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This study examines a linkage between the international mathematics scale of the Programme for International
Student Assessment (PISA 2012) and the mathematics assessment taken from the German National Educational
Panel Study (NEPS). The linking was realized by a separate linking study that uses a single group design. The
sample consists of n = 1,270 9th graders from 78 German secondary schools. The equipercentile linking leads to
close descriptive scale characteristics (means, standard deviation, and skewness) between the original PISA
mathematics scale and the PISA score equivalents. The linking was stable over the four subgroups (gender,
migration background, books at home, and school type). Altogether, the results indicate that assigning students

PISA to PISA proficiency levels given their NEPS mathematics test score, the PISA score equivalents produce a similar
NEPS distribution of students reaching the PISA proficiency levels at a group level.

1. Introduction / Background

Mathematical competence can be seen as an important prerequisite
for lifelong learning and active participation in society and culture.
Therefore, the mathematical competence of students from different
countries is regularly measured by strategies such as the Programme for
International Student Assessment (PISA) and national large-scale as-
sessments such as the National Educational Panel Study (NEPS) in
Germany. Although these assessments seem to measure a similar
characteristic (e.g., mathematics competence), comparing the results
from NEPS with the results reported in OECD’s PISA 2012 is not fea-
sible, just as comparing temperatures in different capital cities would
not be possible without knowing whether the Fahrenheit or Celsius
scale is being used (Cartwright, Lalancette, Mussio, & Xing, 2003).
However, is it possible to link the mathematics measurement scales
from NEPS and PISA? To answer this question, this study analyzes the
linking of the two measurement scales and evaluates the robustness of
this link. A linkage between mathematics tests from NEPS and PISA
2012 could enable educators and researchers to report and interpret the
results of NEPS’s mathematical assessment in relation to PISA’s
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international benchmarks, which would be especially helpful for long-
itudinal analyses of at-risk students and an extension of the research
possibilities of NEPS.

Current state of research in linking studies including PISA or NEPS

To date, there have been no studies that connect the respective
measurement scales of PISA and NEPS. However, with increasing fre-
quency, there have been attempts to link international studies such as
PISA with other large scale assessments. To provide an overview of
linking studies where either PISA or NEPS is involved, we grouped the
studies regarding three different research purposes (Ehmke, Koller, van
den Ham, & Nissen, 2014; van den Ham, Ehmke, Nissen, & Roppelt,
2017):

(1) Comparing studies to explain the differences in outcomes

One research purpose is to show the differences and commonalities
between multiple large-scale assessments (LSA) so that the results of the
studies can be better interpreted and differences in outcomes can be
explained. For instance, Neidorf, Binkley, Gattis, and Nohara (2006)
compared the mathematics frameworks and items included in the
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National Assessment of Educational Progress (NAEP), Trends in Inter-
national Mathematics and Science Study (TIMSS), and PISA 2003. They
found that NAEP has more similarities with TIMSS than with PISA, and
they recorded the studies’ main differences. They stated that more in-
depth analyses of the items would reveal more important differences.
Overall, they concluded that the three assessments are complementary.
Therefore, for one specific topic or skill, one study might provide more
information than the other studies. Wu (2010) compared the survey
methodologies and frameworks of PISA 2003 and TIMSS 2003. She
used the linking method projection and analyzed the data with a re-
gression analysis. One of her conclusions was that content balance and
sampling definitions affect the outcomes at the country level. Further-
more, the PISA assessment instruments used more words than the
TIMSS’ tests, and students with lower reading competencies performed
unequally in TIMSS and PISA.

(2) Comparing studies to explain the differences in benchmarks/profi-
ciency levels

Another research purpose is to compare one or more studies in re-
lation to differences in the national and, in the case of PISA, interna-
tional benchmarks. Thus, it can be verified whether the requirements in
the national study are higher or lower than its international counter-
part. This was the research purpose of Hambleton, Sireci and Smith
(2009). They compared NAEP with the TIMSS and the PISA study in
2003. The research question was whether the proficiency levels in
NAEP are set too high, but the results showed that this was not the case
in the international context.

Cartwright (2012) established a connection that links the British
Columbia English Examination and the PISA Reading Scale. The results
of an initial review and comparison of the assessment frameworks in-
dicate that the two assessments measure a similar general construct of
reading. After the application of a linking function (kernel equating),
the equivalences between the proficiency scale levels on the BC English
reading and PISA reading scales could be compared. This linkage allows
for the interpretation of the BC Exam scores on the international PISA
reading measurement scale. For example, what does an “A” level per-
formance in British Columbia mean in the international PISA context
(Cartwright, 2012)?

(3) Linking tests to locate the outcomes of the national studies in an
international reference group

Linking a national test to an international test provides the oppor-
tunity to locate the outcomes of the national study on the international
scale. As a consequence, it is possible to, for example, use the inter-
national benchmarks and, with them, a reference criterion in a national
study. For instance, Cartwright et al. (2003) linked British Columbia’s
annual Foundation Skills Assessment (FSA) with PISA 2000 to compare
and report the results on a common scale. They used the linking method
concordance (statistical moderation). One of their findings was that a
transformation of the FSA results to the PISA scale would lead to a
higher percentage of students at the top reading level.

Nissen, Ehmke, Koller and Duchhardt (2015) linked the mathe-
matics measurement scale of the National Educational Panel Study
(NEPS, 4th graders) with the criterion-based reference frame of the
TIMSS 2011. The results indicate a high conceptual overlap between
NEPS and TIMSS. To link the studies, two different methods—the
equipercentile linking and an Item response theory (IRT) linking ap-
proach—were compared to distinguish their descriptive statistics and
classification accuracy from those designated by TIMSS’ international
benchmarks. The main result of the linking process (equipercentile
linking and an IRT linking approach) was that both methods showed
similar descriptive statistics and a satisfactory classification con-
sistency.

Wagner, Hahn, Schops, Thme and Koller (2018) evaluated an
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equipercentile equating between the science scale of the German Na-
tional Educational Panel Study (NEPS) and the science scale of the
Programme for International Student Assessment (PISA 2012). The
linking via equipercentile equating showed that the linking function
between the NEPS and PISA science scores can be used to classify the
NEPS science scores within the international science benchmarks of
PISA.

1.1. The study designs of NEPS and PISA

In Germany, a NEPS was established in 2010 to provide a large
database for analyzing the educational processes of large samples
throughout the entire lifespan. The cohorts who participate in the study
range from newborns to 65-year-old adults. A large sample of a cohort
of ninth graders started in 2010. The longitudinal NEPS complements
the cross-sectional LSA in Germany. For instance, since 2000, Germany
has routinely participated in the PISA. The following subsections pro-
vide detailed information about the study designs of PISA and NEPS and
ultimately compare the assessment frameworks.

1.1.1. About PISA

In the year 2000, the first Programme for International Student
Assessment (OECD, 2001) was conducted by the Organisation for Eco-
nomic Co-operation and Development (OECD). PISA 2012 is the fifth cycle
of a cross-sectional study that assesses the reading, mathematics, and
science competencies of fifteen-year-old students. As it is conducted
every three years, PISA provides the opportunity to measure trends for
a collection of age cohorts in the participating educational systems. The
overall aim of this study is to compare the outputs of countries’ edu-
cational system through regular monitoring. PISA can serve to create
benchmarks between countries and helps to identify the factors that
could influence the various countries’ differing results (Seidel &
Prenzel, 2008). In 2012, 65 countries participated in PISA (OECD,
2013). In addition to the assessment instruments in mathematics, sci-
ence, and reading, students’ social background and other characteristics
are collected via questionnaires. The basis for the tests’ frameworks is
formed by approaches to theoretical models of literacy (OECD, 2013).

1.1.1.1. PISA 2012 - Mathematics test for fifteen-year-old students. The
PISA 2012 assessment for fifteen-year-old students takes a total of
120 min for the cognitive test and 30—35min for the student
questionnaire. Participation in the test was obligatory for the selected
sample in Germany. The cognitive test contains 110 mathematics items
in addition to reading and science items. All items are distributed across
13 booklets, and each composes four 30-minute blocks in total.
Between one and three out of four blocks contain mathematics tasks.
The test comprises three item response formats, namely, an open
constructed-response, closed constructed-response and selected-
response (multiple-choice). The majority of the items are scored
dichotomously. The open constructed-response items can sometimes
involve partial credit scoring. IRT is used to scale the data and develop
the reporting scales. The students’ ability scores are estimated by
weighted likelihood estimates (WLE — Warm, 1989) and, for the final
international reports, by the plausible values technique (OECD, 2014).
PISA also reports the proficiency scale levels in three domains
(mathematics, science, and reading). In mathematics, for example, six
proficiency scale levels are defined that describe different levels of
students’ mathematical capabilities.

PISA 2012 defines mathematical literacy in terms of the following
three interrelated aspects (OECD, 2013, p. 27): (A) the mathematical
processes that describe what individuals do to connect the context of
the problem to mathematics to thus solve the problem, and the cap-
abilities that underlie these processes; (B) the mathematical content
that is targeted for use in the assessment items; and (C) the contexts in
which the assessment items are located. The mathematical processes
(A) can be structured in the following three categories: (1) formulating
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situations mathematically; (2) employing mathematical concepts, facts,
procedures, and reasoning; and (3) interpreting, applying and evalu-
ating mathematical outcomes. Seven mathematical capabilities un-
derpin each of the processes as follows: (1) communication; (2) math-
ematizing; (3) representation; (4) reasoning and argument; (5) devising
strategies for solving problems; (6) using symbolic, formal and tech-
nical language and operations; and (7) using mathematical tools. The
mathematical content (B) consists of four categories, namely, (1)
change and relationships, (2) space and shape, (3) quantity, and (4)
uncertainty and data. The used contexts (C) are classified into the four
categories of (1) personal, (2) occupational, (3) societal, and (4) sci-
entific. The items evenly cover the mathematical content categories and
contexts. Approximately 50 % of the items can be allocated to the
second process, 25 % can be allocated to the first process and 25 % can
be allocated to the third process (OECD, 2013).

1.1.2. About NEPS

As stated above, the National Educational Panel Study (NEPS) is a
longitudinal study in Germany. Its aim is to measure the evolution of
various competencies over a subject’s lifespan (from early childhood to
late adulthood), and educational processes and trajectories (Blossfeld,
von Maurice, & Schneider, 2011). In addition, the study measures the
development of competencies and the impact of learning opportunities.
Therefore, NEPS uses a multicohort-sequence design. There are six
starting cohorts at different stages of transition in the educational
system: newborns, four-year-old students, fifth graders, ninth graders,
university freshmen and higher education students and adults aged
25-65 years old. Four starting cohorts began in 2010, one began in
2009, and one began in 2012. The participants are to be tracked over
the course of their lifespans.

NEPS was initiated and is financed by the German Federal Ministry
of Education and Research (Blossfeld, Doll, & Schneider, 2009). Since
2014, NEPS has been organized and coordinated by the Leibniz Institute
for Educational Trajectories (LIfBi). NEPS assesses the following four
domains (Weinert et al., 2011): (1) domain-general cognitive abilities
and capacities; (2) domain-specific cognitive competencies (German-
language, mathematics and science competencies); (3) meta-compe-
tencies and social competencies; and (4) stage-specific attainments,
skills, and outcome measures.

1.1.2.1. NEPS 2010, grade 9 — mathematics test. In this study, we used
the NEPS mathematics test for ninth graders (NEPS-K9) at the
beginning of their school year. Participation was optional. The NEPS
mathematics test is based on a theoretical model of mathematical
literacy (Weinert et al., 2011) that is inspired by and similar to the PISA
framework (OECD, 2010). The NEPS framework differentiates between
two aspects: the content areas and the mathematical and cognitive
processes. The content areas include the subdomains of quantity (33
%), change and relationship (25 %), space and shape (21 %), and data
and chance (21 %). These subdomains correspond to the subdomains
used in PISA 2012. The mathematical and cognitive processes
differentiate among argumentation, communication, mathematical
modeling, mathematical problem solving, representing, and applying
technical skills (Weinert et al., 2011).

The test for ninth graders takes 112 min overall. In 2010, the as-
sessment used two different booklets, and each contained 22 mathe-
matics items, 28 science items, 51 reading items, 40 information and
communications technology (ICT) literacy items, 89 listening compre-
hension items, and 4 domain-specific procedural metacognition items.
The position of the ICT and science domains rotated in the two book-
lets, but the mathematics domain had the same position in both
booklets. In NEPS, the Rasch model is used to calculate WLE scores as
estimates for the students’ achievement scores (Duchhardt & Gerdes,
2013). However, proficiency scale levels are not defined in NEPS. The
mathematics items are multiple choice (19 items), complex multiple
choice (2 items), or constructed response (1 item). Twenty items are
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dichotomous, and two are partial credit. No multimatrix design was
applied regarding the choice and order of the items within the mathe-
matics test. All students received the same mathematics items in the
same order.

1.1.3. Comparison of the mathematics assessment frameworks between
PISA and NEPS

As a precondition to establishing a statistical linkage, the first step
of the process involved a comparison and review of the assessment
frameworks used in both assessments. Therefore, a detailed review was
conducted by content specialists with expert knowledge of both the
mathematics frameworks and items from the NEPS assessments and the
PISA 2012 study. van den Ham, Nissen, Ehmke, Sdlzer and Roppelt
(2014) published the detailed results of this conceptual comparison.
According to this work, experts reviewed the mathematics items of the
PISA 2012 and NEPS-K9 studies regarding their distribution among
subdimensions, their formal and language demands, and their linguistic
complexity. The results show that the tests are very similar in terms of
the frameworks. One finding concerning the comparison of the PISA
2012 and NEPS-K9 items reveals that PISA 2012 mathematics items are
more difficult regarding the word level and the complexity of the sen-
tence structure. However, the salient finding of this review was that
overall, both assessment frameworks show a high conceptual overlap,
which seems to demonstrate a link between the two assessments. The
review provides evidence that both assessments are based on similar
constructs and that a statistical linking between both scales is feasible.

Such an interpretation of linked scores is bound to several pre-
conditions. In addition to the high conceptual overlap (Feuer, Holland,
Green, Bertenthal, & Hemphill, 1999; Kolen & Brennan, 2010; Linn,
1993; Mislevy, 1992) the following requirements are specified in the
literature: (1) high correlations between the tests that are to be linked,
and (2) a sufficient distributional similarity between the tests are a
necessity (Dorans, 2004; Hanson, Harris, Pommerich, Sconing, & Yi,
2001). Furthermore, (3) the degree to which a linkage varies across
different subpopulations should be evaluated to ensure that the linkage
function is appropriate for these subgroups. Moreover, (4) the classifi-
cation based on linked scores has to be sufficient. By evaluating the
classification consistency, it can be examined the extent to which the
classification of the students is consistent regardless of which test is
used (Dorans, 2004; Hanson et al., 2001; Kolen & Brennan, 2010;
Pommerich, Hanson, Harris, & Sconing, 2004).

Accordingly, this study establishes the linkage of the NEPS and PISA
mathematics tests and evaluates the correlation and the distributional
similarity between the two tests, the stability of the linkage across
subgroups and the classification consistency (Dorans, 2004; Hanson
et al., 2001; Kolen & Brennan, 2010; Pommerich et al., 2004). For the
linking we apply the equipercentile linking method (see section 3.3).

2. Research questions

To examine the possibility of reporting and interpreting the results
of NEPS’s mathematical assessment in relation to PISA’s international
measurement scale based on a linkage between the mathematics tests,
this study analyzes the extent to which this linking produces equivalent
test scores. We refer to the linked scores in the following questions as
“PISA score equivalents.” The research questions are:

(1) To what extent are the mathematics score distributions of PISA
2012 and of NEPS-K9 comparable, and how are the two tests cor-
related?

(2) Which linking function can be found by applying the equipercentile
linking method to the mathematics scales of PISA 2012 and NEPS-
K9?

(3) Is the derived linking function invariant across different subgroups?

(4) How accurate is the assignment of students to the PISA proficiency
levels based on the original PISA scores and on the PISA score
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equivalents?

3. Method
3.1. Data collection

The international PISA 2012 study and the German NEPS are two
separate studies that share neither common test items nor common
student populations (age-based vs. grade-based sampling). However, to
link these two large scale assessments, a separate linking study funded
by the Centre for International Student Assessment (ZIB) and the
Federal Ministry of Education and Research (BMBF, funding reference:
LSA009) in Germany was conducted by using a single group design.

This study was arranged as a two-day assessment at schools that
participated in a program for school development. On the first day,
every student completed one PISA test booklet, and on the second day,
the students completed the NEPS mathematics tests for 9th graders. In
this linking study, we used only five out of thirteen PISA booklets. We
focused on the five booklets with the most mathematics (and science)
items. The single group design allows for linking the scales between the
PISA and NEPS mathematics assessments.

The test booklets used in the linking study were the same as the test
booklets used in the main studies of PISA 2012 and NEPS starting co-
hort 4, grade level 9 (NEPS-K9). Therefore, it is possible to link the
assessment scales of (A) the PISA test of the linking study to the in-
ternational PISA test of the PISA 2012 study and (B) the NEPS test of the
linking study to the NEPS test of the NEPS 2010 study (see Fig. 1). Due
to the evaluation of different student populations with the same test
instruments, the data collection design can be classified as being
nonequivalent groups with an anchor test design (NEAT; von Davier,
Holland, & Thayer, 2004). The linking study provides the opportunity
to (C) link the NEPS and the PISA tests of the linking study because the
same students took both mathematics tests (single group design), which
is the aim of this study. With this design, it is also possible to transfer
the linking function established in step C to the main studies: PISA 2012
and NEPS 2010 (D).

The data set realized in the linking study consists of 1,678 9th
graders who took the PISA mathematics test and 1,330 ninth graders
who took the NEPS mathematics test from 78 German secondary
schools with 80 classes. On average, the students were 15 years old.
Overall, n = 1,270 ninth graders 50 % male, 50 % female) took both
mathematics tests from NEPS and from PISA. Almost half of the stu-
dents out of the sample follow the academic track (45 %). The sample
was drawn from within five German federal states stratified by school
type. The participation rate of the sampled classes was approximately
79 %. The study was conducted in the spring/summer of 2012.

PISA NEPS
PISA 2012 Mathematics: Zl?ll)zltems Mathematics: 2"(ill(tjems NEPS 2010
15-year-olds N= 5001 N= 14524 Grade 9
Linking-Study PISA NEPS, Single
Grade 9 v athematics: 22 Ttems Group
Mamet;a:clsé 7885 Items Math " - = Ites Design (SG)

Non-Equivalent
groups with
Anchor Test

Design (NEAT)

Non-Equivalent
groups with
Anchor Test

Design (NEAT)

Fig. 1. Data collection design.
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3.2. Scoring and data procedures

We scored the PISA 2012 mathematics data in the linking study by
applying the international coding rules from PISA 2012 (OECD, 2014,
technical report). The test scores were computed by using a Rasch
model with fixed item parameters from the international database of
PISA 2012 (OECD, 2014, technical report). Students’ WLE scores were
then transformed into the international PISA 2012 achievement scale
metric with the transformation equation provided in the PISA technical
report (OECD, 2014).

We scored the 22 mathematics items from the grade nine assessment
by using the NEPS’ coding rules. The raw scores were scaled by a Rasch
model with fixed item parameters taken from the NEPS’ 2010 main
study (Duchhardt & Gerdes, 2013). The WLE person separation relia-
bility was 0.796 for the NEPS test and was 0.791 for the PISA 2012
assessment.

3.3. Linking procedures

To link the mathematics scales from PISA 2012 and NEPS 2010,
different linking approaches are available. Linn, McLaughlin, and
Thissen (2009) provide an overview on three broad categories of lin-
kages by categorizing them into the contexts in which each occurs and
providing examples of the questions with their answers (see also the
overview in Dorans, Pommerich, & Holland, 2007; Holland, 2007).
These linkage categories are (1) equating two tests X and Y, (2) aligning
the scales of X and Y, and (3) predicting Y from X. For our purposes, the
second approach, namely, aligning the scales of two tests, is most sui-
table. Here, two different approaches are possible (Linn, McLaughlin, &
Thissen, 2009): calibration or vertical scaling (often IRT-based
methods) and concordance (equating-like methods).

Calibration or vertical scaling methods focus on modeling students’
responses to items instead of using the score distributions as a linking
basis. Using IRT methods to equate two or more test forms typically
requires the following three steps (Kolen & Brennan, 2010): (1) esti-
mating the item parameters (e.g., using PARSCALE), (2) scaling the
estimated parameters to a base IRT scale by applying a linear trans-
formation, and (3) if true scores are used, converting the true scores of
the new test form into the true score scale of an old form. IRT methods
have some advantages, such as flexibility in choosing a linking plan or
adaptive testing, but they are conceptually and procedurally complex.
They are based on strong assumptions that often do not hold for the
testing situation. If the flexibility of IRT methods is not required, it is
recommended to use simpler methods with less strong assumptions
(Livingston, 2004).

The concordance approach (Pommerich, 2007) uses equating-like
methods (e.g., equipercentile linking). The creation of a concordance
uses the statistical methods of equating to match the scores on tests that
do not meet the requirements for equating. The context makes the
difference; for concordance, the tests are constructed with similar but
not identical frameworks and specifications (Linn et al., 2009). A con-
crete statistical method for linking two measurement scales and cal-
culating a concordance table is equipercentile linking.

In our study, we decided to apply the equipercentile linking ap-
proach for three reasons.

First, Linn et al. (2009) recommend IRT-based approaches for
measures of the same construct but with different levels of reliability,
and/or difficulty. For tests that measure similar but not identical con-
structs, they suggest equating methods such as equipercentile linking.

Second, the equipercentile equation approach is robust against
differences in the distributions of the two tests, as is the case in our
study (see section 4.1). Utilizing equipercentile equating facilitates “the
distribution of two forms to differ from one another in all four of the
primary statistical moments” (Holmes Finch & French, 2019, p. 358).

Third, the studies from Cartwright (2012) and Nissen et al. (2015)
compared the outcomes for IRT and equipercentile linking. Both studies
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conclude that the equipercentile method leads to a better representa-
tion of the distributional characteristics (standard deviation, skewness,
and kurtosis) between the score equivalents and the original scale
compared to the IRT equating method.

The equipercentile method uses a linking curve (respectively a
linking function) to depict the form-to-form differences in difficulty
between two tests (Kolen & Brennan, 2010). According to the equi-
percentile method, the first step is to determine percentile rankings for
the score distributions. After this, the scores of the two tests with the
same percentile rank are declared to be equivalent (Kolen & Brennan,
2010; Muraki, Hobo, & Lee, 2000). In contrast to the mean and linear
method, this method has the desirable property of always being within
the range of possible scores (Kolen & Brennan, 2010). All of the in-
dividual steps for applying the equipercentile linking are described in
the results section.

The equipercentile linking in our study was conducted with the
computer software LEGS 2.01 (Brennan, 2004) that allows linking with
equivalent or single group designs. As data input for the LEGS linking,
we used the frequency score tables for the full sample and for the
subsamples, as provided in Tables 2 and 3. The computer software LEGS
technically only uses positive integers. Therefore, the NEPS scores are
converted by applying the transformation function x, = rnd (x-100) +
500. The equipercentile linking was performed with LEGS data
smoothing by using the cubic-spline smoothing algorithm (Brennan,
2004). In accordance with the conventions established by Brennan
(2004), the smoothing factor slim = 0.5 was chosen. The scale score
range was chosen to reach from the lowest to the highest scores of the
assessment scales with no truncation.

4. Results

In this section, the results of our analyses are presented according to
the research questions derived above.

4.1. Comparability of the score distributions of PISA 2012 and NEPS-K9

Prior to linking the two studies, the distributional characteristics of
the PISA test scores and NEPS test scores from the linking study are
compared to answer the first research question. Therefore, the dis-
tributions are tested for normality and are compared to one another.
Table 1 compares the distributional characteristics of the linking study
of PISA 2012 to the distributional characteristics of the NEPS-K9
mathematics tests. The mean and standard deviations are not directly
comparable due to the different reporting scales. However, the NEPS
scores are significantly platykurtic and positively skewed compared to
the distribution of the PISA scores.

The covariation of the two tests is shown in a scatterplot (Fig. 2) and
quantified through the calculation of the manifest and latent correla-
tions. Accordingly, both tests are scaled in a two-dimensional model by
using the ConQuest software (Adams, Wu, & Wilson, 2012).

The covariation between the students’ mathematics scores in PISA
and NEPS indicates a moderate relationship between the two assess-
ments. The observed correlation is r = .68 (Fig. 2), and the latent cor-
relation as a result of two-dimensional IRT scaling is approximately
r=.90.

Referring to the results of the initial review and the comparison of
the mathematics assessment frameworks indicates that the two assess-
ments measure a similar construct of mathematical achievement.

Table 1
Descriptive statistics for NEPS and PISA mathematics scores.
N Min Max MW SD Skewness Kurtosis
NEPS 1270 —3.47 3.75 0.53 1.27 0.15 —0.42
PISA 1270 280 809 541 78 —-0.02 0.09
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Table 2

PISA mathematics score frequencies, percentages, and percentile ranks.
PISA score, y freq cum freq f(y) F(y) P(®y)
280 1 1 0.001 0.001 0.039
284 1 2 0.001 0.002 0.118
313 1 3 0.001 0.002 0.197
326 3 6 0.002 0.005 0.354
341 2 8 0.002 0.006 0.551
342 2 10 0.002 0.008 0.709
529 14 575 0.011 0.453 44.724
533 14 589 0.011 0.464 45.827
535 12 601 0.009 0.473 46.850
537 16 617 0.013 0.486 47.953
539 13 630 0.010 0.496 49.094
543 23 653 0.018 0.514 50.512
752 1 1264 0.001 0.995 99.488
761 2 1266 0.002 0.997 99.606
767 1 1267 0.001 0.998 99.724
771 1 1268 0.001 0.998 99.803
793 1 1269 0.001 0.999 99.882
809 1 1270 0.001 1.000 99.961

Table 3

NEPS mathematics score frequencies, percentages, percentile ranks, and PISA
score equivalents.

NEPS score, x  X; freq cumfreq f(x) F(x) P(x) PISA score
equivalents
—3.47 153 1 1 0.001 0.001 0.039 279.756
-2.74 226 2 3 0.002 0.002 0.157 317.198
—-2.55 245 1 4 0.001 0.003 0.276 326.944
-2.49 251 1 5 0.001 0.004 0.354 330.021
—2.48 252 1 6 0.001 0.005 0.433  330.534
—-2.26 274 4 10 0.003 0.008 0.630 341.818
—-0.01 499 28 474 0.022 0.373 36.220 516.145
0.02 502 1 475 0.001 0.374 37.362 518.044
0.03 503 1 476 0.001 0.375 37.441 518.189
0.05 505 8 484 0.006 0.381 37.795 519.885
0.07 507 1 485 0.001 0.382 38.150 521.568
0.08 508 1 486 0.001 0.383 38.228 521.623
2.27 727 19 1145 0.015 0.902 89.409 635.281
2.42 742 4 1149 0.003 0.905 90.315 637.058
2.53 753 61 1210 0.048 0.953 92.874 650.574
2.84 784 8 1218 0.006 0.959 95.591 681.974
3.22 822 49 1267 0.039 0.998 97.835 690.474
3.75 875 3 1270 0.002 1.000 99.882 808.388

Additionally, the assumption of a sufficient correlation between the
tests can be validated. However, the equity among the score distribu-
tions is insufficient to support the notion of interchangeability between
the PISA and NEPS scores.

4.2. Determination of the linking functions

The second research question concerns the determination of the
linking function. The idea behind the equipercentile method is to find
the percentile for a particular score on one test (PISA 2012) and
equating it to the score on the other test (NEPS 2010) that is at the same
percentile (Holmes Finch & French, 2019, p- 358). Table 2 provides a
selected sample of low, medium, and high PISA mathematics scores (y),
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Fig. 2. Scatterplot of the PISA mathematics scores and the NEPS mathematics
scores.

frequencies, cumulative frequencies, percentage of students who at-
tained a certain score (f(y)), cumulative percentage of students who
reached a certain score (F(y)), and the percentile rank (P(y)).

The outcomes of the equipercentile linking for a selected sample of
low, medium, and high NEPS WLE scores (x), frequencies, cumulative
frequencies, percentage of students who reached a certain WLE score (f
(x)), cumulative percentage of students who reached a certain WLE
score (F(x)), and the percentile rank of the WLE score (P(x)) are pre-
sented in Table 3. The last column in Table 3 contains the PISA score
equivalents as a result of the equipercentile method. The PISA score
equivalents are score values in the PISA measurement scale. They are
based on the NEPS scores that have been transformed into the PISA
measurement scale through equipercentile linking.

4.3. Invariance of linking across subgroups

The third research question refers to the robustness of the linkages
across different subgroups. First, we compared the linking curves for
the subsamples of boys and girls. Each of these subsamples is re-
presented by one curve in Fig. 3. Both linking methods can now be
described by the overlap — or the discrepancy — between the curves for

900

800 /
¢ 700
] =
3
g2
® 500
£ ,..J"’—’ Total
£ 400 =
® - Male
s 300 ,‘p”—'—-
g ===-=-Female
& 200

100

-4.00 -3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 4.00
NEPS Mathematics Score

Fig. 3. Matching of NEPS scores and the score equivalents on the PISA 2012
mathematics scale.
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the total sample, on the one hand, and the curve for the male or female
subsample, on the other hand. As seen in Fig. 3, the curves show a high
degree of overlap and, therefore, only small discrepancies for both
subgroups. A closer observation of the discrepancies shows that the
divergences in the equipercentile linking scores appear primarily in the
lower (less than -1.8 NEPS score values) and upper score ranges (more
than 2.7 of the NEPS score values) rather than in the center of the
distribution. However, these discrepancies appear only for a small part
of the sample (less than 7 %). They can also be explained by the fact
that the error of the equipercentile linking function increases according
to the inverse of the product of the two population densities. There are
only a few students with very high or very low scores. This limitation in
the sample results is a linking function that has limited exactness for
these score sections.

The descriptive statistics of the PISA mathematics scores and the
PISA score equivalents are compared in Table 4 for the total sample and
for the following four different subgroups: (1) male vs. female, (2)
students with a migration background vs. students without a migration
background, (3) more than 100 books at home vs. less than 100 books
at home, and (4) school type = grammar school (in Germany: Gym-
nasium) vs. another type of school.

The linking results show that equipercentile linking leads to means
and standard deviations of the PISA score equivalents that are very
close to the PISA 2012 scores. However, the score distributions are
slightly different in skewness and kurtosis. The analysis for the four
subgroups provides evidence that the linking methods are invariant to
the population used in conducting the linking (Huggins & Penfield,
2012). Within each of the four subgroups, the descriptive statistics
(mean and standard deviation) of the PISA score equivalents are close
to the PISA 2012 scores. The results show that the linking method is
stable concerning gender, migration, social background (books at
home), and school type. Violations of the population invariance in this
linking would have jeopardized the fairness and validity of the test
scores, but this result could not be observed in this linking study.
Overall, the equipercentile linking method reproduces the distribution
characteristics quite well.

4.4. Classification consistency concerning the PISA proficiency score levels

The last research question refers to the classification consistency
concerning PISA proficiency levels based on the PISA 2012 scores and
on the PISA score equivalents. Cross-classification of the proficiency
levels of the two assessments is a common approach in linking studies
(Linn et al., 2009). After linking the two scales, the cut scores that
define the PISA 2012 mathematics proficiency levels were applied to
the PISA score equivalents. NEPS scores and PISA proficiency levels are
compared in Fig. 4.

To compare the classification of students on the PISA 2012 profi-
ciency levels based on the PISA test scores to the classification based on
the PISA score equivalents, both distributions for the total sample and
the examples for the male and female samples are compared. The re-
sults of the students’ distribution on the PISA 2012 mathematics pro-
ficiency levels for the total sample are given in Fig. 5, and the results for
the gender subgroups are presented in Fig. 6 (male) and Fig. 7 (female).
Comparing these results to the frequency distribution of the students
who reach the different proficiency levels based on the PISA score
equivalents shows that both measures have very similar distributions
patterns. Only slight differences are provided in Figs. 5-7. The max-
imum difference in the percentages of the PISA proficiency levels based
on the PISA test results and PISA score equivalents is less than 2 % at
Level 3 (29.8 vs. 27.9 %). For the two subpopulations, these differences
are slightly higher.

Analyzing the classification consistency at the individual level in
contrast to the group level, as shown in Figs. 5-7, reveals that ap-
proximately 42 % of the students from the total sample are classified to
the exact same proficiency score level, regardless of whether the PISA
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Table 4
Comparing descriptive statistics between PISA 2012 mathematics scores and PISA score equivalents.
N Min Max MW SD Skewness Kurtosis
PISA 2012 Mathematics Total 1270 280 809 541 78 —0.02 3.09
Male 637 313 809 553 79 -0.15 3.31
Female 633 280 761 529 74 0.06 2.92
Migration background 126 326 690 515 71 0.01 2.81
No Migration background 1144 280 809 544 78 —0.04 3.12
More than 100 books at home 656 280 809 556 76 -0.01 3.20
Less than 100 books at home 614 284 761 526 77 —-0.03 2.97
School type = grammar school 680 313 809 566 75 -0.12 3.41
School type = other 590 280 716 513 71 —0.01 2.97
PISA Score Equivalents Total 1270 280 808 541 76 -0.09 2.96
Male 637 280 808 553 78 —0.24 2.96
Female 633 280 808 529 74 0.10 3.20
Migration background 126 280 808 516 73 0.30 3.62
No Migration background 1144 280 808 543 76 -0.14 2.92
More than 100 books at home 656 280 808 555 74 -0.17 2.89
Less than 100 books at home 614 280 808 526 77 0.02 3.13
School type = grammar school 680 280 808 565 73 -0.24 3.28
School type = other 590 280 808 513 71 —0.02 2.85

PISA 2012
NEPS Prificie?\c
WLE-Score y
Levels
Level 6 Level 6
[2.54, <[ [669, «[
Level 5 Level 5
[1.65, 2.54] [607, 669]
Level 4 Level 4
[0.56, 1.65] [545, 607]
Level 3 Level 3
[-0.55, 0.56] [482, 545]
Level 2 Level 2
[-1.42, -0.55] [420, 482]
Level 1 Level 1
[-2.24,-1.42] [358, 420[
Below Level 1 Below Level 1
-, -2.24] ]-, 358]

Fig. 4. Mapping between NEPS WLE scores and PISA 2012 proficiency score
levels.

mathematics score or the PISA score equivalents were used (Table 5).
Cohen’s Kappa statistic is approximately k = .26, which can be judged
as a fair classification consistency (Landis & Koch, 1977). For the sub-
populations of male or female students, the classification consistency is
quite similar. For the female sample, 42.3 % of the students are clas-
sified as being on the same proficiency level, and Cohen’s Kappa sta-
tistic is approximately k = .25. For the male sample, 41.6 % of the
students are classified as being on the same proficiency level, and Co-
hen’s Kappa statistic is approximately k = .25. The Spearman rank-
order correlation coefficient for the full sample is rg = .68 (female
sample: rg = .67, male sample: rs = .65).

Altogether, the results indicate that when assigning students to
proficiency levels according to their test score, the PISA score

equivalents produce a very similar distribution of students who reach
the PISA proficiency level at a group level compared to the frequency
distribution based on the original PISA mathematics items. However,
the classification accuracy at the individual level is much less reliable.

5. Discussion

The research purpose of this study was to evaluate the concordance
between the mathematics tests of NEPS-K9 and PISA 2012 that could
enable educators and researchers to report and interpret the results of
NEPS’s mathematical assessment in relation to PISA’s international
benchmarks. The assumptions for such an interpretation of linked
scores are a (a) high conceptual overlap (Feuer et al., 1999; Kolen &
Brennan, 2010; Linn, 1993; Mislevy, 1992), (b) high correlation be-
tween the tests that are to be linked, (c¢) sufficient distributional simi-
larity (Dorans, 2004; Hanson et al., 2001), (d) invariance of the linked
scores across relevant subgroups, and (e) consistency of classification
based on the linked scores (Dorans, 2004; Hanson et al., 2001; Kolen &
Brennan, 2010; Pommerich et al., 2004). Until now, only the con-
ceptual overlap between the NEPS and PISA mathematics tests has been
analyzed (van den Ham et al., 2014). Therefore, this study addressed
the (1) comparability of the score distributions and correlation of the
PISA 2012 and NEPS-K9 mathematics scores, (2) the establishment of a
linking function by applying an equipercentile linking method, (3) the
invariance of the linking across subgroups, and (4) the classification
consistency to the PISA 2012 proficiency score levels based on PISA
score equivalents.

Regarding the first research question, we find that there are some
differences that remain in the distributional characteristics between the
two score distributions. Although both assessments share a high con-
ceptual overlap, both scales cannot be seen as identical measures.
However, the correlation between the two tests is substantial (manifest:
r = .68, latent: r = .90). This correlation can be seen as a necessary
prerequisite for the linking approach that is pursued in the present
study.

For the second research question, the linkage was established with
the equipercentile method. The score distribution of the PISA score
equivalents produced by the equipercentile linking is very close to the
PISA score distribution.

The third research question focused on the invariance of the linking
function across several subgroups. The results showed that the linking
resulted in similar means, standard deviations and skewness for the four
subgroups (gender, migration background, books at home, and school
type). These results provide evidence for the robustness of the linking
between both assessments.
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Fig. 5. Classification of students (full sample) to PISA 2012 proficiency levels based on the PISA 2012 mathematics scores and the PISA score equivalents.

From a theoretical perspective, the degree of exactness of an equi-
percentile linking depends on the following three parameters: (1) the
number of discrete scale score values in both distributions, (2) the
density of observed scores in the desired score range, and (3) the
technical parameters of tuning the linking function. In practical appli-
cations, as in the present study, the number of discrete scores is more or
less determined by the number of possible scores, as represented by the
WLE scores that serve as an estimator for the PISA students’ mathe-
matics competence. In this respect, the parameter for enhancing the
linking essentially depends on the structure of the measuring instru-
ment used and the underlying sample size. Since increasing the density
of observed scores with a fixed sample is not possible, one could pos-
sibly limit the desired score range when establishing a link function,
which would, however, limit the linking only to the central parts of the
score distribution. We can observe that small differences between the
linking function for males and the linking function for females appeared
in the lower (less than -1.8 of the NEPS score values) and upper score
range (more than +2.7 of the NEPS score values). Because there were
only very few cases in this score range, we decided to consider the full
score range.

Regarding the fourth research question, the linking results for the
total sample and for the subgroups lead to almost identical distributions
of the margins of the PISA proficiency levels. This provides evidence for
concordant score distributions of the PISA proficiency levels at the
group level.

The classification accuracy at the individual level was only fair. The
manifest correlation is r = .68, therefore, the common variance is 46 %.
Compared to this value a percentage of 42 % persons who are classified
correctly and as far as the low reliable measure allows to see, the
classification is not bad. However, it is not the case that the individual

40

students would be classified with a high probability at the same pro-
ficiency level with the NEPS score as with the PISA score. Thus, the
concordance between both assessments should not be used to calculate
the PISA score equivalents of single students.

5.1. Limitations

First, in our study, we used a single group design in which the PISA
2012 mathematics test was administered on the first day and the NEPS
2010 mathematics on the second day. This approach was due to orga-
nizational reasons and could not be systematically changed. Therefore,
we could not control for an order effect. However, there are two
plausible causal interpretations. First, there could be a learning effect
that had positive effect on taking the test on the second day.
Additionally, a fatigue and demotivation effect could be assumed be-
cause students may be more exhausted on the second day compared to
the first day. It is possible that both effects cancel one another out (a
positive learning effect vs. a negative demotivation effect). However, it
is unclear how far this order effect influences the linkage.

Second, we reported the results of an equipercentile equating ap-
proach where we used a post smoothing function. We find a high si-
milarity between the smoothed and unsmoothed results, except for
some minor differences in the upper and lower score ranges. This result
supports the stability of the linking. However, more enhanced linking
methods are available. For example, such a further development of the
equipercentile linking approach is proposed by Braun and Qian (2007).
Their approach contains two modifications, namely, (a) a shift from a
school-based to a student-based strategy for estimating the score
equivalent to a state standard and (b) the derivation of a more refined
estimate of the variance of the score equivalent by considering the
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Fig. 6. Classification of male students to PISA 2012 proficiency levels based on the PISA 2012 mathematics scores and the PISA score equivalents.
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Fig. 7. Classification of female students to PISA 2012 proficiency levels based on the PISA 2012 mathematics scores and the PISA score equivalents.

Table 5

Crosstabulation of students (full sample) to PISA 2012 proficiency levels based on the PISA 2012 mathematics scores and the PISA score equivalents.

PISA 2012 Mathematics

below I I I 111 v A% VI
PISA Score Equivalents below I 0.1 % 0.3 % 0.2 % 0.3 % 0.1 %
I 1.1 % 2.0 % 0.6 % 0.2 % 0.1 %
I 0.5 % 1.9 % 7.2% 6.1 % 1.6 % 0.3 %
111 0.2 % 0.6 % 5.6 % 129 % 7.1 % 1.3 % 0.1 %
v 0.2% 0.2 % 1.3 % 8.3 % 12.4 % 5.4 % 1.0 %
\' 0.2 % 1.3% 5.6 % 6.5 % 2.4 %
VI 0.2 % 1.0 % 1.7 % 1.7 %

study design (NAEP) in the calculation of sampling error and by ob-
taining an estimate of the contribution of measurement error (Braun
and Qian, 2007, p. 333). Therefore, further research should determine
if other linking techniques (also IRT-based methods) would result in
similar concordance tables and could therefore validate our findings.

5.2. Conclusions and outlook

Our study provides insight on how national assessments can be re-
lated to international assessments, which is an issue that is becoming
more important as the participation in both types of assessments has
increased in many countries. In the case of our study, the NEPS
mathematics assessment has no predefined proficiency levels or other
forms of references that yield a criterion-based interpretation of the
NEPS mathematics scores. Therefore, using the concordance between
NEPS and PISA allows for a mapping of the NEPS mathematics scores to
the PISA proficiency levels. These data can be used, for example, for
further longitudinal analyses of how the group of underachieving stu-
dents who belong to the lowest proficiency levels in PISA develops over
time. In other cases, when a national and an international measurement
scale are linked and both assessments provide their own criterion-based
benchmarks, a linking between both reporting scales could be valuable
to determine whether, for example, the threshold scores for at-risk
students or for the highest benchmark are equivalent or not. This may
be the case when local standards within a national assessment are
higher than in an international assessment. Cartwright et al. (2003,
2012) provide such examples for Canada. Being able to project scores or
proficiency levels from different assessments on one shared scale is also
highly useful for benchmarking in educational monitoring (e.g.,
Kirkpatrick, Turhan, & Lin, 2012). When researchers can put national
results from one assessment into the context of an international as-
sessment, policymakers can judge whether an indicator is alarmingly
high or not. Furthermore, linking national and international assess-
ments can contribute to prioritizing fields of action regarding

instructional and educational practice. For example, when a country
finds that the performance of its students is weaker than the student
performance seen in neighboring countries and would like to improve
the average proficiency, such linking can help countries to take a closer
look at any variables worth changing (e.g., grade repetition; see OECD,
2016 and Sélzer, Prenzel, Schiepe-Tiska, & Hammann, 2016).
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