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Abstract. In 2004 were proposed the national standards for science in Germany. For the
evaluation of the proposed standards, the project Evaluation of the National Educational
Standards for Natural Sciences at the Lower Secondary Level, with the acronym ESNaS, was
started in 2007 (Kremer et al., 2012; Kauertz et al., 2010). A three-dimensional competence
model was developed, with the three axes: competence area, complexity and cognitive
processes. The focus of this study was the development of an instrument to assess pupils’
competencies in the area of competence use of content knowledge in Chemistry. A number
of 101 items were developed by using the ESNaS model, in order to evaluate the competence
in Chemistry of High School German pupils. Items were developed on the theoretically-
defined aspects of the topic Chemical Reactions: acid-base reactions, redox reactions,
fundamentals of reactions, reactions used in analysis, organic chemistry reactions. The Rasch
model was used for the analysis of data. A number of N=568 German pupils (9", 10" and
11% class) were tested, and it was revealed that the instrument is unidimensional and has
good psychometric properties.

Keywords: Rasch model, competence analysis, assessment in Chemistry, chemical
reactions, dimensionality

As a consequence of the unsatisfactory results of the German students at the
TIMSS tests in 1990s and 2000s, the educational standards were introduced in
German education system in 2004 (Koéller at al., 2012). In order to evaluate the
national standards, an interdisciplinary project “Evaluation of the National
Educational Standards for Natural Sciences at the Lower Secondary Level” (ESNaS)
was started in 2007 (Kremer et al., 2012, Kauertz et al., 2010). A three-dimensional
competence model was proposed, and the dimensions were: area of competence,
cognitive processes and complexity level (Figure 1).
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Figure 1. Three-dimensional ESNaS competency model

The areas of competence were: use of content knowledge, acquirement of
knowledge, communication, evaluation and judgment. The cognitive processes
specified in the model refer to the processes necessary to solve a task. The
complexity dimension reflects the structure of the information used in the item. For
the area of competence use of content knowledge, four basic concepts were defined
by the national education standards in Germany (Kremer et al., 2012): chemical
reactions, energy, particulate nature of matter and structure-properties relationship.
For the basic concept chemical reactions, five aspects were defined theoretically
(Figure 2) and the corresponding indicators were identified in curricula from the
states in Germany (Timofte, 2015).

Area of competence  Use of content knowledge
Basic concept Chemical Reactions
Aspects Redox Reactions
Acid-Base Reactions
Organic Reactions
Reactions used in Quantitative and Qualitative Analysis
Fundamentals of Chemical Reactions

Figure 2. Aspects of the basic concept “Chemical Reactions”

In Germany there is a curriculum for each county and it was necessary to
pursue a curricula analysis, to identify the most frequent indicators across the
curricula in Germany. The most frequent indicators were: redox reactions, oxidation,
acid-base reaction, pH, substitution, addition, reactions used in quantitative analysis
(general information), reactions used in qualitative analysis (general information),
detection of organic compounds, definition of reaction, law of mass conservation,
word equation, formula equation (Timofte, 2015). The identification of the most
frequent indicators across curricula was required, in order to follow the principle of
alignment between curricula and assessment (Webb, 1997).
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Item Response Theory (IRT) models are used to analyse and interpret empirical
data in the area of assessment. Rasch model is one of the IRT models. When using
Rasch models for analysis, data is converted in ratio scaled data and person
parameters and item parameters are generated (Bond et al., 2001). A number of
parameters could be obtained during the Rasch analysis of data: Wright map, item
difficulty, item fit statistics, local independency of items, item separation reliability,
person ability, person separation reliability, different item functioning,
dimensionality of the instrument (Boone et al., 2006). Item fit statistics is a way to
test assumptions of assessment. MNSQ values ranging from 0.75 to 1.33 are
regarded as being acceptable. It is considered that an item is a misfit if the output
MNSQ>1.33 (Wilson, 2005). The acceptable values for items measure in Rasch
model are ranging from -3.5 to +3.5 logits (Rauch & Hartig, 2008). The acceptable
value for person reliability (similar to Cronbach’s alpha) is minimum 0.75. Items
with correlation values higher than 0.7 are considered to be locally dependent
(Linacre, 2011).

Aim of the study

The aim of this study was the development of an instrument to measure German
pupils’ abilities in the area of competence use of content knowledge, on the topic
chemical reactions and to determine the psychometric parameters of the instrument.
Furthermore, it was aimed to establish if the aspects defined theoretically were
belonging to the same empirical scale.

Methods

A number of 101 multiple choice single select and open-ended items were tested,
on topics related to the five aspects depicted in Figure 2. The items were developed
by using the ESNaS model. A multi-matrix design was used for the development of
the test booklets and a number of N=568 pupils (9", 10" and 11" class) from North
Rhine-Westphalia county in Germany were tested. Data was analysed with the
Winsteps programme version 4.

Results and discussion - analysis of data

Assessment of item fit: From 101 items tested, 11 (10.9%) were eliminated,
since they exhibited values for outfit MNSQ > 1.3. The analysis was carried out
further without these items.

Items measure: Items’ difficulty measures were in the range of -2.67 and +3.39
logits (Figure 3).

Reliability: Both person and item and reliability separation values were within
accepted ranges: person reliability: 0.75, person separation: 1.71, item reliability:
0.95, item separation: 4.60.

Local independence of items: All correlations are below 0.7 and hence, it can
be considered that the items are locally independent.

Dimensionality: The unidimensionality of the instrument was tested by the
principal component analysis of the residual error.
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Figure 3. Wright map
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In Figure 4 is depicted the item loading plot. Analysis has shown the presence
of three contrasts, with majority of items related to one contrast. The value of
disattenuated correlation for each of the three contrasts (item clusters 1-3, 1-2, 2-3)
was 1. Consequently, it was concluded that the instrument is unidimensional,
presenting some strands.
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Figure 4. Item loading plot

Conclusion

An instrument to measure pupils’ competencies on the topic Chemical Reactions
was developed. The instrument comprises 101 items having different levels of
difficulty and was tested on 568 pupils from Germany. Systematic data analysis has
proven that the instrument has good reliability and validity and that it is
unidimensional.
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