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Reading achievement growth across countries

INTRODUCTION

International surveys of students like PIRLS and PISA provide comparisons of learning achievement
across participating countries. Although country rankings usually receive considerable attention, other
results are far less discussed. While ranking position of a country is clearly important when assessing the
overall potential of its students, this is less informative for education policy as these differences might
be strongly affected by other characteristics than just the performance of school systems. In national
assessments, school mean score is rarely taken as a measure of school efforts and the so-called value
added scores are often considered as much more reliable indicators of school performance. We provide
similar estimates to value-added scores but at the country level. We compare reading achievement in
primary schools as measured by PIRLS to reading achievement of 15-year-olds in the PISA survey. We
discuss various issues related to comparability of the results of these two surveys. We adjust
achievement growth estimates for differences in the distribution of student background characteristics
and for the difference in testing age across countries and surveys. We also provide a direct test of how
changing a pool of test items would affect country rankings in respect to achievement growth captured
by our methods. Finally, we compare achievement growth at different student performance levels using
quantile regression approach. Generally, the results demonstrate remarkable consistency suggesting
noticeable differences across countries in the reading achievement growth between primary and
secondary education levels. The quantile regression evidence demonstrates also in which countries the
low- or high-achieving students are progressing relatively slower or faster. These results can be used to
assess the effectiveness of different school systems in their work with students between the age of 10
and 15.
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PISA and PIRLS — commonalities and differences

This study analyzes publicly available datasets provided by organizers of PIRLS and PISA. Data as well as
documentation are accessible online (for PIRLS http://timss.bc.edu; for PISA see www.pisa.oecd.org).
The data used in this paper differ in two respects. Firstly, we re-standardize scores to the PISA scale and
sample of countries participating both in PIRLS and PISA. This is explained in details below. Secondly, we
use all data published in the datasets, even if they were not considered in the official publications (for
example data from Netherlands in PISA 2000). Moreover, we separate data for England and Scotland as
they participated in PIRLS 2001 independently and were published under “United Kingdom” in PISA
2000.

Both PIRLS 2001 and PISA 2000 aimed at measuring student achievement in reading in an internationally
comparable way. While organization and people involved differ, the general notion is that these two
studies have many things in common. They are based on similar methodologies, experts involved often
work for both studies, and despite some visible differences their general goal is similarly stated. Both
want to provide internationally comparable measures of what students can do in reading. The main
difference is that PIRLS is conducted in primary schools while PISA measures achievement in secondary
schools. That opens the possibility to compare how countries differ in achievement growth from primary
to secondary education.

To start comparing results from these two surveys one needs to put them on a common scale.
Performance scales in both surveys are derived from IRT models and standardized to have mean 500
and standard deviation 100 in a chosen group of countries. While in PIRLS this group comprises all
participants, in PISA only OECD countries are considered when standardizing the scale. Both choices are
arbitrary but we decided to re-standardize PIRLS scores to put them on the PISA scale, because the latter
has a more meaningful interpretation with a mean of 500 among OECD countries as a commonly used
benchmark. As not all OECD countries participated in PIRLS 2001 the scale has mean different than 500,
namely, it is slightly lower in our sample of countries. However, the same benchmark of 500 as the OECD
average can still be referred to.

Differences in sampling frames and testing framework seem to be crucial when thinking about direct
comparison of PIRLS and PISA results. We address both in this paper. PIRLS surveys pupils in a grade with
the highest number of 10-year-olds, which in most countries is a 4™ grade. PISA surveys 15-year-olds
regardless in which grade they are currently enrolled. This leads to higher variation in age for PIRLS and
higher variation in grade for PISA. In our approach we adjust for differences in age distribution to
address this issue. Adjustments for grade distribution are far more discussable as countries differ in
grade retention or promotion policies and grade cannot be considered as given to a student. In fact,
countries participating in PIRLS importantly differ in average age of students and within-country age
distributions (see Table 1).


http://timss.bc.edu/�
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Table 1. Sample size, average reading performance and mean student age in countries participating in
both PISA 2000 and PIRLS 2001.

Country PIRLS 2001 PISA 2000
No of obs. Mean score Mean age No of obs. Mean score Mean age

Argentina 3300 351.6 10.2 3983 418.3 15.8
Bulgaria 3460 5174 10.9 4657 430.4 15.6
Canada 8253 509.4 10.0 29687 534.3 158
Czech Rep. 3022 500.2 10.5 5365 491.6 15.7
France 3538 485.3 10.1 4673 504.7 15.8
Germany 7633 503.0 10.5 5073 484.0 15.7
Greece 2494 484.1 9.9 4672 473.8 15.7
Hong Kong 5050 488.8 10.2 4405 525.5 15.7
Hungary 4666 508.2 10.7 4887 480.0 15.7
Iceland 3676 469.2 9.7 3372 506.9 15.6
Israel 3973 464.8 10.0 4498 452.2 15.6
Italy 3502 505.0 9.8 4984 487.5 15.7
Latvia 3019 509.9 11.0 3893 458.1 15.7
Netherlands 4112 522.1 10.3 2503 5319 15.6
New Zealand 2488 490.0 10.1 3667 528.8 15.7
Norway 3459 452.4 10.0 4147 505.3 15.7
Romania 3625 468.3 111 4829 4279 147
Russian Fed. 4093 488.8 10.3 6701 461.8 15.7
Sweden 6044 530.7 10.8 4416 516.3 15.7
Macedonia 3711 3795 10.7 4510 3725 15.6
United States 3763 506.8 10.2 3846 504.4 15.7
England 3156 520.4 10.2 4120 5234 15.6
Scotland 2717 489.1 9.8 2371 525.6 15.7

Age differences affect mean score results and need to be taken into account when constructing
achievement growth estimates. In PIRLS 2001, students in countries like Latvia or Romania were more
than one year older than student in countries like Iceland, Italy or Scotland. Across all PISA countries the
average age is very similar. In effect, the age difference between students tested in PIRLS 2001 and PISA
2000 importantly varies between countries. It is quite difficult to see how age differences affect
comparability of mean scores in PIRLS, because cross-sectional nature of data doesn’t allow
distinguishing between age effects and impacts of other difference between countries. However, the
effect of mean age is much more visible when comparing outcomes over time within countries. In our
case, country fixed characteristics are automatically taken into account because we look at achievement
differences within countries. In this case, the impact of age differences is easier to detect.

Figure 1 demonstrates how testing age differences affect comparability of achievement measures. The
left panel demonstrates that relation between mean age and reading scores is slightly positive when
looking only at the PIRLS data. The right panel clearly shows that relation among the mean age




difference between PIRLS and PISA and same difference in reading performance which is our basic
measure of reading achievement growth is clearly positive. This simple evidence suggests that any
achievement growth estimates taken from comparisons between PIRLS and PISA has to be adjusted for
age effects. In this paper we propose a simple method which addresses this issue.

Figure 1. Relation between country average age and performance (left panel) and relation between
change in country average age and performance from PIRLS to PISA (right panel).
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Another critical difference is related to distinct assessment frameworks. While it is argued that PIRLS
and reading literacy in PISA are closer to each other in test content than TIMSS and PISA assessments in
mathematics and science, the frameworks were developed separately by distinct groups of experts
working under different assumptions. Typically, PISA is considered as a test aim at measuring literacy
needed in real-life situations and PIRLS or TIMSS are assessments more closely related to countries
school curricula. Nevertheless, for reading testing domains in PIRLS and PISA seem to be similar in some
parts. Careful analysis of test content and framework assumptions revealed many commonalities (Mullis
et al., 2006, see Appendix C). We are aware of only one study which empirically addressed these issues
using item level data (see Grisay, Gonzales and Monseur, 2009). Other studies discussed comparability
of PIRLS and PISA results more generally (see Brown et al., 2005; Jakubowski, 2010).

We do not attempt to compare test contents in PIRLS and PISA, but aim at checking empirically how
different pools of test items affect our outcomes. Our assumption is that if the two tests differ
importantly in some content parts then taking smaller number of test items should visibly affect our
results. More precisely, if the volatility of achievement growth estimates is relatively high when
considering only parts of items pools from two surveys then content comparability would seem to be an
issue. If countries’ positions are stable despite the item pool taken for comparison then content
differences can be considered as negligible. The details of the methodology are given in the following
section.



METHODS

Dealing with complex survey design and missing data

PIRLS and PISA are complex surveys of student populations with multistage sampling designs that put
additional burden on estimation. Non-response is also a problem in these surveys unless one wants to
concentrate solely on performance data. Finally, both surveys use plausible values methodology which
adds additional complications as all calculations has to be conducted separately for each of 5 plausible
values and then combined into one final estimate. In this paper, we account for all these statistical
requirements, however, not always following the solutions proposed in survey documentation.

All results presented here were obtained with survey weights provided in public PIRLS and PISA
datasets. However, as we pool all the data into one dataset analyzed in one regression model we re-
standardized weights to have the same sum for each country and survey. This way, each country and
each survey contribute equally to final estimates.

The most demanding in this case is estimation of standard errors. PIRLS and PISA use different
replication methods to adjust for complex survey design. Jackknife approach proposed in PIRLS and BRR
method suggested by PISA are serving similar purposes but cannot be used together. Moreover,
empirical checks and information provided in technical reports suggested that some information used to
produce jackknife and BRR weights was not provided in public datasets for confidentiality reasons. Thus,
it is not possible to reconstruct replication weights using a method preferred in one of the surveys. We
decided to use another approach, the bootstrap method, which can be applied when only basic survey
design information is provided. The bootstrap approach accounts for schools as primary sampling units
and treats countries as survey strata, which probably give slightly overestimated standard errors. In
other words, the confidence intervals provided in this paper are conservative in comparison to the
original ones.

Finally, we had to address missing data issue. Many of our results are derived by adjustments based on
background student characteristics. We decided to impute missing data on these characteristics not to
invalidate mean performance estimates by dropping students who has missing value on background
data. We used a multiple imputation model implemented in Stata procedure —ice- (Royston, 2004). The
model was applied separately for each plausible value producing one imputed dataset with no missing
data for each plausible value. The final estimates by aggregating the results of regressions conducted
separately with each imputed dataset

Methods for achievement growth estimation

All estimates of achievement growth presented in this paper were obtained from linear regression with
country dummy (0/1) variables. The regression was run on data from all countries and both surveys
pooled in one dataset, giving equal weight to each country and survey. Country indicators were
interacted with an indicator for PISA results and the coefficient on this interaction term denotes
achievement growth, namely, a change of performance scores in this country from PIRLS to PISA.
Several adjustments to this regression model were implemented addressing distinct needs.

Firstly, we provide results by subpopulations. The results for all students are accompanied with separate
results for males and females, native students defined as those born in the country of the test and
speaking at home the language of the test, and native males and females. Moreover, we adjust for the
individual age effect in all above estimates. That is done by adding to regressions the best-fitting second



degree fractional polynomial of student age, which captures the overall positive relation between age
and student performance.

In the second method, we reweight the data to balance distribution of important background student
characteristics across surveys. This follows a methodology proposed by Tarozzi (2007) and generally
based on the idea close to the propensity score matching (Rosenbaum, Rubin, 1983). For different sets
of background characteristics, a logit regression was applied to predict for each student a probability of
being sampled for PISA 2000 having characteristics from a sample of PIRLS 2001. In other words, in the
logit regression dependent variable was equal 1 for students sampled in PISA 2000 and O for students
sampled in PIRLS 2001. The independent variables were students background characteristics which we
would like to balance across PIRLS and PISA. From this model the probability of participating in PISA in
respect to student background characteristics variables was predicted. Then PISA data were reweighted
by the inverse of this probability to match the distribution of background characteristics in PIRLS. Finally,
same as previously regression model was run on this reweighted data. Reweighted was conducted to
adjust for % of immigrant students (defined as above), % of females, and % of students having different
number of books at home and parents with different education levels.

Although regression analysis provides estimates of mean achievement growth across countries, one
might be interested in looking at similar estimates across performance distribution. We provide such
estimates by employing a quantile regression approach. We estimate the same regression models but
on 10" 25" 75" and 90" percentiles of reading performance distribution. This way we provide
estimates of achievement growth across low- and high-achieving students. Those can be used as
evidence related to changes in inequality of student performance. For example, if the growth among
high-achievers is bigger than among the low-achievers then one can conclude that variation in student
scores increased in this country mainly by higher growth in the top of distribution. Such evidence can be
useful when assessing distributional impact of education policies, when not only average achievement is
considered but rather differences in achievement across low- and high-performing students are of
interest.

Finally, we correct all the results for differences in mean age of tested students across PIRLS and PISA.
Figure 1 demonstrates that such differences are strongly related to achievement change. We adjust for
that by regressing the estimate of achievement growth on the difference in average age between PIRLS
and PISA and its squared term. The residual from this regression is our mean age-adjusted measure of
achievement growth. We apply this approach to all our estimates of achievement growth.

Random items draws

Serious bias in estimation of achievement growth may arise from differences in assessment frameworks
in PIRLS and PISA. Even if the two surveys aim at measuring student achievement or literacy in the same
domain, they define reading domain differently and consequently use different items pool. In this
section, we describe our empirical attempts to assess how different choices of test items affect
comparability of student outcomes from two surveys, more precisely, how they affect variability of
achievement growth estimates.

In PIRLS 2001 and PISA 2000 reading was assessed with large pool of items (98 in PIRLS 2001 and 129 in
PISA 2000) administered in balanced booklet design (for details technical reports for PIRLS 2001 and
PISA 2000). This large number allows us to empirically test how changes in the pool of testing items
affect final outcomes. If the two tests differ importantly in some content parts, then taking smaller
number of test items should visibly affect the results. If countries’ positions are stable despite the item



pool taken for comparison, then differences in test items pool can be considered as negligible for final
estimates of achievement growth.

We employed a small simulation study to assess how achievement growth estimates can differ
depending on choice of test items. In the first step, items were randomly sampled from both surveys.
Each item was sampled independently of others with the same probability of selection equal to %. Thus,
on average half of the items were sampled from the item pool, but the actual number of test items
differed across simulated samples (see Table A5 in Appendix). In the second step, we scaled student
responses by the two-parameter IRT model (2PL) and assigned scores using expected-a-posteriori (EAP)
method using PARSCALE 4.0 (see Muraki & Bock, 1997). No adjustments for booklets designs and no
additional variables were used during the calibration process. Due to complex booklet designs some of
specific sampled sets of items were unable to converge in calibration process because of too small
number of shared items (these problems appear in PISA and not in PIRLS). Those sets were not taken
into account in computations. Scores were standardized to have mean 500 and standard deviation 100
in 23 countries, which have participated both in PISA 2000 and in PIRLS 2001. In the last step, we
computed average mean of PIRLS and PISA scores from the scaled student scores and subtracted them
to obtain unconditional achievement growth estimates. These three steps were repeated 400 times to
see how achievement growth estimates are affected by choice of test items.

RESULTS

Table 2 present results for unadjusted achievement growth estimates. First column present results for
all students sampled in PIRLS 2001 and PISA 2000. Other columns present results for subpopulations:
native students (those born in the country of the test), males and females, and native males and
females. These results are not taking into account any differences between two surveys. They represent
a simple difference between re-scaled scores from PIRLS and PISA. We will use them as a baseline for
comparisons with adjusted achievement growth estimates. However, even from these data it is clear
that achievement growth differs among subpopulations, quite importantly in some countries. For
example, while students in Canada have relatively higher achievement growth this positive effect is
much smaller for males than for females. The difference is even higher when looking at native students
only. In other countries, such divergence is even more noticeable.

Table 2. Unadjusted achievement growth in population and subpopulations.

All Native Males Females Native males Native females

Couniry Mean | SE. | Mean | SE. | Mean S.E. Mean S.E. Mean S.E. Mean S.E.
Argentina 66.6 | (9.00 | 368 | (9.2) | 534 (10.0) 745 (9.8) 235 (10.5) 45.6 9.9)
Bulgaria -87.0 | (78) | -87.3 | (75) | 941 | (87) -77.6 (86) | -93.2 85 | -79.3 (7.6)
Canada 250 | (29) | 16.1 | (28 | 197 3.2 30.0 3.1 8.9 (3.2) 23.6 (3.2
Czech Rep. -8.6 (6.0 | -124 | (5.8) | -20.3 (6.6) 14 (6.6) -24.8 (6.4) -1.5 (6.3)
England 3.0 60 | -7.8 | (5.8 5.0 (7.2) 1.8 (7.3) -6.4 (7.0) -8.1 (6.8)
France 194 | (64) | 187 | (6.1) | 11.3 (6.9) 26.3 (6.9) 105 (6.8) 25.7 (6.2)
Germany -190 | 5.9) | -208 | (5.7) | -28.1 | (6.3 9.7 62 | -31.0 | (6.7 | -10.1 (5.8)
Greece -10.3 | (68) | -9.7 | (6.9) | -15.6 (8.0) -5.0 (8.2) -13.8 (8.0) 5.9 (7.0)
Hong Kong 36.7 | (62) | 426 | (63) | 41.3 (7.6) 32.3 (7.5) 46.5 (7.5) 39.0 (6.3)




Hungary -282 | (6.3) | -36.2 | (6.1) | -346 | (67) | -21.2 | (68) | -43.2 | (68) | -284 | (6.7)
Iceland 377 | (45 | 30.0 | (45 | 296 (5.2) 45.4 (5.2) 22.4 (5.4) 37.4 4.9
Israel 126 | (90) | 294 | 85 | -79 | (102) | -19.7 | (102) | -25.3 | (97) | -348 | (9.2
Italy -176 | 6.2 | -10.4 | 6.0) | -31.7 | (7.0) -3.2 (700 | 235 | (7.0 11 (6.3)
Latvia -51.9 | (5.8) | 515 | (64) | 658 | (64) | -404 | (62 | -70.0 | (69 | -37.0 | (6.8
Macedonia -7.0 | (9.9 5.4 (9.8) | -18.6 | (10.3) 5.2 (10.5) -5.0 (10.2) 15.3 9.9)
Netherlands 98 | (70) | 158 | (6.7) | 4.8 (8.3) 15.3 (8.2) 9.7 (8.2) 22.3 (6.2)
New Zealand 388 | 69 | 367 | 6.2 | 324 (8.0) 44.8 (8.2 31.6 (7.7) 40.6 (7.3)
Norway 528 | (47) | 524 | (45) | 447 (5.8) 60.9 (5.8) 45.0 (5.7) 59.5 @7
Romania -404 | (69) | -435 | (72) | -384 (7.7 -42.9 (7.7) -41.2 (8.1) -46.3 (7.3)
Russian Fed. | -27.1 | 5.9) | -31.4 | 6.7) | -388 | (62 | -157 | (6.1) | -443 | (59) | -188 | (59
Scotland 36.4 | (61) | 235 | (6.8) | 32.3 (6.5) 40.6 (6.6) 21.7 7.7 25.1 (7.8)
Sweden -14.4 | 43) | -16.4 | 38) | -19.1 | (4.9 9.7 48 | -21.1 | (46) | -11.8 | (3.9
USA 24 | 69) | -10.7 | 64) | -5.6 (7.9) 0.1 (79 | -124 | (7.8 -9.9 (6.7)

We now turn to results obtained after controlling for individual student age effect on performance
which are presented in the appendix (Table Al). Please note that while these estimates address
somehow the issue of discrepancies in age distributions between PISA and PIRLS they do not account for
major differences in average age across countries. Age was centered on survey mean, so it has mean 0 in
PIRLS and PISA (weighting country data equally). Then it was modeled using a best-fitting polynomial of
a second degree, which means that non-linear relation between age and performance was flexibly
modeled. However, for majority of students the relation was positively sloped which reflects an intuition
that older students of similar ability will perform better on the test just because of maturity effect.
Nevertheless, the results are very similar to unadjusted estimates presented in Table 2.

Table A2 in the appendix presents results for achievement growth estimates obtained after reweighting.
After reweighting, different sets of variables were balanced across PIRLS and PISA samples. Variables
balanced in each reweighted sample are listed in columns headings. Thus, the first column balances
student share of females and a share of students with an immigrant background (born outside the
country of the test or speaking at home different language than the language of the test). The second
column accounts for the distribution of socio-economic characteristics of students using two variables
which provide comparable information on that in both PIRLS and PISA. The number of books at home
and parental education were recoded to similar categories in both surveys and then balanced across two
surveys. The estimates presented in the last column were adjusted for all these factors. They account for
differences in the distribution of gender, immigrant status and family socio-economic background across
PIRLS and PISA. Please note that estimates reweighed for socio-economic background are on average
negative, which reflects the overall unbalance in these characteristics between PIRLS and PISA.

Finally, we re-estimated all above models accounting for differences in mean age across countries. That
was done by regressing the achievement growth estimates on the difference in mean age across surveys
for each country and its squared term. The residuals from this country-level regression were taken as
the mean age-adjusted achievement growth estimates and are presented in tables below. In other
words, these estimates are taking into account that country samples covered students of different age
in PIRLS and PISA. In our view, they are much more reliable as cross-country comparisons of
achievement growth as the mean-age difference between PIRLS and PISA is highly correlated with
unadjusted achievement growth estimates.



Table 3. Mean age adjusted regression estimates for subpopulations

Unconditi . Native Native Unconditi . Native Native
Country onal Natives Males Females males females onal Natives males females
Not adjusted for student age Adjusted for student age
Argentina 55.6 30.5 49.0 57.4 23.7 334 52.5 275 20.8 30.2
Bulgaria -49.5 -49.3 -50.0 -46.7 -47.5 -48.5 -52.8 -52.9 -51.0 52.3
Canada 0.3 -2.5 1.0 0.1 -4.2 0.3 11 -1.8 -3.6 1.0
Czech Rep. 5.0 36 0.5 8.1 -1.0 71 6.8 5.3 0.8 8.8
England 4.9 2.4 13.9 -2.9 6.2 95 8.0 0.7 9.3 -6.5
France 28 74 1.0 39 5.2 8.9 34 78 5.6 9.5
Germany 2.7 -2.3 -4.6 -0.4 -4.7 0.8 -1.6 0.8 -3.3 25
Greece -33.6 271 -32.9 -33.7 -25.7 -28.2 -33.9 215 -25.9 -28.8
Hong Kong 32.0 42.0 43.4 21.3 52.8 32.1 28.8 418 52.4 319
Hungary 6.0 -12.3 -5.1 -5.9 -11.2 -12.0 -5.8 -12.0 -11.2 -115
Iceland 15 11 -1.3 4.6 2.1 48 -0.2 -1.0 -4.1 28
Israel -23.1 -35.2 -11.8 -36.2 -24.5 -46.5 -21.8 -34.0 -23.3 -45.5
ltaly -50.5 -36.5 -59.2 -40.9 -44.8 -28.9 51.3 -37.5 -45.8 -29.9
Latvia -13.8 -12.8 211 -8.8 -23.7 5.6 -18.0 -17.7 -28.9 -10.0
Macedonia 20.3 34.0 15.9 25.6 31.6 36.3 21.6 35.2 33.1 37.2
Netherlands 14.2 234 16.2 13.0 24.7 22.9 15.8 24.9 26.4 24.3
New Zealand 23.7 26.7 23.7 23.8 27.8 25.0 25.3 28.0 29.1 26.3
Norway 29.1 34.6 27.0 318 32.7 37.0 30.1 35.4 33.2 38.2
Romania 10.8 9.5 13.0 8.4 11.6 74 12.1 11.0 13.2 8.9
Russian Fed. -26.4 272 311 -21.6 -32.8 -21.3 -26.7 -27.8 -334 219
Scotland -3.8 9.1 -2.8 -4.0 -6.9 -10.8 -5.2 -10.6 -8.3 -12.3
Sweden 13.8 13.0 16.2 11.6 16.3 10.0 145 134 16.8 10.3
USA -4.7 9.1 -1.0 -8.6 -3.8 -14.9 -3.0 -1.4 2.2 -13.0
Table 4. Mean age adjusted reweighted regression estimates
Data reweighed to balance the distribution in:
o mmigant bckgroun "o paentl sducaton Everyting togeher
Argentina 54.7 56.2 55.6
Bulgaria -47.0 -52.9 -49.9
Canada 0.2 -0.9 -1.6
Czech Rep. 4.2 5.0 4.0
England 47 3.8 33
France 2.4 3.6 33
Germany -7.0 -5.6 9.6
Greece -36.7 -34.2 -36.7
Hong Kong 29.1 3r.7 34.9
Hungary 6.3 -8.6 9.2
Iceland 14 2.5 19




Israel -22.5 -29.3 -28.8
Italy -47.0 -49.2 -45.5
Latvia -14.9 -12.0 -13.0
Macedonia 255 22.9 27.9
Netherlands 13.6 16.0 15.3
New Zealand 25.9 22.9 24.9
Norway 28.7 29.6 29.6
Romania 10.4 10.8 10.3
Russian Fed. -24.8 -24.2 -23.0
Scotland 3.7 4.3 -4.3
Sweden 12.3 16.7 15.0
United States 2.9 6.6 -4.5

Although all the estimates presented in table above differ somewhat in the magnitude of achievement
growth they are at the same time relatively consistent. Definitely, the achievement growth estimates do
not change noticeably after reweighting. Only controlling for the difference in average age across
countries makes a highly noticeable difference for some countries. This is demonstrated on the graph
below where on the left panel on can see correlation between unconditional estimates and those
obtained after reweighting for all background characteristics, while the right panel presents the
correlation between reweighted estimates before and after controlling for the mean age effect across
countries. Clearly, the correlation on the right panel is much weaker demonstrating that adjusting for
mean age makes considerable difference for final achievement growth estimates.

Figure 2. Correlation between unconditional and reweighted achievement growth estimates (left panel)
and between reweighted estimates which were adjusted and non-adjusted for mean age effect (right
panel).
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The final estimates of achievement growth were obtained under similar assumptions but from quantile
regression models. In other words, these are the same estimates but obtained for students of different



ability levels. Because of space limitations, we present estimates for 10", 25" 75™ and 90™ percentiles
only. Table 5 below presents results for the unconditional estimates while results for reweighted
regressions and those adjusted mean-age differences are presented in the appendix. While standard
errors are provided only for the simplest unconditional estimates, they should be similar across all
models.

Table 5. Unconditional achievement growth by quantiles of performance.

10th 251h 75th 90th
Country Estimate SE. Estimate SE. Estimate S.E. Estimate S.E.
Argentina 83.1 (11.7) 76.8 (11.8) 57.7 9.7) 51.7 (10.4)
Bulgaria -36.8 (10.8) -95.1 9.4) -36.8 (8.3) -81.1 (9.0
Canada 18.6 (4.4) 20.9 (3.6) 28.2 (3.3 28.3 (3.2)
Czech Rep. -21.2 (8.7) -15.4 (6.8) 0.1 (6.3) 10.7 (6.7)
England 17.7 (9.6) 3.0 (1.7) -1.2 (6.7) -3.1 (7.5)
France 12,5 (8.4) 13.9 (7.8) 25.0 (6.2) 21.3 (6.2)
Germany -52.4 (8.7) -324 (7.5) -0.3 (5.8) 13.3 (5.3
Greece -20.6 (10.4) -15.3 (8.9) -6.6 (6.6) -2.5 (6.9)
Hong Kong 29.5 (10.5) 35.0 (1.7) 40.7 (5.3) 40.0 (5.3)
Hungary -44.9 (8.4) -41.5 (7.6) -17.1 (7.2) -11.6 (6.8)
Iceland 41.0 (7.2) 37.5 (5.9) 37.7 (4.9 35.3 (5.6)
Israel 41 (15.4) -11.3 (12.1) -16.5 (7.8) -18.2 (7.7)
Italy -18.0 9.7) -20.0 (7.8) -15.5 (6.4) -12.7 (6.4)
Latvia -84.0 (8.1) -70.1 (7.5) -32.7 (6.4) -19.8 (7.2)
Macedonia 51.2 (12.0) 20.8 (13.5) -36.8 9.7) -48.7 (8.7)
Netherlands -20.3 (12.6) -0.3 (10.2) 24.4 (5.9) 26.5 (6.4)
New Zealand 55.4 (12.0) 41.6 (9.3) 34.9 (7.0) 30.0 (7.1)
Norway 50.5 (8.6) 49.5 (6.8) 55.1 (4.8) 55.8 (4.5)
Romania -21.6 (11.0) -41.2 (10.9) -48.5 (7.4) -46.6 (7.3)
Russian Fed. -40.8 (9.0) -38.4 (6.9) -20.5 (6.0) -11.2 (6.3)
Scotland 46.9 (8.8) 36.6 (7.2) 33.9 (6.0) 28.3 (7.0)
Sweden -32.2 (6.9) -24.1 (5.4) -4.6 (4.4) -2.2 (4.6)
United States -2.6 (10.5) 1.7 (8.9 -3.8 (6.4) 5.0 (6.7)

The results by level of performance reveal very interesting patterns in achievement growth across
countries. Generally we can classify countries into three groups. Countries in the first group, for example
Iceland or the United States, have similar achievement growth among students at all performance
levels. In the second group achievement growth is more positive for low achieving students and smaller
for top-achievers. This pattern is clearly visible in countries like New Zealand or Macedonia. From this
evidence one can conclude that in these countries performance gaps are decreasing with student age in
comparison to other countries. The third group includes countries like Netherlands or Latvia where the
growth is higher for top-achievers than for low-achievers. In this group the gap between high- and low-
achievers increases over time. One could note that among countries in the last group many have early
tracking system where students are separated into different school programmes before the age of 15.

At the end, we present results for the simulation study which deals with the impact of item choice on
achievement growth estimates. 400 simulated results were combined and simple statistics were




computed. Detailed results are shown in Appendix A. Means, standard deviations (which may be treated
as standard errors), and 5" and 95" percentiles were computed for each country. Table A6 in Appendix
present these results for mean scores for each country as well as for the difference between them which
is the simplest measure of achievement growth.

Results indicate that estimates based on different sets of items are relatively stable. Median standard
deviation in mean PIRLS achievement estimators among all countries is 3.9 and median standard
deviation for PISA mean achievement estimators is 3.2, which is close to the sampling error. For some
countries, however, variation of estimates is higher. For example, Hong Kong has standard deviation of
7.5 in PIRLS and of 4.0 in PISA. This suggests that results for Hong Kong might be relatively more affected
by the choice of items. On the other hand, for both PIRLS and PISA in Canada standard deviations were
relatively low (2.4 in PISA and 3.2 in PIRLS), similarly for Scotland (3.0 in PISA and 2.9 in PIRLS).

Estimates of achievement growth demonstrate similar stability when using only randomly taken
subsamples of items. Figure 3 demonstrates simulation results graphically (see Table A6 for detailed
results). Points in graph represent the mean value of achievement growth estimates from 400 samples
and intervals are based on empirical simulation distributions (the upper bound is 95" percentile of
simulated estimates and the lower bound is the 5 percentile). Confidence intervals for 10 countries are
clearly above 0 which indicates that despite the choice of items the estimate of achievement growth
would be positive for them. For 8 countries we can say that achievement growth is relatively lower than
in other countries. 5 countries are close to each other and their confidence intervals contain 0, so no
clear conclusion on their achievement growth is possible. On the graph we can also clearly see that
achievement growth estimators for Hong Kong are more volatile as one may expect from volatility of
mean score estimates. Generally, this figure confirms that achievement growth estimates are quite
stable. The ranking of countries would not change importantly with different sets of items considered
for assessment.

Figure 3. Achievement growth: results from random items draws obtained from 400 simulations with
random choice of test items.
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SUMMARY

This paper provides internationally comparable results on reading achievement growth between the age
of 10 and 15. The estimates were obtained by comparing individual student results from PIRLS 2001 and
PISA 2000. These are two international surveys which while differ in some assumptions still provide
comparable assessment tests in our view. We test this presumption empirically by employing a
simulation study where achievement growth estimates were obtained from randomly taken test items.
This exercise suggests that taking different sets of test items would provide us with similar conclusions
that those based on full PIRLS and PISA results. In our view, that demonstrates robustness of our
findings to small changes in assessment tools.

In the paper we provide results for subpopulations by gender and the immigrant background. We also
provide results adjusted for differences in the distribution of important student characteristics like
gender, immigrant background, parents education and the number of books at home. The results show
remarkable consistency suggesting that differences in target populations and students sampling do not
invalidate direct comparisons.

We found that the only thing which might invalidate direct comparisons is the difference in mean testing
age across countries and between surveys. In some countries, students tested in PIRLS are much
younger or older than the survey average, while in PISA students are of very similar age in all countries.
That not only affects comparisons of PIRLS results but even more the estimates of achievement growth.
Simply, in some countries students tested between PISA and PIRLS have one year less for educating
themselves than in others. That has to affect the magnitude of achievement growth and we proposed a
simple method to account for that. This kind adjustment makes a noticeable impact on our estimates. In
the paper we provide full sets of results with mean age adjustments which can be taken as more reliable
for between-country comparisons.

Finally, we provide evidence on the reading achievement growth across performance levels. These
results are very interesting in our view as they show heterogonous is student progress across and within
countries. These results are also much reliable when taken as relative measures of achievement growth
within countries, because the differences in achievement growth between groups of students within the
same country are less affected by discrepancies in testing framework and differences in other
characteristics between countries. From these results, it is clear that in some countries low-performing
students achieved less than high-performers in the period between age of 10 and 15, while in other
countries it is the opposite. There are only few countries where achievement growth is similar across all
performance levels. These results are of interest for countries looking for an internationally comparable
way to assess the distributional effects of their policies. In fact, the results can be directly interpreted as
demonstrating in which countries performance inequality is increasing or decreasing in the analyzed
period.
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Appendix. Additional results

Table Al. Achievement growth adjusted for the effect of student age.

Country Al Natives Native males Native females
Mean SE Mean SE Mean SE. Mean SE.
Argentina 60.4 (8.9) 304 (9.1) 17.1 (10.4) 38.8 (9.8)
Bulgaria -93.1 (1.7) -92.7 (7.4) -97.8 (8.5) -84.6 (7.6)
Canada 22.8 (2.9) 133 (2.8) 5.8 (3.2) 20.6 (3.3
Czech Republic -10.2 (5.9) -13.8 (5.7) -25.9 (6.5) -2.9 (6.2)
England 2.8 (6.0) -8.1 (5.8) -6.7 (7.0 -8.4 (6.7)
France 17.0 (6.5) 15.7 (6.1) 7.2 (6.8) 22.6 (6.1)
Germany -21.2 (5.8) -22.2 (5.7) -32.4 (6.7) -11.5 (5.8)
Greece -13.4 (6.9) -13.6 (7.0 -17.7 (8.1) -10.2 (7.0)
Hong Kong 30.2 (6.1) 39.0 (6.2) 426 (7.6) 35.3 (6.4)
Hungary -31.4 (6.2) -38.7 (6.1) -45.6 (6.7) -30.5 (6.7)
Iceland 33.4 (4.6) 24.6 (4.6) 16.6 (5.5) 31.8 (5.0)
Israel -14.5 9. -31.7 (8.4) -27.6 9.7 -37.4 9.1)
Italy -20.9 (6.2) -14.9 (6.0) -28.3 (7.2) -3.6 (6.3)
Latvia -58.8 (5.7) -58.0 (6.4) -76.1 (7.0 -42.9 (6.8)
Macedonia 9.0 (9.9 4.1 9.7 5.7 (10.2) 13.8 9.7)
Netherlands 8.1 (6.9) 14.0 (6.7) 8.1 (8.1) 20.3 (6.0)
New Zealand 37.3 (7.0 345 (6.0) 29.3 (7.8) 38.3 (7.2)
Norway 50.9 (4.8) 49.7 4.7 41.7 (5.7) 57.1 (4.8)
Romania -37.2 (7.2) -37.6 (7.3) -33.8 (8.2) -39.8 (7.6)
Russian Federation -30.6 (5.9 -35.4 (5.6) -48.3 (5.9 -22.9 (5.9)
Scotland 326 (6.1) 18.7 (6.8) 16.5 (1.7) 20.0 (7.8)
Sweden -16.9 (4.3) -18.4 (3.8) -22.6 (4.5) -13.8 (3.9
United States -4.0 (6.9) -12.4 (6.3) -14.2 (7.8) -11.6 (6.7)

Table A2. Reweighted achievement growth estimates.

Data reweighed to balance the distribution in:
Country Gendsr and immigrant Number of books at home All characteristics together
ackground and parental education
Argentina 66.2 60.5 60.4
Bulgaria -84.2 -97.6 -94.3
Canada 24.9 175 17.3
Czech Rep. 9.0 -16.0 -16.5
England 3.3 5.2 5.3
France 19.6 13.8 13.9
Germany -22.9 -29.3 -32.9




Greece -12.8 -17.1 -19.1
Hong Kong 34.2 354 33.1
Hungary -28.2 -38.4 -38.5
Iceland 38.1 33.1 32.9
Israel -11.6 -25.6 -24.6
Italy -135 -22.1 -18.0
Latvia -52.7 -57.4 -57.9
Macedonia -15 -12.0 -6.5
Netherlands 9.7 4.4 4.2
New Zealand 415 314 33.9
Norway 52.9 47.1 475
Romania -40.8 -43.7 -43.9
Russian Fed. -25.0 -31.9 -30.2
Scotland 37.1 30.5 30.9
Sweden -15.6 -19.0 -20.3
United States -0.2 -11.3 -8.8
Table A3. Reweighted achievement growth estimates by quantiles of performance.
Country 10t 25h 75t 90t
Argentina 82.0 75.9 57.6 51.6
Bulgaria -81.3 -91.2 -84.8 -80.3
Canada 17.6 20.4 28.6 27.9
Czech Republic -22.0 -16.0 -0.3 10.8
England 16.4 2.9 0.0 -14
France 11.7 13.8 25.8 22.1
Germany -59.9 -38.4 2.9 11.2
Greece -24.2 -17.4 -8.3 4.2
Hong Kong 27.2 32.5 38.4 38.3
Hungary -45.0 -42.0 -16.7 -114
Iceland 40.1 37.3 39.0 36.9
Israel 3.8 -9.9 -15.1 -18.0
Italy -13.7 -14.8 -12.4 -10.4
Latvia -83.9 -69.4 -34.6 -23.2
Macedonia 56.5 275 -32.1 -45.1
Netherlands -22.7 -0.5 25.2 27.6
New Zealand 59.1 44.8 36.9 32.9
Norway 51.3 49.8 55.2 55.8
Romania -22.4 -41.6 -48.8 -46.5
Russian Federation -38.8 -36.2 -18.3 9.4
Scotland 47.4 36.8 35.2 29.7
Sweden -34.4 -25.3 -6.0 2.9
United States 2.2 -5.4 -2.2 7.1




Table A4. Unconditional and reweighted achievement growth estimates by quantiles of performance
adjusted for mean age difference between PIRLS and PISA.

Unconditional Reweighted
Country 10th 25th 75th gQth 10t 25th 75th gQth
Argentina 73.9 68.7 445 37.5 72.8 67.3 43.7 36.8
Bulgaria -43.3 -51.6 -53.5 -53.6 -38.0 -48.2 -51.7 -52.6
Canada -7.6 -2.3 3.1 39 -8.6 -3.1 2.6 2.7
Czech Republic -1.3 3.2 9.2 16.1 2.2 2.1 8.6 16.0
England 24.1 9.0 -2.8 -7.3 22.7 8.4 2.1 -6.0
France -3.7 -0.5 6.8 2.9 -4.5 -1.0 6.9 2.9
Germany -29.5 -11.0 11.5 20.9 -37.1 -17.4 8.6 18.6
Greece -45.3 -37.1 -30.6 -25.9 -48.9 -39.5 -33.2 -28.4
Hong Kong 28.1 338 33.2 30.6 25.7 30.9 30.3 28.4
Hungary -15.7 -13.6 0.4 12 -15.9 -14.7 0.6 1.4
Iceland 0.0 1.6 2.6 2.6 -1.0 1.0 2.8 31
Israel -4.4 -18.8 -29.2 -32.0 -4.8 -17.8 -28.5 -32.4
Italy -54.9 -52.3 -47.9 -43.1 -50.6 -47.5 -45.7 -41.8
Latvia -40.0 -25.9 1.2 8.4 -40.1 -25.7 -0.7 5.2
Macedonia 85.7 54.0 -14.1 -31.2 90.8 60.1 9.7 -27.6
Netherlands -11.0 8.4 25.1 24.3 -135 7.6 254 25.1
New Zealand 411 29.0 18.1 12.7 44.8 31.8 19.3 14.9
Norway 255 274 30.7 321 26.2 27.3 30.0 31.2
Romania 11.9 11.9 10.1 9.9 11.0 11.0 9.9 10.1
Russian Federation -35.8 -33.8 -23.2 -16.4 -34.0 -32.1 -21.6 -15.0
Scotland 0.5 -3.8 -4.8 -14 1.0 -4.1 -4.5 7.1
Sweden 3.0 9.9 18.8 16.1 0.7 8.2 17.3 15.4
United States -1.2 -6.3 9.2 -2.5 3.6 -4.5 -8.2 -0.8
Table A5. Number of items in different percentiles of sampled sets of items
Percentiles of sampled sets of items
1% 5% 10% 25% 50% 75% 90% 95% 99%
PISA (number of items)
52 55 57 61 65 68 72 73 77
PIRLS (number of items)
38 41 43 46 50 53 56 57 60




Table A6. Results for simulations of different item pools. 400 Replications

Achievement growth

Country PIRLS 2001 PISA 2000 (PISA-PIRES)

mean | sd p5 p95 mean | sd p5 p95 mean | sd p5 p95
Argentina 426.4 | 3.9 | 420.1 | 4725 | 4679 | 29 | 4629 | 4725 415 | 48 | 333 49.2
Bulgaria 526.5 | 3.6 | 520.6 | 480.1 | 4735 | 3.7 | 4674 | 4801 | -53.0 | 53 | -62.0 | -439
Canada 506.3 | 3.2 | 501.4 | 526.0 | 521.8 | 2.4 | 517.6 | 526.0 155 | 41 8.3 22.2
Czech Rep. 508.3 | 35 | 5022 | 5134 | 5072 | 3.7 | 501.6 | 5134 -11 53 | -92 71
England 5224 | 35 | 5165 | 525.0 | 5204 | 3.1 | 515.0 | 525.0 -1.9 47 | -98 5.6
France 501.3 | 45 | 4940 | 5272 | 5222 | 3.0 | 516.6 | 527.2 21.0 54 | 117 30.1
Germany 516.5 | 35 | 5108 | 5126 | 507.7 | 29 | 5031 | 512.6 -8.8 45 | -16.1 -1.8
Greece 500.5 | 4.9 | 4925 | 498.2 | 4927 | 3.6 | 486.7 | 498.2 -7.8 6.3 | -19.4 2.0
Hong Kong 4878 | 75 | 4755 | 5346 | 5283 | 40 | 521.3 | 534.6 40.5 86 | 277 54.1
Hungary 5109 | 4.8 | 503.1 | 507.0 | 5013 | 3.4 | 496.0 | 507.0 9.6 57 | -18.7 0.2
Iceland 486.4 | 44 | 4789 | 5163 | 5118 | 2.8 | 506.8 | 516.3 254 | 52 | 16.6 33.9
Israel 483.7 | 41 | 4775 | 4999 | 493.6 | 3.6 | 488.0 | 499.9 10.0 5.4 11 18.2
Italy 515.6 | 34 | 5104 | 5136 | 508.7 | 29 | 504.0 | 513.6 6.9 44 | -140 0.3
Latvia 506.5 | 3.9 | 499.2 | 4845 | 4798 | 29 | 4753 | 4845 | -26.6 | 48 | -343 | -19.0
Macedonia 429.7 | 3.8 | 4229 | 4170 | 4108 | 3.5 | 4059 | 4170 | -189 | 50 | -274 -9.6
Netherlands 510.6 | 48 | 5032 | 5306 | 5231 | 42 | 516.2 | 530.6 125 6.5 1.9 22.8
New Zealand 498.7 | 3.1 | 4937 | 530.8 | 526.,5 | 29 | 521.7 | 530.8 278 | 40 | 209 34.0
Norway 4822 | 42 | 4752 | 5202 | 5153 | 29 | 5103 | 520.2 332 | 49 | 250 40.7
Romania 4834 | 40 | 4768 | 4571 | 4514 | 3.6 | 4456 | 4571 | -320 | 52 | -39.8 | -239
Russian Fed. 496.7 | 4.6 | 4889 | 4927 | 4858 | 3.8 | 4788 | 4927 | -109 | 55 | -20.0 -1.9
Scotland 4949 | 3.0 | 4902 | 5321 | 5275 | 29 | 523.0 | 5321 326 | 43 | 251 39.4
Sweden 543.0 | 45 | 5355 | 527.7 | 5220 | 3.2 | 516.8 | 527.7 | -21.1 | 54 | -30.0 | -12.6
United States 499.4 | 3.6 | 4932 | 506.0 | 500.3 | 3.2 | 495.0 | 506.0 1.0 48 | -6.8 9.3




