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Student achievement in mathematics

and science
International data: PISA and TIMSS
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Learning goals

To develop understanding of:

e the main positions around international testing
data (specifically PISA and TIMSS)

 Queensland’s data and how it compares with other
Australian jurisdictions

o future considerations that may positively impact
student learning.



Structure of presentation

e approaches to data

e positions on international testing data

e comparisons with national testing (e.g. NAP-SL)
 Queensland data

e considerations for Queensland schools


Presenter
Presentation Notes
This PowerPoint presentation considers the current debates around international testing and the implications for teachers and schools in Queensland. 

Both PISA and TIMSS consider student performance in mathematics and science. PISA also tests reading performance, however, as reading is not tested within TIMSS, this presentation focuses on mathematics and science only.

The presentation is structured to:
explain the two main ways the international testing data is approached
present the main arguments and interpretations of international testing data (specifically PISA and TIMSS) within the Australian context
draw a comparison with national testing in this area (NAP-SL)
discuss Queensland’s performance in PISA and TIMSS
suggest some opportunities for improving student outcomes that schools may like to consider.




®
Why discuss international testing results?

e Increased focus in the media
e can Influence educational and policy debates

 need to approach data in a considered way In
order to lead informed discussions about next
steps

e presents opportunities for reflecting on practices
that lead to iImprovement for students at

- national level
- state level
- local levels


Presenter
Presentation Notes
Increasing media attention is being placed on the achievement of Australia and Queensland within international testing programs such as PISA (Programme for International Student Assessment) and TIMSS (Trends in International Mathematics and Science Study). 

When considering testing data, it is important to acknowledge the broader social landscape and to recognise that results from international testing play a role in influencing educational and policy debates.

Hence, when looking at the data for school purposes, a measured and considered approach is required. It is important for Queensland schools to interpret data from global assessment programs through lenses that understand and appreciate the local context.


®
What is PISA?

* Programme for International Student Assessment
(PISA)

e triennial international study

 measures knowledge and skills of 15-year-olds in
- sclentific literacy
- reading literacy
- mathematical literacy


Presenter
Presentation Notes
While PISA does not measure a specific curriculum, it is used to evaluate education systems. Australia has been involved in PISA since its inception in 2000.

PISA is conducted every three years, with the three assessment domains rotating as the dominant domain, e.g. science was the major domain in 2015, mathematics in 2012 and reading in 2009.

All Australian states and jurisdictions participated in PISA in 2015, with 758 schools and 14 500 students completing the test.

PISA results are reported as average scores, which provide a summary of student performance and allow for comparisons of the relative standing between different countries and different subgroups.

The OECD average is the average of data values across all OECD countries, and can be used to compare a country on a given indicator with a typical OECD country.


®
What i1s TIMSS?

e Trends in International Mathematics and Science
Study

e conducted every four years

e assessments are conducted iIn mathematics and
science for students in Year 4 and Year 8

- content dimension (domains/subject matter)

- cognitive dimension (expected thinking
processes and sets of behaviours)


Presenter
Presentation Notes
The main goal of TIMSS is to assist countries to monitor and evaluate mathematics and science teaching and learning across time and year levels. Australia has been involved in all TIMSS cycles since inception in 1995. TIMSS also routinely collects information that addresses concerns about the quality, quantity and content of instruction through questionnaires of students, parents, teachers, principals and curriculum specialists.

In Australia in 2015, 287 primary schools and 285 secondary schools participated in TIMSS (approx. 273 000 Year 4 students and 266 500 Year 8 students).

TIMSS achievement results are represented as average scores. However, as mean scale scores do not provide information about what types of tasks the students were able to undertake successfully, TIMSS uses points on the scale as international benchmarks. Four levels summarise the achievement reached:
the ‘Advanced international benchmark’, which was set at 625
the ‘High international benchmark’, which was set at 550
the ‘Intermediate international benchmark’, which was set at 475
the ‘Low international benchmark’, which was set at 400.



®
Limitations with international testing data

« The assessments are point in time measures.
 They only represent a sample of students.

« Different forms of sampling are used for different
assessments and for different purposes within
assessments.

 Only alimited set of skills is assessed.


Presenter
Presentation Notes
International testing, such as PISA and TIMSS, presents with three broad areas of limitation:

The assessments are point in time measures — each measure only captures a small and finite sample of the entire schooling year and experience.
Data only represents a small sample of students — tests are managed through selective samples, not entire cohorts. The samples are considered representative, however, representations vary significantly across countries and jurisdictions.
Different forms of sampling are used for different assessments and for different purposes within assessments — individual students do not complete the entire test but only part of the assessment and the tests sample different skills.
Only a limited set of skills is assessed — TIMSS is a curriculum-based test attempting to take into account broad content and cognitive areas. PISA requires students to apply their knowledge and skills to unfamiliar contexts.

Therefore, although international testing programs provide some insights and interesting comparisons, they have limited scope and applicability to understanding the effect of practices in the classroom and should be viewed as just one element of data.


®
Data presented within the media

Two approaches:
1. comparison of country ranks
2. comparison of country mean scores over time.



Presenter
Presentation Notes
The media frequently reports on PISA and TIMSS results.

Analysis of international testing data, particularly within the media, usually occurs in one or both of two ways, each of which present as problematic.


®
Problems with country ranks

 Countries do not have comparable demographic
and sampling processes.

 Number of possible ranks is not stable.


Presenter
Presentation Notes
A comparison of country ranks, and how they have changed over time, is based on two assumptions:
that each country has a comparable demographic and sampling process, and therefore a national average is a fair representation of all sub-jurisdictions
that the total number of possible ranks has remained stable.

Both of these assumptions have been challenged (see the work of Gorur & Wu 2015).

Additionally, differences in country rankings are presented as being ‘real’, when in fact there are clusters of countries with no statistically significant differences between their performances.


Problems with country mean scores

e lterations of each assessment may not be equally
comparable or be testing the same thing.

 National average may not be a fair representation
of each jurisdiction.


Presenter
Presentation Notes
Comparing average national scores across time assumes that each iteration of the test is equally comparable and testing the same constructs and ideas.

This is particularly important to keep in mind when comparing PISA, which varies the major and minor domains tested in each cycle. In PISA, comparisons should only be made between tests where the major domain is the same, e.g. mathematics in 2003 and 2012.




Comparing countries

 Countries have societal, cultural and contextual
variations.

e The preferred comparison option is within-country
variations.


Presenter
Presentation Notes
The common practice of comparing countries is flawed as this often fails to give due consideration to the societal, cultural and contextual variations.

The preferred option is to consider within-country variations (e.g. compare Queensland with New South Wales) as there are greater similarities within countries and greater comparability of contexts.


®
Uncertainty in results

e standard errors
e confidence Interval


Presenter
Presentation Notes
International testing data includes an element of statistical uncertainty. This occurs as a result of the sampling and processes used to generate the mean scores.

There are two main ways this uncertainty is presented: with standard errors or with a confidence interval. Both approaches propose a range within which the true score lies.



Average scores with standard error
PISA 2015 (scientific literacy)
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Presenter
Presentation Notes
Consideration of statistical confidence is important to fully understand any variation in the mean scores either across time or jurisdictions. For example, a sample of 10 countries from the 2015 PISA can be ranked based on mean scores. Media reporting on these results claim that Australia ( 𝓍  = 510) has fallen behind New Zealand ( 𝓍  = 513). These claims are based on a simple presentation of mean scores as though they are absolutes. A presentation of standard errors (see figure on slide) for a sample of countries highlights that for PISA 2015 some results that varied on mean scores are statistically similar. For example, the cluster of Korea, New Zealand, Australia, the United Kingdom and Germany are all statistically similar, despite varying mean scores. Further, the United States and France are similar, yet this cluster is statistically different (lower) to that of the cluster containing Australia.

For an example of media reporting of PISA results see http://www.smh.com.au/national/education/australian-school-students-two-years-behind-worlds-best-performing-systems-20161206-gt4w8p.html.

While for convenience of presentation data is often referred to as simple mean scores when analysing international testing results, consideration should be given to the errors inherent rather than using mean scores as absolutes. 



®
Two dominant positions

Position 1: Australian performance is declining

Position 2: Australia’s performance Is stable


Presenter
Presentation Notes
Analysis of data around Australia’s performance within international testing programs remains a contested space with two differing opinions that can be summarised into two broad positions. 
The data shows declining Australian student performance and therefore a need to replicate what is occurring in successful nations and refocus efforts on building teacher quality.
The data shows there are opportunities for performance improvement, but not to the extent of widespread reform across Australian education.
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PISA scientific literacy 2006-2015
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Presenter
Presentation Notes
The first position claims that Australian educational standards stagnated at the end of last century, whereas other countries changed their trajectories and steadily improved. This means that, relative to other countries, Australia is slipping backwards and this is evident across every state (see Hattie 2016).

TIMSS Year 8 mathematics — the gap between Australia and Singapore, the world’s highest performing country, widened between 1995 and 2015.
Mean scores from PISA 2015 suggest Australia’s performance in scientific literacy, the major domain assessed in 2006 and 2015, declined by the equivalent of half a year of schooling.
Australia’s decline since 2009, the last time literacy was the major domain in PISA, was equivalent to almost half a year of schooling.
Since 2012, the last time mathematical literacy was the PISA major domain, Australia’s performance has declined by around one-third of a year of schooling (refer to Thomson, De Bortoli & Underwood 2016).



PISA: Australia’s proportion of high
performers is declining

Scientific literacy Mathematical literacy

2006
15%
2 2

2015 2015
11% 11%

2003
20%


Presenter
Presentation Notes
An analysis of PISA data shows that between 2006 and 2015 Australia’s proportion of high performers in scientific literacy decreased from 15% to 11%.

Proficiency in PISA mathematics decreased by 9% since 2003, falling to 11% in 2015.



PISA: Australia’s proportion of low
performers Is increasing

Scientific literacy Mathematical literacy
2015 2015
18% 22%

i) i)

2003
14%

2006
13%


Presenter
Presentation Notes
In contrast, the proportion of low performers increased from 13% to 18% in scientific literacy.

In mathematical literacy, the low performers increased from 14% to 22%.



Activity 1. Data for discussion

v
> / What do you SEE? . .
y Examine Figures 1to 5
MRY. What does it on the Activity 1
',: make you THINK? handout and discuss

\

‘. What do you your conclusions.
@\: WONDER?


Presenter
Presentation Notes
Activity 1 has five graphs. The activity is explained in a box at the bottom of the page.

Allow ten minutes for this activity.


»
TIMSS: Science 1995-2015

Australian students attaining the Advanced benchmark
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Presenter
Presentation Notes
TIMSS science data suggests there is some evidence of a decline in science performance at the advanced levels. The percentage of students achieving the Advanced benchmark in Year 8 science declined from 10% to 7% over the 20 years from 1995 to 2015. 

The percentage of students achieving the Advanced benchmark in Year 4 science significantly decreased from 1995 to 2015.


http://research.acer.edu.au/timss/

®
TIMSS: Mathematics 1995-2015

Australian students attaining the Advanced benchmark
12

10

o

—Year 4 Mathematics
—Year 8 Mathematics

Percentage
(@]

N

0
1995 1999 2003 2007 2011 2015

Data compiled from http://research.acer.edu.au/timss/



Presenter
Presentation Notes
However, TIMSS data from mathematics does not reflect this trend.

In the majority of countries (10 out of 16) that participated in both TIMSS 1995 and TIMSS 2015, the percentage of Year 8 students achieving the Advanced benchmark in mathematics significantly increased. Australia was an exception to this with no significant change in the percentage of students achieving the Advanced benchmark over the 20 years.


http://research.acer.edu.au/timss/

»
TIMSS: Science 1995-2015

Australian students not reaching the Low benchmark
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Presenter
Presentation Notes
The number of students in Year 8 not yet reaching the Low benchmark in science declined in 2003 but has steadily increased since then, although it has not yet reached the level of 1995.

Year 4 has seen a general decline in the number of students not reaching the Low benchmark.

http://research.acer.edu.au/timss/

®
TIMSS: Mathematics 1995-2015

Australian students not reaching the Low benchmark
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Presenter
Presentation Notes
The number of students not reaching the Low benchmark in Year 4 is decreasing, although Year 8 shows a slight increase.

http://research.acer.edu.au/timss/

®)

TIMSS: Large tail of underperformance

Low benchmark

Did not reach
Low benchmark

Year 4 mathematics
Year 4 science
Year 8 mathematics
Year 8 science

21%
19%
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22%

9%
6%
11%
9%

20%
25%
36%
31%


Presenter
Presentation Notes
TIMSS also shows a large tail of underperformance at each year level in both mathematics and science. Around one-third of Year 4 students and one-third of Year 8 students failed to achieve the nationally agreed proficient standard set by ACARA. Students who perform ‘below the Low benchmark or at the Low benchmark’ are not considered to have met the proficiency standard. 



Position 2: Australia’s performance is stable
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Position 2: Australia’s performance is
stable

* Australia’s performance is higher than the OECD
average — this reflects a successful education
system.

e Australia’s proportion of high achievers is higher
than the OECD average.

PISA domain (2015) Australia — proportion OECD — proportion of

of high achievers high achievers
Scientific literacy 11% 8%
Mathematical literacy 11% 11%



Presenter
Presentation Notes
The second position is based on the belief that Australia continues to perform well on international measures of student achievement, such as PISA and TIMSS, but we fixate on performance rankings and international league tables to our detriment.

International results show that, in the areas of mathematics and science, on average, Australian students outperform students from many other OECD countries. This indicates a successful education system.

PISA 2015 — scientific literacy high performers: Australia (11%), OECD (8%)
PISA 2015 — mathematical literacy high performers: Australia (11%), consistent with OECD




®
TIMSS: Mathematics and science achievement

scores 1995-2015
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Presenter
Presentation Notes
Before going through the data, there is an opportunity to allow staff to look at the data and reflect on what they think it means/shows.

TIMSS data indicates some stability, particularly over the last three cycles. For example, Australia’s 2015 Year 4 mathematics score was significantly higher than the corresponding score in 1995; however, this was due to a single increase between 2003 and 2007, with no following decline. For the past three cycles, Australia’s scores have been the same. In Year 8 mathematics, there has been no significant change in the percentage of Australian students achieving the Advanced benchmark or falling below the Low benchmark over the past 20 years. In Year 4 science, the overall change since TIMSS 1995 is not significant. Australia’s 2015 score in Year 8 science was basically the same as in 1995, with limited fluctuation since 2007 (Thomson, Wernert, O’Grady & Rodrigues 2016). 

http://research.acer.edu.au/timss/

®
What i1Is NAP-SL?

 National Assessment Program — Science Literacy
(NAP-SL)

 One of three sample assessments conducted on a
triennial basis

e Year 6 students only

 measures scientific literacy of primary students in
Australian schools


Presenter
Presentation Notes
The Education Council (formerly MCEECDYA), agreed to use PISA as the national measure of performance for scientific literacy among secondary students. Therefore NAP-SL focuses only on Year 6 students.

The other NAP sample programs are civics and citizenship, and ICT literacy, and sample students at Year 6 and Year 10.



2
National Assessment Program — Science

Literacy (NAP-SL)

 Results reflect a relatively consistent Year 6
science literacy performance from 2006—-2015.

Distribution of students across proficiency levels 2006-2015
50

45

40

35
30
25
20
15
10
o | I

Level 2 & below Level 3.1 Level 3.2 Level 3.3 Level 4 & above
Proficiency level

m 2006 m2009 =2012 =2015

Percentage of students

&)

Data from http://www.nap.edu.au/results-and-reports/national-reports#NAP_sample _assessments



Presenter
Presentation Notes
The position that Australia’s results are stable is supported through a comparison of international test results with national data. For example, NAP-SL results reflect a relatively consistent Year 6 science literacy performance from 2006–2015. 

The figure in the slide shows the distribution of student results for Year 6 students across Australia (Level 3.2 and above is considered proficient).

The graph indicates that student proficiency is comparable to 2006 (55.1% in 2015, up from 54.3% in 2006), but the difference is not statistically significant. There is no indication of a marked decline in the results 2006–2015. There is evidence of some improvement, with Level 3.1 decreasing and both Level 3.3 and 4+ increasing.

http://www.nap.edu.au/results-and-reports/national-reports#NAP_sample_assessments

>
Comparisons to like countries

Position in mathematics Position in science

I



Presenter
Presentation Notes
In PISA and TIMSS, Australia performs as well as, if not better than, ‘like’ countries (e.g. UK, USA, NZ, Canada, France, Germany).

Dinham (2013) presents a comparison of the 2012 PISA results to show that Australia’s performance is comparable to culturally similar countries.


2
PISA participants affect rankings

Number of participating countries — OECD and non-OECD (2000-2012)

2000 2003 2006 2009 2012 2015
43 41 58 74 65 72

Source: OECD PISA participants (www.oecd.org/pisa/aboutpisa/pisa-participants.htm)



Presenter
Presentation Notes
The increasing number of countries/jurisdictions participating in PISA and TIMSS has made Australia’s ranked position appear worse.

Baroutsis and Lingard (2016) propose that using global rankings of mean scores is imperfect because ranks change as the number of participants change.

Only 43 nations participated in the 2000 PISA, with participation increasing each cycle to reach 72 countries and jurisdictions in 2015. (Note: In some cases, e.g. China, the entire country does not participate but samples are drawn from city areas or smaller jurisdictions). 

Baroutsis and Lingard conducted a subsequent analysis of Australia’s PISA rank using only the 32 participating countries that had data across all five test years, thereby eliminating this variance.

Their results placed Australia 12th in mathematics and 10th in science. While acknowledging the somewhat arbitrary nature of their analysis, they nonetheless argued the data showed that Australia’s performance on PISA declined less significantly than simplistic country rankings infer.


»

The impact of disadvantage

national inequality highlighted

large variations by region, state/territory, gender,
SES, language background and Indigenous status

widening gaps as learners progress from stage to
stage

relatively high rates of non-completion of school
poor outcomes for disadvantaged students

guestions about the equity in the Australian
education system


Presenter
Presentation Notes
Analysis of the international testing data, and in particular PISA data, suggests that the source of variation in performance, particularly for Australia, is reflected in the social and economic circumstances surrounding education. 

Recent results from TIMSS and PISA continue to highlight the significant inequality of achievement for Australia. While Australian students are outperforming students form many other OECD countries in the areas of mathematics and science on average, analysis shows very large variations by region, state and territory, gender, student, SES, language background and Indigenous status, as well as widening gaps in achievement as learners progress from stage to stage.


®
Within-school variation

PISA 2015: Variation in science performance within and between schools
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Presenter
Presentation Notes
Interpreting this graph

The graph is ordered from top to bottom by between-school variation.

The light blue lines depict variations within schools. The dark blue lines depict variations between schools within a nation/jurisdiction.

The OECD concluded that the issues of inequality and disadvantage are more evident within the school than between schools (Gaber et al. 2012).

The figure above highlights the PISA 2015 data variance in student performance for science. In this data, Australia (indicated in red) presents with variance between schools lower than that of the OECD average (24.7% compared to 30.1%), but within-schools variance was significantly different, with Australia (92.1%) being far greater than the OECD average (69%).��The conclusions of this position are that school system policies and individual school policies and practices influence student learning and outcomes. 

Data for graph extracted from PISA 2015, www.oecd.org/pisa, accessed 4 March 2017. 

http://www.oecd.org/pisa

Activity 2: Within-school variations

|
@ What do you SEE?
:‘ What does it
- make you THINK?

- What do you
R WONDER?

I,l‘\

‘\

Examine the graph PISA
2015: Variance in science
performance within and
between schools and
complete the activities on
the Activity 2 handout.


Presenter
Presentation Notes
After groups have had time to examine the data, ask them to:
look at the quote by John Hattie and use the graph to answer the question.
read the list of factors that can influence between-school and within-school variations and then discuss the questions included at the bottom of page 2.
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2
Queensland’s performance — 2015 PISA

scientific literacy

« performed better than the OECD average In
scientific literacy

e had the smallest decline across the states
between 2006 and 2015

Scientific literacy OECD PISA 2015 QLD PISA 2015 Variation in proportion of

average Qld’s high performers since
2006

High performers 8% 10% decline of 3%

Low performers 21% 18% increase of 5%


Presenter
Presentation Notes
Queensland (507) scored higher than the OECD average (493) in scientific literacy and, between 2006 and 2015, had the smallest decline across the states (15 points). 
All other Australian jurisdictions declined between 22 points and 27 points. 
The proportion of students who reached the national proficient standard in 2015 was 50% in Queensland.
Queensland’s PISA performance over time suggests a general decline in mean scores in scientific and mathematical literacies. As has happened nationally, there has also been a decline in the number of high-performing students and an increase in the number of low-performing students.




Queensland’s performance — 2015 PISA
mathematical literacy

* not significantly different to the OECD average

e had the smallest decline across the states
between 2003 and 2015

Mathematical OECD PISA 2015 QLD PISA 2015 Variation in proportion of
literacy average Qld’s high performers since

2003

High performers 11% 9% decline of 9%

Low performers 23% 24% increase of 8%


Presenter
Presentation Notes
Queensland’s score of 486 was not significantly different to the OECD average (490). 
Australia’s average mathematical literacy scores between 2003 and 2012 declined by between 16 and 46 points across all jurisdictions except for Victoria. 
Of the seven jurisdictions with declines in average mathematical literacy scores, Queensland had the smallest decline (16 points). 
The proportion of students in Queensland who reached the national proficient standard in mathematical literacy was 53%.


2
Queensland’s performance — 2015 PISA

PISA results 2015 — Australian states
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Presenter
Presentation Notes
Evident in this data:
Statistically similar achievement in science across New South Wales, Victoria, South Australia and Queensland, and higher achievement in Western Australian and the ACT. 
In the domain of mathematics there is similar clustering, but with differences between the groups being less clear. 
Western Australia and the ACT demonstrate similar results at the upper end, and Queensland, South Australia and New South Wales are also similar. 
Higher achievement in the ACT and Victoria is often attributed to smaller geographical jurisdictions and higher proportions of educated professional parents. 

Queensland, in terms of these characteristics, is somewhat unique as a large state with a highly dispersed population, and therefore significant rural and regional representation. Even direct comparisons with Western Australia, an equally large state, can be problematic due to highly centralised population in Western Australia compared to Queensland.



Queensland’s performance — 2015 TIMSS

Year 4 mathematics
e Queensland was the third lowest performing jurisdiction.

Performance showed improvement in 2011 and again in
2015.

Since 1995 there has been
- areduction in the proportion of low-performing students

- anincrease In the percentage of students achieving the
Advanced international benchmark.

6% of students reached the Advanced benchmark.
10% of students did not reach the Low benchmark.


Presenter
Presentation Notes
Queensland’s performance showed improvement in 2011 and again in 2015. 

Queensland:
was the third lowest performing jurisdiction although results in Tasmania, Western Australia and South Australia are similar. 
had a significantly higher average score in 2015 (511) than in 1995 (484). 


®
Queensland’s performance — 2015 TIMSS

Year 8 mathematics

 Queensland was ranked fifth out of eight
jurisdictions, equal with South Australia.

e 49 of students reached the Advanced benchmark.
e 11% of students did not reach the Low benchmark.


Presenter
Presentation Notes
In Year 8 mathematics, Queensland’s performance declined from 1995 to 2003, but has subsequently shown gradual improvements, despite not yet reaching the 1995 level.


2
Queensland’s performance — 2015 TIMSS

Mathematics achievement
TIMSS 1995-2015
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Presenter
Presentation Notes
This graph shows Queensland and Australian mean scores for both Year 4 and Year 8 students in mathematics. There is some stability evident in the results, with the suggestion of steady improvement. All results, both state and national, are well above the international average. 

http://research.acer.edu.au/timss/

Queensland’s performance — 2015 TIMSS

Year 4 science

Queensland was the third lowest performing
jurisdiction, although TAS, WA and SA were similar.

Queensland’s performance showed a significant
Improvement of 23 points.

There was a statistically significant decline in the

number of
benchmar

7% of stuc

students not achieving the Low
.

ents did not reach the Low benchmark.

7% of stuc

ents reached the Advanced benchmark.


Presenter
Presentation Notes
While ranked third lowest, Queensland’s scores are statistically similar to South Australia, New South Wales and Tasmania.

The decline in the number of students not achieving the Low benchmark is offset by a slight decrease in the percentage of students achieving the Advanced benchmark.

Queensland significantly improved on 2011 scores with 2015 results the highest across 1995 to 2015.


®
Queensland’s performance — 2015 TIMSS

Year 8 science
 Queensland and South Australia were equal 5th.

e 50 of Year 8 students achieved the Advanced
benchmark.

9% of students performed below the Low
benchmark.



Presenter
Presentation Notes
Queensland’s results are equal to the 1995 level, which is the lowest across 1995 to 2015.


2
Queensland’s performance — 2015 TIMSS

Science achievement
TIMSS 1995-2015
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Presenter
Presentation Notes
This graph shows Queensland and Australian mean scores for both Year 4 and Year 8 students for science. These outcomes appear more erratic than the outcomes for mathematics, though with a trend of approaching the national mean. All results, both state and national, are well above the international average. 


http://research.acer.edu.au/timss/

®
What i1Is NAP-SL?

 National Assessment Program — Science Literacy

« NAP-SL is one of three sample assessments
conducted by ACARA on a triennial basis.

e |t monitors trends in science literacy performance
In Year 6 students over time.


Presenter
Presentation Notes
NAP-SL is the only sample assessment that focuses entirely on Year 6 students, as the Education Council (formerly MCEECDYA) agreed to use PISA as the national measure of performance for scienctific literacy among secondary students. 

The other NAP sample programs are: civics and citizenship, and information and communication technologies (ICT) literacy, which sample students at Year 6 and Year 10.


2
Queensland’s performance — NAP-SL

Percentage of Year 6 students proficient in science literacy
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Presentation Notes
The change in NAP-SL results for Queensland, while not large or statistically significant, nonetheless show signs of improvement.


http://www.nap.edu.au/results-and-reports/national-reports#NAP_sample_assessments

®

Queensland’s performance: 2015 NAP-SL

Percentage of students

Year 6 students proficient or above in science (Level 3.2+)
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Presentation Notes
Like the other NAP tests, NAP-SL is the only instrument that is specifically written and conducted for Australian curriculum and therefore is most closely linked to what the children have been taught.

While there appears to be small improvements in the percentage of scores of states over time, ACARA reports that the change is not statistically significant, with the exception of Western Australia, which shows a significant long term increase (2006–2015). Tasmania also shows a smaller increase 2009–2012. Both states have intervened with programs of professional development.

Across Australia, the data does not indicate a decline in the results as could be inferred from PISA and some TIMSS reports.

http://www.nap.edu.au/results-and-reports/national-reports#NAP_sample_assessments

®
High-performing role models

 National differences, e.g. social, cultural,
demographic, geographic and linguistic

* look to high-performing Australian states for
Improvement strategies

e Western Australia:

- 2015 PISA mathematical literacy scores would
make them comparable to the top 15 performing
nations

- 2015 PISA scientific literacy, WA’'s mean score
places them in 10th rank, statistically similar to
Hong Kong
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Presentation Notes
Interpretation of international testing data must be undertaken with a clear understanding of the values, context and aspirations of the educational jurisdiction. While international testing data provide one indication of performance in a limited area of education, they do not, nor do they claim to, represent the totality of an educational system. The value assigned to these scores, in determining the success of education within Queensland or Australia, must be determined by considering the broad set of values and aspirations for education.

The ‘top-ranking’ PISA and TIMSS jurisdictions are generally very different to Australia socially, culturally, demographically, geographically and linguistically. The conditions for learning within these jurisdictions, including long school hours, extra tutoring outside of school including on weekends and school holidays, cramming and intense test preparation can be extreme (Dinham 2013) and it is debatable that this is what Australia would desire for its young people. Likewise, attention and effort with respect to performance on international tests is substantially different, with reports, for example, of South Korea approaching the tests as indications of national pride and commitment, as opposed Australia’s broader lassiez-faire approach (Gorur & Wu 2015).    

Raising performance on international testing requires a considered discussion. Gorur and Wu (2015) argue that, before looking overseas, Australian jurisdictions should look to other states for improvement strategies, e.g. Western Australia.


Activity 3: Australian jurisdictional data

|
@ What do you SEE? | |
Examine the data in

:"._ What does it Figures 1 to 4 and
aiy- make you THINK?  complete the activities on

@’ What do you the Activity 3 handout.
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All instructions for the activity are provided on the Activity 3: Australian jurisdictional data handout.


Considerations for targeting improvement in
mathematics and science
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What can make a difference?

e developing and improving teaching and learning

e encouraging student engagement in mathematics
and science

« allocating resources to address individual student
needs


Presenter
Presentation Notes
It is proposed that Queensland schools already do a good job of teaching students the skills and experiences needed to prepare them for active citizenship and to enable them to continue as lifelong learners. Any reforms must maintain this value of equipping our students with 21st century skills to meet their future challenges as more important than performance on international testing. Students need to be able to think deeply and critically about issues, solve problems creatively, work in teams, show initiative and leadership, and possess intercultural understandings. To measure success, Queensland schools should continue to collect data and feedback from within their schools, including data that doesn’t relate to the formal curriculum, such as increased retention, attendance, sense of belonging and integration of students with disadvantage. This will provide a more valuable understanding of the success (or otherwise) of education (Starr 2014).

In reviewing the data from international testing programs alongside a range of commentary and broader analysis, the following points are identified as opportunities to positively affect student performance, particularly in the mathematics and science areas:
developing and improving teaching and learning
encouraging student engagement in mathematics and science
allocating resources to address individual student needs.



Developing and improving teaching and
learning

Teachers need:
* high level skills in
- assessment
- analysis of data
- evaluating progress over time
e supportto
- work collaboratively with other teachers
- target resources at need.

(Hattie 2016)
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Presentation Notes
Teachers need ongoing, high-quality, evidence-based professional learning.

The OECD Teaching and Learning International Survey (Jensen, 2012) identifies the following aspects as necessary for improved learning: 
teachers’ content knowledge
teachers’ pedagogical knowledge, both general and subject-specific 
clear, well-structured lessons supported by effective classroom management resulting in a high proportion of time used for effective learning and teaching
individualised instruction
commitment to higher-order problem-solving, deep analysis of content, and activities requiring advanced thinking skills and deductive reasoning
active professional collaboration that has a direct impact on learning and teaching. Key elements include classroom observations, team teaching and constructive feedback.

To improve learning and address inequality across Australian schools, schools must ensure there is a quality teacher in every classroom (Dinham 2013). 


®
Encouraging student engagement in

mathematics and science

 engagement declines in secondary school

o strong link between outcomes and how students
view themselves as learners (self-efficacy)

e subjects for all students, not just high achievers

o student dispositions towards mathematics and
science are influenced by the teaching they
experience at school

 engagement vital for disadvantaged students


Presenter
Presentation Notes
Schools that successfully engage students achieve the highest rates of retention and attendance (Starr 2014). In 2000, 21% of Australian students who participated in PISA testing felt a low sense of belonging at school, slightly better than the OECD average of almost a quarter. In the 2012 PISA survey, Australia was below OECD average in the percentage of students who reported being happy at school. To further develop students’ post-schooling outcomes, schools need to identify students who are at risk of disengagement and work with them, individually, to re-engage them as learners. 

Evidence seems to suggest that student interest in science declines in later years, and therefore the challenge for secondary schools is to build engagement in science. 

Hattie (2016) claims that schools are driving down mathematics and science participation and success by the way they teach and attract students. He suggests mathematics and science should not be promoted as the domain of the academically talented or those who see themselves as future scientists. Instead, schools need to reconsider methods of teaching mathematics and science, how students are enticed to enjoy the learning in these subjects, and how we promote them as relevant and exciting. As knowledge and understanding of science are useful well beyond the work of scientists, school science should be promoted more positively as a source of interest and enjoyment.


Encouraging student engagement in
mathematics

Teachers need to use creativity and vitality to
communicate the belief that mathematics is:

e a thinking tool

e a unique and concise language

e a way of investigating patterns and relationships
e a part of everyday life.


Presenter
Presentation Notes
Goos (2016) asserts that different types of teaching and teacher qualities affect student achievement in mathematics. Referring to the work of Mewborn (2003), she states that research proves that students’ mathematics learning and their dispositions towards mathematics are indeed influenced — for better or for worse — by the teaching they experience at school. To bring mathematics to life, teachers need to use creativity and vitality to communicate a belief that mathematics is a tool for thinking with, a unique and concise language, a way of investigating patterns and relationships, and a part of everyday life. 

Some of the strongest correlations with achievement, and school completion, are based on how students view mathematics. The correlations between achievement and anxiety, confidence and mathematics self-efficacy are moderately strong across the OECD, but they are even stronger in Australia. How well Australian students achieve in mathematics is linked more strongly to their beliefs and views about themselves as mathematics students than for learners across the OECD (Lamb et al. 2015). 



Encouraging student engagement in
science

Students want stimulating styles of teaching including:
e student-led research

e practical activities

o application of real-world examples.

Students want teachers to:

e explain, discuss or demonstrate ideas
« adapt lessons to address needs

e provide individual help.


Presenter
Presentation Notes
In a survey commissioned by the Office of the Chief Scientist, senior secondary school students and university students nominated teachers as the most influential factor in determining their interest in and attitudes toward science. The most stimulating styles of teaching and learning were identified by students to be student-led research, practical activities and the study of real-world examples within the student’s sphere of experience (Office of the Chief Scientist 2012).
In PISA 2015 in almost all education systems, students scored higher in science when they reported their science teachers ‘explain scientific ideas’, ‘discuss their ideas’ or ‘demonstrate an idea’. They also scored more highly when their teachers adapted lessons to their needs or provided individual help when students had difficulty understanding a topic (OECD 2016).



®
Allocating resources to address individual

student needs

e public policy responses
e school and sector responses
e teacher responses


Presenter
Presentation Notes
Successful education systems understand that learning should not be hindered by disadvantage and therefore find ways to allocate resources to address inequality. 2015 PISA results indicate:
Australia’s equity profile was not significantly different to the OECD average, except in scientific literacy where the effect of socio-economic background was higher than average
Indigenous students were on average about two-and-a-half years behind non-Indigenous students
students from metropolitan schools were about one year of schooling ahead of students in provincial schools and one-and-a-half years ahead of those in remote schools (Karp 2017).
The OECD (2016, 2017) raised a number of considerations that can address within-school disadvantage, with varying degrees of resource and public policy demands. 


Public policy responses

« developing teacher quality

e ensuring mathematics and science classes are
taught by qualified teachers

e providing resources to support disadvantaged
students

e adequately diagnosing and addressing every
child’s needs



»

School and sector responses

timetabling sufficient time for the teaching of
science

requiring students to attend science classes
Improving school attendance and retention rates

extending the range of enriching extracurricular
activities (e.g. competitions and clubs)


Presenter
Presentation Notes
PISA results show that students score five points higher in science for every additional hour per week spent in regular science lessons, after accounting for socio-economic status. 

Limiting the exposure of low-performing students to science only widens the gap with better-performing students.


Teacher responses

e encouraging the beneficial effects of peer
Influences

o treating all students with the same level of
attention and respect

« showing interest in the various cultural traditions
represented In the student body

* having high expectations for all students
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Activity 4: Discussion

Reflect on Hattie’s ‘distractions from the real problem in education’ and
discuss the statements on the Activity 4 handout.

Distractor 1
Appease the

parents

o)y What do you SEE?

Distractor 2

Distractor 5

:"—_ What does it Fixthe
-Gy~ make you THINK?

- What do you
I WONDER?

Fix the
infrastructure

Hattie, J. (2015) What Doesn’t Work in Education: The politics of distraction, London: Pearson.


Presenter
Presentation Notes
Distraction 1: Appease the parents — ‘If only there were more choice of schools and smaller class sizes’
Distraction 2: Fix the infrastructure — ‘If only we had more effective curricula, more rigorous standards, more tests and more alternative-shaped buildings’
Distraction 3: Fix the student — ’If only we had better, well-prepared students’
Distraction 4: Fix the schools — ’If only schools had more money and autonomy, they would be better schools’
Distraction 5: Fix the teachers — ’If only teachers had better initial training, were paid for performance and adopted new technology’

Complete the activities on Activity 4 handout.


Conclusion

 Small amount of available analysis has been
highlighted.

e |t provides evidence-based starting points for
schools to target improvements in student
outcomes In mathematics and science.


Presenter
Presentation Notes
Data from international testing programs is extensive. Hundreds of pages of reports and data analysis have been developed by the OECD, ACER and other similar organisations. However, the value of any analysis must be aligned to the intended outcomes and aspirations of an educational system. Aiming to achieve within the top five countries on PISA or TIMSS is only of value where such an achievement reflects the values and aims of education in Queensland and Australia. Otherwise, this data is just one part of a more complex puzzle that helps teachers understand what may work in their classroom and supports evidence-led decision-making in education.

This presentation has only highlighted a small amount of the available analysis of international testing programs, but, through this, some possible focus areas for schools have been identified. A commitment to continuous improvements in teaching and learning, more effort to engage students in mathematics and science, and allocating resources within the school to meet individual student needs, emerge as three considerations to support in-school improvements. These are not the only areas of focus that schools will benefit from but provide an evidence-based starting point for schools to target improvements in student outcomes in mathematics and science.
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