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Abstract

There is strong evidence in the literature of aedation between teacher competence
and knowledge of a subject and the subsequentiyoélihe learning experience.
Effective teaching requires knowledge and undedstanabout the content of
teaching, how pupils learn and how to manage thegss of learning. The National
Curriculum brought into sharp focus the role ofjeabknowledge. It challenged
teachers to provide access to science for all @nld The teacher requires ‘curricular
expertise’ - subject knowledge, the understandirtgpav children learn and the skills

to teach the subject successfully.

The aim of this study was to investigate teachdrstundent teacher confidence in
their own understanding and abilities to teachremeand technology. Data was
collected relating to teachers’ confidence in socgeand technology relative to that in
other subjects of the curriculum. Teacher andesttiteacher confidence in the
knowledge areas of science and in their abilitedevelop science process skills in
pupils was explored. Data was gathered on theifid@ence in the professional skills

related to teaching the subject.

The study found there was a growing confidencéénkinowledge areas of ‘Living
Things’ and ‘Materials’. Inadequacies were repoiteteacher confidence in areas of
‘Physical Processes’. Male teachers were mordaemifthan female teachers in
these areas. The need for support in developiegse process skills and technology
skills in pupils was reported. Teachers and stuteathers reported low levels of

confidence in some aspects of pedagogy.



This study suggests that the key to improvemenbirfidence would involve school
based support with a focus on experiences to isereampetence in physical

sciences, skills development and pedagogy relatediénce teaching.
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The Place of Science
in the
Primary

Curriculum

Paula Alexander



1.1 The Place of Science in the Primary Curriculum

If education is to fit children for the societywhich they will grow up, then a prime
reason for giving science a place in the curricuftom the start is the increasingly
central part it plays in society (CACE, 1967). M®1(1990) claimed that being ‘at
ease’ with key scientific ideas is as necessafyrotioning in society as being ‘at
ease’ with numbers, with percentages, with rateshahge or with various forms of

language.

However, in spite of many similar views expresseerdhe last sixty years, the

position of science in the primary curriculum hasally been somewhat contested.

As far back as the Hadow Report (1931) througlnéoRlowden Report and the
Nuffield Junior Science Project (1967), science lieen struggling to become an
integral part of the primary curriculum. The unsfaictory state of primary science
has been well exposed by HMI Reports (DES, 19783491985) and the Assessment
of Performance Unit surveys (DES, 1981, 1983b, 19985). A narrow range of
science, poor standards of work and low incideriggod practice resulted in the
determination of Government to ensure that sciehemged from being an occasional
part of the curriculum to a designated core subjéstintroduction through the
Education Reform Act of 1988 in England and Wales the Education Reform

Order of 1989 in Northern Ireland represented it $tatutory requirement for
science to be included in the primary curriculunaasbject in the newly designated

Key Stages 1 and 2.



However, the government’s imposition of scienceat@primary curriculum was not
supported by sustained or systematic trainingNdrthern Ireland various piecemeal
initiatives were resourced by individual Educatad Library Boards (ELBs) but
they were very much dependent on each ELBs expertiscience. Consequently the
Northern Ireland Science Curriculum which came #ifect in September 1990
amounted to a major new challenge to many teaetteose training in science and

previous experience of teaching science were ldnite

The Department of Education for Northern Irelan&D) issued a Draft Order in

1989 which designated science as a ‘compulsorytritutory subject in which all

pupils were to be assessed and for which progranoir&sidy and attainment targets
were to be specified for each of the four Key Ssamgfecompulsory education (ages 4 -
16 in Northern Ireland). Despite formal standadiassessment at Key Stages 1 and
2 being statutory in England and Wales, pupils anthern Ireland are not formally
assessed in science in the primary sector. HowsgEmce assessment does occur as
an integral part of the transfer procedure, a sieleprocess for pupils entering

secondary education.

The Curriculum Order for Science (DENI, 1990) camtd fifteen attainment targets
grouped into two profile components. Profile comguat 1 addressed exploring and
investigation in science, communication and thdieaions of science. Profile
component 2 focused on knowledge and understamdisgence. The Northern
Ireland Curriculum Council (NICC) which had ther ttesponsibility for developing

the Northern Ireland Curriculum stated in 1990:



‘The implication of the programmes of study in Nethern Ireland
Curriculum for Key Stages 1 and 2 should not bedaonting a task for those schools
which already have developed a school scienceydbcument or for those schools

familiar with the NICED Primary Guidelines”.

This assertion, however, probably underestimatediifficulties involved, teachers’
insufficient scientific knowledge and expertiseppeesourcing, limited INSET
training and manageability in terms of practicgbertences. Teachers in England
found similar difficulties following the introduain of the National Curriculum in
1989. These have been noted by authors such E&nH&898) who claimed that the
National Curriculum has produced tension for teexhetween the process of
working from children’s ideas and the need to cdiiercontent. Similarly the
dispiriting effects of the ever-increasing ratecbfinge and the development of new
agencies and terminology have been well documéntextiucationalists (Fullan and

Hargreaves, 1991; Alexander, 1992; Johnston, ll988greaves, 1994).

In May 1992, the Northern Ireland Department of &tion issued a circular to
schools informing them of a change to the sciemncgaulum. The number of
attainment targets in the subject was reduced fiiv@en to five. While the
programmes of study were restructured in line whéhnew attainment targets the
content of the curriculum remained unchanged, aaeknowledged by DENI (1992,
p.1). This meant that the concerns expressed Iy teachers at the time over the
amount of content were not in fact addressed. h@sd concerns became more
vociferous, NICC set up a working party to suggesision of the range and content

of the science curriculum. The council acknowletigentent overload and the



emphasis placed on scientific knowledge at the es@ef the acquisition of skills and
understanding. The view was expressed strongtythieafocus should be on process
(NICC, 1993). The fact that this review was undleen only for science was a

reflection of the concerns felt in particular abthis subject area.

However, these proposals for a revised sciencécalum were overtaken by the
decision of Government to implement a full revisarthe entire Northern Ireland
Curriculum in line with a re-evaluation of the Natal Curriculum in England and
Wales under the chairmanship of Sir Ron Dearingd[2B95). This review by the
Northern Ireland Council for the Curriculum, Exaiions and Assessment (CCEA
1995) resulted in revised programmes of study d@aihanent targets for the
compulsory subjects of the Northern Ireland Cuttiou Science was to be referred
to as ‘Science and Technology'. The programmeuafysfor science was set out in
two attainment targets, Investigating and Makind Knowledge and Understanding.
The changes which came into effect in Septembe 89uded a reduction in
content and were a tacit admission by Governmettttte primary curriculum had

been overburdened.

Several reports published in the mid to late 199@snined the state of science
teaching in primary schools in Northern Ireland.1D96 the DENI Inspectorate
carried out an investigation into the quality ad¢bing and learning in English,
Mathematics and Science in a sample of primaryasholrhe main purpose of the
report (DENI, 1996) arising from this investigatisras to summarise the
Inspectorate’s findings in the quality of teachargl learning in the core subjects,

identify some of the main trends, including parécistrengths and weaknesses and



outline examples of good practice. The report higblighted issues for
consideration by the schools and by CASS and ailngport agencies. With regard to

primary science the Inspectorate reported as faliow

1. Almost all children showed enthusiasm for sciengethe more able did not
achieve their full potential due to ‘insufficienportunities to apply acquired
skills, devise their own tests or interpret taskish a range of freedom and
independence’ (ibid p.3).

2. At Key Stage 1, most children benefited from a draenge of scientific
experiences. However, at Key Stage 2, too greahgrhasis was placed on
‘information to be acquired rather than on the dgwment of skills’ (ibid p.18).

3. In-service training has had some impact on classrpractice but within Key
Stage 2 a significant number of teachers wereissiicure in their own knowledge
of science and needed continued support to devettper their confidence and
competence in the subject.

4. The teaching of science was effective when teacmwpted a wide range of
teaching strategies which provided an appropriatarize between instruction and
participation by the children. Other importanttteas included ‘the teacher’s
positive attitude to the subject and their compateand understanding of the

science programme of study’.

The report concluded with the identification ofuss to be addressed by both teachers
and support agencies. These included the needdi@arer understanding of the
processes in science and the need for a signiffraanber of teachers to gain

confidence in teaching science.

10



A further report ‘Children and their Learning’ waisbsequently published by DENI
(1999). This report drew on evidence from inspeicarried out in primary schools
during the period 1992-1998 when almost nine huwhgranary schools and
preparatory departments were inspected. This figpag®n was an attempt to give
both a picture of the quality of provision in prirgaducation in Northern Ireland and

to inform the process of continuous improvement.

Observed deficiencies in the planning of scienckigted the use of ‘broad topic
headings with only superficial reference to conagaptinderstanding and skills which
children need’ (ibid p.14). The Inspectorate jutitfeat the children’s knowledge and
understanding of science and technology were sogmifly better than their
attainment in investigating and making. In ove¥®0f the schools the children
displayed satisfactory or better standards in kedgé and understanding. In 55% of
the schools they achieved appropriately in invesing and making. In over 50% of
the schools inspected there was little progre$isdrarea of assessment. The report
stated that ‘in most schools much remains to be domnsure consistent progression

in children’s learning and development of skillg@shnology’.

A report from the Northern Ireland Curriculum Coh8tudy, ‘The Real Curriculum’

examined the evidence on pupils’ experiences ottineculum in the final years of

primary schooling (NFER 1999).

In the area of science just over half of the tetahple of sixty primary school pupils

acknowledged continuity and progression in scierecaotably lower figure than for

11



English and Mathematics. Over a third said thesis mo follow-on in science whilst a
few girls said it happened “sometimes”. In comgxn with English and
Mathematics, the responses of the children showegference to an increase in
difficulty in any affirmation of continuity and pgvession in their science curriculum.
Any progression was rather the acquisition of mietated information. Equally there
was no account which suggested the learning aipmastising for understanding.
Indeed, the idea of science process was also yathkent, with no pupil mentioning

scientific skills and approaches such as hypothmeggifair testing or experimentation.

By 1999, in a further attempt to help teachersgrate technology into the science
curriculum, CCEA designed materials for Key Stajesmd 2. The programme
included progression grids outlining science amtinelogy skills. Focused
statements indicating what children should be &bk, know or understand were
specified and activities, investigations and tedbgw ideas were suggested.

Whilst the resource did not constitute a schemeak it perhaps could be seen as an
attempt by Government through one of its agencigsdvide primary teachers with
the support to enable them to translate the stgtstdence curriculum into effective

and workable classroom practice.

12



1.2 The Nature of Science

The way we teach science should be influenced byirvportant factors: how we
understand the nature of what we are teaching andae understand the nature of
learning. The nature of science has been thoughttevo ways - as a body of facts
and as a method of exploring and investigatinge fBaching of science as facts leads
to teaching dominated by ensuring that the wisdbthepast is received by new
generations; it is objective with a defined andjuei subject matter. When science is
seen as developing understanding through testeggidgainst evidence, then it is
portrayed as a human endeavour to understand ttsgcphworld. It provides
knowledge which is tentative, it builds upon prexdsknowledge and understanding
using a wide range of methods of inquiry and itdmes a social enterprise whose

conclusions are often subject to social acceptgbili

Exploration of the philosophy of science is needgall teachers of science to ensure
that they can articulate a clear perspective af then. Too often because we lack an
explanation of the nature of science in our owncatian, our view of the nature of
science, and therefore its translation into sckomnce, are underdeveloped (Ratcliff,
1998). We do not have to go deeply into the pbijdsy of science to have a ‘feel for
it according to Harlen (1992) but a brief dip irttee question of ‘what is science’ is
enough to lay foundations for building a framewfokteaching science. Like any
other foundation it will support all that comeseaft

The Science National Curriculum orders in England Wales (DFE 1995b) currently

lack a clearly stated rationale, both in termshefnature of the discipline and of the

13



purposes of science education. However, the @igian-statutory guidance gives

some indication of an underlying view of science.

‘Scientists are curious; they seek explanations--scientists formulate
hypotheses, design and carry out experiments, wiagervations and record results.
There is also an important place for imaginatiaor, inspirational thinking and the
receptive mind ------- . A scientist’s work canuksn the formulation of a new idea
or lead to the solution of a problem or the devetept of a new product. Scientific
endeavour produces progressively more powerful waysiderstanding the natural

world’ (NCC, 1989, p.44).

Similar views about the distinctive characterist€science have been expressed by
ASE (1983), Science Working Group in Northern InelgUniversity of Ulster, 1989)
and the New Zealand Curriculum (1999). All desioips address the personal
development of pupils, their ability and confidenoeapproach problems

systematically and an awareness of the way sciemgi@ges on our lives and culture.

The introduction of the National Curriculum intchsols in the United Kingdom has
brought into sharp focus the role of subject knalgke The challenge for teachers of
the National Curriculum is to provide access tesce for all children. It requires
that teachers recognise the needs of children mndbde to translate the curriculum
into such a manner that access is facilitated.réltse however, an intimate
relationship between the teacher’s personal sukjemtrledge and the ability to
implement the science curriculum. Teachers wilirdethe curriculum and match it

to the children’s needs on the basis of their oulrjext expertise. In terms of the

14



science curriculum this creates problems (Feas34)L For many years it has been
recognised that insufficient subject knowledgediesce has led to low teacher
confidence and expertise. Alexander, Rose and Wexamdti (1992) referred to

‘curricular expertise’.

“We use the phrase ‘curricular expertise’ to mdhe subject knowledge, the
understanding of how children learn and the skik®ded to teach subjects
successfully. Effective teaching depends on tbeessful combination of these
understandings and skills ---------- . Our viewthsit subject knowledge is a critical
factor at every point in the teaching process,lanping, assessing and diagnosing,

task setting, questioning, explaining and givingdteack” (ibid p.25).

The authors recommended the introduction of semcigfist and specialist teaching

into primary schools.

NCC (1993) and OFSTED (1993) publications confirraad re-emphasised that a
proper knowledge of subject matter across the aultnm and the suitable deployment
of subject expertise, through whatever combinatibgeneralist, semi-specialist and
specialist teaching or subject consultation, islamental to effective instruction. If a
high level of confidence and subject expertis@guired to teach science effectively
then expectations that teachers will be able tdempnt a content driven science

national curriculum are unrealistic.

Research interest in the 1960s and 1970s in gefeataked classroom processes and

teacher effectiveness (Hargreaves, 1975; Delam®ii6). The 1980s focused on

15



more detailed and qualitative analyses of curricutapics, even individual lessons,
which took account of teachers’ own goals and imnbexs, as well as children’s
existing understanding, explanations and probletnategies, their errors and
misconceptions (Glover, 1985; Osborne, 1985yals Shulman (1987) who noted
that subject knowledge was missing from researcteaching and called for attention
to this area. Shulman suggested the notion ofgmgieal content knowledge and
provided a list of kinds of knowledge requiredeach science. It is a reminder that
teachers need to know about pupils’ thinking aradoaing, what kinds of perceptions
they are likely to have formed and what teacherir@ntions might bring about
change towards a more scientific view. Howeves gignificant that Shulman put
content knowledge first in this list since sevarfalhe subsequent items depend on it.
What he emphasised was an understanding of wisathiat identifies science, what

are its boundaries, its limitations and the diffen@ays in which it can be conceived.
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1.3. The Effective Teaching of Primary Science

‘The intention of all teaching activities is thdthyinging about learning’ (Hirst,
1974, p.109). Hirst made this statement in hism@rations of what characterises
teaching. He goes on to say that this is a sitpteritical idea, it involves the claim
that the concept of teaching is in fact totallynielligible without a grasp of the

concept of learning.

MacGilcrhist et al (1997) have developed this ifiether by defining what it is that
constitutes effective teaching. They suggest kedgé and understanding of the
content of teaching, knowledge and understandirtgpof pupils learn and knowledge
and understanding of how to manage the procesaaniihg. Each involves
knowledge and understanding and skill on the patieoteacher and each is

dependent for its success on the other two.

These comments are all the more pertinent wheniaenesl in conjunction with
Shulman’s writing in 1987 in relation to sciencadking. Shulman addressed the
kinds of knowledge required by the teacher to tesmibnce effectively. He
emphasised content knowledge, about science asdesfce, pedagogical knowledge
and knowledge of learners and their characteristiicis worth noting that this focus
on content knowledge has been highlighted by atdacationalists and government
agencies (Bruner, 1960; Alexander, Rose and WaujH92; NCC,1993;
OFSTED, 1993; DENI, 1996; Harlen, 1999). Thewis that understanding is
needed not so that teachers can convey factuahuatoon to pupils, rather so that

they can ask questions that lead children to reaedlreflect on their ideas, provide
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relevant sources of information, identify prograssl plan subsequent learning. The
aim is not to enable teachers to know all the ansieeall the questions children may
ask but to allow teachers to have access to steatégy handling children’s questions

and turning them into opportunities for investigatscience.

Extensive research into teacher understandingieh8e concepts has identified
significant gaps in teachers’ knowledge (Kruger Sadnmers, 1989. Wragg et al,
1989; Carre and Carter, 1990; Mant and Summ®e3;1Harlen, Holyroyd and
Byrne, 1995). The impact of teachers’ understagadim pupils’ learning has also
been well established by research (Aubusson andW&®2; Harlen et al, 1995;
Osborne and Simon, 1996). Low levels of confidesnog understanding have been
associated with restricted classroom activitiespblowing instructions, inhibiting
creativity and questioning. Shulman (1991) argined it is only with a sound grasp
of science content that teachers can then develdagogical knowledge which he
characterised as buildinigridges between their own understanding of thgesttb

matter and the understanding that grows and is taoted in the minds of students’.

Whilst content knowledge is a key factor in thesefive teaching and learning of
science, pedagogical knowledge is of equal impogarKey aspects of pedagogy
include planning, classroom management and orgamsauestioning and
assessment.

Pupils’ learning is supported most effectively wheachers have planned carefully
towards the development of identified skills andenstanding. DENI (1999)
considered planning to be effective when it todkdacount of both attainment

targets as defined in the Northern Ireland Curdoufor Science and Technology.
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The report identified successful planning whentheag chose methods and provided
activities which involved children in developingestce process skills. It was also
important that the intended outcomes were cleafindd, relevant and built on

children’s previous work and experience.

When planning is completed and learning outcomestified, organisational issues
must be addressed. If classroom organisationchsarve the purpose of facilitating
the development of science process skills thennisgional procedures must be
established and varied. Key features of well oiggahclasses identified by OFSTED
(1993) included carefully planned and appropriateiging of pupils for tasks, to
include a mixture of individual, group and wholess teaching. The report focused
on a manageable number of teaching groups andneaeantivities, with due attention
to the use of teacher’s time for giving instructpteaching the whole class,
individuals and groups and moving between groupssiouct, question, explain and

assess. The report emphasised the need for ctesdlished routines and systems.

An important aspect of science teaching is pralcticak. Various authors have
claimed that practical work has a central placgcience education (NCC, 1993;
Harlen, 1998; Reiss, 1998; ASE, 1999). It erablgpils to see a phenomenon or
effect for themselves, to decide what to changethed try it in order to test a theory.
Practical activity allows students to conduct opexded investigations and to gain
some understanding of the nature and limitatiorsec@ntific knowledge and
procedures. Research, however, has indicategtaetical work often fails to serve a
useful purpose and sometimes inhibits understan@ogston and Champagne, 1990;

Gardner and Gauld, 1990; Hodson, 1993). Effedorence teaching therefore
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requires teachers to use practical work selectiaetywhere it is best suited to the
purpose. It is one way of assisting the cruciatpss of enabling pupils to explore

their own and others’ ideas.

The organisation of the science and technologyaam must also take account of

the various needs and abilities of the childrenisgell (1994) stated:

‘Differentiated practice represents a view of whggdod science teaching’

might be - the provision of appropriate teachingfl@ng experiences for all pupils’.

The purpose therefore of differentiation is to makdifference to the pupils learning.
This matching of the level of difficulty of an agty to the pupils’ capability is not
easy to achieve. In science there are problenueitifying how progression in
understanding of specific science concepts develaggdefining the level of
difficulty of activities in advance may not be pitiss. The way pupils’ existing ideas
affect their learning in science is an added cocagibn. Naylor and Keogh (1995)
suggested a list of strategies which would enaddeters to build a degree of
differentiation into their teaching. They proposeing a range of learning styles,
adjusting the level of scientific, linguistic ancaithematical skills required in an
activity and varying the amount and nature of teaahtervention. They considered
targeting particular questions to individual puifed varying the response expected,
the pace of learning and the method of recordifigey suggested a range of
resources to provide additional support for somalpu The challenge, therefore, is

for teachers to become more aware of the rangeaiégies available, to make more
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conscious decisions about when to differentiateraakle differentiation more explicit

in their planning.

Also essential to effective teaching is the rolgoéstioning in primary science.
Feasey (1997) suggested that to develop a scaailyfiiterate individual, questioning
needs to be at the centre of teaching and leafrongthe earliest part of schooling.
Several studies have considered the quality anglogerof teachers’ questions
(Galton, Simon and Croll, 1980; Stiggins et al329 Wragg, 1992; Shapiro, 1998).
They found that questioning at all levels was dated by recall questions and pupils
were marginalised in terms of opportunities to ¢oes Research also indicated that
the quality of teachers’ questions was also reladddachers’ knowledge of the
subject matter (Carlsen, 1989; Feasey, 1997). allki®ors indicated that when a
teacher had a sound personal knowledge and und@irsgeof scientific concepts, he
or she was better able to ask probing questionsraaie higher cognitive demands of
children through the use of effective questiongcakding to the Scottish Council for
Research in Education (SCRE 1995) the types oftquasswhich promote learning
are, in form, open and person-centred and, in obntequire reasoning skills,
prediction, interpretation and argument.

It has been widely argued that the formative usesseéssment is invariably found in
effective teaching and it has a potentially larmg@act on achievement. Black (1993,
p.76) argued for methods of assessment which igatigfe conditions of feasibility,
reliability, validity, absence of bias, attentianrhotivational and affective as well as
cognitive development and ways to develop pupftastessment. Current practice,
however, lacks many of these features. DENI (1988drted that over fifty per cent

of schools had made little progress in the arestigince assessment. ASE (1997)
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provided useful guidance in relation to the asses$mf science. The association
suggested a focus on what is taught and learrtagattcan influence subsequent
teaching and learning. It argued that assessrhentd match the needs of the
learner, be flexible and responsive to changingis@ad ultimately involve a wide

range of methods and celebrate achievement.

A knowledge of content and pedagogy is not suffic@n its own for the effective
teaching of science and technology. A knowledgleafers and their characteristics
is another vital aspect of the relationship. Theeemany theories about how we
learn. Commonly used terms incluckdibration (Cooper and Mcintyre, 199&)pne

of proximal developmerf¥/ygotsky, 1987)metacognitionGipps and Murphy, 1994)
andaccelerated learningSmith, 1996). Recent attention has been direct¢ae
theory of multiple intelligences (Gardner, 1983)l dine expectation that with the right
motivation and teaching all learners can reaclvel lef achievement which

previously may have seemed beyond th&onstructivismis a widely used term with
a particular perspective on the teaching and legraf science. It is characterised by
the view that children are not without ideas alibatevents and phenomena in the
world around them. They have formed ideas in nakense of everyday experiences
but these ideas often conflict with the scientiew. The role of the teacher is
therefore to develop approaches to encourage caraemange. Harlen (1998)
suggested one of the main ways of doing this wasvive pupils in devising and
carrying out investigations, to provide a greasatge of evidence and to encourage
reflection and communication. A skilled teachavaee of the theories about learning,
will know which are appropriate for pupils and htmmaximise the potential for

learning.
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A further consideration is the nature of learneé8gveral researchers, including
Gilligan (1982), Belenky et al, (1986), Tannen (2pand Gipps and Murphy (1994),
have argued that males and females tend to respfiacently to the same stimuli or
situation. They did not suggest that girls andsologve different abilities but that they
have different ways of using their abilities, tigtdifferent cognitive styles.

Johnston et al (1999) examined aspects of the itgaeind learning of science in
primary schools in Northern Ireland. Specificatlye research investigated the fit
between preferred learning strategies and childrerperience of learning science in
the classroom setting. The study also focuse@acher awareness of children’s
learning dispositions and the extent of which teastmaccommodate such differences

in their planning for and in their teaching of sae.

The study found that boys and girls have identifialifferent dispositions as learners
which they bring to the science classroom. A gaineaittern of precise/sequential
processing among girls and stronger preferencegdébnical and confluent
processing among boys was sustained. Boys’ avoédahprecise/sequential
processing, together with their strong disposifmmtechnical processes was likely to
run counter to the predominant classroom ethosevbiercision and sequence were

emphasised.

The report concluded that teachers’ own learnimjgpences together with the effects
of the Transfer Test on teaching practice may tesdome children being subjected
to school experiences which leave them uninteresmtelddemotivated and indeed also

misunderstood as learners.
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The study recommended (p.103)
‘the need for pupil learning disposition to be kmywinderstood and taken

into account in the classroom’.
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1.4 Teacher Confidence and Understanding in Teaching
Primary Science

There has been considerable research into teachetststanding and confidence in
teaching science, prompted by explicit statement&rious national guidelines,
curricula and media reports. Many studies havaded on a specific concept area,
such as force (Kruger et al, 1990), energy (SummaedsKruger, 1992), changes in
materials (Kruger and Summers, 1989), gravity @ntftoon (Noce et al, 1988),
gravity and air resistance (Smith and Peacock, 1 @&ctric current (Webb, 1992)
and the greenhouse effect (Boyes and Stanisst@@8). In general it has been found
that the explanations which primary teachers gditbe concepts were at best
incomplete and in many cases showed the same neesgthions that were found to be
held by secondary school students. Teachers adeigis of primary and secondary
schools with a strong emphasis on text book legrriormal testing and the implicit

message that science is complicated and difficult.

This is reflected in the views of Harlen (1999)tthemary teachers are recruited, by
and large, from those for whom science was notesgth in their own achievement at
school and whose experience in the intervening tiaeedone little to increase their
achievement in this area. Additionally Harlen adjshat the methods used to assess
teachers’ knowledge of science were similar toeheosed with school students,

complete with their own association with previoasure and frustration.
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The research of Bennett, Wragg, Carre and Cartéedtniversity of Exeter
underlined the view that the issue of backgrounalKadge in primary teaching is
more complex than whether or not teachers havainerbncepts (Wragg et al, 1989).
Their particular interest was to ascertain printagchers’ perceptions of competence
and needs with respect to the new National Cumriouh the UK. In response to the
ten subjects prescribed in the National Curricutmty thirty four percent of the
sample felt independently competent to help childgrehieve in science. Overall,
science was rated eighth out of the ten foundatignects according to their
perceived difficulty. Technology was rated tenfhating 1: most confident, rating
10: least confident). Twenty eight percent indeckthey were in need of in-service
help in science. This picture of a depressingly peercentage of teacher competence
may have been attributed in part to personal ayzieti concern associated with
management and organisation of change inducedebational Curriculum. The
authors noted, however, that the perceived diffycof science was reduced when
individuals considered their competence to deah witch topics as the ‘water cycle’

or ‘recycling’.

Differences between male and female respondents algo addressed. Men rated
themselves as more competent in items relatingrtees, electric circuits, sound,
light, using simple power sources and night and d&pmen rated themselves more
highly on items associated with living things, reguction in mammals, heredity,
recycling of waste and in grouping materials acoaydo their characteristics. The
data strongly supported the sex-stereotypic maseuinage of science previously

reported by Kelly (1987).
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In discussing the implications, Wragg et al argiordn-service support not of the ‘hit
and run’ variety but flexible models based on skdfgnosis of specific need and
individual self-study appropriately sequenced dberprofessional continuum from

graduation to retirement.

In a follow-up survey in 1991 of over four hundtedchers, technology remained
tenth but science had risen to third place afteyliEh and Mathematics in teachers’
rating of their choices. The researchers ascribedignificant position change in the
teachers’ perceptions of their own competenceignse to the allocation of
resources, both human and material, to sciencaitegdogether with the
comprehensive map of the subject set out in thatsty orders (Bennet et al, 1992;
Carre and Carter, 1993). Thus it seems plaudialiegains in curriculum knowledge,
pedagogic content knowledge and knowledge of goalg have been responsible for
the increase in confidence rather than increasesbpal understanding of science.
The authors emphasised that the research instrumasneliciting teachers’
perceptions of their conceptual understanding amd stage was there verification of

their actual degree of scientific understanding.

Research into primary teachers’ understanding ntepts in science and technology
by Harlen, Holroyd and Byrne in 1995 found thatréheere teachers with no science
in their background who were confident about teaglsicience, but whose
understanding was limited. At the same time these teachers with no science in
their background, but who had achieved understgnafitkey science ideas and
whose confidence was low. Finally there were teeskvith no science, low

confidence and little understanding. What emeigaubrding to the researchers was a
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series of strategies that teachers used to copdawtconfidence in their ability to
teach science. These included, avoidance, stgepsirtess outcomes rather than
conceptual outcomes, reliance on book or presedptiork and emphasising

expository teaching and underplaying questionindydiscussion.

Teaching characterised by these features may etesabers to include science in
their planning and practice without constantly lgefimced with their own limitations
in this area. Within this restricted practice thies possible that teachers may claim

not to find teaching science particularly difficult

The research carried out in Scotland by Harlen €995) addressed the nature of
teachers’ misunderstandings of the concepts treegxgrected to develop in pupils.
The types of misunderstandings included using aenfama phenomenon as if it were
an explanation of it, giving an inappropriate aggland attributing properties that do
not correspond with reality. Also, it was common teachers to equate everyday
language with scientific language and propose ehar@sm for which there was no
evidence. The results confirmed findings of thevus survey in England by Wragg
et al (1989), that primary teachers have muchdeafidence that they have the
knowledge and skills required to teach sciencetaddnology than to teach English
and Mathematics. Forty one percent gave the lovegisig in confidence to teach
science and one percent gave the lowest confidatiog to Mathematics and
English.

Harlen (1999) believed an optimistic outcome of tt@search was the relative ease
with which understanding of some key scientific ogpts was developed by teachers

in the interview setting. She suggested that thexg a latent understanding waiting

28



to be awakened and that what held back teached€ratanding was not the ability to

grasp ideas but the opportunity to discuss andldpvikem.

In Johnston’s study in Northern Ireland in 1999t ‘What Science Engenders’, a
particular objective was to examine teachers’ stitjpowledge, organisation for
teaching the subject and levels of confidence ienee. It was found that, inter alia,
limited subject knowledge was a constraint on te®rphrimary science and led to
feelings of inadequacy. This is further evidenighlighting the complexity of the
interrelationship between teacher subject knowledgkteacher confidence.
Additionally the study revealed that four out ofditeachers had never studied science
as a main academic subject at A-level or beyonduldstantial proportion of teachers
reported that they had attended neither schoolebagenon-school-based in-service
training courses in science in the 1997-98 scheat.y Whilst teachers indicated a
strongly positive disposition towards teaching sces only seventeen percent
reported science as a first preference with retgatdachers’ preferences among the
core subjects. It was, however, cited to be tloerse preference of over half the

respondents.

Evidence from the study suggested that sciencalsadondary status in terms of
timetabling. In more than half of the Primary @sdes surveyed, science was taught
less than twice a week. The researchers examigeaadhisation for teaching the
subject and reported that teachers perceived groulp in science as contributing
primarily to the development of co-operation ane @lcquisition of skills, rather than

to the development of scientific knowledge and pssc
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The report concluded that because of the extetteofontent to be covered in science
and the nature of the selection procedure for @ntgrammar school, teachers had to
resort to what they saw as primarily transmisseathing where factual knowledge is
heavily emphasised. The report confirmed that expgntal or investigative activity

is sometimes unduly tightly organised and pre-oreldi It may be inferred from these
results that the emphasis on structure and advaraading may be seen as
consistent with the existence of a degree of ingigan a subject with which teachers

may not feel entirely confident.

Research in the United States of America appears to agreement with the findings
of research in the United Kingdom. At a time wimational reform in America
focused on science for all children (American Asatan for the Advancement of
Science, 1989) and the implementation of natiot@ddards (National Academy of
Sciences, 1996) very little science is taught imynelementary school classrooms
(Silvertsen, 1993). Many teachers are neitherasted in science nor confident in

teaching it.

A 1993 survey of elementary teachers carried guhb U.S. Government indicated
that 76% felt competent to teach reading/languagendile only 28% felt competent
to teach science (Weiss, 1994). Although 99% efréspondents asserted that hands
on/manipulative activities should be an importasygext of science instruction, about
25% felt “less than well prepared to use textbaaka resource rather than as the

primary instructional tool”.
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Research on the aspects of science methods coulggsmotivate teachers and
increase their confidence is an important parhefreform movement in the United
States. Jarrett (1999) studied the developmeimt@fest in science and confidence in
teaching science in two master’s programmes whicpl@yed different

interpretations of constructivist learning. Bothucses, taught by the same professor
were very hands-on and focused on capturing tliests’ interests and helping them
build their own understanding of scientific pheno@mand modelling methods
appropriate for the elementary school classroomwth Bourses were cohort-based and
involved choices in how science was to be impleexdint the classroom. The
underlying assumption was that the course memietsheeir elementary school
students build their own understanding through gl@ind reflecting. However, the

structures and philosophies of the programmes diéflerent.

Students in programme ‘A’ were inexperienced indlassroom. Their course was
taught as consisting of discrete entities, witlheliattempt to integrate. The course
was designed to provide participants with contefdrmation on science topics
relevant to their teaching, to model developmeyptatipropriate inquiry teaching
methods and procedures for integrating science otitar areas of the curriculum and
to introduce students to the materials and resewtscience.

This course was constructivist in its focus ondbeelopment of understanding
through hands-on science experiences and reflectidhose experiences. Most of
the class time was spent investigating various pimema such as making electric
circuits, designing paper helicopters, dissectwymellets, studying meal worms and
mixing coloured light to make white light. Thesgiaties introduced content and

science process skills while modelling construstit®aching methods. Field trips,
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science fair projects, dialogue journals and deséghnology activities were

included.

Students in programme ‘B’ were experienced teach&hés course emphasised
democratic classrooms, learning communities anchesaempowerment. The content
was spread over the year and the number of segsi@ash content area was
determined by the students. Each student was @gtrdecide on a focus area and
join a group with a professor having expertisehie $ubject. The students were given
a list of possible ways in which they could enhatiegr science learning, including
readings, use of technology, lab sessions, jourgaind faculty visits to their
classrooms. The professor’'s assumption was thdests, upon concluding that
science was an area of weakness, would choosertoomamproving their science
teaching. Owing to the democratic nature of tregpmme, students were allowed to
choose where they would focus and were free toe@mpht or not implement science
lessons. As a result students in programme ‘Béikestl approximately 15-16 hours of
science spread over the year compared to 45 hopregramme ‘A’. Whilst science
sessions included discovery lessons, a mini-pr@edtdialogue journals, there were
no requirements on students to implement sciergigrasents in their classrooms.
The results indicated students in programme ‘Aréased in interest and confidence
but students in programme ‘B’ did not.

The author suggested that blocks of time in whiadents build their understanding
of science content and assignments in which stedgpyly inquiry science in the
classroom may be necessary if teachers are toageia interest and confidence.
According to the author a three-fold differencéhia number of hours of science

instruction influenced the outcome, especiallyonfadence.
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Jarrett concluded that interest and confidencafieeted by early personal
experiences rather than by prior teaching expeen&he argues for weekly
meetings rather than a loose series of encouritepspvide the concentration and
continuity needed for interest and confidence. €@hot’ sessions do not stimulate
interest (ibid, p.7). Jarrett’'s conclusions aiefaeced by other research on interest
which suggested that

‘interest is a phenomenon that emerges from aivihglal's interaction with
his or her environmen(Krapp, Hidi and Renniger, 1992, p.5jterest is an
enduring disposition{Krapp et al 1992, p7) ariohterest motivates behaviour’
(Deci, 1992).
Indeed if one refers back to Piaget tlev of interest ... controls the intellectual
functioning of both children and adult@iaget 1970, p.159). If these connections are
accurate, Jarret argued, science interest canvatoged through interaction with
fascinating phenomena. Once an interest in scismbeveloped, people make the
effort to seek out additional scientific informatiand science-related experiences,
thus further deepening science interest. Teadhleosenjoy and appreciate science
are motivated to do hands-on science with theidotm. A key to effective science
education is, therefore, to ensure that those whoht science are interested in it.
Marlow and Stevens (1999) examined science teddi@itades about Inquiry-Based
Science. The study claimed that whilst teachextedtthat students learn best when
they are building on their previous knowledge, aglquestions and making
connections with things they have already learnbdervations told a slightly
different story. ‘Hands-on’ activities were cornsigtly used but open-ended inquiry
was not evident, the teacher controlled a gredtafeshat went on through lecture

and testing, the textbook and worksheets pre-datedractivities and practice did not
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match perception. The authors argued that weeakng) with an entrenched prior

theory of practice which will be difficult to chaeg

The concerns over teaching science in primaryamehtary schools is also felt in
other countries. A recurring theme in much ofritare about elementary science
education in Australia has been the degree of peepass and apparent reluctance of
many teachers to teach science (Abell and RotH;198partment of Employment,
Education and Training, 1989; Harlen, 1997; sedl, Blanco and Ruiz, 1998;
Smith and Neale, 1991). The essence of thesetaed reports is that significant
numbers of elementary teachers avoid teaching sej@me not knowledgeable about

science and lack the confidence to teach it.

Since the introduction of science (as opposeddtuie study’) to the elementary
curriculum in Australia thirty to forty years agayrveys of science teaching have
revealed that many elementary teachers do not saehce and frequently when it is
taught, strategies used tend to be teacher disriss®xplanation, watching science
television shows, library research and teacher astnations (Australian Science,
Technology and Engineering Council, 1997; Depantnoé Employment, Education
and Training, 1989; Symington, 1974; Varley, 1978)major contributing factor
was the tendency for elementary teachers to havesoence background knowledge

and to lack confidence in teaching science.

Hope and Townsend (1983) found that pre-servicehexa tend to hold similar

misconceptions in science to their students andir@yton and Hayes (1989) noted

how pre-service teachers avoided acquiring thenseibackground knowledge when

34



preparing science lessons. When teachers lackdemak to teach science, they tend
to use teaching strategies which allow them to taaircontrol of the classroom

knowledge flow but which are not appropriate walysrayaging students in science.

Appleton and Kindt (1999) suggested that the nateection for teachers with low
self- confidence is to avoid teaching science &tiogr or use various avoidance
stratagems. These included a series of largellated activities which contribute
little to progressive conceptual development inifguprhis, the authors claimed, is
‘antithetical to constructivist views of learningghich permeate much of the science
education literature (ibid, p.8). The authors doded that it seemed

to be the case that the teaching profession appeaedf-select people for elementary
teaching who tend to fear science rather than tivbselove it (ibid, p.11). The
researchers noted that for those teachers who adsgitof activities that work, some
science learning is provided for pupils. Ofterstisiachieved with little support from
their school, school system or from their teacliercation programme.

‘It behoves us as science educators to recogneséifficulties they experience
and try to find ways of enhancing their effortdgach science more effective(ydid
p.11).

Recently in Britain the Council for Science and Aralogy (2000) commissioned a
survey to obtain a robust up-to-date picture ofgnality of science teaching in
primary and secondary schools. The report revaakddespite ten years of
compulsory science education, primary teachers generally less confident about

teaching science than about Mathematics or English.
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The Council addressed the questiorwdfat would make a material difference in
helping science teachers in primary and secondainpasls develop and improve their

professional practice, individually and collectiy@l

Their answer was that young people gain their fitdtstantive experience of science
from their schools and science teachers. Both Hubiools and their teachers have
profound effects on their attitudes and interastscience and technology generally
and on the levels of attainment they reach in s&dyy the end of their compulsory
schooling. In all these respects the report clathmesknowledge, confidence and

competence of their science teachers are criticalportant factors.

The Council identified th&Hallmarks of Top Quality Science Teachinglt
confirmed the common sense view that the persdtrddutes, knowledge, skills and
competencies of teachers are critically importauat iafluential. The effectiveness of
teachers stems mainly from their attitude, thenfickence, their knowledge of the
subject and how to teach it.

‘Truly inspirational science teaching occurs wheteacher is not only
enthusiastic about the science topic being taughalso understands that topic fully

in order to present it in a comprehensible and niegtial way to each pupilp.9).

What needs, therefore, to be emphasised is that gigect knowledge and
understanding of the substance, content, struetwtleorganisation of the science
subject itself is essential for the teacher to @xphot only the facts of science but,

more importantly, the arguments for the sciengiiture. When it is weak, many
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teachers find it difficult to deal with the pupilguestions and resort to teaching from a

text book to avoid having their lack of knowledggesed.

This focus substantiated the findings of Timmind &naser (1990) who indicated that
science teachers need to possess good subjectddgmylin order to develop the
subject related pedagogical knowledge, skills amdpetence that is so necessary to
present a science topic to pupils in comprehensildestimulating ways.

The report concluded:

‘There is considerable scope for securing a stegmgle in teachers’
performance and hence in the science educationeaf pupils, by creating a pro-
continuous professional development culture, onghith a life time of professional
learning is very much the norm and is assisted bglam, effective arrangements’

(ibid. p.4).

The consensus in the literature is that the knogdednderstanding and confidence of
teachers with regard to the teaching of sciencénfig implicated in the performance
of their pupils. Conclusive evidence identifieddbers’ own understanding as a key
factor in improving the quality of teaching andri@ag in science but there are strong
arguments to support the view that understandimgésled not to convey factual
information but so teachers can ask questiondehdtchildren to reveal and reflect
on their ideas. The aim is not to enable teactoeksow all the answers but to
empower them with the strategies for handling ¢bilts questions and turning them

into investigative learning.
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1.5 Conclusion

This chapter has attempted to give an overviewiafgry science education in
Northern Ireland. It has discussed the place iehse in the primary curriculum and
the effects of the implementation of science assagthated core subject. It has
argued for a clear understanding of the natureiehse by all primary teachers so
that teaching will inevitably involve learners Imetprocess of developing
understanding where ideas will be explored rathan tested and views will be
examined in terms of supporting evidence. Appreadnd techniques which have
proved effective in the teaching of primary scieand technology have been
identified. The level of knowledge and understagdiequired by teachers to teach

science effectively has been considered.

The literature reviewed has identified themes perti to this study. They have
included, inter alia, teachers’ and student teath#rderstanding in specific concept
areas and the nature of their misunderstandinffsrelices in perceived confidence
between male and female teachers, the effectssdrivice training on teachers’
confidence and the content and design of sciengeses. The consensus in the
literature was that the knowledge, understandirtgcamfidence of teachers and
student teachers were key factors in improvingoihnaity of teaching and learning in

science.
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This study examines teachers’ confidence in theim anderstanding and abilities to
teach science and technology in primary schoolarthern Ireland. The hypothesis
is that teachers’ perceived confidence in theinkiedge and understanding of
primary science is low and this in turn affects djuality of the pupils’ learning

experience.
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Chapter 2

METHODOLOGY



Methodology

‘By methods, we mean that range of approaches inseducational research to
gather data which are to be used as a basis fararfce and interpretation, for
explanation and predictionCohen and Manion, 1994.38).

This study is set against a background of limitegkarch in Northern Ireland into
primary teachers’ confidence and understandingating science and technology.
Additionally, in my role as Key Stage 2 co-ordinaamd mentoring tutor for newly
gualified teachers | have been alerted to teaclhessturity in their own knowledge
of science. Within my own school, reliance of tears on detailed levels of
development in areas of content has resulted imaalance between instruction and
participation by pupils. Colleagues’ poor undemndiag of the processes of science

triggered initial concern and helped generate tlemial specific research focus.

The research was designed to address the folloavieas of enquiry.

» To ascertain teachers’ feelings of confidence acléng science relative to other
subjects of the Northern Ireland Curriculum.

» To discover the extent to which teachers are centith their own knowledge of
the science and technology required to teach théhBim Ireland Curriculum.

» To explore primary teachers’ perceptions of themfeence in helping children to
develop the appropriate science process skills.

» To discover the aspects of pedagogy relating tchieg science that primary

teachers find more and less difficult.
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» To reveal any association between teachers’ baokgrof science in their own
education and perceived confidence in teachingiseiand technology.
» To identify forms of help likely to improve teacleknowledge, confidence and

practice.

To address the research questions it was felt appte to gather information from
final year B.Ed. students, teachers and supposopeel from ELBs. The primary
objective was to generate data from both quantéand qualitative research
methods. The quantitative instrument used waseatgpnnaire. The qualitiative
method was the semi-structured interview. Thistrmeéthod approach or
‘triangular’ technique (Open University, 1988) wasattempt to gather data from a
number of informants and a number of sources ahsegjuently compare and contrast
in order to provide as full and balanced a studgassible. Triangulation, according
to Cohen and Manion (1994) helps to explain mollg the richness and complexity
of the issue and is suitable when a more holiséwvs sought.

According to Davidson (1970) an ideal questionnare

‘clear, unambiguous and uniformly workable. Itsige must minimise potential
errors from respondents..... and coders. And sieople’s participation in surveys
is voluntary, a questionnaire has to help in engggheir interest, encouraging their

co-operation and eliciting answers as close as ibbsso the truth’.

Cohen and Manion (1994) argued that frequentlyptigtal questionnaire is the best

form of enquiry in an educational survey. (p.94)
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Munn and Driver (1999) highlighted the advantagessing a questionnaire. These
included the efficient use of time, anonymity foetrespondent, the possibility of a
high return rate and the advantage of standardjgesdtions strictly controlling the

stimulus presented to all respondents.

Teacher and Student Teachers’ Questionnaires

The questionnaires were designed to provide infaonabout teachers’ and student
teachers’ background and experience. They weoedasigned to enquire into how
teachers and student teachers perceived theirdemte and understanding in
teaching various subjects of the curriculum andhwviscience and technology, the
level of confidence in helping pupils to achievetam skills, knowledge and

understanding.

The design closely reflected that of the questioenased by Harlen, Holroyd and
Byrne in their research into ‘Primary Teachers Ustdanding of Concepts in Science
and Technology’ in 1995. The reason for similaatyquestionnaire design was to

make as valid a comparison as possible with tivadirfgs.
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Questionnaire for Teachers of Pupils in
Primary Schools in Northern Ireland (Appendix 1)
Piloting
Bell (1993) states:
‘All data gathering instruments should be pilotedést how long it takes

recipients to complete them, to check that all gaes and instructions are clear and

to enable you to remove any items which do nod yiséble data(p.127).

Similarly Cohen and Manion (1994) warned that tyaof wording and simplicity of

design are of paramount importance.

The questionnaire, therefore, was piloted withelpamary school teachers,
sympathetic to the research but willing to givetiaght comments and sharp
criticism. After piloting, a number of questiongng adjusted to remove ambiguity
and misleading phrases and superfluous questiorssat@ndoned. Adjustment to

layout and design was also essential.

The six page questionnaire contained five maineest
1. Background Information
2. Teaching across the curriculum
3. Knowledge and Understanding of key concepts
4. Process skills

5. Pedagogical knowledge
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1. Teachers were asked to provide information on s the key stage taught, any
particular responsibility allowance in science,theaching qualification and when

it was obtained and qualifications in science (ggesice and in-service).

2. Teachers were asked to rate their confidence inkhewledge and teaching skills
in different subject areas of the Northern Irelgnidhary curriculum. Each of the
areas was rated on a four point scale from ‘fullgfcdent’ to ‘I need help to

develop my knowledge and skills’.

3. In the third section teachers were asked to ratie tonfidence in their own
scientific knowledge to enable them to help pugédselop understanding of the
key features of the Northern Ireland Science archiielogy Curriculum. Seven
statements were included from ‘Living Things’, feom ‘Materials’ and fourteen

from ‘Physical Processes’ (Rating as for sectipn 2

4. Teachers were asked about their confidence inrgipupils to develop certain

science process skills (Rating as for section 2).

5. Section five referred to pedagogical skills invalue teaching science and

technology. Each skill was rated on a three-pstale from ‘not at all difficult’ to

‘very difficult’.

The final question was open-ended, seeking infaomain the help that teachers felt

they needed in relation to science and technology.
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The Sample

The sample for the study comprised one hundredtarigl teachers in a selection of
primary schools in Northern Ireland. The schoalged in size, geographical location
and were drawn from controlled, maintained and gra&jory sectors. Given the
small- scale nature of the project a truly randamgle was not achieved.
Opportunity sampling was employed. This was aat#ptas the researcher did not
intend to generalise findings beyond the sampbtpustion. Personal contact was
made with the principal and science co-ordinataalbthe schools involved. The
purpose of the study was explained and confidetytiabs assured. An offer to send
an abstract of the major findings when the analgst®mpleted was included.

The level of response was high. One hundred anehseen questionnaires were

returned (90%).

Questionnaire for Final Year B.Ed. Students
(Appendix 2)

The research instrument administered to final Ye&d. students was similar to that
distributed to primary teachers (see Appendix®)e aims were to explore matters
relating to student teachers’ perceived confidear@® understanding in teaching
science and technology and to identify any chatiggisare needed in the education of
student teachers. As previously stated, the questire contained five sections.
Section One, ‘Background Information’ was revise@tcommodate those students
taking science as a main subject. Questions mglabi teaching qualification,

responsibility allowance for science and key stagaght were omitted. The four
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remaining sections remained unchanged. As redgadi questions and adjustment to

format had already occurred, it was felt that jpiigtwas unnecessary.

The Sample

One hundred questionnaires were administered foallyear primary designated
B.Ed. students at a teacher training institutioNanthern Ireland. Eighty-one

completed the survey, giving a high return rate4g81

Semi-Structured Interview/Questionnaire with ELB Sypport Staff

Aware of the limitations of using a questionnathes tendency to describe rather than
explain, the risk of superficiality and the limitedlue in exploring hypothesis, the
semi-structured interview was used to generatatqtiaé data.

Bell (1993) recognises that a major advantageefriterview is its adaptability.
(p.135)

Tuckman (1972) claims:

‘It provides access to what is inside a personadiaet makes it possible to measure
what a person knows (knowledge or information), vehperson likes or dislikes

(values and preferences), and what a person tHakisudes and beliefs)'.

Additionally Cohen and Manion (1994) argue it ma&yused to test hypotheses or to

suggest new ones or as an explanatory device podhettify variables and
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relationships. Kerlinger (1970) suggests thatayrhe used to follow up unexpected

results or to validate other methods.

The shortcomings of this method of research incthdedanger of bias creeping into
the interview and leading the respondent by toneoafe. Also emphasising certain
aspects may produce different responses. SimiBotg (1981) drew attention to
additional problems that may occur, eagernesseofabpondent to please the
interviewer or a vague antagonism that sometimessbetween interviewer and
respondent. According to Bell (1993Fomplete objectivity is the aim(p.140).
Conscious of the inherent dangers, integrity indtieduct and reporting of the

interview was paramount and this was maintaineautiinout.

The Interview Schedule (Appendix 3)
The interview schedule consisted of a mixture afropnd closed questions. The
general aim was to encourage the respondentsktattabme length about their

opinions, experiences, motivations and reasoning.

The interview focused on the respondents’ opinimms
* Primary teachers’ perceived competence in teactgrence and
technology.
* Reasons for low competence - if apparent.
» Aspects of pedagogy that primary teachers findalift.
* In-service support and training.

« Differentiation in primary science and technology.
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» The status of primary science and technology dine&chool

Improvement Initiative.

* Assessment in primary science.

A tape recorder was used to record information.

Due to the small number of support personnel fongry science currently employed
by the ELBSs, piloting did not occur. Questions &vdiscussed with an experienced
colleague, some leading questions were deletednenorder of questions was

reconsidered.

The Sample

Science and Technology Advisors from the five Ediocaand Library Boards in
Northern Ireland were approached. Requests wadero two former primary
science field officers and a primary science advigdtogether there were eight
intended interviewees. Initial contact was madéelter, outlining details, focus of
the study and the relevance of the person’s exggeti the research. A follow up

telephone call was made ten days later.

Owing to workload and pressure of time, represer@stfrom Belfast Education &
Library Board, North Eastern Education & Librarydd, Southern Education &
Library Board and South Eastern Education & LibrBoard returned postal
responses. (Appendices 3a, 3b, 3c, 3d). The tassiddvisory Officer for Primary
Science and Technology, Western Education & LibBogrd, agreed to a telephone

interview (Appendix 3e). A former primary scierfagd officer and a primary
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science advisor took part in the semi-structureéerimew (Appendices 3f, 3g). One
former primary science field officer gave a posesponse (Appendix 3h). All
respondents/interviewees requested a preview ajegheral structure and main
guestions to be asked. In the case of postal negisat was recognised that answers

could not be developed which obviously limited thedfectiveness.

Bell (1993) suggested that whatever proceduredbbecting data is selected, it should
always be examined critically to assess to whatret is likely to be reliable and
valid. A check for reliability occurred at the g&aof question wording and piloting of
the instrument. Validity, however, according tdiBea more complex issue. Belson
(1986) stated that the validity of postal questairgs can be seen from two
viewpoints; firstly whether the respondents who ptete the questionnaire do so
accurately and secondly whether those who faiktorn their questionnaires would
have given the same distribution of answers ashdideturnees. As a high return rate
was secured, this concern was of little signifa Validity in interviews, as

previously stated, was achieved by minimising tme@ant of bias.

In conclusion, it was the aim of the research taioba fairly representative range of
responses to fulfil the objectives of the study eamdrovide answers to key questions.
A case study was omitted because it lacked quabkfimeasures and would not have
allowed for generalisation and objectivity. Simijaaction research was rejected
because it would have focused on a restricted saaml therefore would have been
unrepresentative. Findings would have been o$itivi@tional-specific nature. Cohen

and Manion claimedjit is lacking in scientific rigour” (1994).
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The most appropriate methodology for the task imdhaas selected, the questionnaire

and semi-structured interview, to produce as fadl halanced a study as possible.
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Chapter 3

RESULTS



Bell (1993, p.173) stated:

‘Raw data taken from questionnaires..... need tcebbended, analysed and
interpreted. A hundred separate pieces of intargshformation will mean nothing
to a researcher or a reader unless they have bésred into categories. We are
constantly looking for similarities and differencés groupings, patterns and items

of significance’.

The overall aim of the study was to ascertain #ngrele of perceived teacher and
student teacher confidence and understanding mngpyi science. Therefore analysis
of data should attempt to find the presence orratesef any trends in responses and

how these can be related to:

Gender

» Teaching experience
» Key stages taught

* In-service training

» Science background
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3.1 Teacher Survey - Confidence in teaching soige and technology

One hundred and thirty questionnaires were didteithu One hundred and eighteen
responses were received (90%). A copy of the quasdire is included in
Appendix 1. The responses given in the teachestopumaire were analysed and the

results are summarised below.

3.1.1 Confidence in teaching different subjects

The preamble to this part was ‘some teachers are numfident in their knowledge
and teaching skills in some areas of the curriculliam in others. Please give an
honest estimate of how you feel in general abadhmg the following...... " In this
section teachers had to respond by ticking onbeofdur boxes. They were given the

following interpretations:

Category 1: Fully confident

Category 2: Confident with a little guidance

Category 3: | can manage but depend on advice

Category 4: I need help to develop my knowledge and skills

54



Table 3.1  Teacher Survey: Confidence in teaity different
subjects - Subject rank comparison

Subject Rank Cat 1: % Fully Confident
Mathematics 1 58
Religious Education 1 58
English 3 52
History 4 45
Geography 5 34
Art 6 26
P.E. 7 24
Science & Technology 8 23
Music 9 14

Results indicated that if the criterion of ‘fullpfident’ was used, the teachers
surveyed placed science and technology lower thast other subjects of the

Northern Ireland Curriculum.

Table 3.2 Teacher Survey: Confidence in teachingfterent
subjects - conflation of Categories 1 and 2.

Subject Rank Cat. 1 & Cat.2 %
English 1 97
Mathematics 2 94
Religious Education 2 94
History 4 91
Geography 5 86
Science & Technology 6 77
Art 7 70
P.E. 8 70
Music 9 41

If you conflate categories 1 and 2 as shown in@&82, 77% of teachers were
reasonably confident in their knowledge and teaghkkills in science and technology.
Science and technology moved from position 8 tatjpos6. It remained, however,
below the other core subjects of English and Ma#ters. Figures in Table 3.2 show

there was a tendency for teachers to feel moradmmtfin Religious Education,
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History and Geography than they do in Science awhiology. The percentage

admitting to dependence on advice from others amegtéding help in Science and

Technology is 23%, which compares with only 3% ngksh and 6% in

Mathematics.

3.1.2  Confidence in Teaching Different Knowlegk Areas

The preamble to this section was ‘How confidenydo feel that you have the

knowledge needed to help pupils develop understgnafi each of the following...’

guoted from the Northern Ireland Science and TeldgyoCurriculum. The rating

criteria remained the same.

Table 3.3 Teacher Survey: Confidence in knowledggreas
Area Aspect Cat.1| Cat.2 | Cat.3 | Cat. 4
% % % %
Living Things | organs 57 33 7 3
health 69 25 4 2
life processes 51 28 18 3
flowering plants 40 34 20 6
Materials properties 44 35 17 4
solids, liquids, gases 39 29 22 10
desirable/undesirable change | 43 31 17 9
permanent/temporary change | 46 28 18 8
rusting 38 28 23 11
decay 42 33 22 3
Physical energy sources 27 29 37 7
Processes movement and shape 22 32 36 10
friction 27 31 28 14
renewable sources 31 30 28 11
insulators/conductors 42 26 22 10
varying currents in circuits 29 30 24 17
sound 35 30 27 8
reflection of light 36 30 25 9
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In the area of Living Things, teachers’ expressiohsonfidence in their knowledge
were generally high. Conflating categories 1 armh@ categories 3 and 4, showed
about three-quarters or more of the sample reparfad degree of confidence (i.e.
categories 1 & 2). 26%, however, appeared to sapgdort in their knowledge of the

main features of a flowering plant.

The figures reported in the area of Materials agadicated that primary teachers
were reasonably confident, although lower levelsevieund in the aspects of ‘solids,
liquids and gases’ and ‘rusting’. Low levels ohéidence were recorded by 32% and

34% of the respondents in these areas respectively.

In the area of Physical Processes teachers’ pedeonfidence was generally lower
than in Living Things or Materials. The findingsvealed that a substantial number of

respondents need advice in this area of science.

3.1.3 Confidence in Developing Process Skills - TiResults from Question 7

The preamble to this section was ‘Please ratedrséime way, how confident you feel
in helping pupils to develop science process skills

The results are shown in Table 3.4’
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Table 3.4 Teacher Survey: Confidence in teaching
process skills

Area Skill Cat.l Cat. 2 Cat.3 | Cat. 4

% % % %

Science solving problems 29 50 18 3
investigating 36 45 17 2

observing 42 46 8 4

fair testing 34 46 15 5

interpreting 29 44 22 5

relating to prediction 31 52 13 4

evaluating 29 49 17 5

suggest improvements 31 47 15 7
communication skills 38 36 20 6

identifying patterns 33 38 23 6

Technology | choosing materials 26 41 30 3
planning 27 47 22 4

manipulative skills 15 45 31 9

constructing models 10 40 37 13

Results indicated that if the criterion of ‘fullpfident’ was used the teachers
surveyed recorded low levels of confidence, sintatheir perceived confidence in
their knowledge of physical science. However, wbategories 1 and 2 were
combined teachers claimed a confidence about dewglscience process skills in
their pupils roughly similar to confidence in thkivowledge of ‘Materials’ and

‘Living Things’. Teachers were less confidentheit ability to help pupils develop
technology skills, for example 40% of the resportsleacorded low levels of
confidence in manipulative skills and 50% admiti@theeding support in constructing

models.

3.1.4 Confidence in areas of pedagogy
The preamble to this section included ‘Teachingrsoé and technology involves

many professional skills, some of which you maylfinore difficult than others.
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Please give your estimate of how difficult in geale¢he following are for you in terms

of the following criteria.

1. Not at all difficult

2. Sometimes a little difficult

3. Very difficult’

Results are shown in Table 3.5. The aspects atggd into three areas, content

focused, skill focused and assessing.

Table 3.5 Teacher Survey : Confidence in areas pedagogy

Area Aspect no diff. % some diff. % | very diff. %
Content | questioning 52 44 4
focused | introducing new topics| 51 48 1
responding to questions4l 53 6
explaining ideas 35 62 3
gender equality 30 62 8
deciding concepts 25 72 3
Skill organising practical 29 60 11
focused | deciding skills 15 75 10
Assessing| assessing content 14 69 17
assessing skills 9 70 21

With the exception of questioning and introducingeav topic, at least half of the
primary teachers questioned and sometimes as nsa8fy%a found aspects of science

and technology pedagogy difficult to some degree.
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3.1.5 Areas in which help is desired

This open-ended question asked teachers to indittat help, if any, you need in
relation to your understanding in science and teldgy and what form might this
take?’ From the one hundred and eighteen comptpiedtionnaires, sixty seven
primary teachers responded (56%). An overvievhefteachers suggestions allowed
for six areas to be identified. They were groupsdollows, skills, pedagogy,

knowledge, knowledge and skills, resources ancmise support.

Table 3.6 Teachers Survey: areas in which help tesired

Area % desiring help
Skills 49

Pedagogy 15

Knowledge 6

Knowledge & skills 12

Resources 9

In-service support 9

Results indicated teachers mainly felt a needdppsrt in the development of

process skills.

3.2 Teacher Survey - Analysis by sub-groups

Further statistical analysis was carried out toisteere were any significant
differences in the patterns of response to thettred questions from different sub-

groups within the total number of primary teacheh® responded.
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3.2.1 Gender

26% of the respondents were male, 74% were feratdadtics provided by DENI in
March 2000 indicated the gender of teachers imptheary sector of Northern Ireland
to be 23% male and 77% female).

Table 3.7 Teacher Survey: Confidence in teaching
science and technology by gender

Gender Cat.1 % Cat.2 % Cat.3 % Cat.4 %
Male 32 42 23 3
Female 20 59 18 3

In responses to question 6, asking teachers tdhaiteconfidence in teaching the
subject, more male than female teachers were ¢olfident. When categories 1 and
2 and categories 3 and 4 were conflated the differe between male and female were
much less.

The breakdown of responses to question 7 (Confelenknowledge areas) by gender
was then considered. When categories 1 and 2aeoenbined the results shown in

tables 3.8, 3.9 and 3.10 were obtained.

Table 3.8 Teacher Survey: Confidence in knowledge

areas by gender

Living Things

Female IS 51
Male AR 7 4 /o

Female NumESR 66 %
Male R 7 7 %

Female WETEEEEEE46%
Male TSRS 65 %

Female NEEESEEEEE 35%
Male NSRRI 55 %

Plants Processes Health Organs

Flowering Life

61



Desirable Solids, Liquids,

Undesirable

Perm/Temp

Properties

Gases

Rusting Changes

Decay

Table 3.9 Teacher Survey: Confidence in knowledge

Female

Male

Female

Male

Female

Male

Female

Male

Female

Male

Female

Male

areas by gender

Materials

e e T
R

R
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R
Fio o i RRa

R
£ e el i B

e o R
B e o R

SRR o
R o

62



Table 3.10 Teacher Survey: Confidence in knowledge
areas by gender

Physical Processes

Female SN 33 o
Male FEGSHERTRTIRESIEERET 500

Energy
Sources

Female NS 23%
Male ‘N 3 O /o

Movement
Shape

Female i 138%

{
Q
T Male IR 52
E
2, Female I 25 %
g 8
25 Male T 45
c Q
O 0
el
£ o Female WS 32%
—= Q
Q -
2E Male SN, 63 Y
cCw
o
g2
o @ Female [N 20 %
= =
=& Male DN 55
o S
= O
, Female DM 327
S Male DN A5
W

Female [N 26%
Male RSSO

Reflection
Light

In all of the items relating to teachers’ knowledgel understanding male teachers
were more confident than female teachers. Thergifice was greatest in the physical
processes strand. In half of the aspects atteast as many male teachers as female
teachers were confident.
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In science process skills there were no substatiffarences between male and
female in relation to their confidence in solvimplplems, investigating and
observing. Female teachers found it easier toldpvke skill of fair testing but

recorded a low confidence level in interpretingdevice.

In skills relating to technology, distinct differegs were found between male and
female respondents. In planning, manipulating@mtstructing, women recorded low
confidence levels of 30%, 47% and 57% respectivilgn were significantly more

confident.

In the analysis of confidence in areas of pedadnggender, overall there appeared to

be a balance in the responses of male and fenaibdes.

Table 3.11 Teachers Survey: Confidence in areas of

pedagogy by gender
Area Aspect % no difficulties % no difficulties
Male Female
Content | questioning 48 54
focused | intro. new topic 58 48
responding to questions 52 37
explaining ideas 45 31
gender equality 33 28
deciding concepts 32 22
Skill organising practical work 26 30
focused | deciding skills 26 11
Assessing| assessing content 13 15
assessing skills 13 8
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Women were slightly more confident than men in ¢joasg skills and organising
practical work. However, in responding to quesdicexplaining ideas, deciding the
concepts and skills to be developed in an acteilgf assessment in relation to process
skills, they reported lower levels of confidencarththeir male colleagues. As

reported in Table 3.11 both male and female teaadhdhe sample experienced
considerable difficulties in the professional skilkquired to teach science and

technology.

3.2.2 Teaching Experience

It should be noted that 35% of the total samplelieeh teaching for more than
twenty one years. 19% of the cohort who replied leas than four years’ service in
the primary sector. (This reflected the age peadthown in statistics provided by
DENI in March 2000. The age profile of primarydbars in Northern Ireland

included 54% over forty years old and 16% undetythjears).

Table 3.12 Teacher Survey: Confidence in teaching
science and technology - teaching experience

- Number of Teachers -

When did you Cat. 1 Cat. 2 Cat. 3 Cat. 4 Total
qualify?
0 - 4 years 6 11 5 1 23
5-10 years 8 16 5 - 29
11 - 20 years 3 15 4 2 24
21+ years 10 22 9 1 42
Total 118
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When Table 3.12 was converted to percentages ajréeteof confidence were
analysed (i.e. categories 1 and 2 were conflatedje recently qualified teachers
appeared more confident than those with longehiegexperience. Results are

detailed in Table 3.13.

Table 3.13 Teacher Survey: Confidence in teachirggience
and technology - teaching experience

When did you qualify Cat. 1&2
0 - 4 years 73%
5-10 years 82%
11 - 20 years 75%
21+ years 52%

3.2.3 Key Stage Analysis

The number of respondents in Key Stage 1 was fonty (42%). An equal number

of teachers had experience in Key Stage 2 (42%)enty respondents had experience
across both Key Stages. 45% and 39% of Key Stagel Key Stage 2 teachers
respectively had no pre-service awards in scienbgests. 8% of Key Stage 2
teachers had a recognised qualification in sci€Bcec/PGCE & Science). No one in

Key Stage 1 had a similar qualification.
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Table 3.14 Teacher Survey:  Confidence in teaching
knowledge areas - Key Stage analysis

Key Stage 1 Key Stage 2
Area Aspect Cat. 1 & Cat. 2% | Cat. 1 & Cat. 2%
Living Things | organs 83 94
health 93 94
life processes 63 92
flowering plants 67 84
Materials properties 75 88
solids, liquids, gases 48 88
desirable/undesirable
change 67 84
rusting 46 90
decay 67 86
Physical energy sources 84 90
Processes movement and shape 43 70
friction 43 78
renewable sources 43 80
insulators/conductors 51 82
varying currents in
circuits 43 74
sound 57 74
reflection of light 53 84

Teachers in Key Stage 2 were more confident alhairt possession of the necessary
knowledge to help pupils develop understandindefNorthern Ireland Science and

Technology Curriculum as can be seen in Table 3.14.

Differences between Key Stages in science pro¢éltswere less marked. 18% of
Key Stagel teachers and 22% of Key Stage 2 teamosgted low levels of
confidence in investigative skills. Similar findjs were reported in helping pupils to
solve problems. Teachers in both key stages cthitmey were fairly confident in the

skills of observation. Teachers in Key Stage aiidfied fair testing as an area in
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which considerable support was needed (27%). O2fly of Key Stage 1 teachers

felt that they needed advice to recognise, desigincarry out a fair test.

Key Stage 2 teachers were more confident in helpumls to develop technology
skills. Substantial differences were reporteddnfilence in the areas of planning,

manipulating and constructing.

The key stage factor did not appear to influengdidence in areas of pedagogy.
Findings were similar to that reported in Table 4T®achers in both key stages

experienced degrees of difficulty in almost altloé items described.

In considering these findings it should be noteat thithin the Key Stage 1 cohort 2%

of teachers were male. Within the respondentseip 8tage 2, 55% were male.

3.2.4 In-Service Training

Question 5b in section one of the questionnairecdsi&achers to indicate whether or
not in the last ten years they had attended arrnviee course of more than one day’s

duration concerned with teaching science. 29%rteddhat they had.

Analysis of the data revealed that 45% of teacivais had attended science courses
were fully confident in their ability to teach soe and technology compared with
13% of respondents who had received no in-servégeimg. However, in-service
training did not appear to influence confidencéhie development of science process

skills or technology skills. 17% of those who atted science courses and 21% of
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those with no in-service training depended on atachelp pupils develop the skill
of fair testing. 47% of those who responded todpen-ended question asked for
support in skills acquisition. Professional skitigeaching science and technology

were not affected by in-service support.

3.2.5 Science Background

An analysis was carried out to compare those teactieo had ‘no science’
gualifications against those teachers who had ‘seci@nce’. Some science was
interpreted as possessing at least a single awadeance at GCSE level. 58% of the
sample had some science in their background, 3&thbaecognised science

gualification.

In confidence to teach the different knowledge su@acience qualification had
impact on one category of response, namely thaé nearchers who had such a
gualification felt fully confident than those withba pre-service science award.
When category 2 (confident with a little guidane&s considered no substantial

differences were observed.

In all of the science process skills (Question 8yerteachers with some science were

fully confident. However, when a reasonable degfemonfidence was examined, the

possession of a science background made littlerdifice.

In only three of the listed professional skills @3tion 9) were those teachers without

a science background more confident. Teacherssaitiie science found it easier to
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decide on the concepts to be developed, introdunesvetopic, respond to pupils

guestions about content and explain ideas.

3.3 Final Year B.Ed. Student Survey

One hundred questionnaires were distributed thrall year primary designated
B.Ed. students in a teacher training institutiomNorthern Ireland. Eighty-one were
returned (81%). As previously stated in Chapte¢h8,design, layout, question
categories and interpretations replicated thosé imsthe questionnaire for primary

teachers. The results are summarised below.

3.3.1 Confidence in teaching different subjects

Table 3.15 B.Ed. 4 Survey: Confidence in teaching
different subjects - Subject rank comparison

Subject Rank % fully confident
Religious Education 1 64
P.E. 2 23
Art 3 21
History 3 21
Geography 5 18
Mathematics 6 17
Music 7 15
English 8 11
Science & Technology 9 7
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The confidence of final year B.Ed. students to llesmence and technology was less

than in all other areas of the curriculum.

Table 3.16  B.Ed. 4 Survey: Confidence in teachingjfferent
subjects - Subject rank comparison.

Subject Rank Cat. 1&2

%
Religious Education 1 99
History 2 81
Geography 3 78
Mathematics 4 75
English 5 75
Science & Technology 6 69
P.E. 7 64
Art 8 62
Music 9 42

When the total of ‘fully confident’ and ‘confidentith a little guidance’ was
considered, science and technology moved fromipas$tto position 6. What
became apparent was that there were no substdifteaences between science and
technology and the other core subjects of EngliehMathematics. From the
students’ perspective confidence was strongerachieg Religious Education and
Environmental Studies (History and Geography) tinaihe three core subjects of the

Northern Ireland Curriculum.
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3.3.2 Confidence in different knowledge ageas

Table 3.17 B.Ed. 4 Survey: Confidence in
teaching different knowledge areas

Area Aspect Cat. 1 & Cat 2

%

Living Things organs 84
health 95

life processes 74

flowering plants 74

Materials properties 86
solids/liquids, gases 69
desirable/undesirable change 61
permanent/temporary change 72

rusting 44

decay 79

Physical Processesenergy sources 84
movement and shape 58

friction 62

renewable energy sources 80
insulators/conductors 80

varying currents in circuits 73

sound 64

reflection of light 74

In the area of Living Things student teachers’ espions of confidence in their
knowledge were generally high.

The figures reported in the area of Materials agadicated that student teachers were
reasonably confident. Only in the aspect of rgstiras confidence reported to be

weak.

High levels of confidence were reported in manyhefaspects of physical processes.

Confidence was strong in student teachers’ knovdexfgenewable energy sources,

insulators and conductors, the effects of varyimgent in a circuit and reflection of
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light. Only in their knowledge of how forces afféhe movement and shape of

objects was confidence deemed to be weak (42% mgéeip).

3.3.3 Confidence in developing process skills

Table 3.18

B.Ed. Survey: Confidence in teaching

process skills

Area Skills % Confidence with a
little guidance
Science solving problems 89
investigating 87
observing 97
fair testing 93
interpreting 82
relating to prediction 90
evaluating 88
suggesting improvements 91
communication skills 85
identifying patterns 85
Technology choosing materials 75
planning 78
manipulative skills 67
constructing models 57

The high levels of confidence reported by studeathers in the knowledge areas of

science and technology were reflected in the péimepof their ability to develop the

science process skills in pupils. Only in techgglskills was there an indication of

the need for support. Advice was sought in chapsiaterials (25%), planning

(22%), manipulative skills (33%) and constructingriing models (43%).
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3.3.4 Confidence in areas of pedagogy

Table 3.19 B.Ed. Survey: Confidence in areas
of pedagogy
Area Skills % No difficulties
Content focused guestioning 56
introducing new topic 59
responding to questions 36
explaining ideas 37
gender equality 59
deciding concepts 9
Skill focused organising practical work 33
deciding skills 7
Assessing assessing content 17
assessing skills 9

The perceived confidence of final year B.Ed. stusié@mthe professional skills

associated with teaching science and technologysigagicantly lower than their

reported confidence in subject knowledge and seigmocess skills. Only 9% and
7% respectively claimed to have no difficulty incakng the concepts and skills to be

developed in an activity. Almost two-thirds of th@mple were experiencing degrees

of difficulty in responding to questions and explag ideas. The majority of

respondents admitted to depending on support avideath relation to content and

skills assessment.
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3.4 The Semi-Structured Interview/Questionnaire wih ELB
Support Personnel

Cannell and Kahn (1968) defined the research irgeras a

‘two person conversatiomitiated by the interviewer for the specific pusgo
of obtaining research relevant information and feed by him on content specified by
research objectives of systematic description, istesh or explanation’
In this study it was used to gather informationathcould complement and extend
the data provided by the questionnaire with regatéachers’ perspectives on content
knowledge, science process skills and pedagogmailkedge. In addition, the
interviews were used as an opportunity to exploesiiterviewees’ personal views of
primary teachers’ confidence and understandingasting the Northern Ireland
Science and Technology Curriculum. Eight ELB supptaff with experience and
expertise in the field of primary science were siegld. Two semi-structured
interviews were conducted and one telephone ireerwas secured. Five postal

responses to interview questions were returned.

The interview schedule consisted of thirteen qoestidentifying the precise areas of

investigation. The interviews were transcribed arelincluded in the appendices.

The responses were analysed and the results areaisad below.
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Data From Interviews

Question 1:
To what extent do primary teachers understand élyefdatures of
the programmes of study for science and technolNd@, 1996)
i.e. is teachers’ understanding sufficient for éineas they are expected to

teach?

The consensus of opinion was that teachers wereglbversed in their knowledge of
the key features of the Northern Ireland ScienceTathnology Curriculum.
Comments included:

‘Teachers limited their knowledge to factual retall

‘Greater understanding is required in physical pesses’.
One respondent felt teachers had a sound knowkedagainment target level,
another claimed that if an organised and structpredary science programme was
available at school level, then teachers would firsdifficient for the areas they are

expected to teach.

Question 2:
How do primary teachers perceive their competeamtelping children

to achieve the attainment outcomes in scienceesfthblogy?

There was general agreement that low competenstedxn skills development and
investigative science. Respondents referred twhta feelindgapprehensiveand
‘uneasy’. It was suggested th@tachers rely considerably on question and answer

technique --- they do not have the confidence orpaience to set up an hypothesis’
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However, in one response a high level of competarasementioned and in another

the interviewee claimed teachers underestimateddbefidence.

Question 3:
If low competence is apparent - what are the mes$ar it and what

remedial steps are seen as being required to ragm@mpetence?

Respondents claimed low competence was influenged b

* inadequate initial training

little in-service provision

lack of scientific background

negative attitude towards science

lack of funding

Four respondents suggested that low competenceivemsly associated with
Attainment Target 1 and development of processsski contributory factor
included‘lack of support in a system which values recall’
Remedial steps suggested were:

* INSET and classroom support

» observation of good practice

» workshop sessions within schools

 self reflection on methodology

» removal of level 5 from the primary science andtedogy

curriculum

» teacher release for further training
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Question 4:
What aspects of pedagogy relating to teaching seiand technology do

teachers find difficult?

Most agreed that the accessing of skills and hogleteelop them through content
presented teachers with considerable difficultpm® focused on classroom
management and organisation with specific referémgeactical work and
differentiation. One respondent questioned whetmrhers’ scientific knowledge
would be adequate to facilitate conceptual devetagnm pupils. One person
concluded thateachers tend to experience difficulty when thsra process

involved'.

Question 5:
What help do teachers receive from in-service imgicourses in developing
appropriate pedagogical skills? (Do the courseseatrate on content or

pedagogy and why)?

Two support personnel admitted to inadequate imksisupport. Four field officers
agreed there was a concentration on both contehpedagogy. Four believed the
sole focus was on content, ‘schemes of work, kndggeareas and outcomes which
were content based’. This was justified by the faat it was what teachers
demanded; ‘skills were not given precedence becscisools and teachers had not

voiced pedagogy as a concern’.
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Question 6:
As advisers/field officers do not have the righstioin on classes
(as opposed to inspectors who do have the statrigiry), on what
evidence do advisers/field officers decide on wibanclude in their

in-service courses?

All respondents/interviewees considered the CulumauAdvice and Support Service
(CASS) school survey of needs as a determiningifactthe provision of in-service
courses. Three advisory staff reflected on tr@es within the school situation as
providing insight into teachers’ needs and concefdse former field officer believed
that working in a team-teaching capacity gave hdair claim to teachers’ knowledge
and understanding and this subsequently informiatdplanning’. One respondent
stated that judgement on the content of in-servzeses was based on consultation
with co-ordinators. Another reported that ‘oftehat/the co-ordinator claimed,
wasn’t what the school in effect needed’. She @&xpld that many co-ordinators
called for schemes of work and lesson plans. Hewefrom anecdotal evidence and
visits to actual classrooms you become aware ofattethat this isn’t really the
issue’. There was general acknowledgement of tefpgrthe Education and Training
Inspectorate (ETI), feedback from science clusteugs, evaluation from previous
INSET courses, school audits and inter-personaldson. One officer reflected on
his experience of the primary science and techryotbgllenge:

‘I am aware of pupils’ lack of independence in piagnmanipulating

materials and tools, explaining and constructing’.

He concluded that this must inform the contentutdife courses.
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Question 7:
Is there any objective evaluation of the training ELBs. provide apart

from teacher questionnaires?

Three respondents were unaware of any specificzatrah of INSET provision.

They relied on informal remarks from colleagues atiter support personnel and
follow-up visits to schools. Five of the advisataff commented on ETI reports and
the overall monitoring role of DENI in ELB provigio One former primary adviser
claimed that although ‘nothing was measured as’ sm¢he past;there is currently

an attempt with the introduction of action planslauccess criteria to evaluate more

fruitfully the training provided'.

Question 8:
What changes in pre-service and in-service trgiame likely to
improve primary teachers’ knowledge, confidence pwradttice in

teaching science and technology?

The need for assistance in Attainment Target luiey@nd investigative skills, was
raised by four respondents. The attraction ofeitattion was supported by two
interviewees. Courses in which practice is schi@sled and where ‘teachers design to

best fit their situation’ were promoted. Otherosals included:

* INSET which is all-inclusive (principal, senior megement team,
co-ordinator and teachers).

» Class-based support (team-teaching)

» Non-contact time for planning

* Term release

» Promotion of science through literacy and numeracy.
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A former field officer suggested that within Initiieacher Education there must be an
element that looks at primary science and the rahgeogramme that teachers are
expected to deliver. He believed the InductiongPamme should be directed not

only at content but at teachers’ ability to devalogestigative skills. He argued that
the correct implementation of School Developmeit Rarformance Review (SDPR)
could improve teachers’ knowledge, confidence aagdtgre in teaching science and
technology. He admitted that currently sciencarsalso ran’ in terms of in-service

training.

Question 9:
Is there the same need for differentiation in @nyrscience as there is

in literacy and numeracy?

Almost all agreed on the need for differentiatiorprimary science - both by task and
outcome. There was a general recognition of tficdlities involved, resource
requirements and low teacher confidence in thegssibnal skills associated with
differentiation in science. One advisory teacloemirimary science gave a negative

response; in her opinion there was no need foemifftiation.

Question 10:

How is the transfer test affecting the teachingrohary science?

All interviewees/respondents conceded that thesfeatest had resulted in a high
concentration on knowledge and factual acquisisibthe expense of investigative
skills and process development. One primary adeisemented:

‘It is skewing the delivery of a content-based mwium’.
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Although it was generally accepted that the trant&fst had done ‘irreparable damage
in terms of true primary science’ three respondadtsitted that the selection

procedure had in fact secured the high profildhefdubject in the primary curriculum.

Question 11:

Is there the need for more science support teach@&tassrooms?

A disparity of opinions was presented. Two resgorsl agreed. Two emphasised the
need for science support teachers in small sclomdys One former field officer
supported the need in terms of modelling the pegiagbskills required to teach
science and technology. One respondent dismibgedeed and argued for
professional discussion related to the philosodhyrinnary science education to
determine educational priorities. Two former fielificers were not in favour. One
admitted to a negative response from classroonméeaavho were not prepared to

participate in a team-teaching situation to prongmed practice.

Question 12:
Has science been effectively downgraded as a rektiie School

Improvement emphasis on Literacy and Numeracy?

The consensus of opinion was that science hasaerdsinly been downgraded as a
result of the focus on literacy and numeracy algiouwo respondents believed
science and technology had not lost its profilbe Tieed for the development of

literacy and numeracy through Science was raisddunyof the interviewees.
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Question 13:
Should science be assessed at the end of Key Stajesthern Ireland as

it is in England and Wales?

The absolute need for assessment was emphasiseo igrmer field officers and
one assistant advisory officer for primary scieand technology. It was supported by
the following statements:

‘It would help to promote investigative science amgure an equal

balance between content and process’.

‘An assessment unit which sets the pupil a prakctest and hypothesis

and allows the teacher to observe the stagestitié moves through

would be appropriate’.
The belief that assessment would place a consiebaioden on teachers in a time of
innovation overload was reported by three of thgpsut staff. One respondent was
unsure as to whether formal science assessmerltdtmintroduced and another

believed it to be acceptable only with a commitntergkills assessment.
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Chapter 4

DISCUSSION



It is just over a decade since the introductiosaé&nce as a core subject in the
Northern Ireland Curriculum at Key Stages 1 anah@ there is no doubt that it has
raised the status of science at primary leveha#t also, however, had implications for
many teachers who had to learn new subject knowledd acquire new pedagogical

skills.

The intention of this study was to explore teadtadent confidence in teaching
science and technology in primary schools in Nartheeland. Specifically it focused
on teachers’ perceived understanding of knowledgasa their confidence in helping
pupils to develop the appropriate science proda#is and their perceived
competence in the pedagogical approaches to tegpsbience and technology. It
should be noted that no attempts were made toyMesichers’ claims to scientific

understanding.

Whether teachers’ confidence about science anaodafly presents a problem is
arguable. Jarrett (1999) suggested confidendeeimbility to teach science is a self-
assuredness that arises out of subject matter,|lkdges and practice in ‘what works’
with children. Harlen et al (1995) described cdafice as a positive feeling based on
self-appraisal of skills and knowledge processEde authors claimed that all
teachers should approach the task of teachingszigonfident in their professional
effectiveness and then if confidence falls belogedain level the quality of
teacher/pupil interaction suffers and so does tlaity of pupil learning. This study
revealed low levels of confidence in some aspeittsaching science and technology

in the group studied.
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The research found that if the criterion of fulynéident was used, primary teachers
studied have much less confidence about teachiegeEand technology than almost
all other curriculum areas. This result would camgpwith research carried out by
Harlen, Holroyd and Byrne in Scotland in 1995is]thowever, in stark contrast to the
findings of Bennet et al in England and Wales i81,9vhen after only two years of
National Curriculum science the subject was rartked after English and
Mathematics in teachers’ ratings of self-perceigederal competency. It is
reasonable to conclude that despite the positiatiehce as a core element in the
Northern Ireland curriculum, many teachers do paraach the subject secure in

their ability that they can teach it effectively.

Within this broad statement of relatively low calgnce in teaching science and
technology there were clear differences in confogeto teach different knowledge
areas. Many teachers rated themselves reasor@ifigent in helping children to
achieve statements of attainment in ‘Living Thingst ‘Materials’ but a considerable
percentage indicated they need advice and suppt®hysical Processes’. 42%, 44%
and 46% of the respondents respectively admittegtéaling help in the effect of
friction on movement, renewable and non-renewahégy sources and how forces
affect the movement and shape of objects. Thdirfqnconfirms other reviews
indicating difficulties with physical science (Cigrand Carter, 1990; Kruger et al,

1990; Summers and Kruger, 1992; Harlen, Holrayd Byrne, 1995).

Evidence from the study suggested confidence ieldping science process skills

was generally less than in teaching knowledge arktas perhaps due to the

concentration on content because of the Transtsrddure or indeed teachers’ more
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traditional approach in Northern Ireland. Teachlers competence in skills
development was also confirmed in interview dismmsswith support personnel.
Although it contradicted the findings of Harlena¢{1995) that Scottish teachers’
confidence about developing science skills in tpapils was somewhat higher than
their confidence about developing understandingcance content, it is perhaps
significant that the issue of skills developmenrd baen raised. Current research
(Gardner, 1993; Nisbett, 1993; McGuinness, 19@8)emphasised the quality of
thinking processes and thinking skills as a meamaise educational standards and to
prepare pupils for life long learning. CCEA in itheonsultation document for
proposed changes to the Northern Ireland Curric(@@EA, 2000) recommended a
Key Stage 1 curriculum with a specific focus on degelopment of skills. In Key
Stage 2 they suggested a reduction in contentlahsl @ommon to each subject to be
highlighted and subject-specific skills to be idiged. It is therefore reasonable to
conclude that emphasis on scientific skills andkierole science can play in its
potential to develop communication, critical thimggj problem solving and the ability
to find, use and evaluate evidence will gain prange as part of a curriculum-wide

aim of achieving transferable skills.

In confidence in areas of pedagogy the study cmeftl that many teachers
experienced some degree of difficulty in the deplewt of the professional skills in
science and technology teaching. However, cautidespretation is needed of some
of the results. The three categories of interpigignot at all difficult, sometimes a
little difficult, very difficult) did not allow fora balance between those who were
reasonably confident and those in need of advidesapport. Category 2 simply

meant that the skill was difficult on occasion asdHarlen (1995) has argued this
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feeling of anxiety, stemming from insight into tb@mplex demands of a situation
may well be necessary to perform effectively in aey context. Only a small
percentage of teachers found explaining ideas pdgpand deciding on the concepts
to be developed in an activity very difficult. ®weefigures support the hypothesis that

teachers are reasonably confident in their alititieach science content.

Teachers were less confident, however, in thosesarepedagogy which were skills
related. (71% and 85% of the respondents resmgtivere experiencing degrees of
difficulty in organising practical work and deciditon the skills to be developed in an
activity). This finding was confirmed by suppodrponnel, the majority of whom
agreed that classroom management and organisptextical work and
differentiation presented teachers with considerdiificulty. Similarly only a small
percentage reported no difficulty in assessmeiaicklof progress in the area of
assessment has been identified by DENI (1998) anubps reflects the fact that
summative assessment in science is not a stattgquyrement at the end of Key
Stages 1 and 2 in Northern Ireland. Additionakachers’ pedagogical approaches
may have been shaped by the requirements of thesfBraProcedure Tests in that
assessment is primarily concerned with recall ofuial knowledge.

The responses to the open-ended questioned cieditated the need for teacher
support in the development of process skills. TWosild confirm earlier comments
about low competence in skills development. Ongyrall percentage (6%) required
help in relation to their understanding of knowledgeas, reiterating again that the
primary teachers studied believe that they areoredsdy confident in their

understanding of science content.
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This research strongly supported the view thateeadias a masculine image with
male teachers confidence in the physical scieniggghthan that of women. (65%

of male teachers and 26% of female teachers werfedent in their understanding of
the reflection of light. 54% of male respondentd 48% of female respondents were
confident in their understanding of the effectraétion on movement). Indeed
literature has repeatedly emphasised the link batvgeience lessons and gender bias
(GIST, 1982; Koch, 1992). In Northern Irelandhalgh research was primarily
concerned with gender differences and subject ehatié-level, Gallagher et al

(1996) concluded that science, mathematics andgdiysiences remained
disproportionately the preserve of boys. Johnstal (1999) examined aspects of the
teaching and learning of science in primary schaal recommended that in order to
counteract the pervasive notion that science sya'lsubject, teachers should be
proactive in presenting science as a subject f@mal in challenging any stereotyping

which children bring to the science classroom.

In the analysis on gender, female teachers wesecta#ident in skills relating to
technology. Perhaps this is not at all surprigjivgn that the majority of primary
teachers are women and likely to have been affdntesbme form of gender bias in
their own educational background, a view suppobe@&oddard-Spear (1989) and

Sadker and Sadker (in Johnston et al 1999).

The study considered the relationship between teg@xperience and teacher
confidence in teaching science and technologyasreculum area. Evidence from
the study suggested that more recently qualifiadiers tend to have more science in

their background. Indeed a further analysis ofstjoanaire responses revealed a
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positive correlation between teacher confidenceaapre-service award in science. A
science background appeared to give teachers roafielence in aspects of teaching
relating to science content, i.e. deciding on trecepts to be developed, responding
to pupils questions and explaining ideas. Feelofgsadequacy due to lack of
science background is supported by the findingsasfen et al (1995) and Osborne

and Simon (1996).

The research indicated that Key Stage 2 teachtd tlaemselves considerably more
confident in their possession of the necessary ke to teach science and
technology. Support personnel accredited thibeéanfluence of the Transfer Test
and the focus on the transmission of factual kndgde A determining factor must
also include the higher percentage of male teachd€sy Stage 2. The only
substantial difference in confidence to develofiskietween the Key Stages was the
ability to help pupils recognise, design and cauya fair test. Key Stage 2 teachers
admitted to experiencing greater difficulty tharittKey Stage 1 colleagues. Given
that the skill of fair testing is introduced até\8 of the Northern Ireland Science
Curriculum, teachers in Key Stage 1 generally dohawe to concern themselves with
the development of this skill. Is it therefore pibde for the confidence to be

somewhat misplaced?

If their school experience had not provided teaslath confidence, the study
attempted to explore if indeed in-service trainagl a positive effect. It was found
that a substantial proportion of teachers had aetbnvolved in INSET of more than
one day’s duration in the last ten years. It asomable to conclude that the in-service

education called for by the Science Working Gral@89) and emphasised by NICC

90



(1993) did not in fact come to fruition. INSET preion was delivered in single days
and lacked coherence. This view is consistent thighfindings of Carre and Carter

(1993) and Jarrett (1999) presented in the liteeasection.

The study revealed that attending courses hadiaveosfluence on confidence to
teach science and technology as a curriculum dreaervice training, however, did
not affect confidence in the development of scigmoeess skills, technology skills or
indeed professional competencies. The study pbiat¢he need for support in
enquiry and investigative science and the pedagbgmproaches fundamental to the
effective teaching of the subject. The evidenagsested the need for INSET
provision in the form of award-bearing courses aseans of improving primary

teachers’ knowledge, confidence and practice.

Evidence from the B.Ed. 4 Survey suggested lowl$eoconfidence in teaching
science and technology as a curriculum area. iheoriterion of ‘fully confident’

was used science and technology was given the toatsg. When categories 1 and
2 were considered science was rated sixth fallisglpelow the other two core
subjects of English and Mathematics. It is onlggble to conclude that students’
feelings of competency are similar in all threeecelements of the Northern Ireland
Curriculum. 1t is pertinent to comment on the hdggree of confidence expressed by
students in Religious Education. A possible reasdhe fact that it is a separately
accredited course and an essential requiremeattiaching position in Catholic

maintained primary schools in Northern Ireland.
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The study found student teacher confidence in tegatifferent knowledge areas was
quite high. Differences in levels of confidenceéliiving Things’, ‘Materials’ and
‘Physical Processes’ were not very pronouncededddhe high levels of confidence
reported by student teachers in physical scienegs im contrast to the findings in the
teacher survey. It is possible to conclude thiatgbsitive correlation can be
attributed to the high percentage of students vatbditained a pre-service
gualification in science (94%). Indeed the positeffects of compulsory school

science on scientific literacy have been reporietfarphy et al (2000).

Similarly high levels of confidence were reportadstudents’ perceived ability to
develop science process skills. It perhaps reflédwt emphasis in college courses on

skills acquisition.

However, it was difficult to reconcile the high &g of confidence reported in
scientific concepts with the low levels of competeim the pedagogical skills directly
related to science content. Student teachers ethtmbe experiencing difficulty in
deciding on the concepts and skills to be develapeaah activity, responding to
pupils’ questions and explaining ideas. It is treenHarlen et al (1995) argued,
desirable to distinguish between understandingesmse concept and knowing how to
represent that understanding in ways which ma&edeéssible to a variety of learners.
It is reasonable to suggest that the developmeptadéssional skills is closely linked

to the experience of practising in the classroom.

Data gathered from the semi-structured intervie@#jonnaire suggested teachers

were not well versed in their knowledge of the IHerh Ireland Science and
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Technology Curriculum. There was general agreenmatiow competence existed
in skills development and investigative scienc@isutcome confirms the findings
from the Teacher Survey. The respondents/inte@svelaimed low confidence was
influenced inter alia by inadequate initial traigjrittle in-service provision and lack
of scientific background. There was some agreeitienin-service training courses
focused on content and that skills were not givetgdence. All
respondents/interviewees conceded that the Tramefrhad resulted in a high
concentration on knowledge and factual acquisisibtne expense of investigative
skills. A range of proposals likely to improverpary teachers’ knowledge,
confidence and practice in teaching primary sciemzktechnology were suggested
by the ELB support staff. They included the nemdaisistance in enquiry and
investigative science, accredited courses, schubthass-based support and the

correct implementation of School Development anddP@ance Review.

This chapter has attempted to discuss the impagsnés emerging from the research

and relate the findings to existing evidence alooutfidence in primary science

teaching.
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Chapter 5

SUMMARY
&
RECOMMENDATIONS



Summary and Recommendations

The study found that there is a growing confidesuo®ng primary teachers in their
ability to teach science and technology. Configetacdevelop pupils’ understanding
of knowledge areas was generally high. Inadeqaabmwvever, were reported in
teachers’ perceived competency in basic physicateots and there was a marked
difference between male and female teachers iratks. Teachers indicated the need
for support in developing science process skillack of confidence in technology
skills was also reported. Feelings of insecuntgome aspects of pedagogy were

revealed. Many teachers did not consider sciezmehing to be one of their strengths.
It was found that in-service training and havingcgence background positively
influenced confidence. There was some evidensedgest that gender issues, Key

Stages taught and teaching experience affectetslef/perceived confidence.

It has to be reiterated that this was a small-seateey and the knowledge revealed

by the research is inevitably incomplete. The nem@ndations are therefore modest.

The study recommends that:

» Teachers self-reflect on their own practice intietato science teaching
and use the process of School Development andrRerfce Review

(SDPR) to enhance their personal and professiaadldpment.
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» All teachers, but particularly those in Key Stagat?empt to ensure a
balance between conceptual and procedural unddnstam their teaching

of the subject.

* Principals, school management teams and teachérsssdhe issue of

formative assessment in science and technology.

» Principals and school management teams dedicdtelsteelopment days

to effecting change in pedagogical practice.

» Education and Library Boards re-examine the qualitgt quantity of in-
service provision for primary science and faciétand support training
programmes with an emphasis on skills developmethtexperiences to
increase teachers' competence in relation to timeierstanding of

‘Physical Processes’.

» Teacher educators extend their provision of cedié courses which could

be integrated into a more comprehensive in-sewzard.

This study confirms the hypothesis that low lewdlsonfidence about teaching
aspects of science and technology exist. Althaggisiderable progress has been
made by primary teachers since the introductiosc@nce as a key element in the

Northern Ireland Curriculum there remain issueBd@ddressed and problems to be
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solved. This review points to need for furthereash in assessment in primary

science and differentiated learning.

This study at best provides a glimpse of the waygthare.
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Appendix 1

Questionnaire for Teachers of Pupilsin
Primary Schoolsin Northern Ireland

The aims of this study are to explore matters eelad primary teachers’
understanding and confidence in teaching scienddeamnology and to
identify any changes that are needed in the prioieskdevelopment of
practising teachers and in the training of studeathers.

The information you provide will be treated in tteictest confidence.

| ask for your name only because | would like teapto some teachers in
the next phase of the study.

Background Information

Name of teacher (optional):

1. Please tick: Male[ | Female |

2. Stages taught:  Key Stagd 1 | Key Stag¢ 2 ]

3. Do you have a responsibility allowance forescie? Yeg Nd:|
(a) 1 point responsibility allowanclg

(b) 2 point responsibility aIIowanclg

U UL

(c) 3 point responsibility aIIowancD

4. About your teaching qualification.
€) when did you qualify?

0-4 years agh | 5-10 years dgo | [ ]

11-20 years agD 21+ years a@

(b) what was the qualification? (B.Ed., B.B.Sc.) I:l
(If PGCE, please indicate if Science was one oftiigects
in your initial degree).
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5. About your qualifications in Science:

(&) what are your pre-service awards in Scisutgects?
(GCSE, Single/Double /Triple Award)
(A Levels, Physics, Chemistry, Biology)

(b) have you in the last ten years attended aemndice course
of more than one day’s duration concerned withher
science?

Yes [ ] No [ ]

If yes, please give approximate date, title, doratind location
and say whether it resulted in any award (e.g. 29®8ays -
College of Education).

Teaching Across the Curriculum

6. Some teachers are more confident in their knowlegigeteaching skills

in some areas of the curriculum than others. Blgage an honest estimate
of how you feel in general about teaching the feitay, rating each as folloV

1. Fully confident

2. Confident with a little guidance

3. | can manage but depend on advice from others.
4. |1 need help to develop my knowledge and skills

English
Mathematics
Science/Technology
History

Geography

Art

Music

P.E.

Religion

N T O Y O A A
N Y Y N I N
N Y Y Y I
N Ty Yy N B I I
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7. How confident are you that you have the knowledgeevelop pupils’
understanding of the following? (quoted from thartern Ireland
Science Curriculum) (1996) (rate using the santerdi as in question 6).

1. Fully confident

2. Confident with a little guidance

3. | can manage but depend on advice from others
4. | need help to develop my knowledge and skills

1
The position of the major organs of the body| |

Factors contributing to good health

Basic Life Processes
(circulation, respiration, digestion)

Similarities / differences among
plants and animals

Conditions necessary for the growth of
familiar plants

O O O

Life cycle of a flowering plant (pollen, stamen,
stigma, fertilisation, disposal of seeds)

Simple food chains
Properties of materials

Distinctive properties of solids,
liquids and gases

Everyday substances which dissolve
Desirable / undesirable change
Knowledge of water cycle
Permanent / temporary change

Control of rusting

oo oo o o O s
oo oo O o O Oe
N T Y Y e Y Y e Y Y e B N N

oo oo

Waste created by human activity
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Materials which do / do not decay naturally
Recycling

Energy sources in school / at home
Sources of energy in models / machines

How forces affect the movement and
shape of objects

L OO Ok

Y Y s Y T Y O o O N
Y Y s Y N Y Y A

The effect of friction on movement

Renewable, non-renewable energy sources| |

Safe use of mains electricity []
Construction of simple circuits []
Insulators and conductors []

Investigation of the effects of varying current
in a circuit to make bulbs brighter or dimmer| |

How sounds are produced when objects vibfate
Sound travels through a variety of materials D

Light passes through some materials and
not others

The formation of shadows []

The reflection of light from mirrors and
other shiny surfaces

[]
[]

R T e T Y e T Y AN N
(1 OO O oo Oooodnd

. Please rate in the same way, how confident youireetlping pupils to:

Solve problems

Carry out investigations
Make observations

Recognise, design, carry out a fair test

L OOt O
L OOt O
L OOt O
L OOt O
[ OO0 O

Choose appropriate materials
when planning what to make
(cartons, doweling, wheels, etc).
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Plan what they are going to make and
talk about the materials and components
they could use.

Develop manipulative skills using a
range of materials and tools
(e.g. low temperature glue gun).

Construct working models
(using syringes /tubing etc.)

Interpret evidence

Relate what has happened to what
they predicted

Evaluate and revise their work

Make suggestions for improvements

Develop oral, written, graphic and
communication skills

Use results to identify patterns

. Teaching Science and Technology involves many psid@al skills, some
of which you may find more difficult than otherBlease give your estimate
of how difficult in general the following are fooy in terms of the followir]

criteria.

1. Not at all difficult
2. Sometimes a little difficult
3. Very difficult

Deciding concepts to be developed in
an activity.

1

2

3

L O O

JooOoo U

[]

OooOooo U

[]
[]

1

[]

Deciding process skills to be developed in an égtiv |:|

Ensuring equal interest of girls and boys

Introducing a new topic

Responding to pupils’ questions about content

Explaining ideas to pupils

115

[]
[]

[]
[]

N O I O O O Y O O

N N A

IN

[]

g O
N I I I I I I B e O

[]

N O
O Odn O

[]

g



1 2
Organising practical work (1 L[]
Using questioning skills to stimulate pupils thimdi D |:|

Assessment in relation to concept development [ | [ ]

R O >
(1 O O O

Assessment in relation to process skills (1 L[]

10. Please indicate what help, if any, you neegliation to your
understanding in Science and Technology and what fbis might
take.

Your help in completing this questionnaire is verymuch appreciated.
Thank you.
Paula Alexander
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Appendix 2

Questionnaire for Final Year B.Ed. Students

in Teacher Training Collegesin Northern Ireland

The aims of this study are to explore matters eelad primary teachers’

understanding and confidence in teaching scienddeainology and to
Only

identify any changes that are needed in the priofiesksdevelopment of

practising teachers and in the training of studeathers.

The information you provide will be treated in tteictest confidence.

Background Information

1. Please tick: Male[ | Female |

2. Teaching Practice Key Stage[1 ] Key Stage 2 |

3. About your qualifications in Science:
What are your pre-teacher training awards in
Science Subjects? (GCSE, Single/Double/Triple Alvar
(A Levels, Physics, Chemistry, Biology)?

Teaching Across the Curriculum

4. Some student teachers are more confident inkhewledge and teachin

skills in some areas of the curriculum than othétkease give an honest
estimate of how you feel in general about teackiegfollowing, rating
each as follows:

1. Fully confident

2. Confident with a little guidance

3. | can manage but depend on advice from others.
4. | need help to develop my knowledge and skills

3 4

L] [
L1 [
L1 [

1 2
English |:| |:|
Mathematics D D

(] O

Science/Technology
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w

History
Geography

Art

Music

P.E.

oot oo
N O N R Y
oot oo
oot oo

Religion

I

5. How confident are you that you have the knogéetb develop pupils’
understanding of the following? (quoted from thartern Ireland
Science Curriculum) (1996) (rate using the santerdi as in question 6).

1. Fully confident
2. Confident with a little guidance

3. | can manage but depend on advice from others
4. |1 need help to develop my knowledge and skills

1
The position of the major organs of the body| |

Factors contributing to good health

Basic Life Processes
(circulation, respiration, digestion)

Similarities / differences among
plants and animals

Conditions necessary for the growth of
familiar plants

O O O

Life cycle of a flowering plant (pollen, stamen,
stigma, fertilisation, disposal of seeds)

Simple food chains
Properties of materials

Distinctive properties of solids,
liquids and gases

L1 OO O
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Everyday substances which dissolve
Desirable / undesirable change

Knowledge of water cycle

Permanent / temporary change

Control of rusting

N O A

1 Y e Y e D Y e Y Y O Y A A N O A
L OO 0t oo ooddn O e
L OO Ot oo oooddn O s
O OO Odb bbb odboodoodn oo

Waste created by human activity
Materials which do / do not decay naturally |:|
Recycling

Energy sources in school / at home

How forces affect the movement and
shape of objects

[]
[]
Sources of energy in models / machines |:|
[]
[]

The effect of friction on movement

Renewable, non-renewable energy sources| |

Safe use of mains electricity []
Construction of simple circuits []
Insulators and conductors []

Investigation of the effects of varying current
in a circuit to make bulbs brighter or dimmer| ]

How sounds are produced when objects vibfate
Sound travels through a variety of materials| |

Light passes through some materials and
not others

The formation of shadows []

The reflection of light from mirrors and
other shiny surfaces []
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6. Please rate in the same way, how confidentgelun helping pupils to:

Solve problems

-carry out investigations

-make observations

-recognise, design, carry out a fair test
Choose appropriate materials

when planning what to make
(cartons, doweling, wheels, etc).

] OO O
L OO Os
L OO e
L OO0 O
[ OO0 O

Plan what they are going to make and
talk about the materials and components
they could use.

[]
[]
[]
[]

Develop manipulative skills using a
range of materials and tools
(e.g. low temperature glue gun).

Construct working models
(using syringes /tubing etc.)

Interpret evidence
Relate what has happened to what
they predicted

Evaluate and revise their work

Make suggestions for improvements

Oooooogo O
ooooonpn U
000000 O
O ODOoooOgo o

Develop oral, written, graphic and
communication skills

Use results to identify patterns (1 1 [

7. Teaching Science and Technology involves maofepsional skills,
some of which you may find more difficult than othe Please give
your estimate of how difficult in general the folling are for you in
terms of the following criteria.

1. Not at all difficult

2. Sometimes a little difficult
3. Very difficult
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Decidi_ng concepts to be developed in é
an activity.

Deciding process skills to be developed in an égtiv D
Ensuring equal interest of girls and boys
Introducing a new topic

Responding to pupils’ questions about content
Explaining ideas to pupils

Organising practical work

Using questioning skills to stimulate pupils thimdi

L Oo0Oodnd

N T Y B AN
N Y O Y A
D00 od oo O

Assessment in relation to concept development

[]
[]

Assessment in relation to process skills

10. Please indicate what help, if any, you neegliation to your
understanding in Science and Technology and what fbis might
take.

Your help in completing this questionnaire is verymuch appreciated.
Thank you.
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Appendix 3

Questions to be addressed
(Primary Advisers/Field Officers)

In your responses to all these questions it is gousidered opinions | am seeking.

1.

To what extent do primary teachers understand ¢glyddatures of the programmes
of study for Science (NIC 1996), i.e. is teachersderstanding sufficient for the
areas they are expected to teach

. How do primary teachers perceive their competendelping children to achieve

the attainment outcomes in science and technology?

. If low competence is apparent - what are the reafmmt and what remedial steps

are seen as being required to improve competence?

. What aspects of pedagogy relating to teaching seiand technology do teachers

find difficult?

. What help do teachers receive from in-service imgicourses in developing

appropriate pedagogical skills? (Do the coursesentrate on content or
pedagogy and why)?

. As advisers/field officers do not have the righstioin on classes (as opposed to

inspectors who do have the statutory right), ontvelvadence do advisers/field
officers decide on what to include in their in-3eevcourses?
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7. Is there any objective evaluation of the training E.L.B’s provide, apart from
teacher questionnaires?

8. What changes in pre-service and in-service traiamgikely to improve primary
teachers’ knowledge, confidence and practice iohieg science and technology?

9. Is there the same need for differentiation in pryrscience as there is in literacy
and numeracy?

10.How is the transfer test affecting the teacluhgrimary science?

11.1s there the need for more science support éach classrooms?

12.Has science been effectively downgraded asudt idsthe School Improvement
emphasis on Literacy and Numeracy?

13.Should science be assessed at the end of KggsStaNorthern Ireland as it is in
England and Wales?
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Questions to be addressed
(Primary Advisers/Field Officers)

In your responses to all these questions it is gousidered opinions | am seeking.

1. To what extent do primary teachers understand ¢éiyddatures of the programmes

of study for Science (NIC 1996), i.e. is teachersierstanding sufficient for the
areas they are expected to teach?

Teachers’ knowledge and understanding at attainrteget level is on the whole

very sound and certainly sufficient.

2. How do primary teachers perceive their competendeiping children to achieve

the attainment outcomes in science and technology?

Most primary teachers would feel fairly confidemtielping children to acquire
knowledge and understanding, however, many woeldtey are not facilitating
skills development.

. If low competence is apparent - what are tlasaas for it and what remedial steps
are seen as being required to improve competence?

Not so much a question of low competence with getaskills development - it is
more associated with lack of commitment and supgpatsystem which
apparently values recall.

. What aspects of pedagogy relating to teaclirense and technology do teachers
find difficult?

Classroom management and curriculum organisatiorcvfacilitates group work

and enquiry work, i.e. planning the developmenbtgrpersonal and investigative
skills.
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5. What help do teachers receive from in-service imgicourses in developing
appropriate pedagogical skills? (Do the courseseatrate on content or
pedagogy and why)?

Very little in-service training has been offeredhwielation to primary science. The
usual focus has been on developing schemes of Wdhlere there has been a
specific need it has centred on the knowledge aféarces’ or outcomes which
have been content based.

6. As advisers/field officers do not have the righsiioin on classes (as opposed to
inspectors who do have the statutory right), ontvelvadence do advisers/field
officers decide on what to include in their in-3seevcourses?

» School audit

* Responses in survey of needs
* ETI Reports

* Interpersonal discussion.

7. Is there any objective evaluation of the training E.L.B’s provide, apart from
teacher questionnaires?

» Validation of ETI
* ETIl inspection of CASS delivery

8. What changes in pre-service and in-service traiamgikely to improve primary
teachers’ knowledge, confidence and practice iohieg science and technology?

* Hands on enquiry and investigative work
* INSET which is all inclusive (Principals, SMT, Catimators, staff)
* INSET preceded by audit and succeeded by review

9. Is there the same need for differentiation in pryrscience as there is in literacy
and numeracy?

Most definitely the need for differentiation in temt.
Less need for differentiation in process skills.
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10. How is the transfer test affecting the teaclwhgrimary science?

Very much skewing delivery of a content based culuim at the expense of skills of
investigation.

11.1s there the need for more science support égach classrooms?
There is a greater need for professional discussatated to the philosophy of

primary education and of primary science educatmdetermine educational
priorities.

12. Has science been effectively downgraded asudtref the School Improvement
emphasis on Literacy and Numeracy?

Yes.

13. Should science be assessed at the end of Kgg<$Sin Northern Ireland as it is in
England and Wales?

No, unless there is a commitment to skills asseddoue this is hugely time

consuming. Skills assessment in any case is nmeaable to formative
assessment models.
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Questions to be addressed
(Primary Advisers/Field Officers)

In your responses to all these questions it is gousidered opinions | am seeking.

1. To what extent do primary teachers understand ¢éiyddatures of the programmes
of study for Science (NIC 1996), i.e. is teachersierstanding sufficient for the
areas they are expected to teach?

Science co-ordinators in the main have reasonabtevkedge, primary teachers lack
sufficient knowledge. In general teachers are appnsive about investigative
science. Technology is an area in which all teashequire a fuller
understanding.

2. How do primary teachers perceive their competendeiping children to achieve
the attainment outcomes in science and technology?

Low competence in investigative science and tedgyakills. This affects their
confidence in the classroom.

3. If low competence is apparent - what are tlhesaas for it and what remedial steps
are seen as being required to improve competence?

» Lack of teacher training

» Lack of knowledge by non-specialists
* INSET and classroom support might improve competenc

4. What aspects of pedagogy relating to teachirense and technology do teachers
find difficult?

Classroom organisation; practical work, deciding the skills required
particularly in investigative science and technglog
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5. What help do teachers receive from in-service imgicourses in developing
appropriate pedagogical skills? (Do the courseseatrate on content or
pedagogy and why)?

A combination of content and pedagogy is promatdlSET courses.

6. As advisers/field officers do not have the righstioin on classes (as opposed to
inspectors who do have the statutory right), ontvelvadence do advisers/field
officers decide on what to include in their in-seevcourses?

Needs are identified by schools and requests adertmthe relevant ELB’s.

7. Is there any objective evaluation of the training E.L.B’s provide, apart from
teacher questionnaires?

Not that | am aware of.

8. What changes in pre-service and in-service traiamgikely to improve primary
teachers’ knowledge, confidenaad practice in teaching science and technology?

Adequate non-contact time for in-school planniegpt release to update
knowledge and skills and to gain confidence tohehe requirements. Post-

graduate qualifications could contribute to teackidknowledge, confidence and
practice.

9. Is there the same need for differentiation in priyrecience as there is in literacy
and numeracy?

Yes.

10. How is the transfer test affecting the teacluhgrimary science?

High concentration on knowledge content in Prim@r§ Primary 7 leads to an
imbalance of skills.
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11.1s there the need for more science support éeadh classrooms?
Yes, in small schools with composite classes,uppat teacher is a valued

resource to ensure quality teaching and learningagrence and technology.
However, there are none at present with specifieeddor smaller schools.

12. Has science been effectively downgraded asudt ref the School Improvement
emphasis on Literacy and Numeracy?

No, science and technology remains a core suljettta Northern Ireland
Curriculum and rightly so!

13. Should science be assessed at the end of ligg<$Sin Northern Ireland as it is in
England and Wales?

No, formal assessment would place a heavy burdetassroom teachers who are
already stretched to the limit.
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Questions to be addressed
(Primary Advisers/Field Officers)

In your responses to all these questions it is gousidered opinions | am seeking.

1. To what extent do primary teachers understand ¢éiyddatures of the programmes
of study for Science (NIC 1996), i.e. is teachersierstanding sufficient for the
areas they are expected to teach?

In general, no! Many teachers understand factsnmtitbasic underlying concepts.
They think if a child can say for example, * souadscaused by vibrations’, that
equates with a level of understanding.

2. How do primary teachers perceive their competendeiping children to achieve
the attainment outcomes in science and technology?

Primary teachers’ competence is very well perceived

3. If low competence is apparent - what are tlhsaoas for it and what remedial steps
are seen as being required to improve competence?

If competence is low it is due to lack of scientifackground or level of study.
Poor in-service training, the effects of the ‘Treersprocedure and the
government’s push on factual acquisition of knogéedre also contributory
factors. Remedial action would include in-schagdmort and the removal of
level 5 from the Northern Ireland Primary Scienagr@ulum.

4. What aspects of pedagogy relating to teachirense and technology do teachers
find difficult?

 skills-based teaching

e Use of tools
» Thinking skills
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5. What help do teachers receive from in-service imgicourses in developing
appropriate pedagogical skills? (Do the courseseatrate on content or
pedagogy and why)?

Courses deal with both content and pedagogy. Texatbemand is content focused

because this is what they are being judged on bgms, transfer results and the
government.

6. As advisers/field officers do not have the righstioin on classes (as opposed to
inspectors who do have the statutory right), ontvelvadence do advisers/field
officers decide on what to include in their in-seevcourses?

» Working with teachers in schools - in this situattbeir needs are apparent.

» Schools’ science schemes which lack evidence gbagplession in Attainment
Target 1 - planning, making and investigating.

* Needs analysis carried out by the ELB'’s.

» Evidence from DENI reports.

7. Is there any objective evaluation of the training E.L.B’s provide, apart from
teacher questionnaires?

* DENI inspections
* Self Evaluation
* Schools’ evaluations

8. What changes in pre-service and in-service traianegikely to improve primary
teachers’ knowledge, ofidence and practice in teaching science and tdogg?

Pre-service and in-service training must concemrma the teaching and learning

of Attainment Target 1, also more specific guidamcexactly what needs to be
taught.
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9. Is there the same need for differentiation in pryrscience as there is in literacy
and numeracy?

No, literacy and numeracy form the basis of evengththey should be prioritised.

10. How is the transfer test affecting the teaclwhgrimary science?

Desperately! Too much emphasis on factual acaomsit

11.1s there the need for more science support éeadh classrooms?
Yes, but the level of demand from Government, RENICCEA needs to be

drastically reduced. Teachers cannot juggle soyrzalls and keep them all up at
the same time.

12. Has science been effectively downgraded asudt ref the School Improvement
emphasis on Literacy and Numeracy?

No, science and technology have been greatly emlobas it offers many
opportunities for the development of real liferidey and numeracy.

13. Should science be assessed at the end of Kgg<sSin Northern Ireland as it is in
England and Wales?

At the moment, no! It would mean considerable quresfor teachers. In the
future, yes! When the issues of overload and obhi@ve been sorted.
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Questions to be addressed
(Primary Advisers/Field Officers)

In your responses to all these questions it is gousidered opinions | am seeking.

1. To what extent do primary teachers understand ¢éiyddatures of the programmes

of study for Science (NIC 1996), i.e. is teachersierstanding sufficient for the
areas they are expected to teach?

Many teachers are not well versed in the knowledgkskills requirements..

. How do primary teachers perceive their competendelping children to achieve
the attainment outcomes in science and technology?

Teachers underestimate their competence.

. If low competence is apparent - what are tlasags for it and what remedial steps
are seen as being required to improve competence?

Low competence is apparent because of teacheis’dbknowledge. Very few
have a science background at ‘GCSE ‘or ‘A’ level.

. What aspects of pedagogy relating to teactirense and technology do teachers
find difficult?

Practical science, the investigative approach amel ppractical technology skills in
manipulating materials and constructing models.

. What help do teachers receive from in-service imgigcourses in developing
appropriate pedagogical skills? (Do the coursesentrate on content or
pedagogy and why)?

Courses in the past concentrated on both but tbesfis now on pedagogy as the

knowledge element is largely embedded.
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6. As advisers/field officers do not have the righsiioin on classes (as opposed to
inspectors who do have the statutory right), ontvelvadence do advisers/field
officers decide on what to include in their in-3eevcourses?

* Responses from teachers at INSET courses
» Specific requests from schools

e Comments in inspection reports.

7. Is there any objective evaluation of the training E.L.B’s provide, apart from
teacher questionnaires?

Mainly three months later in the form of a questiaine to ascertain if strategies

are being implemented. Follow-up visits to schaold inspection findings also
allow for evaluation.

8. What changes in pre-service and in-service traiamgikely to improve primary
teachers’ knowledge, confidence and practice iohieg science and technology?

There is the need for school focused and classdbsggport also team teaching
and the promotion of literacy and numeracy throgglence and technology.

9. Is there the same need for differentiation in primecience as there is in literacy
and numeracy?

Yes but differentiation in primary science is perhhtic because of equipment and

resource requirements. Differentiation in primagience is mainly through
outcome.

10. How is the transfer test affecting the teacluhgrimary science?

The transfer test omits practical science and pssagevelopment in Primary 6 and
Primary 7

11.1s there the need for more science support éeach classrooms?
In smaller schools maybe!

12. Has science been effectively downgraded asudt ref the School Improvement
emphasis on Literacy and Numeracy?
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Yes, by schools but both literacy and numeracybeadeveloped through science
and technology. The Transfer procedure ensuregitiieprofile of science and
technology.

13. Should science be assessed at the end of lkggsSin Northern Ireland as it is in
England and Wales?

Probably!
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Questions to be addressed
(Primary Advisers/Field Officers)

In your responses to all these questions it is gousidered opinions | am seeking.

1. To what extent do primary teachers understand ¢éiyddatures of the programmes
of study for Science (NIC 1996), i.e. is teachersierstanding sufficient for the
areas they are expected to teach?

With regard to the revised science curriculum, tesas’ understanding is sufficient in
Living Things and Materials. Grater understandisgheeded in some aspects of
physical processes, in some areas of forces, sanddight.

2. How do primary teachers perceive their competendeiping children to achieve
the attainment outcomes in science and technology?

Primary teachers are not competent or confidertheir ability to help children
achieve the attainment outcomes. They are notitamiith the attainment
outcomes. Competence is judged on transfer results

3. If low competence is apparent - what are tlhesaoas for it and what remedial steps
are seen as being required to improve competence?

Low competence is apparent. There is a particptablem with Attainment
Target 1 and the development of process skillacAers need to see good
practice, discover how others are succeeding, cefba their own methodology
and plan accordingly.

4. What aspects of pedagogy relating to teachirense and technology do teachers
find difficult?

Organisational issues with regard to practical wankd differentiation, also

deciding what is actually required in scientificvestigations. Teachers tend to
experience difficulty when there is a process wvedl.
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5. What help do teachers receive from in-service imgicourses in developing
appropriate pedagogical skills? (Do the courseseatrate on content or
pedagogy and why)?

There has always been a concentration on contiepérsonally have prioritised
practical sessions with a focus on science prosksls. The professional skills
associated with science teaching have not beem gikecedence because schools
and teachers have not voiced pedagogy as a concern.

6. As advisers/field officers do not have the righstioin on classes (as opposed to
inspectors who do have the statutory right), ontvelvadence do advisers/field
officers decide on what to include in their in-seevcourses?

Consultation with schools, principals and co-ordim&. Judgement is also based
on teachers’ responses and work in courses. | lgauged information from the
‘Technology Challenge’. | am aware of pupils lakndependence in planning,
manipulating materials and tools, explaining anehswucting. This must inform
the content of future courses.

7. Is there any objective evaluation of the training E.L.B’s provide, apart from
teacher questionnaires?

No, only informal remarks from teachers and othgyort personnel.

8. What changes in pre-service and in-service traiamegikely to improve primary
teachers’ knowledge, confidence and practice iohieg science and technology?

Pre-service and in-service training must focus tt@iAment Target 1, planning,
making and investigating. Teachers’ knowledged=vrelop alongside scientific
process skills.

9. Is there the same need for differentiation in pryrscience as there is in literacy
and numeracy?

Yes, there is the same need but a different settgguired. There must be

differentiation in task as well as outcome. Skikselopment and academic
achievement do not always coincide.
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10. How is the transfer test affecting the teacluhgrimary science?

The primary science curriculum, particularly in K&yage 2 is dominated by the
acquisition of knowledge.

11.1s there the need for more science support éeadh classrooms?

Yes.

12. Has science been effectively downgraded asudt ref the School Improvement
emphasis on Literacy and Numeracy?

Definitely

13. Should science be assessed at the end of ldgg<sSin Northern Ireland as it is in
England and Wales?

Yes, it must become part of the assessment praeettunas lost its profile

because it has not been assessed. Assessmemmboogsin both content and
process.
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Questions to be addressed
(Primary Advisers/Field Officers)

In your responses to all these questions it is gousidered opinions | am seeking.

1. To what extent do primary teachers understand ¢éiyddatures of the programmes
of study for Science (NIC 1996), i.e. is teachersierstanding sufficient for the
areas they are expected to teach?

Depends on how well organised and structured thmgmy science programme is
within the school. If it is well planned withinarebands and key stages and
teachers understand the programme they have ta eowkthe range of activities
they must undertake then they are comfortable.

Teachers’ science knowledge is not as thorougloasesnight want but if support
within the school is available, teachers find isidficient for them to get through.

2. How do primary teachers perceive their competendeiping children to achieve
the attainment outcomes in science and technology?

There is a considerable number of teachers whduargure’ in primary science
particularly in terms of investigative science, iretrying to ensure that
Attainment Target 1 is covered.

In my experience teachers generally cover scienoéeat through:

» Teacher led practical work
» Teacher demonstration
» Small group activity

All rely on considerable question and answer teghaiwhich results in a lot of
recorded work. Practical work is done - but iinigt investigative work.

Teachers do not have the confidence or competerset up an hypothesis. They
don’t encourage pupils to ask:

* What are we looking at?

* Why are we looking at this?
* What are the stages we must go through?
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Teachers are uneasy with this structure. Theynateencouraged that it is O.K. to
do so - let go of the written work - be prepared@jitce pupils freedom to carry out
tests, control variables, step back, analyse amdbrieback.

With average class sizes of twenty five and mikédyagroupings, how practical
is this?

Teachers are more comfortable with keeping control.

3. If low competence is apparent - what are tlsoas for it and what remedial steps

are seen as being required to improve competence?
Teachers are not confident with full delivery ofaftment Target 1.
Schools can try to solve this problem in their plizng.

Primary science is unique - it is delivered throwgprocess - it cannot be
delivered effectively through question and answecess.

Teachers do not have the experience, ability omkedge to take on board the
investigative approach.

Remedial steps must happen within the school ifotime of workshops - this is
how you would work with this in the classroom.

4. What aspects of pedagogy relating to teachirense and technology do teachers
find difficult?

Teachers do not have scientific knowledge - theychdy don’t know the answer. If
they read up on it they need reassurance and cuoafion.

Some good teachers have the process but scientantoan cause problems.

Initially in my role as field officer, | pushed tipeocess because | believed that
content would take care of itself.

5. What help do teachers receive from in-service imgicourses in developing
appropriate pedagogical skills? (Do the courseseatrate on content or
pedagogy and why)?

Teachers receive increasingly little help from @ngce. In recent years the focus has

been on cluster groups and the teachers themsthad in a co-ordinating role.

Field officers are now spread thinly around.
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Courses concentrated on content because it is piatipals’ and co-ordinators’
requested.

6. As advisers/field officers do not have the righstioin on classes (as opposed to
inspectors who do have the statutory right), ontvelvadence do advisers/field
officers decide on what to include in their in-seevcourses?

CASS survey of needs and feedback from clustepgrou

7. Is there any objective evaluation of the training E.L.B’s provide, apart from
teacher questionnaires?

| am not aware of any specific evaluation of INSHTe Inspectorate do
investigate the E.L.B.’s INSET provision.

8. What changes in pre-service and in-service traianegikely to improve primary
teachers’ knowledge, confidence and practice iohieg science and technology?

Within Initial Teacher Education there must be &mneent which looks at primary
science and the range of programme that teacheeseapected to deliver within
schools.

Within the Induction Programme attention shoulddvected not only to content
but the teacher’s ability to develop investigatkdls.

If SDPR is implemented correctly teachers shoultehthe opportunity to identify
weaknesses and make school management aware ¢lgaréhin need of support.

In-service training has fallen away - primary saeris now up an alley, there is no

dramatic need to push it. ICT has taken over.lesmscience re-emerges, it will
be an also ran in terms of in-service training.

9. Is there the same need for differentiation in pryrscience as there is in literacy
and numeracy?

Most definitely.Pupils are coming at science with different condepeéls and they
have different levels of skills.

However, if teachers have difficulty with differiating in literacy and numeracy
they are really going to struggle with differentcat in science.
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10. How is the transfer test affecting the teacluhgrimary science?

The transfer has choked the life out of what | usi@dad to be true primary science -
it has not choked the life out of science in priynseghools.

It has become very formulate. The extent of ilyaste science in the transfer test is
down to the control of very simple variables.

Investigative questions cannot be written. Thadfar test pays lip service to
investigative work.

Whilst the transfer system has done irreparable aigarin terms of pure primary
science, teachers are relatively happy with it.cain be done in a comprehension
guestion and answer format.

11.1s there the need for more science support éeach classrooms?

No - we need more teachers competent in primagnseiin classrooms.

My experience as a science support teacher has bee

you go ahead and teach it, why should | dupliegtat you are here doing?

12. Has science been effectively downgraded asudt ref the School Improvement
emphasis on Literacy and Numeracy?

Yes. Science has secured its place in the cumcunly because of the transfer
system. The focus is now ICT.

13. Should science be assessed at the end of igg<$Sin Northern Ireland as it is in
England and Wales?

Yes - it would help to promote investigative sateaied ensure an equal balance
between content and process.

Teachers don’t see the development in Attainmenrgetd, it is qualitative. An

assessment unit which sets the pupil a practistlaed hypothesis and allows the
teacher to observe the stages the child moves ghrawuld be appropriate.
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Questions to be addressed
(Primary Advisers/Field Officers)

In your responses to all these questions it is gousidered opinions | am seeking.

1. To what extent do primary teachers understand ¢éiyddatures of the programmes
of study for Science (NIC 1996), i.e. is teachersierstanding sufficient for the
areas they are expected to teach?

For me the key features of the programmes of sauelyhe emphasis on the
development of skills - through the skills childemtess the knowledge.

The education system, however, demands the knaauvhedige than the skills.

Teachers’ understanding is not sufficient for tiheas they are expected to teach,
especially in upper Key Stage 2. Teachers lingirtknowledge to factual recall
(i.e. the ‘Transfer’).

It is of course not the teachers’ fault but what #ystem demands of them.

For example: Sound / Light

Teachers will develop those areas to the specifinaif the Transfer Test but will not
have the deeper understanding to respond adequiat@lypils’ questions.

‘Every time | look at sound/light in the programnoéstudy, | have to go back and
remind myself of the scientific concepts involvedrder to ensure correct
feedback to pupils’.

2. How do primary teachers perceive their competendeiping children to achieve
the attainment outcomes in science and technology?

Most teachers | have worked with do not have tindidence to help children
achieve the attainment outcomes in science anchtdatyy.

Teacher confidence is probably a barrier to teash@pproaching science in a fun
way.

When teachers are confident they encourage chiltréhink in a more logical
way. Knowledge is, therefore, secondary to proeasslly this is not in vogue
with the ‘transfer procedure’.

3. If low competence is apparent - what are tlsoas for it and what remedial steps
are seen as being required to improve competence?
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Lack of confidence is partially responsible for loeampetence. Teachers need
greater understanding of the statements of attaimime

4. What aspects of pedagogy relating to teachirense and technology do teachers
find difficult?

Teachers’ find the following difficult:

Accessing of skills.

An understanding of how to build them into teaching
How to develop skills through content.

The importance of skills before content.

Many teachers may not admit to the above as baffigudt but the focus of
training has been on developing areas of curricutontent: e.g. courses on
forces and energy - the emphasis has not beernvestigative skills!

5. What help do teachers receive from in-service imgiicourses in developing
appropriate pedagogical skills? (Do the coursesentrate on content or
pedagogy and why)?

Training courses concentrate on content becausehera demand this. There has
been some attempt recently to redress the balahekl-officers are now
encouraged to promote the development of skills.

6. As advisers/field officers do not have the righstioin on classes (as opposed to
inspectors who do have the statutory right), ontvelvadence do advisers/field
officers decide on what to include in their in-seevcourses?

Field officers have a grasp of key issues from:

» Evaluation reports from previous courses
» School Survey of needs

Co-ordinators are subsequently interviewed to datee the school’s
requirements.

Often, however, what the co-ordinator claims iswftat the school in effect needs!
Many co-ordinators call for schemes of work, lesptams, etc. From anecdotal
evidence and visits to actual classrooms you be@waee of the fact that this

isn't really the issue., e.g. the real focus is link between structured play and
science!
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7. Is there any objective evaluation of the training E.L.B’s provide, apart from
teacher questionnaires?

Field officers write reports of work in the partiam school. The principal and staff
comment on the field officer’s intervention. In experience schools were
complimentary - everything was great and superiadded it probably was to
have someone coming in with ideas and resources.

* Nothing was measured as such.

* There is an attempt at the moment (by the ELB’8) thie introduction of
action plans/success criteria to evaluate moretfully the training
provided.

» DENI have an overall monitoring role in E.L.B. prsion

8. What changes in pre-service and in-service traiamegikely to improve primary
teachers’ knowledge, confidence and practice iohieg science and technology?

Teachers are attracted to accreditation. In-seevi@ining should offer more
accredited courses, where teachers have to takeaaning part’ into their
practice in school during the week and commentliowing sessions. Teachers
therefore ‘design to best fit their situation’.

‘Teachers will stick their big toe into the watard find out it is not so difficult -
they will realise the spin offs’.

9. Is there the same need for differentiation in primecience as there is in literacy
and numeracy?

The differentiation in literacy has a knock on effi@to science.
Differentiation in science is down to:

* How children access information?
» Can they read the worksheet?

» Can they respond on the report?

* Do they have the numeracy skills?

The differentiation in literacy and numeracy iseddy affecting science. Itis
easier to differentiate in literacy and numeracygdse teachers are confident in
their ability to do so. When teaching science @ach a topic, it is safe, pupils
record in a differentiated manner. Differentiatiaby outcome not by intent.
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10. How is the transfer test affecting the teacluhgrimary science?

The Transfer Test affects the teaching in primaan@ Primary 7. The focus is on
content, the grounding in concepts. There is tispgion that level 5 is included
in the transfer and therefore, the teaching ofgastparamount, rather than
investigating and discovering.

The Transfer has:

* had a clamping down effect on science
» reduces the fun of science
* has put science on the map - but in the wrong way

11.1s there the need for more science support éeach classrooms?

No - not with the focus on literacy, numeracy a@iT.

12. Has science been effectively downgraded asudt ref the School Improvement
emphasis on Literacy and Numeracy?

The Transfer keeps science on the agenda bubd isnger a number one priority
- it has been downgraded.

The emphasis on literacy and numeracy should ndgt into science.

Schools have already looked at the basic areasesbty and numeracy. They are
now choosing contexts for their development inrothericulum areas. Now is the
time for literacy to be developed through science.

13. Should science be assessed at the end of ldgg<sSin Northern Ireland as it is in
England and Wales?

Yes: Instead of assessing in the Transfer proedunience should be assessed in
a process similar to the ‘assessment units’ in Bhghnd Mathematics. Teachers
would therefore have to look critically at the tbaw of science throughout the
school and become involved in internal standardigato see how their children
are performing.
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Questions to be addressed
(Primary Advisers/Field Officers)

In your responses to all these questions it is gousidered opinions | am seeking.

1. To what extent do primary teachers understand ¢éiyddatures of the programmes
of study for Science (NIC 1996), i.e. is teachersierstanding sufficient for the
areas they are expected to teach?

With the introduction of the Northern Ireland SaerCurriculum understanding was
poor, it has improved but still is not sufficient.

2. How do primary teachers perceive their competendeiping children to achieve
the attainment outcomes in science and technology?

Many teachers feel apprehensive. They need remas

@y support and resources.

3. If low competence is apparent - what are tlsaoas for it and what remedial steps
are seen as being required to improve competence?

The reasons for low competence are inadequatalniaining, lack of staff
development and a very negative attitude towarasse. There is a need to
address teacher training and put in place stratedeerelease teachers for further
training. Lack of funding impedes this.

4. What aspects of pedagogy relating to teachirense and technology do teachers
find difficult?

» Scientific concepts and lack of expertise

» Classroom management of groups
» Recording skills
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5. What help do teachers receive from in-service imgicourses in developing
appropriate pedagogical skills? (Do the courseseatrate on content or
pedagogy and why)?

Courses in which | was involved concentrated o lsointent and pedagogy - the
topic, the concepts and the strategies involved.

6. As advisers/field officers do not have the righsiioin on classes (as opposed to
inspectors who do have the statutory right), ontvelvadence do advisers/field
officers decide on what to include in their in-3eevcourses?

* As afield officer | was involved in team teachimth classroom teachers. This
gave me a ‘fair claim’ to teachers’ knowledge awath@erns. This allowed me to
plan accordingly.

» CASS survey of needs.

7. Is there any objective evaluation of the training E.L.B’s provide, apart from
teacher questionnaires?

DENI Inspections.

8. What changes in pre-service and in-service traiamgikely to improve primary
teachers’ knowledge, confidence and practice iohieg science and technology?

» Expertise needed in basic concepts.
» Classroom management skills.
* A positive attitude towards science education.

9. Is there the same need for differentiation in pryrscience as there is in literacy
and numeracy?

Yes, there is the same need but a different setgguired. There must be

differentiation in task as well as outcome. Skikselopment and academic
achievement do not always coincide.
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10. How is the transfer test affecting the teaclwhgrimary science?

Too much emphasis on rote learning of facts tal#tement of skills development.

11.1s there the need for more science support éeadh classrooms?

Yes, in terms of pedagogical skills required ircteag science.

12. Has science been effectively downgraded asudt ref the School Improvement
emphasis on Literacy and Numeracy?

Probably and there is certainly no need for ittekacy and numeracy can embrace
many of the scientific concepts and skills - larggjaeading, writing, measuring
and interpreting.

13. Should science be assessed at the end of ldgg<sSin Northern Ireland as it is in
England and Wales?

The transfer test in year 7 coupled with existirgy IStage 2 assessment places an

enormous burden on teachers. The entire assessysrtn would need to be
redesigned to include science.
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