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Abstract

In this short paper, the author concisely demonstrate the math stagnations of the national average of New Zealand over
the past 12 years (for PISA math) and 20 years (for TIMSS math) and provide the evidence-based solution that can
overcome the math stagnations completely within 1 administration using MMU 1 (to raise the worst half math average to
the best half math average) or MMU 0.5 (with the half of the capacity of MMU 1). The highlights of the demonstrations
are:

1) New Zealand —along with virtually all other English-speaking developed countries — have been in deep math EDU
growth stagnations (and even declines) over the past 15 to 20+ years.

2)  Almost uniform math stagnations and declines of all 8 jurisdictions in PISA math

3) Aset of solution proposal called MMU 0.5 or 1 (roughly boosting the jurisdiction or national math average by 0.6-
0.7 Standard Deviation or 1.2-1.4 Standard Deviation respectively) compared to the traditional reforms in New
Zealand, which have failed to bring the concrete math EDU rise for the past 15-20 years at least.

4) MMUL1 can raise the national or provincial math average boosts equivalent of what takes more than 1 century.

5) The counterfactual boost by MMU1 (indicated in yellow arrows) compared to the past 15-20 years of the math
EDU declines or saturations of New Zealand.

Throughout the presentation, the author put the yellow arrows that indicate roughly the equivalence between the math
growths from the math’s 25 percentile to 75 percentile, which is the typical MMU1 operation targets. This is to
demonstrate that the currently ongoing math stagnations in most of the developed (OECD) countries — not just New
Zealand - have been real and persistent according to the math parts of the PISA or TIMSS or at least the NAEP (the Nation’s
Report Card) which is the longest-running national assessments of the USA that have participated in all major international
math assessments such as TIMSS, PISA and others before them. As such, the yellow arrows are meant to imply the math
growths with the hyper-rapid math reforms in just 2-4 years which is totally impossible otherwise by all means in the
history of math education. For the average jurisdictions, the MMU-led reforms may take 2-3 years and for the entirety of
New Zealand, this may take 3-4 years, depending on the levels of commitments and collaborations.
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The visual evidences: math stagnations are here to stay unless some
radical solutions like MMU1 are embraced.

The math stagnations exclusively from the international math assessments’ points of
view (those of PISA 2000-2015 and TIMESS 1995-2015), focusing on the English-
speaking countries

Throughout in this paper, | included the yellow arrows (which signifies the principle of MMU1 to
rapidly boost the math poverty of the 25 percentiles (from the math poverty half) to about 75
percentile (to the math richer half). If the rapid supports and collaborations, we can make this
happen in 2-3 years for a district or city and 3-4 years for state or 4-5 years for a country.

The color schemes | will use:

o the yellow arrow for the MMUL1 (to boost the math share 25 percentile — or the average of
the math poorest half of the student population —to about 75 percentile share (or the
average of the math richest half of the student population).

. : for 1/2 of the MMU1 (to boost from about 25 percentile to about 50
percentile), which is roughly about the math gains of the USA national average in 1995-2015
(for 20 years) although the past 10 years had almost no gains in NAEP math.

The main reason that the author used these arrows is that the normal jurisdiction or national level
math boosts take many decades at least if not over a century. Since the timeline data from the PISA
and TIMSS of 15-20 years are long enough to see the overall trends quickly, which are typically
almost flat (due to the math growth stagnations) and even declining in PISA in most of the OECD
countries, the yellow arrows can show the stark contrasts between the traditional reforms of the
nations over 1-2 decades (basically flat) vs. what MMU 0.5 or 1 can do (achieving what is normally



needed half or over a century) in just 2-4 years in each jurisdiction or for the entire New Zealand if
there are committed supports and collaborations.

The yellow arrows are consistently used throughout in this series because to see is to believe instead
of using the fancy jargons and equations, this will explain what has been done and what is possible
without the excuses of the status quo.

The math stagnations from the English-speaking developed countries’ point of view
1) Very little math growths of the national math average, especially for the past 10 years for both
4 and 8" grades NOT just for the USA, but for all of the English-speaking countries.

Quasi-horizontal TIMSS math growths past 20 years and what MMU1 is equivalentto do if implemented (Yellow Arrows)
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3) Math stagnations are here to stay and the tiny gains are illusions. Over the 2 decades (vertically),
there are little changes as you can see in these percentile diagrams. The yellow arrows indicate
the magnitude of math growths from the 25 percentile to the 75" percentile. Normally, this
may take 50-100-200 years, but MMU1 can make this happen in 2-3 years for a district; in 3-4
years for a state; in 4-5 years for a country. (You can see the little changes in 20 years here. All of

1 For the entire English-speaking or Latin American countries’ visual data, please refer to author’s other paper.
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the countries listed here seem to be quasi-vertically straight.)
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4) In all English-speaking developed countries (Canada, Ireland, Australia, New Zealand, and the
USA), Math is much worse than Reading according to PISA. Here from the PISA 2015.

2015 PISA AVERAGE SCORES
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5) All developed English-speaking countries and most of the Latin American countries have (much)
stronger reading scores than math scores by large margins, especially for the USA , Chile, Brazil,



Costa Rica, and Colombia in the stark contrasts against the top math Eastern Asian countries.

e vs. others' by regions: English or Spanish

PISA 2015: Math

Math -Reading (PISA 2015)
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do (assuming the math growth patterns of PISA math 2000-2015)? Here is my answer. In
virtually all developed OECD level nations, this will take 100-200 plus years according to history.

These show how many generations are needed to even boost the national math by 40-80% of what MMU1 can do.

Years it take to have the national math average growth by
0.5 Standard Deviation (PISA 2000-2015) in English,
Spanish, Portuguese, or Korean speaking countries

Years it take to have the national math average growth by 0.5 Standard Deviation [PISA 2000-2015)

« Average Annual Math score change (as % of 1 Standard Deviation or PISA 100 ponts)

S

= 200

H

@

a .

o 180

-

5

£ 160

-

=

o 140

o

g

@

& 120

=

£
100

z

2

&

2 &

Iy

]

= 60

I

©

3

=

20

- 4.0
E
Rl
S
s H
.. B 2
164 8 S
- - =
.t .' o~
.
. & : 3
5 A
h &
. . . 20 =
. K =
: v »
: s £
- 120 & <
o 3
$ : H
: ¥ 0 w
. 4 =
H & £
Pomg £
- mBEE =
: . A
e oo
w °
&
. ~
* T
* . 10 2
1.0 £
az <
.
. 28 28
2 2% * 2.0
LY
3.0
PR O S LHEDER NP PP P D
B S e LI Rt W
o CFF T A EF S F O
St Kt &
»F A8 F TS <«
& & S

PISA countries for math (for the average math growth trends 2000-2015)

Over the past 20 years of math performance distributions have barely changed and since 2002, it has

Years it take to have the nationalmath average growth by 1
Standard Deviation (PISA 2000-2015) in English, Spanish,
Portuguese, or Korean speaking countries

Vears it take to have the national math astgrowth by 1 Standard Deviation (PISA 2000-2015)
.

.
* average Annuzl Math score changg*{2s % of 1 $tandard Deviation or PIsA 100 ponts)
G o

+

] -
= 200 o o
© * .
s 188 o
a ’. .0
S o ° . o
e K o
- > -
& 160 L
e . ant
= -
140
&
g
& 120 .
£
E
3z 100 .
e oo gse * .
o ) - .
5 -~ :
w8 o & .
a t. »
= B W * .
I ss 3 )
1 5 Frg—
3 S 0
> KR .
oy 3t
Et .
20
* .
0
O A DR P O DS DS AP PP R D
& \Q@%\..» 37 4 0\\\ o d“ \‘\‘a &G P e;p o o,_,b'@v \\m\ 5
& FCaR &F& o $F VS 2 F o
5 cﬂ\‘ﬁa« 2 ¢V
& 0
&

PISA countries for math (for the average math growth trends 2000-2015)

40

gotten worse at least for the grad 4 math, if MMU1 is implemented (with the yellow arrow), the
radical no change in the quasi-vertical alignments can be suddenly quasi-horizontal change within 4

years.

If the math stagnations are real, how long it takes even to reach 40-80% of what MMU1 aims to

Annualized PISA math growths till PISA 2015



Range Inter-quartile

from range from

Mean mathematics Sthto 95th  25th to 75th

Year score Distribution of math tics achievement percentile percentile
2014 491 (2.3) I ] L] 296 121
201 486 (2.6) — _— 274 13
2006 492 (2.4) 1 I 284 n7
2002 496 (2.2) 1 —] 273 14
1998 481 (5.9 - . (— 312 126
1994 469 (4.4) . 316 125

Percentiles of performance
[ T T
Sth 5th 75th 95th
. —=—
T

Confidence interval

Cradit: Cayaill, R., Hanlar, V., & 5ingh, 5. (2016). Mathematics Year 5. Trends over 20 years in TIMSS,
Wellington: Ministry of Education

TIMSS math grade 4 (or year 5) distributions between the 5™ to 95" percentiles.

Cumulative proportion of Year 5 students:
Atorabove Atorabove Atorabove Atorabove

Year  Proportion of Year 5 students reaching each benchmark low intermediate high advanced
u;—_j B 84 (09) 59 (1.2) 26 (0.9) 6 (0.5
201 N E— W 85 (09 58 (1.4) 23 (L)) 4 (0.5)
2006 L I 85 (.0 61 (1.2) 26 (0.9) 5 (0.5)
2002 L B 86 (0.9) 62 (1.3) 27 (1.2) 5 (0.5)
1998 e —— M 808 55 (2.6) 24 (1.9) 5 (0.8)
1994 ——— o 75 (1.7) 51 (2.0) 19 (1.4) 4 (0.7)
o] 20 40 60 80 100
Below low WAL low but below int i B At inter lbut below high
At high but below advanced W At or above advanced
Note:

Cradit: Cayaill, R., Hanlar, V., & Singh, 5. (2018). Mathematics Year 5: Trends over 20 pears in TIMSS.
Wellingtan: Ministry of Education

Percentiles of performance

T T T
sth Je:_______i_sx; 95th

T
Confidence intorval

TIMSS math grade 4 (or year 5) distributions between the 0'" to 100" percentiles.

A most efficient and fastest solution to overcome the math stagnation
nationwide if implemented

If MMU 1 or MMU 0.5 is implemented nationwide in New Zealand, Australia, or Canada, the
seemingly impossible math growths are possible.



How MMU1 can impact the math grade 4 and 8 using the math performance

distributions from TIMSS 2015
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In the following TIMSS math performance distribution charts, the author shows that the average of
the math worst half (about 25 percentile) of New Zealand, Australia, and Canada can quickly rise to
roughly the average of the top 5 TIMSS math countries, all from the Eastern Asia if MMU1 is

nationwide implemented with the strong commitments and supports.

If MMUL1 is implemented nationwide in New Zealand, Australia, or Canada, we see this change.
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Credit: Caygill, R., Hanlar, V., & Singh, S. (2016). Mathematics Year 5: Trends over 20 years in TIMSS.
Wellington: Ministry of Education.

Source: Adapted from Exhibit 1.1, Mullis, Martin, Foy, & Hooper, 2016.

If MMU 0.5 is implemented nationwide in Australia, New Zealand or Canada, we still can see this
much change.
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Adapted from Exhibit 2.2, Mullis, Martin, Foy, & Hooper, 2016.

In these charts where the yellow arrows are MMUL1 targets by roughly boosting the math percentiles
by about 50 percentiles (e.g. 25 percentile to 75 percentile). For the yellow arrows (or roughly the
MMU1’s estimated impacts of boosting the math poverty to the math prosperity levels), the level of
Chile for instance would rapidly rise to the best in the world, the top 5 Eastern Asian countries levels
or for the bottom countries in the TIMSS math such as South Africa can rapidly rise to about the level
of Germany if fully implemented and committed.

As everyone in the education history knows, to raise the math average or to reduce the math
poverty is normally exceedingly time-consuming with little changes in most of the countries even
after decades of reforms. So the proposition of MMU1 may well be very hard to swallow. So, even if
we get the worst case scenario and even if only roughly half of its promise is fulfilled practically, say
25-30 percentile advancement instead of the 50 percentile rises, still this growth is roughly the
distance between the math average of countries like Australia or New Zealand to the top of the
word, about the average of the top 5 Eastern Asian countries’ if we use TIMSS math grades 4 or 8 as
the anchors.

Conclusion

We observed that the math stagnations or declines in all English-speaking countries, including New
Zealand nationally based on the PISA and TIMSS math results over the past 12-20 years at least till
2015. The chances are, this trend will continue and unlikely to reverse in the traditional manner in a
manner that the governmental operations nationally or by jurisdictions as the reforms of the past
haven’t succeeded or failed almost universally. Furthermore, as the author shared some math trends
in almost all OECD countries, the situation will get only worse as time goes on and the technology-
based experiments so far for the past 5-10 years haven’t born fruits either. So the author suggests

9



the policymakers to seriously consider the MMU1 alternative starting as a pilot study because
otherwise there will be too much suffering without much change at all.
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