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Ahsiraet

This paper repars on a Mew Zealand project simed at raising the achievement of students
in science. A key to the effectiveness of the progremme is the cellection of quality
intarmation abeut studert achizvement and the use of this information te identify and plan
to meet student [earning needs, By basing pedeaegical decision-making on evidence rather
thart intuition, teachers in the project aré Tnitialing changes te téaching and learning
programmes in o purpeseful and productive manner, The focus of this peper @5 on this
aspect — the testing, colletion, sgpregation and use of valid, reliable information on student
achievement and attitudes in science using natione! and intérnationally recopnised
assessment tools. Analysis of assessment date and teacher and student attitude survevs has
resulted in the development and implemenzation of school-based mitiatives in perticipating
schoals. Subsequent evaluation of the ‘mpact of these initiatives has led to changes in
approsches to waching and close scruting of student learning and learning needs, This the
wée ol data mokes the invisible visible, allowing deeizions to be made on the basis of
evidence rather than assumgtion or intuition,

162



The Impact Of Quality Assessment Information
On Teaching And Learning In Science Classrooms

Introduttion

Both the literature and direct experience suggest thar the interrogation of present
teaching practice is an esseatial precursor to the initistion and successful implementation
of change strategies. The common practice of implementing progeasames withaut fest
testing and evaluating their effectiveness denies us the opportunity to critically evaluate
and improve our teaching, and hence stadent leaming

Sekondy don 't pilat agytiung They fust send idear and innevations off and wave af
them fram the pier, never o be seen apain. ' (Wiggins, pers.com. as ¢ired in
Schmoker, |999:31)

In 2001 the Mew Zealand Ministry of Education invited tenders for professional
development programmes that would impact not only on teacher performance, but aisn
ard primarily on stedent achievement in science. Multi Serve Education Trust
successfully bid for one such programme, besed in three Waikuto ! Bay of Plenty
Carmmunities.

The Scheol Science Pitor Praject (S'PY) programme is simed at raising student
maotivation and achievemen: theough o thiee-pronged appeoach:

I The identification of students’ current understandings of scicnce concepts across
the four contextual strands of the science curriculum (Ministey of Education,
1993} in arder ro build on strengths and 10 close gaps in knowledge.

2, The seknowledgement of motivational factors gnd theie impact on learning in
science - and to identify what contexts are appropriate and meaningful for
students i the pilor schools,  From ihis identification to design learning
experiences of Interest and relevance 1o students,

3 The identification by teaciers of their pedagngical content knowledge {Shulman,
1986) in order o target professional development towards effecting
improvement in teaching practices and hence student learming outcomes.

The project is underpinned by cusrant New Zealand and imternational research in science
education and reacker protessionsl development, with the original impetus coming from
the Deakin University Science in Schools research project in Victoria, Australia, It i
situated within a theeretical framework that mav broadly be considered to he
consrruclivist tn nagure,

How we view the natute of science and how we view knowledge has a profound impact
on how we learn sclence,  “Learning scickce invelves developing an understanding of
sotewce and abouwr sclence” [Baker, 1997:157)  If knowledpe is viewed as being
censtrucied hrough experience (personally or socially mediated), this wiil inevitably
impact on tegching and fearning formats and strategies. In the same way adoption of the
development of scientific literecy &5 the aim of science teaching and learning, as in
Science in the New Zealand Curriculum, implies certein conditions for science
programmes. Such programmes will be those in which:
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Stratepies are employed fo expose students’ prioe knowledge and to develop
fearning prograntares that build en existbng wnderstandings whilve challenging
misconceptions, The conceptual chengs medel of learning in science sugpests
that leamers will ot abendon ther existing preconcepiions unless e new ideas
are mote plausidle, intelligible and frotful taan these they curreztly hold
(Hewson and Thorley, (984, Conversntion is 2 necessary teaching methed in
the identification and challenging of these conceptions [Larr, Barker, Bell,
Bidduiph, Jones, Kirkwood, Peavson and Symington, 1994).

Pragranmes are ser fn and meldress contexts relevant and meaningfil to
stredemy. 10 ene seeepts that science knowledge is socially constructad then it
follaws that Jeaming in science must be contextually situated (Hennessy, 1993}
B engaging with scientific coneepls in familiar and less Zamilisr contexts.
students are able to develop problem-pentred kzowledge, which is more
transferable o new situasions (Cam et al. 1994,

The focus 5 on fearning throwgh investigation, as an active collaborative
precess, An |nvestigative approach to science learming is imporant for sludent
motivational reasozs, but alse for the development of problem-centred
knowledge, the promuetion of celleboration in seience learning and far
encouraging atudents to deveiop metaceenilive reasoning srategies | Haigh and
Hubbaed, 997,

The teacher's role is thet of facilitatur of stadear learmimg, whilst
acknowledging the vitel fmportance of feacher pedugogical centent
krowfedge, Teochers need to be knowledgeable it order to identify and =20
leamning outcomes hat are achievahle for students, whilst meeting the
requirements of the school and national currenlum,  This knowledge integrates
understanding of curriculum, of (e ‘content’ of sclence and of sppropriale
tzaching approsches (Shulman, 19A7)

Surategtes are adopted that encoprage studenty fo become metacagaftive and
miore actively nvolved fn trelr o learming.  Stodents need oppoTIIETies to
think ahout row they have solved problems, so that they can leamn bath about
end from their lesrning (Haigh and Hobbacd, 1997 Teaching atiotegics that
encouzage reflection and whic promote forwerd plonning, support student seli-
menagement and metacogniton ane of prime impornce.

The wxe of formative assessment strategles is propoted in crder to
comimunicate to leamers what i valued; to provide students and teachers with
apportunities to maximise “deep’ rather then “surface’ learning (Flaclen, [998)
and (o gemerate opponznities for furher learning.

Teachers need sound pedegopical xnowledge and content knowledge to be offective
prectitioners. Two long lenm projects have profoundly influenced science teaching and
learning in New Zewland schools over the past two decades.  In Mew Zealand, the
Waikato University Learning in Science Project (LISP) findings are used exwnsively m
science classrooms fo improve student leamning.  Sieilarly, the Project for Enhancing
Effective Learning (PEEL) at Monash University in Vietoria Australia has identilied o
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range of cffective sirategies to promoete learning and student self-efficacy soross il
legrming arens.

S'P! Programme Development
[n order to fecilitute these objectives, the praject team edopted an approach based on the
act:on cesenrch evele, as shown in the follawing diegram (Figura 1) The key elements
af achan research, namely those of nlanning, acting, observing and evalualing, are
embedded in the “cvele of improvement’, Central 1o this model 9 the ownership by the
participants af the process; the poets or objectives are set by the indivicual, acted on by
thess Cin collalboraton with g fasilicaoe) aod evaluated and modified by them,

-

Gl
To raise student achievement by:

[dentitving and
odadressing gaps
and
I'I'Ii.il:l.'!lI'IEI:'.'.ltfl.'.ll'lﬁ-

IdeatiFeation af
siudent intesests
ane o udes

[dentification ol
appropriate teaching
aoproaches and
strptegies

Thravgn fcilitetion, Lae gatheriag and analviiz of
gaspssment irformation

Farmulation of ait action plen o address %
identified leprniog and 12aching needs

fimm

= Cyele :
Modification of of Irmplementation
action plan goals Improvement al actien plan

and stratzeies stratepies

RFaview and evatuecion aof
progress in terms ol
aclhievement end motivation

Sopported by professomal readings wnd facils

163
Figure 1: The 8P Process




Key components of the process included:

A Identificaricn of the currest pesition with respeet 1o stodent atritudes and
achievement and teacher competencizs — the dota making the invisbie visthie
[Schmeker, 20013

B. Formulution of sn action plan, besed on the evidence from (A} with goals,
actions and agreed outcomes

£, A foeus on ongeing review and reflection st all levels — students, teachers nnd
tacilitators

[ The foctlitetion and sepport of seachers whilst trinling new steategies, including

the pravision of timely and calevant prafessional readings,

[he initial part of the programme involved identitying the current positicn for student
pchigvement The need lor o relishle pssessment led to the mvestipaton of three studes:
twa international end one designed to assess student achievement for the Mew Zealand
cirricilem. The use of TIMSE, PISA and NEMP o mform peactice in gcietce and
mittematics edocation has been occurring for several vears, so it seemed timely to
utilise both the firdings sod the assessizient tasks provided by these siudies.

The Internationz! Mathematics and Science Study (TIMES) looks at Year Five and Nize
students (nins and thirteen vear olds ) and measures progress with intended, implementod
and avtained cucriculum, The results are designed to be linked with current school
cuericula,

The Programme for Internaticnal Student Assessment (PISA) focuses on what fifteen
vear old students may require for the futre e knowledpe and skills for real life
challenpes, rather than whether they have mastered a specific school curricaium.

Tre Wational Edusdion Monitoring Project (NEMPY, used lor New Zealand srudents
only, is intended to find ous and repert on achisvements of & representative sample of
veor four and eight students [gight and peelve vear olds], The reporfa give a detailed
profile of dtndents' kmowledge and skills,

These studies provide extensive data on student achievemens in science and mathematics
and fuctors thet impact on this achizvement, The findings provide reszarchers, policy
makers and practitioners with rich, comparative data and are o potentially valuable
resource for educetors interested 1 seeking waws 1o improve learming n science. For the
project we chose to use NEMP material for assessment of studeat achievemant, One of
the benefiis of vsimg NEMP iz in its inclosion of comparisons for Maeri students®
achievement as all of the schools in the milot progromme have @ high percentage of
e students

Identificarion of studeat interests and attitndes pave the next essential piece of
information for the programme planning, A survey nsked about how stadents felt thew
legent beat and what they thought it wes important %o learn about, Results were collated
and analvsed in such a way that the mear frequent sesponse: were ranked ar the op of a
list of number of ull responses. This allowed Lleachcrs 1o easily ohasrve the most commaon
mtferesta and arritudes of students,

The tinnl dawa collection for this part of the programme ¢aime from the feachers
themselves, A Reflecrive Practice Profile was desigred fo invesligate their currest
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classroen practice. By bulicahng how often varlous practices were covered, i pretils for
cach teacher could then be deswn, Features such ns encouraging studenis to think
eritically, demonsteating a bropd view of science, linking science with atudents’ lives end
mterests, taking vio aecount individug: learning needs and embedding assessment
within leazning wers the key componests of U survey. Teachers kept their profiles and
sefiected on thew practice ar points throughous the programme identifying chenges and
progress bemg made

Key unteomes

The theee sehools involved in the pilet praject have been very positive, sotively mvalved
and keen to continue developments bayond the term ol the programme . [nterest has also
spread 1o eontebuting schools, resulling in o sziencz achicyement focus for a COmEnity
af schools. However, in rerms of 1he oy slms and objeclives of the prajees, a number of
significont saills zave bees observed, which zoyve implicotions for seience reaching ana
lezrning nationally and poessibly inemationally

Teachers are making pedogogical decivions v teaching science based on evideace
rather than inference. To provide relevant sssessment soformation for the praject we
devised an assessment Hesed on NEMP material thet wes easy to adminisier, was not
peliant on content lrendy covered by tenchers nnd was sble 1o be compared nationally,
Repors rom MEMP matesial provide in-depth anelysis of every question and/ur
assessment tusk. The guestions used wers almed at mainly year eight students (twelve
year ouds) and pave the percenttage of students’ answers, nationally, for cach question. It
also provided relevant sercentages for Meori studemts Anelysis ol the pilot schoals’
assesaments included comparisona with national Andings,

Thiz gave the teachers several pieces of relevant information. Firstly, they could sce
where their suedents “wers at'. Whilst teachers have an iées or fesling about the abilities
and knowledge of their students that are generally voourale, they were surprised at now
well and how badly, in some cases, treir siudents comparad with athers whe were at
least & wear younger than those sesred by us. 12 also showed them the geps in siudents’
contert knowledge. For expnple, teachers from one schoal were amazed that thei
students did not seem to know shat insects had six legs. The collation end analysis of the
results of this national test lowed <he teachers o begin making decisions about what o
teach.

Basing their programmes on good dssesement mowerial meant thet the studenis began to
work from en approprigte level of ynderstanding recher than tackling work thal wes
either oo diffieuls o woo sesy, The ideniification of geps in student leamning alse allowed
regchers to discuss what the students knew and understood and in doing so eilowsd
studenzs to clarify and modifv thels own idses, The teachers quickly saw fthat they wers
beginning o mest the learing needs of their students ingtead of teaching a programms
based on comtent eogd oles ot an ingppropriste level

Ome teacher decided 0 approacs waching practical investigation using eompaost bins as 2
context relavant to the studenis, All of the schoals are rural schoels and many students
lived in homes with vegesable gerdens, The teacher allowed each student to design and
build their ows mini compess bin, The stedents discussed what matezials waould e
needed for their Bins and how tiey woulé go akom mepsuring the success of ther
compost, The teacher helped the stedents te undersiand pad use concepls such as
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variahles, scewrate end r:p-::mcd mensurement and to research what was cominonly
lonnd in good compaost, In the end, the compest bins themselves wers a otal failure but
the student enthusiasm and lzaming that ook place during the project was extrnordinary,

The smdents l;‘nl;l.‘.Ti:d the sciznce room ench lesson with enthusiaszm, measuring the
t=mperature of their bin. They recorded their own results ond began (o ¢iscuss changes
in their compost with rlth:r students withoul prompting feom the teacher The expected
rise in lemperatore of the bins gradually taited off and the students worked out that their
hins were w00 small to sustain the development of good compast, “Aliheugh the compast
Bapw dedhi 't werk D 2aid the teacher, “be stdores fad olearfy Teaend o lo coniral the
vorlalles, rabe repeated measwrements and dvav acourare conclusions fram taeir
||||-'.~_-'7r,1,|=|;r|'.'r,.lr| T."i‘E'l glac vesegretied wilvgd way weeded far ll’ﬁr.lﬁ" C it el waorked ot
iy thede onn Bing had ot seoceeded. [ eondd Bave tofd framy all this, bt it would never
five dad the impact wor gererated the enthusiann thar dolrg [ for theaselves dld.”

Teachers are developing feacking and learning sirategies approprigie fo studeris’
sreeds ad Inevests. 1T teachers are pware of how students best learn 1o cience they arp
ahle to design learning cxperiences thet promote learzing, Furthermore, they can cnsure
thet lenrning 8 based in relevant contexts of interest to students, allowing for the
integration of scientific knowledge and skills in a meaningful, anthentic manser. This
appreach sheuld not be comfused with the activity-hased focus often observed in science
leaciing at pnnhuj,. level, where the context ohscures the learning to the point where
siudents peresive the tesk o be ‘making hoteakes” vather than 'investigating physical and
chemice! change’. The focus of fhe project teachers remaing frmly on the ¢oncephigl
and procedural knowledge required for leasning in science, but situates this in a “real
world' context or problem

The alferementioned sxample nf compest bin design was an outeome of the student
sititude surveys. Many students indicated thet they wers mativated by having
eppertiities to carry out thewr own mvestigations and were mterested in fnding out how
\hings work. By baging the Jearning in a real life sinmtion where students aiready had
game expericace and knowledge, and allowing them o work in a way that felt they
learnt bast, students were more able to develop problem-centred knowledge which is
more wenzferable to new situations.

Chrough the tharing gnd negotiation of leerning outcomes in seience stdents become
partners in learning, rother than seeing it &5 being done o them by teachers. They also
become more self~critical and better able 1o evaloate their own Ja'lrmng apgainst given
stendards or expectations, When learning outcomes and criterie for achievement are
shared with students, ruther than being held by teachers, the quality of the feedback
given to students iz enhanced {Clarke: 20013 with the focus clearly being an the learning
satlier than the social and manageriel espects of the task

It one of the S’ schools teachers decided w0 adopr different waching approaches with
each class, Students were working on science fair projects, a popular evenl in New
Lealand primary and secondary sc--n{IIﬁ One teacher decided to Jet the students work at
their ewin pace and in their own way, offzring suppor, information and guidance wher
reeded, Tl:u; ather teacher tonk 1 more structured approach. She made the learnm

outcomes clear and et up checkpeintz for Teedback and leed forward in order 1o
construct & way forward. The student wes expected to discuss their progress with the

168



tencher a1 each checlpoint,

The outcome of the two approaches, as demonstrated through summative assessment,

s tnterssting. The [irst teacher found thas the range of grades achieved by studenls was
very broad. The more able students echieved very high grades but the less able ones
achieved very low predes ar did not complete the projecs. The middle students achieved
at an expected level based on previous results, The second teacher's class achieved
results that were more tightly bunched. The mare able students did not achieve such
hizh pradesz buot the less akle students achieved better grades than expected. Middle
students echievad slightly better thon expected. From these results the teachers are now
looking at how they can combineg the best practice of their teaching approaches to allow
all students o improve their learming,

Students are becombng wore adept af managing their owen fearning and are beginning
fo adopt metacagnitive sivetegies. An initial concern in surveying and testing students at
the commencement of the programme was that this testing would be perceived by
students as an impesition or thrept, which would have severely compromised the success
of the provect, Teachers were carelul when administering the tasks to emphasise the
formative nature of the data being collected, Furthermare, after teachers had analysed
the findings, identifying the key messpges for them and their students, these kew
messazes were shared with students i classroom discussicn, rather than the tests and
surveys betng relumed o siudents,

In one scheaol, teachers have deve'upﬁd a science portfolio to guide stedent progress aod
achizvement. The portfolio not only containg key pieces of student work, but also
provides apportunities for pupils o ceflecr on rhelr Iear:'.'.ug and attitudes to science in an
on=gning and consmuctive manner,

The pieces of waork chosen for the portfolio cover kev curricuium areas, For exampie,
students have gathered work on planning, carying out and reporting on investgations,
As they have improved on these pieces of work, they can see the progress they have
mede, have readily availakle feedback from the teacher and are able to use it for seli-
assessment, The picces of work are alao uselul in revising for summative assessments in
that they have a complete annetated vecord of their formetive work, The pertfolios have
become exemplars af the student's own work and ]:lrl::-'-'1-;‘|E Building blocks for reflection
and improvement. A aoticeable shift in students™ ability to 5-'.1'" asseds wos n Ledr
movement from saying [ (ke doing. .. w0 fhave fearnd that...

Shillts
Throughout the programme teachers and students heve meds several sipnificant shifls in
tenching and learning. These include;

* Teachers ere now basing their teaching programmes on good assessment data

. They are taking eccount of students” inserests and attitudes toward sclence

* Units of work include clear learning outcomes, identified formative assessments
and opportunities for self nssessment by the students

. Swudents wre nlr.m,g more responsibility for their own learning and are
developing metacognitive sirategies

. Teachers recognisa the value of research and literature on both science
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knowledge and teaching simategics,

lmpr.:aTiﬂns tor future development
The 8P professional development programme has by all accounts been a great success,
Key sueeess factors identified by pasticipents and the project team includa;

*  The provision of profeasional time in the busy teechers” scheduole — time (o reflect on
current practice, to prepare rescurces for  clessroom initatives, to read and
paricipate in professional discourae, -

Protesaional suppart in making changes o practice

Assisrance in collating and analysing assessment information,

Aceess torelevant up-re-cdare Lerateeand high quality assessment tools,
Preparedness on the pert of paricipacts to toke taks and 1oy new strategies.

It is relatively easy to identify thess success indicators, but the greatest challenge now
facing the project team = that of effecting change to acience teaching practice outside the
cenfines of the project schools, The current results have been obtained in ideal
conditions with strong support. Any feasible expansion of the programme across the
Mew Lealand school svstem cannot reasonably expect this depree af support, se the next
task is to develap a sreategy making the best use of the lessons learnt thus far.
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1. Content of the Paper

1.1

1.2

Background of Netional Education Monitoring Project IMERTP)

« NEMP commenced in 1993 to menitor the achievement of the New
Fealand primary sehool children in all greas of eurticulum

# Children are assessed at two levels - Year 4 and Year 8 of primary school.

The main goal of NEMP is to provide desailed information about what children
can do so thet:

e Pattern of performance can be recognized

*#  Successes celebrated

»  Desirehle changes implemented.

NEMP simed at reising achievement in science by effecting changes w:

¢ Teacher knowledge, skills attitudes and beliefs

» Teackher prectice

»  School wide praclice.

Measuring Student Achisvement

The assessment lask wes besed on NEMP material to:

* [avestigate o variery of science concepts, process skills and applications
¥  Provide haseline achievement data tor 2ash student, clazs gnd schoal

Student Atdtude Survey
The survey investigated aow students felt about scisnce, what they leemed best
and what they thought was important to learn adour science,

Teacher Reflective Prectice Survey

Stimulating students to thizk aboot science
Dremonstreting & broad view of the nalure of acience
Linking seience with students” lives and interast
Encouraging critical thinking

Taking account of individual leating needs
Embedding assesament within science leaming strategy,

L

Tmpact on Teacher Knowledge, Skalls, Attitudes and Beliefs

o  Chanpge in focus — thinking about what students leam rather than what they
o,

o Grearer awareness of the range of assessment tools availeble o support
tenching and learning (ep. ARRS, PISA, NEMT')
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LT Impact of Teaching Praciice

»  Sptting science vnits in contexts of relevence and interest to students
serting scignce leaming goals appropriate to each class
Ciiving feedback o stedents on progress lowards leasning goals
Using a range of teaching strategies to address stedent leaming needs,

[.2  Impact on Student Achizvement
»  Cood bascline data provides reliable measurement of studen: achievement
*  [mprove teaching strategies allows students to take more responsibility Tor
their own learning
»  Formative assesament allows students to monitor their oam progress.

2. Discussion

2.0 Mr, Chug Hock Kam (Chalrpersony enguired how much time was zequized 1o
trazn tleachers to do quality assessment and the tine frame invelved?

Anyesar

The speakers mentioned abour the materials needed such as the documents
which outlined the tasks and practical investigations that studenrs were
required to do.

2.2 Madam Horizon Yusolf from Petrosaing 2sked where do the teachers chrain the
teaching and learning materials.

Ansier
The tegchers devaloped the meterials thamselves,





