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Abstract

An important pre-requisite of trend analyses in large scale educational assessments is the measure-
ment invariance of the testing instruments across cycles. This paper investigates the measurement
invariance of the PISA 2000 and PISA 2009 reading instruments using Item Response Theory
models. Links between the PISA 2000 and PISA 2009 instruments were analyzed using data from a
sample tested in 2009 which took both the PISA 2000 and PISA 2009 instruments and additionally
using part of the German PISA 2000 sample. Model fit comparisons showed that the instruments
are not measurement invariant and that some link items show large differences in item difficulty.
Position effects may explain some of these differences and may also influence the size of the link
error.
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Introduction

The introduction is structured into three sections. First, we will give a brief overview of
the goals and study design of the Programme for International Student Assessment
(PISA). Second, we will describe the linking of scores from different PISA assessments
and introduce the computation of the link error, and third, we will present the aims of our
study and our research questions.

Goal and study design of PISA

Starting in the year 2000, the Organisation for Economic Cooperation and Development
(OECD) has been conducting the Programme for International Student Assessment
(PISA) which assesses 15-year-olds every three years in the domains of reading, mathe-
matics, and science. The aim of PISA is to measure life skills that enable people to suc-
ceed in modern societies (e.g., OECD, 2009a). Accordingly, PISA requires students to
evaluate material and apply it to new situations. The three domains are defined in terms
of a literacy concept similar to the one developed by previous surveys, for example the
International Adult Literacy Survey (IALS; e.g., OECD & Statistics Canada, 2000).
Reading literacy is characterized by a person’s capacity to “understand, use, reflect on
and engage with written texts, in order to achieve one’s goals, to develop one’s
knowledge and potential, and to participate in society” (OECD, 2009a; p. 14). Mathe-
matical literacy is defined as “an individual’s capacity to identify and understand the role
that mathematics plays in the world, to make well-founded judgements and to use and
engage with mathematics in ways that meet the needs of that individual’s life as a con-
structive, concerned and reflective citizen.” (OECD, 2009a; p. 14). Scientific literacy
comprises “an individual’s scientific knowledge and use of that knowledge to identify
questions, to acquire new knowledge, to explain scientific phenomena, and to draw evi-
dence-based conclusions about science-related issues, understanding of the characteristic
features of science as a form of human knowledge and enquiry, awareness of how sci-
ence and technology shape our material, intellectual, and cultural environments, and
willingness to engage in science-related issues, and with the ideas of science, as a reflec-
tive citizen.” (OECD, 2009a; p. 14).

In PISA, the main focus of the study alternates. In 2000 it was reading, in 2003 mathe-
matics, and in 2006 science. With the completion of the fourth PISA assessment in 2009,
a new cycle has begun in which reading was once again the first major domain. The
major domain is assigned more testing time than the minor domains. In general, items
are nested in units (e.g., items that refer to the same text passage) and several units com-
pose a cluster. The items in one cluster all assess the same domain. Each test booklet
contains four clusters. The test booklets are randomly assigned to the students participat-
ing in PISA. Comparisons of student achievements in the three domains across the par-
ticipating countries have been drawn from the first PISA study in 2000 and continue to
give important information regarding the standing of students in one nation compared to
the students in other nations. Another central goal of PISA which is increasingly taking
priority is conducting trend analyses. Trend analyses aim at investigating how student
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achievements develop within participating countries over assessment periods (OECD,
2010). Trend analyses (with regard to the whole population or subpopulations) carry
critical implications as they can be used to monitor the success of reforms in educational
systems. For instance, policy makers may be interested in whether the proportion of low-
achieving students has decreased or whether the potential gender gap in achievement has
narrowed or widened.

Linking and the link error

Conducting methodologically sound trend analyses is not an easy task. One pre-requisite
for trend analyses is the measurement invariance of the instruments across assessments
(Kolen & Brennan, 2004). In their review of the PISA test design, Mazzeo and von Da-
vier (2009) list several criteria that need to be fulfilled to establish stable trends. These
include that the same construct should be measured in all assessments and in all partici-
pating countries. Furthermore, the relationship between the items and the underlying
latent trait should be unchanged across assessments for items that are used in several
assessments. Also, item presentation should be standardized and comparable across
countries and assessments.

To ensure the comparability of scores from different assessments, link items, which are
common across assessments, are used. For example, 28 of the 129 reading items used in
PISA 2000 were included in PISA 2003, 2006, and 2009. Changes in the difficulty of
these link items determine the transformation used to equate scores from one assessment
with scores from a previous assessment (OECD, 2012). Since the chosen link items are a
sample of all possible link items, a different transformation would result if an alternative
set of link items had been chosen. Thus, uncertainty is introduced to the process of equat-
ing scores across data collections. The precision with which scores from different as-
sessments are aligned on one performance scale is captured by the link error (or equating
error). The computation of the PISA 2003 link error was shown to be inadequate by
Monseur and Berezner (2007), so it was modified to take into account that items are
organized in units and that partial credit items have a greater influence on scores than
dichotomous items. The improved link error estimate has been used to link PISA 2009
and PISA 2006 data to previous data collections and is described in the PISA technical
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PISA reported the link error to be 4.07 for the reading scale 2006 to 2009 and 4.94 for
the reading scale 2000 to 2009 (OECD, 2012). Thus, when taking only the link error into
account, the 95% confidence interval of the difference in mean scores is about 20 score
points wide (Wu, 2010). Monseur and Berezner (2007) also argued that the link error
may be larger than the sampling error and the measurement error. The link error influ-
ences trend results and conclusions drawn from trend analyses and as such has an effect
on actions taken by policy-makers. Gebhardt and Adams (2007) demonstrated that trend
results differed depending on whether international item parameters were used or wheth-
er national item parameters were used in computation. Since link errors threaten trend
analyses, both Mazzeo and von Davier (2009) and Wu (2010) recommend increasing the
number of link items to reduce the link error.

Aims and research questions of this study

As linking is such an important aspect of trend analyses, this study investigates the linking
of PISA 2000 and PISA 2009 reading and science items for two German samples. In 2009,
the German PISA consortium conducted study in addition to the regular PISA 2009 as-
sessment in which the PISA 2009 booklets as well as five selected booklets from the PISA
2000 assessment were administered to students at 59 German high schools. These 59 high
schools had already participated in PISA 2000-E as part of an extended sample for state
comparisons (Baumert et al., 2002). Thus, data were available from the same 59 high
schools for two different time points, 2000 and 2009, as well as items from two different
PISA instruments, namely the PISA 2000 and the PISA 2009 test booklets. This design
allowed the measurement invariance of the PISA 2000 and PISA 2009 reading instruments
to be investigated within one sample (the sample from 2009) as well as between samples
within one instrument (PISA 2000). The five booklets from PISA 2000 applied in 2009
originally contained mathematics and science items at the last cluster position. The last
clusters in these five booklets were replaced with science clusters from the PISA 2006
assessment, enabling us to analyze the measurement invariance of the PISA 2006 and PISA
2009 science instruments for 44 out of 53 science link items as well.

The aim of this paper is to test the measurement invariance of the reading items from
PISA 2000 and 2009 regarding the common items and link items and the science items
from PISA 2006 and 2009 regarding a subset of the link items. Our goal is to examine
whether it is possible to establish a link and if so, which items are adequate for establish-
ing a stable link. Furthermore, trend results will be reported and factors that influence
linkability will be discussed in terms of how they affect the size of the link error. One
conceivable influence on linking are position effects, i.e., the phenomenon that items
have different difficulties, depending on their position in the test. For PISA 2000, Adams
and Carstensen (2002) showed that differences in item difficulties between positions
occurred for each of the nine reading clusters. Position effects are possible in PISA be-
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cause clusters contain different units of items between assessments, as some items are
replaced and as changes in testing time need to be accommodated when the major do-
main alternates. Thus, it will be analyzed whether differences in position may account
for differences in item difficulties across assessments and instruments.

The samples used in this study allow the assessment of measurement invariance from two
perspectives, first concerning the link and common items in the PISA 2000 and PISA 2009
instruments and second concerning the link and common items in the PISA 2000 reading
instrument for which data was collected in 2000 and 2009. Thus, in sum, our two main
research questions are 1) whether the instruments from PISA 2000 and PISA 2009 are
invariant regarding the reading link and common items and whether the instruments from
PISA 2006 and PISA 2009 are invariant regarding the science link items for the same study
undertaken in 2009 and 2) whether the instrument from PISA 2000 is invariant between
different studies (2000 vs. 2009) regarding the reading link and common items.

Method

Instrument

Reading clusters from PISA 2000 and PISA 2009 as well as science clusters from PISA
2006 and PISA 2009 were used. Table 1 lists the number of items linking the assess-
ments. As the number of common reading items between 2000 and 2009 (39 items) is
larger than the number of link items (28), analyses will be conducted (a) with the com-
mon items and (b) with the link items. Since only items being used repeatedly between
assessments were analyzed, subscales for the different domains were not taken into ac-
count. A list of all the items included in our analyses as well as the item parameter esti-
mates obtained from separate partial credit models in each of the subsamples can be
found in the Appendix.

Table 1:
PISA Link Items across Assessments for the Three Domains
Instrument
PISA 2000 PISA 2003 PISA 2006 PISA 2009
Reading 129 items 28 link items 28 link items 39 common
00/03/06 00/03/06 items 00/09,
c 28 link items
‘T 00/03/06/09
§ Mathematics 20 link items 84 items 48 link items 35 link items
00/03 03/06 03/06/09
Science 25 link items 22 link items 108 items 53 link items
00/03 03/06 06/09

Note. Major domains are depicted in boldface and the absolute number of items is reported.
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Sample

Two datasets were combined to obtain the dataset analyzed here. Both datasets were
collected from 9™ graders at the same 59 German high schools, though during different
assessments. The first dataset (“study 2000") consisted of 1487 students (54.2 % female)
who were regular participants of the PISA 2000-E (Baumert et al., 2002) assessment in
Germany. The booklet design of the PISA 2000 study is depicted in Table 2. The second
sample (“study 2009”; N = 1948, 53.6% female) formed an additional sample to the
German PISA 2009 sample. For this second sample, both the 13 new PISA 2009 book-
lets (with regular difficulty; OECD, 2012) as well as five additional booklets (OECD,
2002) were applied (see Table 3). These 18 booklets were randomly distributed, resulting
in a subsample of 1394 students who filled out the PISA 2009 booklets (booklets 1 - 13)
and a subsample of 554 students who filled out booklets 14 to 18. Booklets 14 to 18
contained reading clusters from PISA 2000 at cluster positions one to three, regarding
these three clusters they were identical to booklets 1 to 5 in the original PISA 2000 as-
sessment (see Tables 2 and 3). The last cluster in the PISA 2000 booklets was originally
used for mathematics and science items; for our study this cluster was replaced by a
science cluster from the PISA 2006 assessment. To differentiate between the different
item sets, each instrument will be referred to by its domain (reading or science) and
PISA study year that the items originated from, e.g., “reading 2000” refers to the reading
items from the PISA 2000 instrument. Thus, booklets 14 to 18 are a combination of
reading 2000 (cluster positions 1 — 3) and science 2006 (cluster position 4).

Analyses

Measurement invariance was assessed from two perspectives. The first research question
asked whether the instruments from PISA 2000 and PISA 2009 were measurement invar-
iant regarding the reading items from the same study in 2009. For the science items, this
question pertained to the instruments from PISA 2006 and PISA 2009. The second re-
search question was whether the instrument from PISA 2000 was measurement invariant
for different studies (study 2000 vs. study 2009). This question was analyzed using the
reading items.

To answer these research questions, random coefficients multinomial logit models
(RCMLM; Adams & Wilson, 1996) were estimated using ConQuest (Wu, Adams, Wil-
son, & Haldane, 2007). The RCMLM s a flexible generalization of the Rasch model
(Rasch, 1960) which integrates other Rasch-type models such as the rating scale model
(Andrich, 1978), the partial credit model (PCM; Masters, 1982), multifaceted models
(Linacre, 1994), and the linear logistic test model (LLTM; Fischer, 1973). Thus, the
RCMLM allows group differences (e.g., between study 2000 and study 2009) to be in-
corporated into the model as well as item by group interactions (differential item func-
tioning).
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The basic model for items with dichotomous response formats was the Rasch model
(Rasch, 1960)3 which models the probability that person v with person parameter 6, will
give a correct response to item i with difficulty ; :

exp(6, —4,)
X.i=116,6)=—">"—"—. 2
P =118,8) =5 0
Equation 2 can also be expressed in logit form:
Iogit:lnmzev -5, 3)
1- p(xvi =1)

The item difficulty J; can further be parameterized to account for properties that certain
items share (e.g., cognitive operations involved in solving them). In this case, the LLTM

K
(Fischer, 1973) results: logit =6, —ana;lk where 7, is a difficulty parameter for item

k=0
property k and @, represents an indicator weight of item i on item property k which
takes the value 1 if item i belongs to property k and 0 otherwise. Two extensions of this
model were compared to test measurement invariance. Model 1 consisted of a Rasch
Model and a unique mean parameter S, with ¢ = 1, ..., G for the student performance

distribution in the respective study or instrument:
Model 1: logit=6, -5, + B,. 4)

Model 2 additionally modeled the interaction between study or instrument and the diffi-
culty of the item:

Model 2: logit=0, -5, + f3, . (5)

That is, in Model 2, differences in item difficulties (differential item functioning) be-
tween the studies or instruments were also estimated”. To evaluate the magnitude of
these differences, the classification system for differential item functioning (DIF) devel-
oped by Educational Testing Service (ETS) was applied. In this classification system,
items with DIF values below .25 contain negligible DIF, items with DIF values between
.25 and .37 contain slight to moderate DIF, and items with DIF values equal to or above
.38 contain moderate to large DIF (cut-off values were transformed from the delta scale
used by ETS; Zieky, 1993). For reading, the two models were computed once with the
link items and a second time using the common items.

ConQuest applies marginal maximum likelihood estimation using an EM algorithm
(Bock & Aitkin, 1981) to estimate the item parameters and a normally distributed ability
density. For the model comparisons, the mean of the item parameters was constrained to

% For partial credit items the partial credit model (Masters, 1982) was used.

4 ConQuest model statements for the two models are: Model 1: item + item*step + instrument; Model 2:
item + item*step + instrument + item*instrument
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be zero for model identification purposes. Note that for the PCMs reported in the Appen-
dix the model identification constraint was placed on the cases, yielding a mean latent
variable of zero. Missing values were treated according to the PISA procedure (e.g.,
OECD, 2012). That is, responses to items that the student had reached and were missing
or invalid were recoded as incorrect while items that the student had not reached were
treated as not administered. Comparisons of model fit between the models test the as-
sumption that differences in item difficulties between assessments are negligible and that
joint scaling can therefore be conducted across assessment periods. The difference in the
deviance (-2 x log-likelihood) of the two models was tested for significance using a y2-
test. Furthermore, Akaike’s Information Criterion (AIC; Akaike, 1973), the Bayesian
Information Criterion (BIC; Schwarz, 1978), and the consistent Akaike’s Information
Criterion (CAIC; Bozdogan, 1987) were consulted for finding the better-fitting model.
Note that standard errors reported for estimates on group differences and estimates of the
interaction between study or instrument and the item do not take into account the link
error and neither the sampling error but only represent the statistical uncertainty due to
parameter estimation.

Furthermore, the link error (see introduction) was investigated. The link error was com-
puted for the reading link items, the common reading items, and the science link items
for each of the different combinations between study and instrument. The link errors for
the common reading items and the science link items were compared to the ones reported
in the PISA 2009 Technical Report (OECD, 2012). Additionally, the link error
2000/2009 was computed separately by cluster position for the common reading items to
investigate whether there were differences in the size of the link error depending on the
items position in the test booklet. As the common reading items were only at positions
one to three in PISA 2000 (see Table 2), a separate link error for cluster position four
could not be computed. This analysis was conducted using data from the 28 OECD coun-
tries that had taken part in PISA 2000 and PISA 2009°. For each of the cluster positions,
a random sample of about 500 students per country was drawn. Selection probabilities in
the random sample should be equal to those in the complete sample. To achieve this, we
multiplied the final student weights (which reflect the variation in selection probabilities)
with random numbers from a uniform distribution to draw the random sample. For the
computation of the link error across all cluster positions, both a random sample of about
500 students per country as well as a random sample of about 2000 students per country
were drawn.

We analyzed whether differences in the position of items might be explanative for differ-
ences in the difficulty between studies and instruments. The PISA test design (from
PISA 2003 on) has been balanced regarding the item clusters; that is, each cluster as a
whole appears at each of the four cluster positions in one of the test booklets. However,
the position of each item unit within its respective cluster is fixed. Thus, the test design is
not balanced regarding the position of the item units within clusters. Between assess-
ments the allocation of item units to clusters can change for example, due to differing

® public use data from the PISA assessments is available online at http://www.oecd.org/pages/0,3417,en_
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amounts of testing time. In consequence, it is possible for an item to differ in its position
in the cluster between two PISA assessments. For example, item R055Q01 was at posi-
tion 9 in cluster R2 in PISA 2009 while it was at position 3 in cluster R5 in PISA 2000.
This means that item difficulties are by design always confounded with the position of
items in clusters and the positions are not perfectly controlled for due to constraints in
test assembly.

To test directly using a model-based approach whether there is an interaction between
item position and instrument would be an interesting prospect. However, this would
require a balanced design with regard to the item position which provides data for each
possible combination of an item with a position in the instrument. Since this is not the
case in the design of the presented national add-on study, this model cannot be estimated.
For an application of this LLTM to a large-scale assessment where the item position is
balanced see Hohensinn et al. (2008). To approximate this model we instead extended
Model 1 (Equation 4) to include an interaction between item, cluster, and instrument. To
test whether there was a meaningful interaction between these three components, we
compared Model 1 to a model including this three-way interaction6 where the cluster
positionisc =1, ..., C:

Model 3: logit =06, — 5, + f3,. (6)

From PISA 2003 on the test design has been balanced regarding the cluster positions.
However, in PISA 2000 this was not yet the case so the model comparison concerning
instrument 2000 and instrument 2009 had to be conducted with the set of items that were
positioned at all cluster positions in instrument 2000 (17 of the common reading items).

To further test whether position effects may have been responsible for differences in item
difficulty, correlations were computed. An index for the cluster position was created
which takes into account the number of items in each respective cluster, the position of
the item within the cluster, and the position of the cluster in the respective booklet. The
first value of the index identifies the item’s cluster position (1, 2, or 3). The fraction
consists of the position of the item within the cluster (counting from 0) divided by the

. . . item number —1
number of items in the cluster: Index = cluster posmon+¥ . For exam-

Nitemsin cluster

ple, item R055Q01 was the ninth of 15 items in reading cluster R2 which was at position
1 in booklet 8. Thus, item R055Q01 received the index 1 (9-1)/15. In booklet 13, cluster
R2 was at position 2 and item R055Q01 therefore received the index 2 8/15. Then, these
indices were averaged to obtain the mean position of the items (see Appendix 1). The
differences in this position index between instruments were correlated with the differ-
ences in item difficulty. If the mean position of items differs between instruments, poten-
tially a bias in the item difficulties might be introduced which corresponds to the average
position of the items. To quantify this potential bias, differences in item difficulty were
regressed on differences in the position index. The potential bias then equals the predict-
ed value in the item difficulty difference for the average difference in position.

® This corresponds to item*cluster*instrument in the ConQuest model statement
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Table 2:
PISA 2000 Booklet Design
Cluster

Booklet ID 1 5 3 4
1 R1 R2 R4 M1 M2
2 R2 R3 R5 S1S2
3 R3 R4 R6 M3 M4
4 R4 R5 R7 S354
5 R5 R6 R1 M2 M3
6 R6 R7 R2 S2 S3
7 R7 R1 R3 R8
8 M4 M2 S1S3 R8 R9
9 S4S2 M1M3 R9 R8

Note. R = reading, M = mathematics, S = science.

Table 3:
Study 2009 Booklet Design
Booklet Cluster

ID 1 2 3 4

1 M1 R1 R3A M3

2 R1 s1 R4AA R7

3 S1 R3A M2 S3
@ 4 R3A R4A S2 R2
~ 5 RA4A M2 R5 M1
8 6 R5 R6 R7 R3A
2 7 R6 M3 S3 R4A
& 8 R2 M1 S1 R6
5 9 M2 s2 R6 R1
o 10 S2 R5 M3 s1

11 M3 R7 R2 M2

12 R7 S3 M1 S2

13 S3 R2 R1 R5
Sg 14 R1 R2 R4 S1-MS06
28 15 R2 R3 R5 S4-MS06
2 8 16 R3 R4 R6 S5-MS06
g2 17 R4 R5 R7 S6-MS06
x @ 18 R5 R6 R1 S7-MS06

Note. R = reading, M = mathematics, S = science, MS = main study. Booklets 14 to 18 contain reading
clusters from PISA 2000 and science clusters from PISA 2006. For some clusters there were two
versions, a regular one (A) and an easier one (B).
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Results

In the following, results will be reported for the analyses on measurement invariance, the
link error, and position effects. The first section contains the results for reading and the
second section contains the results for science.

Reading

Two of the reading items, R219Q01T and R219QO01E, were removed at the international
level due to data entry errors as described in the PISA 2009 technical report (OECD,
2012). Thus, the reading link consisted of 26 items and there were 37 common reading
items between reading 2000 and reading 2009. The group parameters included in Model
1 show for which subsample the items, taken as a whole, were easier. For study 2009,
participants filling out reading 2009 were slightly better compared to participants filling
out reading 2000 (-0.02 logits, SE = 0.03) regarding the 37 common items. Concerning
the 26 link items, the difference in the group parameter was -0.08 logits (SE = 0.03) for
study 2009, again favoring participants tested with the PISA 2009 instrument. For the
PISA 2000 instrument, the 37 reading items were easier for participants tested in 2000
compared to participants tested in 2009 (-0.32 logits, SE = 0.03). The 26 reading link
items were -0.33 logits (SE = 0.03) easier for students assessed with the PISA 2000
instrument in 2000 compared to students assessed with the same instrument in 20009.
Bischof, Hochweber, Hartig, and Klieme (in press) did not find significant differences in
the mean reading performance between 2000 and 2009 for samples from the same 59
schools used in our study.

Comparisons of model fit showed that for both item sets and for both research questions,
Model 1 had lower BIC and CAIC values compared to Model 2 (see Table 4a and Table
4b). However, both the significant y2-tests of the difference in deviance between the
models and the AIC indicated that the more complex Model 2 fit better than Model 1.
Thus, meaningful differences in item difficulty appear to exist. A closer investigation of
the item difficulties revealed substantial differences for some items. Figure 1a shows the
differences in item difficulty for study 2009 between the PISA 2000 instrument and the
PISA 2009 instrument. Positive values indicate that the item was more difficult in the
PISA 2009 instrument. Most reading items fall in the negligible or slight to moderate
category of the ETS classification system (Zieky, 1993), but some clearly exceed the
limit for moderate DIF, most notably R0O55Q03 which was extremely easy for students
filling out reading 2009 compared to students filling out reading 2000 (-1.71 logits, SE =
0.09, 95% CI [-1.88, -1.53]). In Figure 1b, the differences in item difficulty for the read-
ing items in the PISA 2000 instrument between study 2000 and study 2009 are depicted.
Here, some of the same items as in Figure 1a showed large differences (e.g., R220Q05
with 1.14 logits, SE = 0.21, 95% CI [0.73, 1.55]), though others showing large differ-
ences in Figure l1a only showed smaller differences in Figure 1b (e.g., R0O55Q03 with
-0.66 logits, SE = 0.08, 95% CI [-0.82, -0.51]). The pattern of the item difficulty differ-
ences is very similar between the common and link items. However, for some items (e.g.,
R220Q05) the difference is marginally larger when all 37 common items (1.14 logits, SE
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=0.21, 95% CI [0.73, 1.55]) are included compared to only the 26 link items (1.06 logits,
SE = 0.21, 95% CI [0.65, 1.46]) in the comparison of study 2000 and study 2009 for the
PISA 2000 instrument. For other items (e.g., R219Q02), the difference is slightly smaller
with 37 items (-0.45 logits, SE = 0.14, 95% CI [-0.73, -0.17]) compared to 26 items
(-0.52 logits, SE = 0.14, 95% CI [-0.80, -0.24]).

Model 1 was recomputed after removal of the items with the largest differences in item
difficulty, namely R055Q03 and R220Q05 for the reading link items and additionally
R101Q02 for the common reading items. First, group differences were re-assessed for
the comparison of the PISA 2000 and PISA 2009 instruments in study 2009. The remain-
ing 24 reading link items did not differ in difficulty between participants tested with
reading 2000 in study 2009 compared to participants tested with reading 2009 in the
same study (0.00 logits, SE = 0.03). The reduced number of 34 common items yielded a
group parameter of 0.04 logits (SE = 0.03) for study 2009 with participants filling out
reading 2000 having slightly better results. The group difference for the common items
changed its direction and was slightly larger compared to the full item set.

Second, group differences were re-assessed for the comparison of reading 2000 in study
2000 and study 2009. Regarding the remaining 24 link items, the group parameter
amounted to -0.37 logits (SE = 0.03), indicating that the PISA 2000 instrument was
easier for students in study 2000 compared to students in study 2009. For the 34 common
items the group parameter was -0.35 logits (SE = 0.03), indicating that it too was easier
for students assessed in study 2000 compared to students assessed in study 2009. Thus,
concerning reading 2000 in study 2000 and study 2009, the differences are in the same
direction and slightly larger compared to the full item set for both the link items and the
common items.

Link errors were computed between the instruments from PISA 2000 and PISA 2009 for
the reading link and common items. These are reported in Table 5. For example, for the
37 common reading items, the link error was 6.43 points on the PISA reading scale for
the link between the instruments from PISA 2000 and PISA 2009 both applied in study
2009. When only the 34 common reading items without large differences in item diffi-
culty were used, the link error decreased to 5.48 points. The OECD reports a link error of
4.94 on the PISA reading scale between 2000 and 2009 (Table 12.36; OECD, 2011)
which is lower than the link errors computed with our data. For comparisons of the mag-
nitude of the link error in relation to the cluster position of the items in the booklets, the
link error was computed separately by cluster position for the 37 common reading items
using data from an international sample with N = about 500 per OECD country. When
the common reading items were at cluster position 1 in the test booklet, a link error of
6.69 points on the PISA reading scale resulted between PISA 2000 and PISA 2009 (see
Table 5). Across the three cluster positions, the international sample with about 500
students per OECD country yielded a link error of 5.86 points while the international
sample with about 2000 students per OECD country yielded a link error of 5.92 points
on the PISA reading scale.

To investigate one possible reason for the differences in item difficulty we found, posi-
tion effects were estimated. First, we compared the model fit between Model 1 and Mod-
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el 3 (including the three-way interaction between item, cluster, and instrument) for the 17
reading items that appeared at all three cluster positions. Model 1 yielded an AIC of
12060.84 (BIC = 12194.63, CAIC = 12218.63) while Model 3 yielded an AIC of
12088.89 (BIC = 12412.22, CAIC = 12470.22). Thus, the simpler model showed a better
fit indicating that overall differences in item position did not play an important role for
differences in item difficulty between the two instruments.

Second, we investigated correlations between differences in cluster position and differ-
ences in item difficulty. The correlation between the difference in cluster position (read-
ing 2009 — reading 2000) and the difference in item difficulty between the two instru-
ments was r = .29 (p = .08; N = 37) for the 37 common reading items. When the three
items with large item difficulty differences were not included, the correlation rose to r =
.41(p = .02). The mean difference in cluster position was -0.19 (SD = 0.55) which corre-
sponds to about one fifth of a cluster’s length. Thus, common reading items on average
were at a slightly earlier position (about three to four items earlier) in the PISA 2009
instrument. The resulting potential bias (quantified as the predicted value for the average
difference in item position in the regression of difference in item difficulty on difference
in item position) for the 34 remaining common items amounted to -0.05 logits (CI [-0.11,
0.01]) in favor of students tested with the PISA 2009 instrument. For the 26 link items
the correlation between the difference in cluster position and the difference in item diffi-
culty was r = .26 (p = .20). For the reduced item set of 24 reading link items, this correla-
tion increased to r = .55 (p = .01). The 24 link items yielded a mean difference in cluster
position of -0.29 (SD = 0.44) and a potential bias of -0.13 logits (CI [-0.21, -0.05]). Thus,
we would expect participants taking reading 2009 to be slightly better compared to par-
ticipants taking reading 2000 solely based on the earlier position of the reading items for
both reading item sets, though the bias is larger when only taking the link items into
account. However, as noted above, in our data students taking reading 2009 were only
better than students taking reading 2000 for all 37 common item and the 26 link items,
but not for the reduced set of 34 common items. Note that confidence intervals were
computed taking into account only the regression’s standard error. Considering the
measurement error, the sampling error, and the link error additionally would result in
wider confidence intervals for the potential bias.
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Table 5:
Link errors for Reading and Science

Domain and sample Number of items
Reading 37 common 34 reduced 26 link 24 reduced

items common items link items

items

Reading 2000 and 2009 6.43 5.48 6.33 6.30
in study 2009
Reading 2000 in study 6.30 4.34 8.02 5.66

2000 and study 2009

International sample

Cluster position 1 6.69
(N =500 per country)

Cluster position 2 8.13
(N =500 per country)

Cluster position 3 8.13
(N =500 per country)

Cluster positions 1-3 5.92
(N = 2000 per country)

Cluster positions 1-3 5.86

(N =500 per country)

Science 44 link items 42 reduced link items
Science 2006 and 10.50 7.55

Science 2009 in study

2009

Note. Link errors for reading are reported on the PISA 2000 scale. Link errors for science are reported on
the PISA 2006 scale.
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differences in item
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Figure la:
Differences in item difficulties for reading between the PISA 2009 instrument and the PISA
2000 instrument in study 2009. Positive values indicate that the item was more difficult in the
PISA 2009 instrument. Error bars represent standard errors.
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Figure 1b:

Differences in item difficulties between study 2009 and study 2000 for the PISA 2000
instrument. Positive values indicate that the item was more difficult in study 2009. Error bars
represent standard errors.

Due to a model identification constraint on the item parameters, no SE are estimated for the
last item. Item labels are listed in the Appendix.
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Science

As only five of the seven PISA 2006 science clusters were used in study 2009, only 44
science link items (out of the full set of 53 items) could be analyzed. Since these five
clusters from PISA 2006 were positioned at the fourth cluster position in study 2009,
only this cluster position was used for the data from science 2009 as well. The group
parameter included in Model 1 revealed that the science link items were easier for partic-
ipants tested in 2009 with science 2009 than for participants tested in 2009 with science
2006 (-0.27 logits, SE = 0.04). A comparison of the model fit for Model 1 and Model 2
yielded a better fit for Model 2 according to the y2-test and the AIC (see Table 4a). Thus,
as for reading, the science items also showed an interaction between instruments (2006
vs. 2009) and items, indicating that differences in item difficulty between the two in-
struments need to be taken into account. As can be seen in Figure 2, some items differed
substantially between science 2006 and science 2009, especially S413Q05 (-3.36 logits,
SE = 0.20, 95% CI[-3.75, -2.96]) and S256Q01 (-1.86 logits, SE = 0.39, 95% CI [-2.61,
-1.10]) which are both easier in science 2009. When these two items were removed and
Model 1 was recomputed, the difference between the two subsamples was reduced to
-0.20 logits (SE = 0.04), again favoring students tested with science 2009 in study 2009,
though slightly smaller in size compared to the full item set.

The link error for the 42 science link items (without S413Q05 and S256Q01) was 7.55
points on the PISA science scale (see Table 5). This link error is not comparable to the
one reported in the PISA 2009 Technical Report (2.57 points; OECD, 2012) which was
based on the full set of 53 link items at all four cluster positions. The correlation between
the difference in the index for item cluster position and the difference in item difficulty
was r = -.03 (p = .84) for the 42 science link items remaining after removal of the two
items with the largest differences in item difficulty. The mean difference in item cluster
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Figure 2:

Differences in item difficulties for science between the PISA 2009 instrument and the PISA
2006 instrument. Positive values indicate that the item was more difficult in the PISA 2009
instrument. Error bars represent standard errors.

Due to a model identification constraint on the item parameters, no SE are estimated for the
last item. Item labels are listed in the Appendix.
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position between science 2009 and science 2006 (for the fourth cluster) was negligible at
-0.01 (SD = 0.18). Thus, for the 42 science link items and the fourth cluster position,
position effects did not appear to play a role for the differences in item difficulty.

Discussion

In this paper, the measurement invariance — as an important pre-requisite of trend anal-
yses — of PISA reading and science link items was analyzed for items from PISA 2000
and PISA 2009 for reading and from PISA 2006 and PISA 2009 for science. Further-
more, we analyzed whether position effects accounted for differences in item difficulties
across instruments and assessments.

Our analyses showed that some of the reading and science link items changed in their
difficulty between 2000 and 2009. One possible reason are variations in item wording
between the assessments. Regarding the German test booklets applied here, five reading
link items (R055Q03, R067Q04, R104Q02, R220Q04, and R227Q02) were phrased
slightly differently in PISA 2009 compared to PISA 2000. For R055Q03 this explanation
appears especially plausible, since the wording in the German booklets was simplified
which may have led to the item being easier in the PISA 2009 instrument compared to
the PISA 2000 instrument. As an aside, R055Q03 was deleted at the national level in the
German-speaking countries for PISA 2000 and PISA 2003 but has been retained since
PISA 2006 (presumably after the wording was changed).

The comparison of model fit for the RCML models making different equality assump-
tions confirms that differences in item difficulties exist. Thus, the PISA 2000 and PISA
2009 instruments are not measurement invariant regarding the 37 common reading items
as well as the 26 reading link items. Furthermore, the instrument from PISA 2000 also
was not measurement invariant between two studies (study 2000 and study 2009) regard-
ing the reading items. For 44 of the science link items, measurement invariance was also
shown to be violated between the instruments from PISA 2006 and PISA 20009.

The link errors computed with our data were larger compared to the ones reported in the
Technical Report for PISA 2009 (OECD, 2012) for the reading link 00/09 and the sci-
ence link 06/09. However, when items with large differences in item difficulty between
the instruments were removed, the link error was reduced by approximately 0 to 3 points
on the PISA scale (mean reduction 20.83%). Thus, the few items that changed their
difficulties between assessments appear to have had a strong influence on the size of the
link error. Furthermore, using the reduced item sets, link errors were larger for the 24
reading link items compared to the 34 common reading items for the link 00/09 in study
2009. For science, the link error computed from items on cluster position four was much
larger than the one computed by the OECD for all cluster positions. For the international
sample the link error was smallest at cluster position 1 and largest at cluster position 3. It
is conceivable that the link error was increased by fatigue effects for cluster positions 2
and 3. Differences between the link errors from the international samples drawn in this
study and the one reported by the OECD are probably due to the different data used: the
OECD link error is based on data from all four cluster positions while our link errors are
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based on data from only the first three cluster positions for reading. Since the link error is
computed using the differences in item difficulty between assessments, it can be assumed
that differing results on the differences in item difficulty between the OECD sample and
our sample contributed to differing link errors. The size of the link error also appears to
be influenced by sample size since the link error was slightly larger for an international
sample of about 500 students per OECD country compared to an international sample of
about 2000 students per OECD country. Large link errors can impair the measurement
invariance of PISA instruments and in consequence limit the conclusions that can be
drawn from trend analyses. It follows that eliminating factors that lead to large link er-
rors is important. Our results confirm the previous finding by Wu (2010) and Mazzeo
and von Davier (2009) that rather more than fewer items should be used to establish the
link.

Differences in item position between instruments are a possible explanation for differ-
ences in item difficulty. Position effects are generally of concern in the ability domain,
where proficiency scores may be biased if the position on which items are presented has
an influence on item difficulties over and above the items’ content. This is illustrated by
Hohensinn et al. (2008) in an application of the LLTM to test item position effects in
mathematics data in a large scale assessment. Hohensinn et al. showed a small fatigue
effect taking place. Other frameworks than the LLTM as in this study and Hohensinn et
al. can also be applied to the investigation of item position effects. For example,
Schweizer and Ren (2013) demonstrate how confirmatory factor analysis can be used to
represent the position effect in speed tests where individual differences in working speed
also play a role. Our study showed that in the PISA 2009 instrument, the reading link
items were on average positioned earlier compared to the instrument used in PISA 2000.
Thus, these items may have been easier for participants in PISA 2009 due to position
effects. The model including an interaction between item, cluster, and instrument did not
show a better fit than the simpler model not including this interaction for the subset of
items that allowed estimating this model. This indicates that overall differences in item
position had a negligible effect on differences in item difficulty. Nevertheless, position
effects may have played a role for some items. For example, the difference in cluster
position and the difference in item difficulties between the instruments from PISA 2000
and PISA 2009 for the reading items showed a small to medium correlation, indicating
that on average, reading items were positioned earlier and were easier in reading 2009
compared to reading 2000. It follows that the recommendation expressed by Mazzeo and
von Davier (2009) as well as Wu (2010) of changing as little as possible and assuming
that all changes have an effect can only be emphasized as even minor differences be-
tween assessments can limit possibilities for trend analyses.

Strongly related to the issue of item position effects is the issue of booklet effects which
can also influence changes in item difficulty and in turn enlarge the link error. Booklet
effects refer to the position of items in test booklets. According to Wu (2010), link items
should be placed at the same position since difficulty changes resulting from position
effects may increase the link error. Booklet effects affected item parameter estimates in
PISA 2000 (Adams & Carstensen, 2002). Since the test design has been balanced from
PISA 2003 on, item parameter estimates in PISA 2006 and PISA 2009 should not be
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affected by booklet effects. However, the different location of domains within each
booklet had an effect on proficiency distributions (OECD, 2012). This is taken into ac-
count in PISA 2009 by estimating booklet parameter estimates and adding or subtracting
the resulting booklet effects from the proficiencies of students. Lastly, carry-over effects
may also contribute to difference in item difficulties. This is especially relevant for the
comparison between science 2006 and science 2009 as well as reading 2000 and reading
2009 both assessed in study 2009 since here differing items preceded the link and com-
mon items we analyzed, possibly contributing to differences in item difficulties, while
for the comparison between study 2000 and study 2009 regarding reading the composi-
tion of the clusters was identical.

Limitations

The results reported here are based on samples from a single country, namely Germany.
Results at the international level or in other countries participating in PISA may differ.
The samples used in this study both consisted of high school students. Thus, the results
are not generally valid for other school types. Furthermore, while the sample assessed in
2000 was part of the official German PISA 2000 sample, the sample assessed in 2009
formed part of a study conducted by the German PISA consortium in addition to PISA
2009. However, since this study was conducted in adherence to the PISA procedure (e.g.,
concerning standardization), it can be assumed that the data collection and analyses for
this sample did not differ systematically from those of the PISA sample.

Conclusion

The interaction between items and study or instrument, respectively, indicates that meas-
urement invariance between the PISA instruments for 2000 (2006) and 2009 for reading
(science) is not given. For some items, differences in item difficulty are substantial.
These may partly be attributed to position effects, though other factors play a role as
well. For the reading items, the link 2000/2009 works quite well with all common items
and shows a smaller link error compared to the link error computed with only the link
items. Items with large differences in item difficulty between assessments appear to
increase the link error and thus should be removed from linking.
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Appendix 1

Reading and Science Items with Item Parameters (SE) in each Subsample and
Mean Position

Item parameter (SE) Item
parameter
(SE)
Do- Item Itemlabel  S00-100  S09 - 100 mean S09 - 109 mean
main  nr. N = 1487 N =554 position 100 N=1394  position
109
1 RO55Q01* -3.07(21) -2.56(.20) 2.13 -2.52 (17) 2.53
2 R055Q02*  -1.59(.12) -1.66 (.15) 2.20 -0.96 (.11) 2.60
3 R055Q03*  0.48(.10)  0.16 (.12) 2.27 -1.54 (.13) 2.67
4  RO055Q05* -2.96 (.20) -3.25(.27) 2.33 -2.70 (.19) 2.73
5  RO67Q01*  -412(.34) -4.06 (.38) 2.60 -4.51 (42) 2.21
6 R067Q04*  -0.86 (.08) -0.60 (.08) 2.67 -0.46 (.07) 2.29
7  RO67Q05* -1.37(.10) -1.19(.09) 2.73 -1.29 (.09) 2.36
8 R083Q01  -2.27(.15) -1.63(.18) 2.74 -1.48 (.12) 2.00
9 R083Q02  -2.73(.18) -3.12(.30) 2.79 -2.71 (.18) 2.06
10  R083Q03  -2.76(.18) -3.03(.29) 2.85 -2.47 (17) 2.13
11 R083Q04  -1.45(12) -1.17(.16) 2.91 -1.27 (12) 2.19
12 R101Q01  -1.46(12) -1.43(.17) 2.41 -1.18 (.12) 2.69
> 13 RI101Q02  -3.10(21) -3.32(33) 2.47 -2.39 (.16) 2.75
g 14  R101Q03  -2.12(.15) -1.88(.19) 253 -1.70 (.13) 2.81
@ 15  R101Q04  -2.20(.15) -2.03(.20) 2.59 -2.27 (.16) 2.88
16  R101Q05 -0.74(11) -0.29 (.14) 2.65 -0.30 (.10) 2.94
17 R102Q04A* -1.40(.12) -0.85(.12) 2.50 -0.52 (.11) 243
18  R102Q05* -0.42(.10) -0.23(.12) 2.56 -0.46 (.10) 2.50
19  R102Q07* -3.46(.25) -3.03(.24) 2.67 -2.93(.21) 2.57
20  R104Q01*  -4.26(.36) -3.21(.31) 3.26 -2.73 (.19) 2.80
21 R104Q02* 0.55 (.10) 0.91 (.16) 3.32 1.50 (.13) 2.87
22 R104Q05*  0.63(11)  1.39(.24) 3.44 1.69 (.20) 2.93
23 R111Q01* -2.08(.14) -2.20(.17) 2.72 -2.26 (.16) 2.27
24 R111Q02B* -0.57 (.08)  0.02 (.09) 2.78 0.09 (.08) 2.33
25 R111Q06B* -0.43(.06)  0.04 (.06) 2.94 -0.14 (.06) 2.47
26  R219Q02* -2.39(.16) -2.55(.24) 2.11 -2.43(.17) 2.14

27 R220Q01* -1.04(11) -0.21(.21) 3.69 -0.60 (.11) 2.64
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Item parameter (SE) Item
parameter
(SE)
Do- Item Item label S00 - 100 S09 - 100 mean S09 - 109 mean
main  nr. N = 1487 N =554  position 100 N =1394 position
109
28 R220Q02B* -2.14(.15) -1.19(.24) 3.75 -1.69 (.13) 2.71
29 R220Q04*  -1.87 (.13) -1.42(.25) 3.81 -1.58 (.13) 2.79
30 R220Q05*  -3.73(.27) -2.29 (.33) 3.88 -3.45 (.26) 2.86
31 R220Q06*  -2.21(.15) -1.49 (.26) 3.94 -2.21(.16) 2.93
-g 32 R227Q01*  -1.00 (.11) -0.92 (.12) 2.00 -0.92 (.11) 2.00
§ 33  R227Q02T* -1.85(.15) -1.79 (.17) 2.06 -1.92 (.16) 2.07
34 R227Q03*  -2.01(.14) -1.34(.14) 2.11 -1.38(.12) 2.13
35  R227Q06*  -2.54 (.17) -2.36 (.19) 2.22 -2.72 (.19) 2.20
36 R245Q01  -3.01(.20) -2.23(.21) 1.50 -1.95 (.14) 2.56
37 R245Q02  -3.10(.21) -3.42(.35) 1.58 -2.89 (.20) 2.63
1 $131Q02T NA -1.04 (.30) 4.05 -1.10 (.12) 4.18
2 $256Q01 NA -2.18 (.36) 4.00 -4.30 (.72) 4.22
3 $269Q01 NA -1.94 (.34) 4.18 -1.90 (.29) 4.00
4 $269Q03T NA -0.61 (.29) 4.23 -0.74 (.10) 4.06
5 $269Q04T NA 0.66 (.29) 4.27 0.18 (.22) 4.11
6 $326Q01 NA -1.45(.31) 4.10 -0.65 (.22) 4.00
7 $326Q02 NA -2.41 (.37) 4.15 -2.14 (.30) 4.06
8 $326Q03 NA -2.32(.36) 4.20 -1.61 (.26) 4.11
9 $326Q04T NA 0.09 (.28) 4.25 0.59 (.22) 4.17
2 10 $408Q01 NA -1.28 (.31) 4.30 -1.45 (.26) 4.17
§ 11 $408Q03 NA 1.03 (.29) 4.35 1.73 (.28) 4.22
@ 12 S408Q0AT NA -1.07 (.30) 4.40 -1.09 (.24) 4.28
13 $408Q05 NA -0.21 (.28) 4.45 -0.33(.22) 4.33
14 S413Q04T NA -0.45 (.29) 4.84 -0.82 (.22) 4.50
15 S413Q05 NA 2.10 (.35) 4.89 -1.59 (.26) 4.56
16 $413Q06 NA -0.09 (.29) 4.79 -0.56 (.22) 4.44
17 $415Q02 NA -2.74 (.40) 4.90 -2.69 (.38) 4.88
18 S415Q07T NA -2.52 (.38) 4.85 -2.56 (.37) 4.82
19  S415Q08T NA -0.34 (.28) 4.95 -0.69 (.23) 4.94
20 $425Q02 NA 0.02 (.28) 4.48 -1.04 (.24) 4.89
21 $425Q03 NA -0.20 (.29) 4.38 -0.71 (.22) 4.78
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Item parameter (SE) Item
parameter
(SE)

Do- Item Item label S00 - 100 S09 - 100 mean S09 - 109 mean
main  nr. N = 1487 N =554  position 100 N =1394 position

109

22 S425Q04 NA -0.61 (.29) 4.52 -0.58 (.23) 4.94

23 S425Q05 NA -1.57 (.32) 4.43 -1.23 (.24) 4.83

24 $428Q01 NA -1.66 (.33) 4.32 -1.95 (.29) 4.29

25 $428Q03 NA -2.40 (.38) 4.37 -2.31(.32) 4.35

26 $428Q05 NA -1.16 (.31) 4.42 -1.07 (.24) 4.41

27  S438Q01T NA -2.61 (.40) 453 -2.27 (.32) 4.65

28 $438Q02 NA -1.16 (.31) 4.58 -0.98 (.24) 4.71

29  S438Q03T NA 0.01 (.29) 4.63 -0.46 (.10) 4.76

30 $465Q01 NA -0.39 (.24) 4.16 -0.62 (.15) 4.00

31 $465Q02 NA -0.64 (.29) 4.21 -0.86 (.23) 4.06

) 32 S465Q04 NA 0.14 (.29) 4.26 -0.01 (.21) 4.12

§ 33 S466Q01T NA -2.20 (.36) 4.79 -1.96 (.31) 4.83

@ 34 S466Q05 NA -1.16 (.31) 4.89 -1.87 (.30) 4.94

35  S466Q07T NA -2.40 (.38) 4.84 -2.50 (.37) 4.89

36 S478Q01 NA 0.23 (.29) 4.37 -0.26 (.21) 4.28

37  S478Q02T NA -0.64 (.29) 4.42 -0.99 (.23) 4.33

38  S478Q03T NA -1.21(.31) 4.47 -2.43 (.33) 4.39

39 $514Q02 NA -2.44 (.38) 4.62 -3.83 (.60) 4.47

40 $514Q03 NA -0.20 (.29) 4.67 -0.59 (.22) 4.53

41 $514Q04 NA -1.22 (.31) 4.71 -1.53 (.26) 4.59

42 S527Q01T NA 1.54 (.31) 4.55 1.31 (.26) 4.67

43 S527Q03T NA -0.48 (.29) 459 -1.42 (.27) 472

44 S527Q04T NA -0.57 (.29) 4.64 -0.70 (.24) 4.78

Note. SO0 = study 2000. S09 = study 2009. 100 = PISA 2000 instrument. 106 = PISA 2006 instrument. 109
= PISA 2009 instrument.

* reading link items



