Primary and Secondary Mathematics Practice: Hoveht is it?
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This paper describes the practices of ninety-nie@&chers at the beginning of their
involvement in a large-scale project investigatimg influence of subject cultures on school
and teacher change. Data collected from these éegcbsing the IMYMS Components of
Effective Teaching and Learning mapping procedunere analysed to investigate
similarities and differences in primary and secopdaachers’ perceptions of their practice
in mathematics. Results of the analysis show diffepatterns across a range of components
of effective teaching and learning.

A first priority when working with teachers is telp them become aware of and make problematic
aspects of their current practice .... Only then \dothley have reason to attempt to reform their
instructional practices when working with us. (Yakki994, p. 386)

A prior condition for improvement in any subject agreement on the nature of
effective teaching and learning. In science andheraatics education, a major factor that
has informed most contemporary change strategieanisemphasis on the role and
responsibility of learners in constructing meaniagd regulating their learning. This
implies a need for teachers to re-examine thewraptions about the nature of learning
and teaching (Borko & Putman, 1995; Goldsmith & i8eh 1997). However, while
constructivist learning theories, and socio-culttinaories based on the work of Vygotsky,
have underpinned two decades of research into rstliel@rning in both mathematics and
science, these theories have taken rather difféoemis in the two subjects (Driver, Asoko,
Leach, Mortimer & Scott 1994; Duit & Treagust 19@)bb, Wood & Yackel 1990).

The Improving Middle Years Mathematics and Science: rbhe of subject cultures in
school and teacher chand®YMS) project is investigating the role of mathatics and
science knowledge and subject cultures in mediativange processes in the middle years
of schooling. The project has its roots in theience in Schoolsesearch projectSIS),
which developed a successful strategy for improvwearhing and learning science based
on two major aspects: the SIS Components, a framkefeo describing effective teaching
and learning in science, and the SIS Strategy,rategic process for planning and
implementing change (see, for example, Gough &efy2001).

Based on reviews of the literature on effectivectéay (Doig, 2001; 2003) and a
series of interviews with fifteen effective teachaf middle years mathematics (Tytler,
Waldrip & Griffiths, 2004), the IMYMS project teamedeveloped the SiS Components to
produce théMYMS Components of Effective Teaching and Learfgeg Figure 1).

IMYMS is based on an action planning process thablves auditing the practice of
mathematics and science in each school. The magorof the audit are teacher practice
and beliefs, and student perceptions and learnmeferences. Each of these processes
involves the use of instruments built around th& WS Components.
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The results of the initial student survey and aalysis of the gaps between teachers
beliefs and their current practices in mathema#ies reported elsewhere (see Doig &
Groves, submitted; Groves & Doig, submitted).

This paper explores the similarities and differenoevealed through the component
mapping process between primary and secondarydaesgierceptions of their practice in
mathematics at the commencement of the IMYMS ptojec

1. The learning environment promotes a culture wdlue and respect

1.1 The teacher builds positive relationships thfoknowing and valuing each student.

1.2 The learning environment is characterised bgrese of common purpose and collaborative inquiry
1.3 The learning environment provides a safe placetudents to take risks with their learning.
1.4 Persistence and effort are valued and leadsemse of accomplishment.

2. Students are encouraged to be independent aifiraotivated learners

2.1 Students are encouraged and supported tagagensibility for their learning.

2.2 Students are encouraged to reflect on thainieg

3. Students are challenged to extend their understimgs

3.1 Subject matter is conceptually complex andgning, but accessible

3.2 Tasks challenge students to explore, queatidrireflect on key ideas

3.3 The teacher clearly signals high expectationsach student

4. Students are supported to develop meaningfullerstandings

4.1 Teaching strategies explore and build on stisgdeurrent understandings

4.2 Individual students’ learning needs are maaidaand addressed

4.3 Students are supported to make connectiomebatkey ideas

4.4 Teaching sequences promote sustained leatmanuilds over time

4.5 Learning sequences involve an interweavint®iconcrete and the abstract/conceptual

5. Students are encouraged to see themselves @akametical and scientific thinkers

5.1 Students are explicitly supported to engadke thie processes of investigation and problem sglvi
5.2 Students engage in mathematical/scientifisaeizig and argumentation

6. Mathematics and science content is linked wstindents’ lives and interests

7. Assessment is an integral part of teaching dadrning

7.1 Learners receive feedback to support furthemniag

7.2 Assessment practices reflect all aspects dedraing program

7.3 Assessment criteria are made explicit

8. Learning connects strongly with communities apdactice beyond the classroom

8.1 The learning program provides opportunitiesdonect with local and broader communities

8.2 Learners engage with a rich, contemporary witmathematics and science knowledge and practice

9. Learning technologies are used to enhance studeatrhing

Figure 1.The IMYMS components of effective teaching andniésy.
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Methodology

Ninety-nine teachers (55 primary and 44 secondargpleted théMYMS Component
Mapping process, which audits teacher practice using &rview between individual
teachers and their school IMYMS co-ordinator (Tiytl2001; Tytler, Waldrip & Griffiths,
2004).

Each sub-component is discussed, with the teaciteinderviewer agreeing on a score
out of 5 representing the degree of exemplificabbthat sub-component in the teacher’s
practice. Figure 2 illustrates the Component Magpistrument for sub-component 5.2.
Scores out of 5 are also given for teachers’ péi@ep of the importance of each sub-
component.

5.2 Students engage in mathematical/scientific reasoning and argumentation

5. Students regularly 4. 3. Students often | 2. 1. Students are
engage in Between| contribute to Between| encouraged to give
developing these structured these short, clear
explanations and discussions of responses to
argument based on activities, targeted questions.
evidence. | processes and | tend to focus on
encourage and concepts. | clear explanations
support students to occasionally of procedures and
express their ideas encourage and mathematics and
and opinions, to support them to science ideas.
question evidence express opinions
to raise issues ang and to question
to speculate. evidence.

Figure 2.Excerpt from the IMYMS component mapping instrutmen

In order to be useful, the ordinal Component Magpdata requires a transformation
into an interval scale. This was achieved usingtbtas(1982) Partial Credit Model for
rating scales via the Item Response Theory (IRTiyvaoe Quest (Adams & Khoo, 1996).
As recommended by Wright and Stone (2004) and BomtiFox (2001), the results of the
analysis were subjected to scrutiny with respedteim fit, and re-analyses conducted to
accommodate any problems with the data.

There are two advantages to this form of analyEist, the threshold between each
pair of response categories is defined so thagmiffces in threshold position on the scale
indicate the ease, or difficulty, a respondent wdwve in endorsing that category. Second,
respondents can be placed on the interval scalendwate their total score, and,
importantly, this position indicates their likelgsponse to every survey statement. While
the model is probabilistic, the fact that thera isexus between teacher total score and the
difficulty of endorsing a particular response catggenables results to be useful to the
researcher in a manner not possible when usingitmaal analyses. In practice this means
that categories that lie below a teacher’s positiorthe scale are easy to endorse, and that
categories above are harder to endorse. The cgtdgashold at, or near, the teacher’s
position on the scale indicates their most likebtegory of response to that sub-
component.
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The analysis provided a variable map (Figure 3) shaws the positions of categories
of response relative to one another on the inteseale. The scale values, measured in
logits (log odds uits) are shown on the extreme left hand side. Theessatentred on
zero, with easier to endorse categories towardsbti®mm of the scale, and harder to
endorse categories towards the top. The columnésdre a histogram of the teachers at
their level of agreement with the components oVve@ the right hand side of the figure,
separate thresholds are shown for primary and slacgteachers, with the threshold labels
prefixed by a “P” or “S” to indicate primary or swwlary teacher responses. So, for
example, at zero on the scale, P7.1.4 indicatesshioid 4 for sub-component 7.1 for
primary teachers — that is, zero is the threshoMtach a primary teacher is more likely
than not to score themselves at level 4 for pradbc sub-component 7.1. Primary teachers
above this point on the scale have a probabiligatgr than 0.5 of responding at level 4 for
this sub-component, while those below this pointeritkely than not to score themselves
below level 4. The fact that the lowest threshdldven is P4.3.3 indicates that all teachers
scored their practice at least at 2 on sub-compgah8n

Item Estinmates (Thresholds) N = 99 L = 46 Probability Level =0. 50

Primary Secondary
I
| S1.3.5
| S8.1.4
| S8.2.5
| P1.2.5
I
| S3.1.5
3.0 | P5.2.5
I
X | S1.4.5
| P4.2.5 S1.2.5 S3.2.5
I
| P3.2.5 S1.1.5 S5.1.5
I
| P3.1.5 S5.2.5
I
| P4.5.5 P7.3.5 $4.2.5
X | P8.1.5 P8.2.5 $4.1.5
X |P2.1.5 P2.25 P5.1.5 P6.1.5
| P1.3.5 S2.1.5
2.0 X |
| P7.2.5
| S6.1.5
| S2.2.5 $9.1.5
X | P8.1.4 S5.4.5
XXXX | S7.1.5
| P4.1.5 P4.3.5 P9.1.5
X |
| P4.4.5 S4.4.5 S7.2.5
XX | P8.2.4
X | P3.3.5 S7.3.5 S8.2.4
X | P1L.4.5 P3.2.4 P7.1.5 S3.2.4 S8.1.3
XXXXX | S1.2.4 S2.2.4 S3.3.5
XX | $4.3.5
1.0 X |
XXXXXX | P3.1.4 P9.1.4 S5.2.4
XX | P7.2.4 P7.3.4
XXX | P1.1.5
XX | P2.1.4 P6.1.4
XXXX |
XXXX | P1.2.4 P2.2.4 P5.1.4
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Figure 3.The IMYMS components of effective teaching andnésy variable map.
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The use of an interval scale allows various congpas to be made. For example, a
secondary teacher whose position on the scale Zgrat is most likely to have assessed
their teaching practice at level 4 for sub-companéB “Assessment criteria are made
explicit”. On the other hand, a primary teacher'ssinlikely response for this sub-
component is level 3 — that is, the threshold frel 4 is above the teacher’'s scale
position at 0.87 logits, while the level 3 threghd well below it at —1.21 logits. Similar
information can be read from Figure 3 for other bomtions of teachers and responses.

Such comparisons can also be made on the basistahce: notions such as “close”
and “same” or “different” have meaning. However,whanuch distance constitutes
similarity or difference is a matter of context.thre present instance, where interpretations
are not critical but are more descriptive, we téake a one logit or more difference to be a
large difference, between a half and one logitedéhce to be a small difference, and less
than half a logit as a similar scale position.

Results

While space does not allow a complete analysishef data shown in Figure 3, a
number of observations can be made, with some rdiftes between primary and
secondary teachers’ practices being more pronouhegdothers.

Firstly, for secondary teachers the most diffi@ub-component on which to rate their
practice highly was 8.1 “The learning program pdaa opportunities to connect with local
and broader communities”, with level 4 being thghleist score for secondary teachers on
this sub-component. Not only was level 4 the higlsesre, but even this was the second
hardest score to achieve, with no secondary tedahang a probability greater than 0.5 of
scoring 4. This contrasts with primary teachers sehttreshold for scoring 4 for this sub-
component was more than 1.5 logits below that émordary teachers, with there even
being a small difference between their thresholdafecore of 5 and a score of 4 for the
secondary teachers. For every other sub-compoherg tvere at least some primary and
secondary teachers who rated their practice at teve

Among the other sub-components that secondary ¢emctound difficult to rate
themselves highly on, many also showed a largerifice between the thresholds for level
5 for secondary and primary teachers. These indlgidb-components 1.3 “The learning
environment provides a safe place for studentsake trisks with their learning”, 8.2
“Learners engage with a rich, contemporary viewnaithematics and science knowledge
and practice”, 1.4 “Persistence and effort are e@luand lead to a sense of
accomplishment”, and 1.1 “The teacher builds pesitelationships through knowing and
valuing each student”, which showed the biggededihce, suggesting that this is much
more difficult to achieve in secondary practicentimaprimary practice. It should, however,
be noted that for this sub-component primary adsgary teachers were equally likely to
rate themselves at least at level 4.

There were also small differences in the same ftilmecfor sub-components 3.1
“Subject matter is conceptually complex and intimgy but accessible” and 4.1 “Teaching
strategies explore and build on students’ curredeustandings”.

On the other hand, there was only one sub-compdieentvhich there was a large
difference in scores with primary teachers findingarder to rate themselves at level 5.
This was sub-component 7.3 “Assessment criteriareade explicit”, where there was an
equally large difference in the same directioneatel 4 also. There were, however, a
number of sub-components with a small differenceghim same direction, namely sub-
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components 1.2 “The learning environment is char&ésd by a sense of common purpose
and collaborative inquiry”, 5.2 “Students engagerathematical/scientific reasoning and
argumentation”, 4.2 “Individual students’ learningeds are monitored and addressed”, 4.5
“Learning sequences involve an interweaving ofdbiecrete and the abstract/conceptual”,
7.2 “Assessment practices reflect all aspects efie¢arning program “, and 4.3 “Students
are supported to make connections between key'ideas

The remaining eight sub-components proved equdifficult for primary and
secondary teachers to rate themselves at the highes

Conclusion

In terms of rating their practice at the highestels with respect to the various sub-
components of thtMYMS Components of Effective Teaching and Learrangumber of
patterns emerge from the teachers’ responses.

The biggest difference between primary and secgndamctice occurred for
components 8 “Learning connects strongly with comitnies and practice beyond the
classroom” and 1 “The learning environment promaesulture of value and respect”,
with each of the sub-components of these, withetkeeption of 1.2, proving much more
difficult for secondary teachers to score themselaethe highest level than for primary
teachers, with no secondary teacher scoring 5 dmncemponent 8.1 “The learning
program provides opportunities to connect with l@e broader communities”. This sub-
component was seen to be an important aspectedtiefé practice in the SiS project, but
may well be more highly valued in science. Thisitedurther investigation.

The component where secondary teachers found igrel@sscore themselves highly,
was component 4 “Students are supported to deve&amingful understandings”.

Among the most difficult components for both primand secondary teachers to score
themselves at the highest level were componeng&dénts are challenged to extend their
understandings” and 5 “Students are encourageedaemselves as mathematical and
scientific thinkers”. According to Luke et al.(2003here needs to be a much better
understanding of what is going on in school classr® and more systematic emphasis on
intellectual demand, with exemplary practice befognd in “classrooms where higher-
order thinking about mathematical topics was ermged ... and where mathematical
topics were linked to real situations and situaicglevant to students” (p. 129).

The IMYMS component mapping process drives theoagblanning for implementing
change by identifying gaps between teachers’ viefneffective teaching and learning and
their actual practice. This has resulted in sch@wld clusters developing action plans
focusing on many of the aspects discussed abovgarticular, there has been a focus on
higher-order thinking, promoting student reflecti@assessment (particularly in relation to
assessment criteria and rubrics), and developingramity links (particularly in science,
but also imn soe instances in mathematics at ttansiary level).
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