did not include any activities with objectives in the last
three clusters. Using data for drawing conclusions was required for
many of the activities but was not highlightcd as a specific teaching
objective. Similarly, many activities involved making a record of
the observations but this was not the spccific tcaching objective.
Thus all tasks, classified according to their specifically stated
teaching objectives fcll within the first threc clusiers above.

The frequencies of thc objectives of all practical activities arc
shown in Table {. Qualitative and quantitative activitics for the first
two clusters (covering the cognitive domain) have been separated.

Table 1. Specified teaching objectives of practical activities (n=52,

mutually exclusive)

Intended teaching objectives of Frequencies (%) u

| Aetivitics SR

Hedwig Kandjeo-Marenga; H. Kapenda, F. Lubben, B. Campell: N.

—e .. _Daoseb & C. Kasaila ____ L
I | | | \
| Pre i Post- ! . |
" -MAS | MAST | Total |
TEP | EP | (m=52) ’]
e |y R
‘ To lelp students fearn facts, ) : : _ li
A _ o 2 11 @38) 1325 |
| concepts, phenomena (qualitative) | i [
- —! . b o : - = - — —
To help students ledrn facts, , .
B SR 30y 20 1saw ‘
o concep ts, phenomena (quantitative) : : : ’]
) — | — — — 1
' To help students leam rclationships, '
C : . 2(9) 17 P73
. _ theory/models (qualitative) @ 3 _( ) [ (13 41
.To hclb students l¢arn relationships, i i
D . e . _ 22 1 12
theory/modcls (quantitative) e 3) | 6{12) ll‘
_— . _ ~ ! . ——— =
- To hclp students learn how to usc a ‘ ‘|' ;}
E Iabbratory instrument or standurd 11 (48) ‘ 10 (35) 1 21@40)
proccdure I| | | ||
e = - - [

* Table I shows that 35% of the practical activities focus on improving

learning of facts, concepts or phenomena, 25% focus on relationships,
theories or models and 4% aim at laboratory procedures. It also shows
that some changes occur over the intervention period. The proportion of
activities focusing on helping students to lcamn facts, concepts or

. phenomena (categorics A+B) doubled from 22% to 45%. The proportion

of activities aiming to help students to learn relationships between
variables or understanding of models or theories of knowledge
(categories C+D) has decreased slightly from 31% before to 20% after
MASTEP. Similarly, the proportion of activitics helping students to
develop standard laboratory procedures (category E) has decreased from
almost one in two of the practical activitics to one in three (from 48% te
35%). The proportion of qualitative activities (categories A+C) has
increased considerably from one in six to more than one in two, and the
proportion of quantitative activities {categories B+D) has decreased {from
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one inthree toone inten. These trends apply cqually to activities almed at

learming concepts and those almed at learning relationships.

Managng practical activities

The four categories used by Millar et af. (1999) for the nature of
student involvement were extended with an additional. three
categories (C-E) in order to cater for the practices in Namibian
classrooms. The usual size of small groups (F) would vary from

three to five students, and large groups (E) from eight to fifteen -~
students. The information 1n Table 2 below is arranged according to N

an increasing student control over what happens: durmg pracllcal
activities. : '

Table 2. Nature of student involvement in practical activities
(n=52, not mutually exclusive) |
1 '

) _,_
' Nature of student | Pre-MASTEP

mvoh emmt ’ (n 23)

’ Frequency (%)

Post MASTEP
(n=29)

Category

’ Dcmonstrated to

| |
whole class by [ (4) 414
tcacher; students . i

[ . |

" Demonstrated to ’
” | wholc dass by '

i.B tcacher: students L4417 ] 8(28)
l‘ obscrve/assist as ‘ :
| ]
!

directcd
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Demonstrated ' g |
sequentially to \
C student groups.by - 1(3)
- teacher: studznts - !
observe )
| Demonstrated to }
: whole clags b ] .
D . Y 2(9) .
student(s) supported N
T; by teachcr +
l Camed out by : |
E students inlarge | 6(26) 1) |
| groups - ' ‘
— - S - - _
Carried out by _ _
F students in small 10 (43) 15(52)
| groups . - ' | ' _ ]
. Carried out by ' !7
G : » S ,
individual students 20 ' ;330 ;
Li:} Unlfr_)owr_: | ‘ - _ | 1(3)

Table 2 shows that both before and after the MASTEP
interventions, the largest proportion of practical activities was
undertaken in small groups (F), and that a sizeable proportion of
practical work is demonstration (A-D). There is little individual
work (G). Table 2 also shows that over the intervention, practical
activities carried out in large groups have virtually disappeared in
favour of small group work and demonstrations. In fact, the
proportion of demonstrations has increased from 30% before
MASTEP to 45% after the intervention. Some of these
demonstrations (one pre-MASTEP and four post-MASTEP tasks)
were followed immediately by small group work.
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Woolnough and Allsop (1985) have shown.the .]earmng of fat(:ut;i
concepts, phenomena, relatio:1s]1ip"§ and theorles'(z.e. the concetli) u
lnowledge of science) can be aided by practlcg] demonstra (t)' .
Therefore, the intended learming outcomes of practical demon.strjz‘l ;;)In
before and after MASTEP have been analysed and are presented in _a. €

3 below,

Table 3. Objectives of practical demonstrations (n=15, mulu.al.ly

-exclusive)
Frequency
- | i Pre- Post
: Objectives of practical MASTEP 'MASTEP
Category | demonstration : (=6) . | (n=9) o
|Conceptual understanding: helping . "
A students to leam facts, conccpts, : 5 (83) 3(33)
phenomena, relationships, theorics
| Procedural understanding: helping _
students to leam how to usc a 1O7 6(67)
B laboratory instrument or standard
proedore

Although the numbers are small, the. trend is convincing. A larlge_
proportion of practical demonstrations undertaken befored} e
intervention focussed on developing conceptual undcrstanding

whereas after MASTEP, alarge proportion focussed on developin
procedural understanding. o
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Information provided to students on practical activities

Tabic 4 below shows (e wayn which information was provided to
students. In the majority of cascs both pre- (70%) and post- (85%)
MASTEDP, teachers provided written informatien in the form of a
workshect. In half of thesc cascs the workshecet information was
accompantied by oral instruction to elaborale or cxplain what was
on the worksheet. In niost cases no additional mformation was
provided. Tcachers also used textbooks, wrote information on the
chalkboard or overhead projector and referred (o posters.

‘Table 4. Ways in which in formatien was provided (0 students (n=52,
mutuaily exclusive)

T e e

J | Frequeaey (%) |

] — -
ﬁ Ferm of [nformation : ‘ Post- MASTEP |

| | Pre- MASTEP (n=23 | (0=29

- - - __ A e LT A
; |

ll‘ Waorkshcets | 83s) ' || 13 (45) j

| — e e L [ — J— A —- - - - EE TR

] i

Workheet & o |

] orksh’Lct&om | 8(35) | 11 (38) |l

| instruction | h

! } r J

| @ther (30) 15 (17) |

In the majority of cascs both pre- (70%) and post- (83%) MASTEP,
teachers provided written in formation in the forn ofa workshect. [
haif of these cases (he worksheet information was accompanied by
oral instraction to elaborate or cxplain what was on the worksheet.
In most cascs no additional information was provided. Teachers
also used textbooks, wrote information on the chalkboard or
overhcead projcctor and referred o posters. No substantial changcs
took place in this respect due to MASTEP.
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Equipment and materials nsed in practical activities

Practical activities werc analysed for the type of apparatus aqd_ matc.nals
involved, and thesc classified as standard laboratory, unprowls_ed,
everyday or specialised models. For this paper we .have <:'l‘asis1[|e.d
equipment replacing standard laboratory equipmept as 1mprovisec (e.g.
kitchenware and drink containcrs). Where everyday materials were used
as the focus of study they were classified as everyday (e.g. foodstuffs)). A
summary of the frequencies is provided in Table 5 below.

Table S. Types of equipment/materials used in practical activities (n=52,

not mutually exclusive)

| Frequency
(%) ;‘
——— e __|__ S
i , T}pc of | Pre (n=23) Post (n=29)
Category Equipment/materials ‘ I B
‘ Standard {aborator ‘ ‘ "
A L . y[ 21 (91) | 24 (83)
1 _cquipmentmatenals I R
! ‘ Improvised laboratory _ |
B | 1(4) 6(21)
; equipment/materials ‘ I D
e = = 'I
Everyday : 12 (52) 15(52)
i ¢ " equipment/materials ‘ R D
0 | Mode N AL

Table 5 shows that the large majority of practical activities pre- and
post-MASTEP involve standard laboratory equ1pn1en1§. Morcthan halqu
all activities, both pre- and post-MASTEP, involve everyday

equipment/materals. ‘The percentage of practical activities using
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improvised equipment 1s small. Ilowever, there is a considerable increase
from pre- to post-MASTEP. Examples of the use of tmprovised
cquipment are the use of kitchen knives for scalpels, washing-up bowls
for glass troughs and cut-off plastic bottles for beakers. Some cmphasis
on mode] making has emerged after MASTEP, with models provided by
the MASTEP course itself (making a 3-D heart, modelling the circulatory
system) being used 1n class.

Discussion

While we need to keep in mind that the findings from our small group of
teachers may not reflect the practices of all the programme graduates,
they do evidence changes in the ways i1 which these teachers approach
practical work and so offer encouragement to INSET providers.
However, the study focused on intended leaming outcomes as evidenced
in lesson plans, workshects and textbook references. Van den Akker and
Verloop (1994) claim rightly that the implemented curriculum may
deviate from the planned cuiticulum. Far from indicating a curriculum
expenence removed from that planned, classroom observations in our
study point to a refinement and amplification of mtendcd learning
outcomes rather than their replacement.

Intended objectives of practical activities

What is striking in the findings is that the learning outcomes of
practical work - show a shift from quantitative outcomes
pre-MASTEP to qualitative outcomes post-MASTEP. This would
suggest that teachers may have comec to see it as important to
encourage learning of the key points about phenomena, sets of facts
or essentlal concepts rather than possibly obscuring these by
sccking to make mecasurements that might blur the important
learning outcomes. MASTEP aimced to help tcachers sccure their
knowledge and understanding of IGCSE science and to enhancc
their PCK. It can bc argued that if this has been successful then
teachers arc better ablc to first establish the ‘big picture’ before
developing the fine grain detail.
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The findings also show a shift from practical activities dirccted lo
learning about relationships and theories and on how 1o usc a
standard laboratory procedure towards tasks focussed on Icaming
facts, concepts and phenomena. While the IGCSE syllabus requires
all these to bc covered this shilt may well reflect an appreciation
that the IGCSE examination focuses morc on the former than the
latter. Indced, the teachers studied have emphasised a limited sct of
teaching objectives. This is equally true of Iessons before and after
MASTEP. Although the same appears in other studies (Millar et al,
2082; Kapenda et /., 2002) this narrow range is disappointing. Three
categories of procedural objeclives for practical work listed in the
taxonomy of Millar ¢f a/., (1999) (how to plan an nvestigation; how to
process data or to use data to support a conclusion and, how to
communticate the results) do not feature. The first two of these objecctives
are included 1n the IGCSE syllabus but are not examined directly. Such
observations may indicate that the focus on PCK has resulted in
assessment driven rather than curriculum drniven practice.

Managing practical activities

Schools in Namibia are no differcnt from those in many other parts
of Southern Africa and arc characteriscd by large classes. The
practice of MASTEP teachers seems to have moved during the
intervention, so that practical activitics carried out in large groups
have virtually disappcared in favour of small group work and
demonstrations. This may well reflect teachers’ experience and
learning of the pedagogic advantages of differcnt practiccs and of
skills for their organisation and management.

The lack of specialised resources is a well-documented reason for
not doing practical work. The MASTEP distance learning materials
suggest alternatives to purchasing expensive laboratory apparatus
and materials and use such m workshops. It is thus encouraging to
record a more frequent usc of improvised equipment in the
post-MASTEP data. While small group work remained the
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dominant arrangement for doing practical activities the proportion
of demonstrations increased.  Although  post-MASTEP
demonstrations still aim to help students gain conceptual
understanding a greater proportion aim to help them learn how to
use laboratory instruments and procedures. One possible
explanation for the practice of post-MASTEP teachers is the
appreciation ofthe importance of students knowing how to perform
certain laboratory procedures as prescribed in the IGCSE syllabus
but the realisation that their practical abilities will be tested only
indirectly through a written examination. They thus deal with such
learning as if it was conceptual rather than procedural.

The vast majority of practical activities are supported by a worksheet.
Such worksheets are most often generated in school but there is some
evidence that materials used at MASTEP workshops are also being
utilised. The number .of practical activities with accompanying
worksheets increases slightly in the post-MASTEP lessons. What is
particularly noticeable is that in just over a third of the situations in both
pre-and post~ MASTEP lessons i which worksheets are used these are
supplemented by oral instructions. This may well reflect teachers’
appreciation that the text is not in the students’ first language and a
consequent - well established procedure to limit the scope for

- misunderstanding of instructions and possible hazard.

Nature of student involvement

Teachers plan to involve students actively in practical work. This 1s
true for both the small group work and for larger group
demonstrations. With regard to demonstrations, both before and
after the MASTEP interventions, the majority of the
demonstrations were no. mere pcrformances by the teacher.
Transcripts show that students were involved in manipulating
apparatus, in making observations and in discussing the
interpretation of outcomes. For demonstrations in which students
were not involved directly with the apparatus there was still
classroom interaction. Thus the increased proportion of
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demonstration after MASTEP does not signal a lower level of
student-student or tcacher-student interaction, indeed the level of
teacher-student mteraction during demonstration is higher
post-MASTEP.

Conclusions

We conclude that following the MASTEP intervention the balance
of teachers’ declared purposcs of practical activities shifts towards
conceptualunderstandingand to qualitative rather than quantitative
outcomes. This is accompanied by a move to the inclusion of a
greater proportion of interactive demonstrations. Furthermore,
such demonstrations target procedural as well as conceptual
outcomes. We attribute such moves to teachers’ improved PCK
that has enabled them to align their practice with the IGCSE
assessment system. While we can relate such changes to MASTEP
it remains to be determined if MASTEP teachers can articulate
their practice and attribute aspects of this to their MASTEP
experiences.
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in the company of menters. Teachers & Teaching, 9(2), (¢) to help students learn a theory/ model

l
87-106. Skl L ‘

() to help studcnts learn how to usc a standard laboratory instrument, or to set

i ] ) ) up and use a standard picce ofapparatus
Woolnough, B. & Allsop 1. (1985). Practical work in science. | e

Cambridge: Cambridge University Press. (g) to help studenls leam how to carry out a standard puoccdure

s (h) to help students leam how to plan an mvestigation to address specific

Zembal-Saul, C., Kyajcik, J. & Blumenfeld, P. (2002). Lilcmentary
teachers’ science content representations. Journal of Researcl in
Science Teaching, 39(6), 443-463.

quesnon or probIcm

(1) to heIp studcnts Icam how to proccss data ‘

(j) to help students Ieam how to usc datd to suppoit a conclusuon .\

Lo UL ION O ORI _ |

(k) to help students leam how to commumcate the results ofthcu' werk

e e e s e e et e e e e
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e _ .{ : | physical quantities (variabics) | (d) \
= S _ - . _
I with objects and observnblcs |
BI_]\_tht .s—tliqe_ll_t‘i_ilr(EEte_nded_t_o-d_oi_._ Dicets and e = objects and physxcal quantltles ‘ (e) ‘
Use : an obscrvation or measuring instrument (a) ' ‘ ‘
R | - Invent (or _ _ ,
—— ! Lo e ; amncw concept (physical quantity, or entity) (H
| a laboratory device or amrangement i & discover’) : | _L
_.“— _: A R e - — = -— - = —_— T ——— I -
: a ]aboratory Prouedure (© ‘ Determine the valuc of a quantity which is not measured \ ( ) “
v - l dircetly g J
Presentor ) (€). o ) N
disol : an object Test a ‘ P ‘ h ‘
ispla o : —
P y____][_.___ PO prediction ‘ fom a guess | (h) |
Make l an object (@ . | L. 1
—_——— : - \7 *From alaw _ ‘ (l)
| a material Efj_ ] ' B - | -
Lo 1 ' | from a theory (or model based on a ' G)
i an event occur L _(_gl____ theoretical framework) l
. i (h) A u t for
observe . anobject L R R ceomm In terms of a given explanation k)
. ebservations .
a matcrial M - - | _ ]
_____ A — e en " " | by choosing between two (or more) given ‘ )
an event ‘ explanations I
a quality () N | by proposing an explanation | (m)
e e ——— 1.3 Object or ideas driven T
: S, i o - - B
E B1.2 \What stud_euts are intended to do with ideas ~ (a) What the students are intendcd to do with ideas ariscs frem what they are
E" . I intended to do with objccts.
| Report ‘ -

; obscrvation{s) |

. 1dentify a

Explore the
| retationship
between
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to do with 1deas

o0 with des - |

objects and id=as.

L(c_) There is no clear relationship between what the students are intended to do with

——— i m— J\
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{b) What students are intended to do with objects arises from what they are intended j
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e —_ f N T
" i (d) Long (2 weeks or morc) i
Bi.4 Begegfgpff_"“_cjs’ﬂ‘?sﬂe_r_ — = = = = === = — = I T T e T T
. e _@_f@ﬂwvﬂg_ﬁ__ﬁ_J
- \ discussion [ B2.2 People with whom students interacts !
@ - Gscusen Lo T - —— T e _1
- Lstudcnt J (a) - @ther students caimying cut the samc practical task . j
(S) ] P —— . T —_ ——— . ——_— _ . _ _1
- e (b} ®thcr students who have already completcd the task
{ I‘ll.s Nature of student illVOlVCT:ﬂt_ L (C) | Teacher
— T — , ( ’ bscrve T [ T T T T
l_(_a) 'iDemDnstrategi to whole clafib)’_fe‘ﬁ‘ci St_udinsi e (d) | More advanced students (demonstrators etc) _
— » d assist as T N T T e
- Demonstrated to whotc class by teacher; students observe and a (e) Others (technician etc) -
(b) ’ directed by teacher I T T I
Irecte : - : :
- _ Y — — — her: students B2.3 Information given to the student on the task
Demonstratcd sequentially to groups of students by tcacher: stu - T [ —
P(C) observe - (@) | Oralinstructions —
Dcmonstrated sequentially to groups of students by teacher: students |- (b) Instructions on blackboard/ whiteboard/ over head projector
(d) cot ac d by tcacher R I —— T
ve and assist as directcd by tcac o . . : :
| cbserveandassistas directed by teacher {c) Guiding workshect
. tudents in small groups o . T e e
(e) Camed out by students in small groups 4 (d) Textbook(s) i
—_— ﬂ— . S N P —— — L — . - —_—  ———
' t by individual students o _ A W
, (9 (Carried out by individusl students J (€) | Other (e.g. data book, dutabase, instruction manual, ctc.)
: . d by tcacher e Y LT
ted te whole class by student(s) supported by teacher | _
_(fg)_ ! Dgno_nstr_ae_ —_—— e — — — ——— J B24  Typeof apparatus involved '
. d by teaCth " e T ——— L —_ ——— EE - e X
ted to whole class by student(s) supportc ] .
[L(__h)—_ g‘iﬁ‘i_?= —_— e e T = — — L _ (a) Standard laboratory equipment —!
e " —_— YR —— - -

B2.1  Duration _

] (a) ji/ery short less than 20 min)_ e

®)

(b) Fmprovised Iaboratory equipment

: (c) } Standard laboratory equipment + interface to computer
(d)

Everyday equipment (kitchen scales, dom
i) { Model

Short (one lesson, say up to 80 min)

cstic matcrials, ctc.

— - e ]
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1B3 1 Naturc of student’s record of work on task

(a) I No written record

(b) Notcs

[ — R e e e e — - .__'

(C) Completlon of printed waerksheet

e

t (d) , Written account (using given structurc and format)

b —_— . — . S

(e) I Written account (frec format)

\ (f) A modcl/ aﬂcfact

(g)_[ Drawing or diagram

B3.2 Purpose of record

(a) To assist studoms m"]cammg science content or process -
n (b) B To_prowde eVIdencc .that the task has oeen carried out ) _J
(C)__ As a baS1S foxjosﬂrg tli_studerrt s_perfcﬂaoce_ - __J
@ | Asa recard which the tudent can use torevise for test or examinations |

(e) To help students learn how to wtitea scicntific report '

B3.3 Audience for record . J
(a) TThe student ‘

u (b) Tcachcr

[ (c) .thcr students

| _(d) ‘ . ther
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Call for Manuscripts

We invite scholars in various fields of cducation to submit
manuscripts for publication in the ZJER, Ofparticular interest will
be manuscripts containing original research and/ or comparative
analyscs related to education and decvelopment in Third World
countries, especially sub-Saharan Africa. Manuscripts will be
subject to the normal ZJER procedures. Please see ‘Guidelines to
Contributors on the Submission of Manuscripts’ on the inside of
the back cover of this issue
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