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BERND WIEGAND, K ASSEL

AN ANALYSISOF REALITY-RELATED TIMMSITEMS

Abstract

The basis of the presented interpretationsis a detailed analysis of TIMSS-Items taken from the Population
2-test. Analysis with similar resultsis also available for Population 3-1tems (see WIEGAND 1999).

With this analysis of reality-related TIMSS-Items and results, interesting patterns become obvious which
make it possible to develop a starting point for interpretations of the data. In this way one can identify
specific strengths and weaknesses in German mathematics education, which is - in my opinion - one of the
most interesting advantages of international comparative studies. Yet this potential has very seldom been
used, since it is mainly aggregate results (mean scores or ranking lists) which have been discussed.

1. Basic concept of theanalysis

First of all | would like to describe and justify the selected methodological approach, which is

distinctly different from the one in the German TIMSS report (BAUMERT ET AL. 1997).

() Instead of using Rasch-scaled scores of the difficulties for single items, | consider the
relative percentage of students with the correct answer. One reason for using percentages of
correct responses is that the results for each item and each country are given in this way
(http://timss.bc.edu/timss1995i/Database.html) and not as Rasch-scaled scores. In addition,
percentage correct scores are easier to interpret than the Rasch-scaled scores, indeed there
is no advantage in using Rasch-scaled scores for the following analysis.

(2) One main reason why a detailed analysis like the one presented here is necessary and
helpful is that the consideration of mean scores over al items is superficia since it is not
possible to identify specific strengths and weaknesses of the mathematical education of a
country. There are a variety of methodological criticisms of international comparison
studies in this respect. For example, MCKNIGHT/VALVERDE (1999, p. 59) stated that in
studies such as TIMSS it is generally not possible to consider curricular differences
between the participating countries because of the large number of nations. Therefore,
overall results are restricted in their value:

“ ... globaly-scaled scores based on high-level aggregations of very

disparate items at best measure only very general mathematics skills, and

are thus essentially insensitive to curricular differences. ... In the

meantime, it might be worth taking a closer look at content scoresto seeiif,

even at what is still a fairly global level, decreased aggregation can yield

more curricularly related results.” (1999, p. 59)
WoLFE (1999, pp. 225) confirmed this criticism with a detailed analysis of the SIMS-data.
He argued that in great international comparative studies there exists a strong dependency
between the results of the study and the selection of the items used in the test. According to
his analysis, the number of items of a certain kind determines the overall result, hence the
result is ultimately determined by the curricular emphasis of the country’s educational
system. He found a strong dependency between the variable “ opportunity to learn” and the
test-score by analysing SIMS-data of different countries:
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“For example, if the test design or weighting favours the geometry topic,

then countries with relatively high geometry performance will rank higher

overall - an example of international measurement bias.” (1999, p. 228)
Statistically this can lead to a measurement error:

“Unless there is an exactly parallel structure of knowledge, learning and

language in different student populations, some items will be relatively

harder in some populations than in others. The random (unexplained)

variation within a content sub-domain for which a score is to be devel oped

must be regarded as an error because, once we have formed the score, we

are not interested in the particular set of items that were used ... .

For example, if we have a small number of itemsin atopic, and the items

vary differently in difficulty from country to country, the overall ranking of

the countries in the topic will have lots of international measurement

error.” (1999, p. 228)
This criticism by WoLFE is confirmed by RAMSEIER 1997, who has analysed TIMSS
(Population 2). He discovered that the rank order concerning the results in natural sciences
of various countries alters distinctly when, for instance, only items with low cognitive
requirements and high terminological difficulty are taken as a basis. For example, the
ranking of Switzerland in TIMSS (Population 2, Science) isworse if only items of thiskind
are considered while their position is far better if only items with high cognitive
requirements and low terminological difficulty are considered (see Ramseier 1997, p. 43).

Consequently, there is a distinct need for a detailed consideration of the analysis and the
results of single items asin the presented work.

My starting point for an interpretation is the analysis of items in classes of items (here:
reality-related items). The results of these items are considered and interpreted by
elaborating patterns in the classes of items.

(3) Isolated percentages of correct responses from German students (e.g.: 45 % of the German
students answered item | 2 correctly) are not interpretable without a relative value. | have
therefore compared the percentage of correct responses from German students with that
from all students in all participating countries. This is a relative value which is, in my
opinion, independent of specific characteristics of each country. It is also easy to interpret,
since the overall percentage of correct responses is amost identical with the overal
percentage of the German students:- in grade 8, amean of 54 % over al itemsin Germany,
and amean of 55 % over al countries: in grade 7, an identical mean of 49 % in Germany
and over al countries. Therefore items in which the German students performed much
better mark their (relative) strengths, while items in which the German students performed
much worse mark their (relative) weaknesses.

I would like to distinguish roughly between two kinds of items:

[l mathematical items, for exampleitem M 8: “Multiply: 0.203 x 0.56 ="

[ redlity-related items, for example N 16:
“Jan had a bag of marbles. She gave haf of them to James and then a third of the marbles
till in the bag to Pat. She then had 6 marbles left. How many marbles were in the bag to
start with? “ (multiple choice item, alternatives: 18; 24; 30; 36)
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The following analysisis primarily based on reality-related items.

Section 2 describes what is meant by reality-related items. For the solution of these kinds of
items Grundvorstellungen (one cannot trandlate this term exactly, “concept image” oer
“ground rules” means almost the same) of the mathematical content are necessary (Section 3).
Then (Section 4) some arithmetic- and algebra-items will be analysed and the results will be
interpreted (Section 5). In Section 6 some other items will be analysed and the results will be
interpreted. Finaly, in Section 7 some obvious and sensible modifications to German
mathematics instruction will be suggested.

2. Reality-related Items

The following description in Sections 2, 3 and 4 is similar to the one in BLUM/WIEGAND 1998.
Reality-related items are - in my terminology - items in which the mathematical content isin
any way related to “reality”.

One can distinguish - given the complexity of such items - between problem-solving (in the
sense of the modelling process, see Figure 1), the use of standard models and word problems".
(see BLUM 1996).

Mathematisicren

Interpretieren

Word problems are very relevant for mathematics instruction in school. From the outset, the
real situation (RS) is structured in such a way that a real model (RM) nearly exists. The
process of solving such an item then consists of five steps (see Figure 2, WIEGAND 2000, p.
39): From the text given in the item (AT) to the kernel of the text (Kern AT) to the real model
(RM) and then to the mathematical model (MM), mathematical results (MR) and back to the

situation given in the text.

RM MM

MR

! In my terminology word problems are mathematical problems presented as a task in the form of a short text.
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Redlity-related TIMSS-Items are mainly word problems (because of the time limitation in
such a test). The difficulties for students in solving these items can lie - according to many
investigations - in al three steps:

'] the mathematisation, i.e. the efficient reading of the text of the item and the forming of an
equation, a function, a geometrical figure, etc. In Item N 16 for example one hasto translate
operations with marbles into mathematical operations with numbers,

[] the mathematical working process. In N 16 for example one needs to have knowledge about
fractions;

[l the interpretation, i.e. the transference of the mathematical results back to the real situation.
In N 16 for example one has to interpret the result as the number of marbles in the initia
situation.

The third step— asin the “marble-item” N 16 - is much easier in many word problems than the
first two steps, which are the main problem areas for students in solving such an item,
especialy the translation from reality into mathematics. A student can find a suitable approach
to the problem if he has an adequate knowledge of the inherent mathematical terms and
operations and if he can activate these Grundvorstellungen (basic concepts) in this particular
context. This is why these Grundvorstellungen (GV) play an important role in the process of
solving word problems.

3. Grundvor stellungen

The underlying theory of Grundvorstellungen is outlined below (see vom HOFE 1995).

The question of adequate concepts of mathematical terms and operations has a long tradition,
beginning with Pestalozzi’ s “ Anschauungen”. The term “Grundvorstellung” was first used by
Oehl and was then developed further by Griesel.

In his theory, vom Hofe defined the term “ Grundvorstellung” as the rel ationships between the
mathematical content, the real context and the formation of a concept by the individual.
Grundvorstellungen mediate especially between mathematics and reality and they can help in
solving aword problem by making the mathematisation step easier.

There are usually several, quite often even diverse Grundvorstellungen for each mathematical
content; here are three examples, which will be used in Sections 4 and 5.

1) | distinguish between three basic Grundvorstellungen for fractions (always with the

example 2/3 compare with PADBERG 1995):

+ fractionsasrates. 2/3 astwo thirds of apizzaor two pizzas for three persons,

¢ fractions as operators. 2/3 of a certain amount, for example 60 persons (seeitem N 16);

¢ fractions as ratios. 2/3 as a ratio, for example two parts of apple-juice and three parts of
mineral water.

2) One can distinguish (see PADBERG 1996) between four Grundvorstellungen for subtraction

(always with the example 8-5):

¢ subtraction as taking away: One child has eight marbles and gives away five marbles, how
many marbles are left? (see item N 16)

¢ subtraction as comparing: One child has eight marbles, another child has five marbles, how
many more marbles has the first child than the second?
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¢ subtraction as adding to something: One child has five marbles, how many marbles does it
need to have eight marbles?

¢ subtraction as combining: One child has eight marbles, coloured red and blue. They have
five red marbles, how many blue marbles do they have?

3) Likein MALLE (1993) one can distinguish between three “ Grundvorstellungen” of the term

variable. They are also relevant for terms and equations:

¢ variable as an unknown, a number not further specified (Gegenstands-Grundvorstellung);

¢ variable as afill-in for anumber (Einsetzungs-Grundvorstellung);

¢ variable as a symbol, which one can manipulate according to certain rules (Kalkul-
Grundvorstellung)

In item N 16 (“marble-item”) the first Grundvorstellung will be activated. Once a term or

equation has been set up, it can be manipulated according to certain rules. Since the task is a

multiple choice item, the Einsetzungs-Grundvorstellung can also lead to a solution by using

the given aternatives. Generally, a systematic trial can lead quickly to a solution. This can be

achieved, without forming a term or an equation, by checking the alternatives against the text

of the item.

4. Analysis of reality-related TIM SS-1tems

In this Section, five selected readlity-related TIMSS-Items from the domain of arithmetic and

algebrawill be analysed with regard to the following aspects:

A) involved “Grundvorstellungen” (type, quantity and their interaction; relevant for all of the
three steps mentioned in 2. to solve aword problem);

B) process of mathematisation (the first step in solving a word problem; familiarity with the
reality-based context is one of the important factors);

C) process of solving the problem mathematically (the second step in solving aword problem;
one factor is the quality and quantity of the necessary elements, another is the degree of
difficulty of the numbers used).

Of course, these three aspects are related to each other, especially A) to B).

4.1 The “marble-item” (N 16) has already been analysed in Sections 2 and 3. To summarize:
A) Required are
* the operator-Grundvorstellung of fractions,
 one or two Grundvorstellungen (according to the process of solution) of variables,
* the taking-away-Grundvorstellung of subtraction to solve the item. There are severa
different concepts involved, each of which are related;
B) The context is familiar, but the mathematisation is not easy because of the complexity of
thereal situation;
C) The calculation consists of several steps. Each individual step is easy, but all of them have
to be solved to obtain the final result.

4.2 The “bus-item” (I 2) 3 5

“Two groups of tourists each have 60 people. If —of the first group and — of the second
group board buses to travel to a museum, how mahy more people in the first group board
buses than in the second group?’ (multiple choice item, alternatives: 2, 4, 5, 40, 45)
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A) Required are:
* the operator-Grundvorstellung of fractions;
» the comparing-Grundvorstellung of subtraction (more difficult than the others,
especialy in the formulation “how many more ... than ...”)to solve the problem.
B) The context is familiar. However the trandation into a mathematical model is only possible
if one understands the real situation and is able to combine the concepts mentioned in A).
C) The numbers used are easy, but the calculation consists of several steps.

4.3 The “ratio-item” (M 6)
“A class has 28 students. The ratio of girlsto boysis4 : 3. How many girls are in the class?’

A) Required are:
* theratio-Grundvorstellung of fractions and - depending on which way is chosen to solve
the problem either
* the operator-Grundvorstellung  or
» aconcept of proportionality.
The ratio-Grundvorstellung is not usual in German mathematics education in grade 7 and
8.
B) Again, the context is familiar, but the mathematisation requires the student to know what
ratio means.
C) The numbers used and the calculations are easy.

4.4 The “cake-item” (P 14)
“ Janis, Maija and their mother were eating a cake. Janis ate 1/2 of the cake. Maija ate 1/4 of
the cake. Their mother ate 1/4 of the cake. How much of the cake isleft?’
(multiple choice item, alternatives. 3/4; 1/2; 1/4; none)
A) Required are:
* therates-Grundvorstellung of fractions;
* the taking-away-Grundvorstellung of subtraction to solve the problem; both are less
demanding.
B) The context is familiar and the mathematisation is very easy, if the text of the item is
followed step by step.
C) The numbers used in the calculation are easy.

4.5 The “hat-item” (Q 1)

“ Juan has 5 fewer hats than Maria, and Clarissa has three times as many hats as Juan. If
Maria has n hats, which of these represents the number of hats that Clarissa has?’

(multiple choiceitem, alternatives: 5-3n;3n;n-5;3n-5;3(n-5))

A) One needsto have
* the Gegenstands-Grundvorstellung of variables
* thetaking-away-Grundvorstellung of subtraction (in the formulation “fewer than”)
* the operator-Grundvorstellung of multiplication to solve the problem.
B) The context is unusual, but easy to understand. For the mathematisation one needs to
structure the text, especially because of the succeeding if-clause.
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C) Thereisnothing to do.

5. Interpretation of theresults

The following results are based upon the TIMSS-2 data available on the Internet.

Looking at the results of reality-related items you not only find interesting patterns of the
items presented in Section 4, but of the whole class of items.
The results (percentage of correct responses in grade 7 and grade 8 for Germany and all
participating countries together; the results of the analysis in Section 4) of the readlity-related
items of Section 4 are shown in Figure 3. Items in which the German students performed
much better mark their (relative) strengths, while items in which the German students
performed much worse mark their (relative) weaknesses.

Figure 3: percentage of percentage of
reality-related items correct responses | correct responsesin
(arithmetic) in Germany all participating
countries
| 2: “bus-item” operator-GV and
(grade 7) 45 % 52 % comparing-GV,
(grade 8) 49 % 57 % difficult
mathematisation
M 6: “ratio-item”
(grade 7) 19 % 30 % ratio-GV and
(grade 8) 30 % 37% operator-GV
P 14: “cake-item” part-GV and
(grade 7) 83 % 2% taking-away-GV,
(grade 8) 77% 76 % direct translation
Figure 4: percentage of correct percentage of
reality-related items responsesin correct responses
(arithmetic) Germany in all participating
countries
Q1: “hat-item” difficult
(grade 7) 27 % 37% mathematisation
(grade 8) 41 % 47 % Gegenstands-GV
N 16: “marble-item* Gegenstands- or
(grade 7) 37% 43 % Einsetzungs-GV,
(grade 8) 35 % 48 % operator-GV

Thus the following patterns can be identified (see BLUM/WIEGAND 1998, p. 32 and WIEGAND

1998, p. 21):




135

If the word problem - as in P 14 - requires only some simple Grundvorstellungen and the

mathematisation is directly possible, the results of German students are (relatively) good.

But if

) more demanding or less familiar Grundvorstellungen are required - as in the “bus-item” or
the “ratio-item” - or

[ several Grundvorstellungen have to be combined - asin the “marble-item” - or

'] the mathematisation is difficult - asin the “ hat-item” - or

[1if more than one of these aspects coincide,

then the results of German students are relatively worse than the international mean.

6. Interpretation of the results of other items

If you look at the results of non-reality-related arithmetic items, you can find the following
trend (see WIEGAND 1998, p. 21 and Figure 5): while German students usually perform better
in items dealing with fractions in grade 7, they are less successful in grade 8. In some cases
they even fall behind the international mean.

percentage of percentage of
Figure5: non-reality-related | correct responses | correct responses
items (fractions) in Germany in all participating
countries
J12:
“Divide: E:l—S ” grade 7 46 % 36 %
grade 8 44 % 43 %
P 16:
“Write0.28 asa grade 7 37% 30 %
fraction reduced to its | grade 8 33% 34 %
lowest terms’

If you look at the results of non-redlity-related algebra items (which do not include any
modelling), the trend is not clear, but there are some items with better results for German
students (see Figure 6). Item Q 2 does not seem to require simple manipulation, but a more
advanced knowledge about variables, combined with a Grundvorstellung of fractions.

The trend described above can also be found in other areas. For example, the dightly better
performance of German students in the area “data representation, analysis and probability”
(BEATON ET AL. 1996, p. 41/42) can be explained by the small number of items which require
a difficult mathematisation or less familiar Grundvorstellungen. Two examples of typical
items from this content area and their results can be found in Figure 7 (see also BEATON ET AL.
1996, p. 80-86).
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percentage of percentage of
Figure 7: two items out of the content area “data | correct responses correct
representation, analysis and probability” in Germany responsesin all
participating
countries
P17:
“ Thistable shows temperaturesat | grade 7 94 % 79 %
various times during the week. ... grade 8 94 % 82 %
Which thermometer shows the
temperature at 8 p.m. on Monday?”
(four alternatives)
oL
“ The graph shows the distance grade 7 68 % 51 %
travelled before coming to a stop after | grade 8 69 % 58 %
the brakes are applied for a typical car
travelling at different speeds. ...
A car travelling on a highway stopped
30 m after the brakes were applied.
About how fast was the car travelling?”
(four alternatives)
percentage of | percentage of
Figure 6: non-reality-related items correct correct
(algebra) responsesin | responsesin all
Germany participating
countries
P 15:
“Which of these expressions | grade 7 60 % 55 %
is equivalent to y*?* grade 8 73 % 66 %
(alternatives. y+y+y;,
Yy I; 3y V*+Y)
Q2
. 2X X, grade 7 33% 41 %
Subtract: “o =9 =" | rade8 38 % 51 %
(alternatives:
9" 98

In addition to this, German students generally perform worse than the international mean in
items in which the term “ratio” is used or which require the ratio-Grundvorstellung (asin item
M6). One example for thisis shown in Figure 8.
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percentage of percentage of
Figure 8: oneitem for the ratio- correct correct
Grundvorstellung responsesin | responsesin all
Germany participating
countries
P8:
“What istheratio of the | grade 7 37 % 49 %
length of a side of a square | grade 8 45 % 56 %
to its perimeter ?”
It fives: 1111
(alternatives: 123 4)

7. Possible reasons and conclusions

There are various reasons for the poor results of German students e.g. the low status of
mathematics and science education, lack of eagerness to learn, etc. Mathematics education is
not the only area to which these comments apply and such failings can only be changed in the
long term. However there are several other reasons, which are, in my opinion, related to
mathematics instruction in Germany.

Possible criteria for identifying such reasons are qualitative-related studies like the TIMSS-
Video-study (see the cultural scripts of mathematics instruction in Japan, the USA and
Germany presented in BAUMERT ET AL. 1997) or the classroom observations of German and
English mathematics instruction as a part of the Kassel-Exeter study (see the idealised types of
mathematics teaching in both countries presented in KAISER 1999a and KAISER 1999D).

Given this background it seems reasonable to suggest that German mathematics instruction is
(too) strongly related towards routines and standard tasks. Students also tend to forget much
of the content they have learned for the last test (see the comment of the association of DMV,
GDM and MNU on TIMSS). Therefore the demands for less standard tasks and more problem
solving, for more reality-orientation, connected learning and intensified repetition is supported
by the analysis presented above.

One centra point which, in my opinion, makes empirical studies like TIMSS valuable is that
they can help to identify specific strengths and weaknesses in the mathematics and science
education in each country.

A project that is starting to change mathematics and science instruction in Germany in the way
described above is the BLK-Modellversuchsprogramm (see e.g. HENN 1999). Even with this
programme, however, | doubt that the German students can become as good as the Japanese
students of the same age, because of the totally different cultural and social backgrounds. We
should look primarily at our European neighbours (like the Netherlands or Switzerland),
which have also achieved excellent results. | therefore await the results of the planned video-
study in Switzerland with great interest.
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