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On-entry assessment of school competencies and academic

achievement: A comparison between Slovenia and Germany

Abstract

The foundation of school success is laid early in children’s lives. Consequently,
assessments of academic precursors may help to identify children in need of additional
support. Such early assessments could also be interesting from an international perspective
when educational systems are compared. This analysis is used to inform on the
comparability of Slovenian and German versions of the English on-school-entry assessment
tool “Performance Indicators in Primary School” (PIPS, Tymms and Albone 2002). PIPS
was also used to predict later academic achievement in the two national samples. The
German sample consisted of 468 children with a mean age of about 6;6 years at school
entry (48.7% girls). In Slovenia, 328 children (49% girls) were assessed (mean age of about
6;3 years at school entry). Multi-group confirmatory factor analyses for PIPS did not support
weak measurement invariance. However, results indicated that the number of factors as
well as the pattern of loadings seem to be comparable. Further research is needed to
examine in which respects PIPS might work as a tool for international comparisons.
Structural equation modelling indicated that PIPS can be used as a predictor of academic
achievement and that overall academic achievement could be predicted best by early
numeracy. PIPS measures of literacy and numeracy skills were specific and significant

predictors of children’s later language and math achievement in Grade 1.

Key words: Performance Indicators in Primary School (PIPS), academic achievement,
primary school children, early numeracy, early literacy, international comparison, on-entry

assessment



To perform well in academic settings is a major developmental task for children and youth in
modern Western societies (Masten et al. 1995). The foundation of success in school is laid
fairly early in the school career of children, and early achievement in primary school is
among the best predictors for later academic achievement (Schneider 2009; Stern 2009).
But even before school enrolment an enormous variability exists in young children’s
cognitive performance and also in other school-related competencies (Dowker 2005;
Schneider et al. 2014). These competencies consist of basic skills and abilities as well as
knowledge and attitudes that help a child to function successfully in a school environment,
both academically and socially (Hair et al. 2006; Wilkinson et al. 1998).

Consequently, early assessments of school-relevant competencies (i.e., at the start of
formal education) might help to identify children who are at risk of developing problems later
in school, to prevent these problems by informing tailored interventions, and to support
teachers in their lesson planning. Such assessments might also be interesting from an
international perspective on which we elaborate in more detail below.

In this study we focus on cognitive competencies as they have been proven to be of upmost
importance (Duncan et al. 2007). However, this does not diminish the importance of other

school competencies such as social or emotional skills (cf. Niklas 2011).

Early numeracy and early literacy

To identify children at risk for later school failure early, it is important to assess precursors
of academic achievement. Over the last decades researchers have identified specific
cognitive competencies that predict later academic achievement. For instance, early
numeracy refers to counting, geometric reasoning, understanding part—-whole relation, digit
identification, whereas early literacy refers to phonological and linguistic awareness, letter
recognition, vocabulary and familiarity with the function of print (McWayne et al. 2004;
Niklas 2011). These competencies have been found to predict academic achievement in the

early years of primary school (e.g., Aunio and Niemivirta 2010; Betts et al. 2009; Byrnes



and Wasik 2009). In a Slovene study, specific on-entry competencies were consistently the
best predictors of academic achievement in Grade 1, even after including children’s
extraversion, conscientiousness, intelligence, school attitudes, self-regulation, parenting
practices, and parental involvement in the analytic model (Vidmar 2010).

An important predictor for later linguistic competencies in school is early letter knowledge
(e.g., Naslund and Schneider 1996; Torppa et al. 2006, PrefRler et al. 2014). For instance,
Torppa and colleagues (2006) showed that children’s early letter knowledge acted as a
mediator between children’s actual reading competence and precursors such as
phonological awareness and vocabulary.

Specific precursors of later mathematical competencies have also been identified. In
particular the early understanding of quantities, numbers, and the relation between
quantities and numbers seem to be important (Geary 2011; Krajewski and Schneider 2009).
The ability to understand these concepts is a specific predictor of mathematical
achievement above and beyond the contribution of more general abilities such as
intelligence. Intelligence on the other hand is a fairly unspecific but still important predictor
of general academic achievement as well as mathematical and literacy competencies

(Krajewski and Schneider 2009; Schneider and Naslund 1999; Schneider et al. 2014).

Assessment of early cognitive competencies from a cross-national perspective
Instruments for on-entry assessments of children’s cognitive competencies not only need to
be objective, reliable and valid (including the prediction of later academic achievement), but
they also must be suitable for younger children as well as economical, so that all children
starting school can readily be tested. Given their importance for later academic
achievement, such instruments should focus on early mathematical and literacy abilities.
Another aspect to be considered is the comparability of test results across different samples
from different regions or countries. Such comparisons can provide baseline information

about the students entering compulsory education and thus may be an indicator for the



effectiveness of early childhood education and care systems or for identifying an age-range
for a successful school-entry (Tymms et al. 2004); information that will be of interest for
policy makers and educators. Fair and relevant international comparisons of students’
attainments are helpful tools for countries to learn from each other. For instance, the
Governing Board of OECD PISA (Programme for International Students Assessment) has
shown interest in iPIPS, an international study on early learning outcomes. The aim of iPIPS
is the linkage between PISA results and early years’ assessments (Schleicher 2013).
However, so far only very few test instruments for younger children exist, that fulfil all these
aspects, despite the fact that such an instrument would help to contextualise and interpret
assessments later in school (Tymms et al. 2014).

An economical instrument for the assessment of on-entry competencies that considers
specific precursors such as those described above and also allows for the international
comparison is the “Performance Indicators for Primary Schools” (PIPS, Tymms and Albone
2002). This test instrument assesses both initial linguistic and mathematical competencies
at school entry and the further development of these competencies during Grade 1. It can
be used in a computerized or a booklet version. PIPS has been used in many different
countries for almost two decades (see Tymms and Albone 2002). More than 4500 schools
worldwide apply this test currently, and more than one million children have been assessed
across several countries (Bauerlein et al. 2010; Bauerlein et al. 2014; Tymms et al. 2014).
Both retest-reliability and validity are warranted, and the test score predicts later academic
achievement very well (Tymms and Wylde 2004). During the test duration of about 25
minutes “early reading/literacy”, “early mathematics/numeracy” and “phonological
awareness” are assessed. Although PIPS is a well-established test instrument in English-
speaking countries (e.g., Wildy and Styles 2008) new versions in German and Slovenian
have been developed only recently (Bauerlein et al. 2010, 2014; Vidmar and Zupanci¢

2006, 2007a).



The present study and research questions

Whereas assessments and international comparisons of older children are fairly common
and suitable instruments exist, there are almost no such tools for children starting formal
schooling. Although the PIPS instrument has been used successfully in several countries to
assess young children, international comparisons have been rarely conducted and done
mostly between English-speaking countries (e.g., Tymms et al. 2004; Tymms et al. 2014).
This study aims to fill in this gap by examining the PIPS instrument in two non-English
speaking countries in Europe, and at the same time informing future endeavours in the
development of international early year assessments.

In this study PIPS was applied on both a Slovene and a German sample, and equivalence
of the two national adaptations was tested. In both countries children enter school at about
the same age. However, in Germany slightly more children aged 3 and 4 attend formal early
childhood education and care settings (e.g., OECD 2014).

The second aim was to analyse how well the assessment is able to predict general
academic achievement as well as specific academic achievement in math and language
one and two years after school entry. With this approach we tried to answer the following
research questions:

1.) Is there sufficient overlap between the different versions of PIPS used in Slovenia and
Germany to do cross-country comparisons and are the two versions measuring the same
latent constructs? Do children from both countries differ in their abilities?

2.) Is the PIPS instrument a good predictor of later academic achievement in school in both
countries?

We expected that a cross-country comparison between Slovenia and Germany would be
possible in general. Here, comparisons for the mathematical tasks should be readily
possible, whereas comparisons for the language based tasks should be more difficult and
probably not possible for phonological awareness and vocabulary (Tymms et al. 2014). In

addition, we expected children to perform at about the same performance level. Further, we
5



expected PIPS to be a good predictor of academic achievement in school in general, and
the mathematical and literacy subtests to be specific predictors of mathematical and

language achievement.

Method

Both studies were carried out in the context of larger longitudinal studies. Here, only
relevant data are analysed and presented. In both cases assessments took place within
seven weeks after school enrolment (T1), and at the ends of Grade 1 (T2) and Grade 2

(T3).

Participants

German Sample

Data assessment in Germany was carried out in the context of the project “School-prepared
child” (Hasselhorn et al. 2012). In total, 465 children (48.5% girls) could be tested at T1. At
the time of school enrolment the children were between 67 to 96 months old (M = 77.7
months, SD = 4.1) and 46.8% had a migration background, indicating that at least one of
their parents were born outside of Germany. The socioeconomic status (SES) was
assessed with the “Wegener-scale” (Wegener 1988) an occupation prestige score that
ranges from 20 (unskilled labour) up to 186.8 (physician). In the German sample the

average highest prestige score in a household was M = 74.2 (SD = 32.7).

Slovene sample

In the Slovene study, 326 children (48.2% girls), their mothers and teachers participated. At
T1 children were between 69 and 89 months old (M = 74.6; SD = 3.6 months). At T1
mothers provided data on their education (M = 12.5 years; SD = 3.1 years; used as an
indicator of SES) and home language (91% of mothers reported Slovenian as home

language). Children’s teachers (N = 87) rated the children at T2 and T3.



Instrumentation

On-entry assessment

In both samples the PIPS instrument (CEM Centre 2005, a, b; Tymms and Albone 2002)
was used to assess mathematical and linguistic competencies at the beginning of Grade 1.
For instance, the early reading score consists of vocabulary, letter identification, ideas about
reading, recognition of words, and reading of sentences or short stories. Children had to
repeat syllables and words and identify rhymes for the assessment of phonological
awareness. Mathematical competencies were obtained using addition and subtraction
tasks, naming of numbers, calculations with coins, and continuing of rows of numbers in a
meaningful way. The psychometric properties of the English version have been well-
established (test-retest reliability: ri =.90 to .98; see CEM Centre 2001; Tymms et al. 2004;
prediction of later academic achievement see Tymms 1999; Tymms 2001; Tymms et al.

2007).

The German version of PIPS (,Fahigkeitsindikatoren Primarschule®, FIPS) is a computer-
administered test instrument with good psychometric properties, which has been piloted and
normed in the last few years (Bauerlein et al. 2010, 2014).

The Slovene version of PIPS assessment (Vidmar and Zupanci¢ 2006, 2007a) consists of a
booklet that includes instructions for administrators and pictures to be used in the
assessment.

German and Slovene PIPS versions are very similar, with 14 and 12 different aspects of
literacy and numeracy measured in both versions. Some differences can be found due to
the different assessment format (computerized versus booklet) and national specifics (see

below and Table 1 for comparison).

PIPS comparability for the two national versions



Some subtests appeared only in one of the two versions (e.g., Counting in Slovenia) and
were dropped from the comparison. Eleven subtests were similar across the two versions;
however, two “Phonological awareness” subtests and “Vocabulary” were dropped based on
recommendations by Tymms et al. (2014).

An additional caveat in comparing the two versions was that the Slovene version had been
modified based on the results of a pilot study (for details see Vidmar and Tymms 2009).
Items that were not modified were kept in further analyses. The eight subtests that were
compared are shown in Table 1. In three subtests some items were not exactly the same,
but these subtests were still kept in the analyses: Letter identification (the Slovene version
has upper case letters only and the German version has upper and lower case letters),
Reading (the sentences and stories were mere translations from English resulting in
different number of words across the two versions), and Number identification (different two-

and three-digit numbers were used).

Academic achievement

In the German sample, at T2 and T3 reading abilities of the children were assessed with a
silent reading task (“Wiurzburger Leise Lese Probe - Revision”, WLLP, Schneider et al.
2011, ry = .93 for Grade 1 to Grade 4). Here, children had to read words and then mark the
one matching picture out of four given pictures. In addition, children’s spelling was assessed
by two standardized dictations at T2 and T3 (“Deutscher Rechtschreibtest fur das erste und
zweite Schuljahr”, DERET, Stock and Schneider 2008, Cronbach’s a = .92). At T3 children’s
reading comprehension was assessed with a standardized test, assessing word, sentence,
and text comprehension (“Ein Leseverstandnistest flir Erst- bis Sechstklassler”, ELFE,
Lenhard and Schneider 2006, Cronbach’s a = .92-.97).

Children’s mathematical abilities at T2 and T3 were obtained with the curriculum-based and

standardized tests DEMAT 1 and DEMAT 2+ (“Deutscher Mathematiktest fir erste/zweite



Klassen”; Krajewski et al. 2002, Cronbach’s a = .89; Krajewski et al. 2004, Cronbach’s a =
.93). The psychometric characteristics of all these tests are excellent.

In the Slovene sample academic achievement at T2 and T3 was assessed with teacher-
rated Attainment of Performance Standards: Slovene, Math and Nature & Society (Vidmar
and Zupanci¢ 2007b; Zupanci¢ 2006). These standards were curriculum-based and were
rated on a 6-point scale (from 0 = does not achieve to 5 = overachieves greatly). The child’s
score for each subject is calculated as a mean of teacher’s ratings on the respective items
(depending on the subject and grade between 25 and 62 items were rated). Cronbach’s
alpha ranged from .98 to .99. Previous studies supported the validity of the instrument (e.g.

Zupanci¢ and Kavci¢ 2007b, 2008).

Intelligence

In the German sample, the Columbia Mental Maturity Scale (CMM, Burgemeister et al.
1972) was used to assess nonverbal intelligence 18 months before school entry. The
children had to identify the odd picture in an array of four or five pictures (e.g. one spoon
and three forks). Reliability and prognostic validity of the CMM are warranted (Esser 2002).
In the Slovene sample, the Colored Progressive Matrices (CPM, Raven et al. 1999) were
administered in Grade 1 to assess general nonverbal cognitive ability. Children had to
identify the correct section that completes the pattern in the picture. The reliability and
validity of the instrument have been well established (Raven et al. 1999; Zupanc¢i¢ and

Kavci¢ 2007a).

Questionnaires

In both samples information on education or occupation of the parents (socioeconomic

status) as well as information on migrant background was obtained by parent surveys.

Procedure



In Germany, intelligence was measured in an individual assessment and parents answered
a questionnaire 18 months prior to school entry. At T1 individual assessments, and at T2
and T3 group assessments were carried out.

In Slovenia, at T1 trained research assistants administered the on-entry assessment. Later
in Grade 1, trained research assistants also administered intelligence tests individually and
parents completed a questionnaire. At T2 and T3 children’s teachers received instruments

to report academic achievement via mail.

Overview of statistical analyses

SPSS was used to calculate descriptive statistics and correlations. We conducted
confirmatory factor analyses (CFAs) for PIPS using Mplus, which was also used for
structural equation modelling (SEM) to analyse the prediction of academic achievement
from on-entry assessment. Two types of models were tested: (1) general models in which
PIPS early literacy and numeracy predicted overall academic achievement in Grades 1 and
2, and (2) specific models in which the prediction from early literacy to language-related
academic achievement was analysed as well as the prediction from early numeracy to
math-related academic achievement. In addition, in both samples children’s gender,
intelligence and SES were used in the models as covariates. Mplus uses full information
maximum likelihood (FIML) to assess parameters in the model. This algorithm also deals
with the problem of missing values (Schafer and Graham 2002). When using FIML,
algorithm parameter estimates and associated standard errors are based on all the
information available (Peugh and Enders 2004). This means that even participants with

missing data were kept in the analyses.

The fit of the models was evaluated using multiple indices: the comparative fit index (CFl),
the root mean square error of approximation (RMSEA), and the standardized root mean

square residual (SRMR). There are different guidelines to determine an acceptable (good or
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adequate/mediocre) fit of a model: e.g., CFl > .90 or .95, RMSEA < .05 or .06 or .08, SRMR
< .08 (see Browne and Cudeck 1993; Hu and Bentler 1999; Hair et al. 1998; Marcoulides
and Hershberger 1997). Some researchers (e.g. Kenny 2014) suggested RMSEA = .10 as
the cut-off for not well fitting models. However, recent studies by Chen and colleagues
(2008) and Fan and Sivo (2007) illustrated problems with universal cut-off points for fit
indices. In our analyses, we used the following fairly lenient cut-offs: CFl > .90, RMSEA <

.10 and SRMR < .08.

Results

Descriptive results

Means and standard deviations for the study variables are presented in Tables 1 and 2.
-please insert Tables 1 and 2 about here-

Table 1 indicates significant mean differences of the PIPS subtests between the Slovene

and German samples. For each country, all indicators of academic achievement were

combined in a latent construct for overall academic achievement. In regard to the language

model, teacher-reported attainment of curriculum standards for Slovenian language and

DERET, WLLP, and ELFE in the German sample were used. For the math model, teacher-

reported attainment of curriculum standards for Math were used in the Slovene sample, and

the tests DEMAT1 and 2 were used in the German sample.

Following the recommendation of Curran et al. (1996), no variables needed to be

transformed due to excessive skew or kurtosis (the only exception with excessive skew and

kurtosis was Reading in the German sample).

Correlations
Correlations among measures of literacy, numeracy and academic achievement were
calculated. All but one PIPS early literacy indicators were positively interrelated.

Correlations varied from r = .21 to .67 (all ps < .001) in the Slovene sample, and from r= .10
11



to .58 in the German sample (all ps < .05); only the correlation between the subtests “Ideas
about Reading” and “Writing” was non-significant in the latter sample. Positive correlations
were also found among PIPS early numeracy indicators (r = .52 to .56 in Slovenia and r =
.28 t0 .39 in Germany; all p < .001). As expected, academic achievement indicators showed
high stability across time (r=.78 to .84 in Slovenia and |r] = .33 to .77 in Germany; all p <
.001) and were highly associated with each other within time (r = .37 to .67 in Slovenia and
[r] = .35 to .68 in Germany; all p < .001; negative correlations in the German sample were
observed as a child’s results in the standardized dictation was measured by the number of
misspellings). Correlations between PIPS indicators and academic achievement indicators
are shown in Table 3.

-please insert Table 3 about here-
As can be seen in Table 3, all PIPS indicators were positively correlated with academic
achievement indicators in the Slovene sample (r= .19 to .52; all p < .001). In the German
sample, correlation coefficients were somewhat smaller but still mostly significant (r=.10 to
47; all p <.05). Non-significant correlations were found for the subtests “Writing”, “Ideas
about Reading”, and “Calculations with pictures” with academic achievement indicators in
Grade 2.
In both samples, all indicators correlated significantly in the expected direction with
intelligence (r= .23 to .51 in Slovenia and || = .15 to .39 in Germany; all ps < .01). Whereas
correlations with SES were also all significant in the Slovene sample, they were lower and
more often non-significant in the German sample. Correlations with gender were significant
for about half of the indicators in both samples. In general, girls had higher scores on

language-related indicators, whereas boys had higher scores on math-related indicators.

Confirmatory Factor Analyses (CFAs) and Structural Equation Models (SEMs)

12



CFAs for PIPS indicators were conducted for both samples in one step’. The model with
two latent constructs — PIPS early literacy and PIPS early numeracy (indicators are
presented in Table 1) demonstrated the following fit: CFl = .92, SRMR = .06, RMSEA = .11,
X2 (15) = 155.67, p < .001. The fit indices did not indicate a perfect fit. All model-estimated
loadings were significant (p < .001), and the correlation between the latent constructs was
.71 (p < .001). Measurement errors of some indicators were correlated as indicated by the
modification indices. Fit indices before modification indices were as follows: CF| = .84,
SRMR = .08, RMSEA = .14, x? (19) = 303.01, p < .001; by adding these correlations we
followed common practice to avoid developing the incorrect models (MacCallum 1986); only
one correlation was added at a time, and only in cases where there was sufficient
justification. Within early literacy, ‘Ideas about Reading’ were correlated with ‘Letter
identification’, ‘Word recognition’ and ‘Reading’; within early numeracy, ‘Calculations with
pictures’ was correlated with ‘Math’. These correlations of measurement errors were
included because the two subtests of early numeracy measured arithmetic abilities in
children, whereas the third subtest ‘Number identification’ measured just basic numeracy
knowledge. ‘Ideas about Reading’ was closely related to the other literacy subtests as some
of the items measured similar knowledge, such as “Can you show me a word/sentence?”.
Despite a relatively high correlation between the literacy and numeracy constructs we
decided to keep them as separate constructs, given that we were interested in whether

early numeracy and literacy differed in how well they predicted later academic achievement.

T Because children were nested within schools (39 and 28 schools in the Slovene and German
sample, respectively), multilevel models were employed in preliminary analyses to examine design
effects (computed based on intra-class correlation: 1 + (mean cluster size — 1) - ICC; Snijders and
Bosker 1999) for PIPS indicators. The great majority of variables demonstrated design effects
smaller than 2 indicating a low effect of school clustering (Muthen 1999). Consequently, multi-level
models were not employed.

13



In a next step, multi-group CFAs were conducted to test factorial invariance across the two
groups (i.e., Slovene and German sample). This procedure tests construct comparability
and assesses whether test scores measure the same construct of interest on the same
metric across both countries (Wu et al. 2007). First, configural (honmetric) invariance was
tested to explore whether the same pattern of fixed and free loadings holds for each group
(Widaman and Reise 1997). Fit indices demonstrated an acceptable fit of this model: CFIl =
.94, SRMR = .04, RMSEA = 0.10, x2 (30) = 143.66, p < .001. This result could be
considered as support of configural invariance (Wu et al. 2007), indicating that the number
of factors as well as the pattern of loadings seems to be comparable in the Slovene and
German models. In the following step, weak metric invariance was tested. Loadings of
indicators of the latent variable were constrained to be equal across the two national
samples. The x2-difference test (Ax2(df) = x2(df)weak - x2(df)configural; Ax2(6) = 50.05, p
< .001) was significant. Indicating that the assumption of weak metric invariance was not
confirmed. Other recommended cut-off points for testing loading invariance were also
indicative of non-invariance: ACFI = -.024, ARMSEA = .007, ASRMR = .038 (see Chen

2007). Therefore weak invariance was rejected.

Next, SEM was used to analyse the prediction of academic achievement from on-entry
numeracy and literacy (PIPS). The models were run separately for the German and Slovene
samples. Two types of models were tested: (1) general models in which early literacy and
numeracy predicted overall academic achievement (see Figure 1) and specific models; i.e.,
a literacy-related model and a math-related model (see Figures 2 and 3).

Numeracy and literacy indicators were the same in both samples (see Table 1). The
correlated measurement errors from CFA were kept in these analyses; some were also
added based on modification indices. In a final step covariates were included in the models.

-Please insert Figure 1 about here-
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The SEM model for overall academic achievement in both samples demonstrated
acceptable fit (CFl = .94, SRMR = .05, RMSEA = .09, x? (67) = 241.83, p < .001 for
Slovenia; CFl = .91, SRMR = .07, RMSEA = .08, x? (80) = 323.43, p < .001 for Germany).
Explained variance for academic achievement in Grade 1 was R?=.28 and .48 and in
Grade 2 R2= .46 and .95 for the Slovene and the German sample, respectively (p < .001).
Results indicated that early numeracy was predictive of academic achievement in Grade 1
in both samples. In the Slovene sample, early numeracy also predicted academic
achievement in Grade 2. In the German sample, the only predictor of academic
achievement in Grade 2 was academic achievement at Grade 1. Early literacy did not
significantly predict academic achievement in the Slovene sample, whereas in the German
sample early literacy was a significant predictor of academic achievement in Grade 1.
Academic achievement showed moderate (Slovenia) and very high (German) stability.
In the models depicted in Figure 1 gender, intelligence and SES were added as covariates
(paths from covariate to all latent constructs were added in the models; non-significant
paths were dropped). Results were similar to the ones presented in Figure 1. Fit indices
were somewhat lower but still adequate; the size and significance of estimated coefficients
changed for one path in each sample (as indicated in Figure 1 with #).
In a next step, the specific models (literacy-related and math-related) were analysed for
each national sample. The same indicators that were used in the general models were also
used in the specific models. The exception was math academic achievement in the German
sample; here, scores on subtests of the DEMAT were used in the specific model instead of
the total DEMAT score. The correlated measurement errors from CFA remained the same
as above.

-please insert Figure 2 about here-
The literacy models in both samples demonstrated acceptable fit (CFl = .97, SRMR = .03,
RMSEA = .08, x? (12) = 35.31, p < .001 for Slovenia; CFl = .98, RMSEA = .05, SRMR = .04,

X2 (32) = 73.54, p < .001 for Germany). The explained variance for academic achievement
15



in Grade 1 was R? = .96 and .32 and in Grade 2 R? = .96 and .82 for the Slovene and
German samples, respectively. In both samples early literacy predicted language
achievement in Grade 1 and Grade 1 achievement predicted Grade 2 achievement.
In the models depicted in Figure 2 gender, intelligence and SES were added as covariates
using the same procedure as described for general models. The model-estimated
coefficients and fit indices in both samples remained very similar to the ones shown in
Figure 2.

-Please insert Figure 3 about here-
The math models demonstrated an almost acceptable fit for the Slovene sample (CFl = .96,
SRMR = .04, RMSEA = .11, x? (5) = 23.29, p < .001) and an acceptable fit for the German
sample (CFI = .91, SRMR = .06, RMSEA = .05, x? (205) = 465.26, p < .001). Explained
variance for math academic achievement in Grade 1 was R? = .93 and .59, and in Grade 2
R? = .95 and .57 for the Slovene and German sample, respectively. Our results indicate that
early numeracy may be a good predictor of math achievement in Grade 1, and Grade 1
math achievement predicted Grade 2 math achievement.
Again gender, intelligence and SES were added as covariates using the same procedure as
described for the general models. The model-estimated coefficients and fit indices in both

samples were very similar to the ones shown in Figure 3.

Discussion

The test instrument Performance Indicators for Primary Schools (PIPS) has been applied
successfully in thousands of schools worldwide for a long time (Bauerlein et al. 2010;
Tymms and Albone 2002). PIPS has been proven to be a reliable and valid instrument at
school-entry that predicts children’s later academic achievement very well (Tymms and
Wylde 2004) and that can be used for cross-country comparisons (Tymms et al. 2014).
However, little was known about the characteristics of the recently developed adaptations of

PIPS for Germany and Slovenia (see Bauerlein et al. 2010, 2014; Vidmar and Zupandi¢
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2006, 2007a). The present study aimed at filling this gap by testing the comparability of the
two national versions (using multi-group CFA) and examining the prediction of academic

achievement in primary school (using SEM).

Comparability of the two language versions

The descriptive comparison of the Slovene and German PIPS versions revealed that eight
subtests assessing children’s literacy and numeracy competencies were very similar across
the two adaptations. Although comparisons of these mean subtests across the two
countries showed some differences in child performance, this is not indicative of
measurement invariance as differences in subtests can reflect true differences in latent
constructs. These differences need to be interpreted cautiously given the results of the
multi-group CFA. Whereas, support for configural invariance was found, indicating that the
number of factors as well as the pattern of loadings seems to be comparable in the Slovene
and German models, weak invariance was not found (the size of the loadings could not be
constrained equally across the two samples). This indicates that one unit change in the item
score is not scaled to an equal unit change in the factor score across groups (Wu et al.
2007). In other words, factor loadings contribute differently to the means, thus preventing
valid and comparable score estimates, thereby also preventing the comparison of literacy
and numeracy means.

Further comparisons using different samples are needed to test whether measurement
equivalence of the German and Slovene PIPS is indeed only configural and in which regard

PIPS may be used for direct comparisons of educational systems.

Prediction of academic achievement
The second aim of the study was to investigate the prediction of academic achievement
based on PIPS numeracy and literacy scores. Reliably assessing children’s literacy and

numeracy competencies early is an important step in order to prevent negative educational
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tracks for children (Cuna and Heckman 2010). Providing teachers with information on
children’s early abilities helps them to adjust their teaching accordingly and thus support
their pupils in an adequate and positive way. Such feedback is much appreciated by
teachers (Bauerlein et al. 2014).

Our results indicate that general academic achievement could be best predicted by early
numeracy. This replicates Tymms’ findings on the sample of English pupils (Tymms et al.
2007). Despite different approaches in the measurement of academic achievement (i.e.,
teacher reports versus standardized tests) similar findings were obtained supporting the
robustness of the finding across both countries. The findings align with results reported for
the English version, for which high correlations and regression coefficients between PIPS
scores and reading and math achievement measured three years (Tymms 1999, 2001) and
seven years later (Tymms et al. 2007) were found.

A comparison of the results for the German and Slovene sample showed that in the
German sample, early literacy explained about 9% of the variance of Grade 1 academic
achievement when covariates were not included in the model. However, in the Slovene
sample, early literacy was not a significant predictor when early numeracy also was
included in the model. This might be due to the fact that in Slovenia general academic
achievement was assessed with only one of the three indicators related to language,
whereas in the German sample two out of the three indicators were language-related.

In addition, in the Slovene sample early numeracy predicted Grade 2 academic
achievement when covariates were not included in the model. This is probably due to lower
stability of the academic achievement construct compared to the German model.

In regard to the specific models that showed better model fits, PIPS numeracy was a strong
predictor of math academic achievement in Grade 1 in both samples, even after controlling
for gender, SES and intelligence. Similarly, PIPS literacy was predictive of language
academic achievement in Grade 1 in both samples. Tymms and colleagues (2007) found

that early numeracy was most predictive of math achievement seven years later; however,
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early literacy was not a significant predictor of reading achievement seven years later when
early numeracy and some other predictors were included in the regression model.

The results may be viewed in support of predictive validity of the PIPS assessment for
academic achievement in Grade 1 in Germany and Slovenia; prediction of academic
achievement in Grade 2 (after controlling for the stability of the achievement construct) was
not significant. The results indicate that early numeracy abilities could be the most important
predictor of further academic success; a finding robust across samples and achievement
measures (Duncan et al. 2007).

Further investigation of assessment equivalence is needed as well as the prediction of later
academic achievement. Testing measurement invariance across any two national versions
of PIPS is a necessary prerequisite for comparisons across countries. Since in our study
data up to Grade 2 was assessed, future studies should aim to analyse whether children’s
academic achievement in higher Grades can also be predicted by PIPS. Preliminary
analyses using the German PIPS version indicate that on-entry assessments with PIPS are
good predictors of spelling abilities until the end of primary school (Ehm and Hasselhorn

2014).

Limitations

Several limitations mark this study. Firstly, the Slovene and the German PIPS version
differed in regard to several subtests and in some cases also in regard to individual items.
Consequently, not all relevant early child competencies could be compared (e.g., Torppa et
al. 2006) and the comparison of results in both countries has to be interpreted with caution.
Secondly, in the Slovene sample no standardized child assessments of academic
achievement were conducted, instead teacher ratings were used. However, these ratings
have been shown to be reliable and valid (Vidmar 2011; Zupandi¢ and Kavc¢i¢ 2008).
Thirdly, PIPS assesses precursors of academic achievement at school entry, that is, after

children develop important early competencies and after first interventions may already
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have been occurred (e.g. Chittleborough et al. 2014; Niklas et al. in press; Niklas and
Schneider 2015). For instance, Chittleborough and colleagues (2014) showed that early
interventions before school entry can improve skills necessary for educational success and
reduce socioeconomic inequality. However, PIPS offers a good and economical alternative
to be used universally at school entry, and thus can still be used earlier than many other

available standardized assessment tools.

Strengths

Despite these limitations, this study has several strengths. To our knowledge, this is the first
comparative study on PIPS for samples from countries where English is not the first
language (see Tymms et al. 2014; Wildy and Styles 2008). The analyses indicate that
despite restricted comparability, PIPS data from different samples and from different
countries can be described with the same number of factors as well as the pattern of
loadings (although the loadings are on a different scale). PIPS can also predict general and
specific academic achievement.

All analyses were conducted with larger sample sizes, using advanced statistical tools
(FIML, SEM). Reliable and valid test instruments were used to assess children’s academic
achievement. In addition, we controlled for child and family characteristics. The findings also
indicated that PIPS is a reliable and valid test instrument, not only in the English but also in

the Slovene and German context.

Conclusion

In this study, recently developed Slovene and German versions of the English test
instrument PIPS were analysed and compared. For some of our models, we did not find a
perfect fit. However, our results indicate that the number of factors as well as the pattern of
loadings seems to be comparable in the Slovene and German models (but the literacy and

numeracy means could not be compared directly). PIPS still proved to be a reliable and
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valid school entry assessment tool in both contexts. This indicates that instruments can be
useful within different cultures even when the measurement equivalence is not met as is the
case with PIPS (Van de Vijver and Leung 1997). Further research needs to test in which
regards PIPS might work as a tool for international comparisons.

Overall, our results also indicate that academic achievement seems to be closely
associated with PIPS numeracy test scores in both samples (after controlling for intelligence
and SES, see also Duncan et al. 2007). Early assessments of children’s literacy and
numeracy abilities with PIPS were specific and significant predictors of children’s later
language and math achievement in Grade 1. Consequently, this assessment tool seems
suited to support teacher’s work with young school children to identify strengths and

weaknesses of these children and to provide them with the early support they need.
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Table 1. Descriptives of the PIPS subtests and comparisons between the samples

Area (latent variable) N of Slovene German
items sample sample
Subtest (indicator) M SD M SD t-test Effect
size
Early literacy
Writing 1 4.10 0.90 4.00 0.58 n.s. 13
Ideas about reading 5 1.66 1.27 3.07 1.45 G>S -1.04
Letter identification 26 (27)® 58.34 37.59 30.94 29.25 S>G .80
Word recognition 6 0.98 1.31 1.28 1.13 G>S -.25
Reading 69(82)* 1344 2999 6.96 2228 S>G 24
Early numeracy
Calculations with pictures 5 3.63 1.36 4.59 1.02 G>S =77
Number identification 14 6.84 3.84 8.86 2.84 G>S -.58
Math 3 0.83 0.84 1.25 1.03 G>S -.36

Notes. Number of items in parentheses denotes number of items in the German version

(when the number of items differed for the two versions).

@ M and SD are expressed as percentages of the maximum score (due to different

maximum scores in the two samples).
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Table 2. Descriptives for academic achievement indicators

Variable Grade 1 Grade 2
M SD M SD
Slovene sample
Slovene language  2.91 0.68 2.97 0.70
Math  3.00 0.67 3.09 0.63
Nature & Society  3.11 0.63 3.10 0.60
German sample
Spelling (DERET)* 10.27 6.91 17.11 9.92
Math (DEMAT) 24.10 7.42 19.89 8.70
Read (WLLP) 37.73  16.36 69.64  21.76
Read (ELFE) / / 42.07 16.56

@ Reverse coding (low scores indicate fewer mistakes in the dictation)
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Table 3. Correlations between PIPS and academic achievement indicators

Early literacy Early numeracy

Writing IAR Letters Words Reading  Calculations Numbers Math
Slovene 337 38" 45" 39" 37" 42" 467 427
G1 Math 267 30" 39" 29" 25" 36" 45" 36"
Nature & 197 347 29" 23" 19" 28" 277 27"
Society
SLO
Slovene 377 377 52" 49" .38” 45" 507 397
G2 Math 307 327 36" 347 23" 43" A7 32"
Nature & 29" 36" 38" .35 19" 38" 397 32"
Society
Spelling 218" =12 -427 -35"  -26" -20" 397 -24"
(DERET)
G1 Reading A1 217 39" 317 32" 16" 34" 28"
(WLLP)
Math 20" 13" 31" 28" 23" 32" 40" 39"
(DEMAT)
GER Speling  _2¢* _og -38° -37°  -23" A1 -33" 22"
(DERET)
Reading 09 15" 29" 24" 20" 03 26" 25"
Gg (WLLP)
Math A7 6" 277 247 22" 33" AT 46"
(DEMAT)
Reading 120 167 41" 307 25" 10" 36" 26"
(ELFE)

Notes. SLO = Slovene sample, GER = German sample, G = Grade, IAR = ideas about

reading. N (Germany) = 416-426. N (Slovenia) = 315-321.

*p<.05;*p<.01.
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Writing
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Letters

Words
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Calculat.
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Math

German

24.85#
(0.29)

0.04***
(0.75) 15,10

Figure 1. Structural equation model for the prediction of overall academic achievement. The

numbers are unstandardized coefficient estimates (standardized coefficient estimates in

parentheses). All indicator loadings were significant (p < .001). Solid lines represent

significant paths or correlations; dashed lines indicate non-significant paths. # indicates

paths that became non-significant after covariates were introduced into the model.

IAR = ideas about reading, Slo = Slovenian language, N & S = Nature & Society, AA =

academic achievement, LIT = literacy, NUM = numeracy, Read W = WLLP silent reading

task, Read E = ELFE reading comprehension task.
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*p <.05; ***p < .001
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Writing 1.00
123 (0.53)
IAR (0.48)
64.27 0.79*** 1.7
Letters |, (0.85 PIPS (0.98) (0.98)
2.00 LIT
Words (0.76
36.17
(0.59
Reading )
Slovenian
German
Writing 100 Read W Spell Read W Spell Read E
2.19 (0.25) 1.00
IAR 0.22) (0.84)
173.95 52.92***
Letters 0.87 PIPS (0.56)
5.11 LIT
Words (0.66
99.55
(0.65
Reading

Figure 2. Structural equation model for the prediction of language academic achievement.
The numbers are unstandardized coefficient estimates (standardized coefficient estimates
in parentheses). All indicator loadings were significant (p < .001). Solid lines represent
significant paths or correlations; dashed lines indicate non-significant paths. Lang =
language (other abbreviations see Figure 1).

"The indicator is calculated as the mean of teacher's rating on several items (see Method).

36



Calculations 1.00
(0.60)
0.40*** 1.01%*
Numbers (0.97) > Math (0.98)
AA1
Math
Slovenian
1.00 German
Calculations
0.24*** 1,710
Numbers (0.77) ‘m (0.76) Math
~ " 1.57
1.00 AA2 S10 | (0.44)
48 0.44 '
(0.75)
1.00
3.25
1 S8
(0.33)| S - (0.73)
4.61
(0.55|_S? A S2 | s3 || s4 || S5 || s6 || s7
. 0.55
429 517 %% 599 099 241 559 223 160 210 229
0.59) (0.60) ™'/ (0.62) 4.90 (060) (065) (0.64) (0.57) (0.57) (0.75)

(0.59)

Figure 3. Structural equation model for the prediction of math academic achievement. The
numbers are unstandardized coefficient estimates (standardized coefficient estimates in
parentheses). All indicator loadings were significant (p < .001). Solid lines represent
significant paths or correlations; dashed lines indicate non-significant paths. AA = academic
achievement, NUM = numeracy, S = subtest.

2The indicator is calculated as the mean of teacher’s rating on several items (see Method).
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