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The present study examines textbookalgebratasksinan attemptto understand how
textbooks change in a reform of lower secondary school algebra. Changes in 1557
textbook tasks for year 8 are described in terms of algebraic activities and school
algebra discourses. The tasks were taken from textbooks published before and after
a new syllabus was introduced in Sweden in 2011. The results show that the new syl-
labus’ focus on mathematical competences was not stressed in the textbooks and
that the greatest change was an increase in word problems connected to everyday
situations. It is suggested that, in this reform, textbooks have been conservative and
transformative in relation to the syllabus.

In the 20th century, textbooks have been used to change Swedish school
mathematics (Prytz, 2017). In a more decentralized system, before 1950,
innovations were introduced via textbooks rather than the syllabi. Text-
books were also important during the 1960s, by which time governance
had become highly centralized. The implementation of New math in the
early 1970s was largely a question of replacing traditional textbooks and
directing publishing companies to follow the examples set by a major
state-driven development project (Prytz, 2018). A key instrument was
the mandatory state textbook review. Since the New math, policy gover-
nance has changed, from highly centralized to highly decentralized
(Lindensjé & Lundgren, 2014). A key idea underlying today’s policy is to
govern by goals: The state establishes the goals, and local actors — such
as municipalities, schools and teachers - are given great freedom to find
methods to achieve them. This idea is clearly reflected in the mathema-
tics syllabi of 1994 and 2011. They contain goals articulating what pupils
should learn, but no guidelines on how to teach. As to textbooks, they are
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not controlled by the state. Another key idea underlying today’s policy
of governance is to evaluate goal fulfilment and use evaluation results
to develop methods and goals. Evaluation takes place through national
and international tests (Sundberg & Wahlstrém, 2012). However, little is
known about how textbooks have changed during Swedish reforms of
school mathematics since the New math and how they are changing today.

The purpose of our study is to shed light on textbooks’ relation to the
syllabus in contemporary Swedish school mathematics reforms. Here we
are referring to the phenomenon of textbooks either mediating, modi-
fying or ignoring ideas expressed in the syllabus or even introduce ideas
other than those expressed in the syllabus.

Our study focusses on lower secondary school algebra and the 2011 cur-
riculum reform. It is a relevant focus because the state operates accord-
ing to the prevailing policy of governance - revising goals on the basis of
evaluations. In connection with the latest Swedish curriculum reform,
launched in 2011, there were clear changes with respect to algebra. One
of the reasons for these changes was Swedish pupils’ results on large-scale
international assessments (Skolverket, 2011a); the National Agency for
Education indicated that pupils needed better proficiency in algebra in
particular. The research questions are:

What characterizes algebra in lower secondary school textbooks?

To what extent do algebra characteristics in the textbooks change
during the period 1995-2015?

In what respect can these textbook changes be linked to ideas in
the syllabus?'

The disposition of the paper is as follows. After an overview of research
on reforms, textbooks and algebra, we describe the major innovations in
the 2011 syllabus, especially those related to algebra. We then compare
algebra chapters from three textbook series published from 1995 to
2015 in an attempt to understand changes in their algebra characteris-
tics. Through this comparison, we hope to grasp the support that text-
books possibly provide for implementing ideas about algebra which are
expressed in the 2011 syllabus.

Previous research

The importance of textbooks has been underscored in different ways.
Researchers in mathematics education have pointed out the important
function textbooks have in teaching (cf. Hill & Charalambous, 2012; Stein
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et al., 2007). We also know that Swedish pupils do a great deal of work
with textbooks (Johansson, 2006; Neumann et al., 2015). Researchers
looking at school reforms (e.g. Apple, 2004; Apple & Aasen, 2003),
on the other hand, have underscored the importance of textbooks in
governance of teaching; textbooks work as a link between the syllabus
and the teachers.

Only a few studies have focussed on Swedish contemporary curricu-
lum reforms, mathematics and textbooks. Johansson (2003) argued that
power-coercive strategies have been used in Sweden to implement new
curricula. This means that educational authorities introduce new ideas.
In her study of a textbook series for year 7 published between 1979 and
2001, not all goals in the syllabus are implemented in the books. Stil],
textbooks do not necessarily change just because the syllabus changes.
Boesen et al. (2014) considered textbooks in relation to a reform process,
but their main focus was on the impact of the 1994 curriculum reform
on the practice of about 200 mathematics teachers (year 1-12) and how
the concept of competence was introduced in that reform. They studied
textbooks by analysing what tasks pupils work with, not how textbooks
change in a reform process. In their case, teachers did not adjust their
teaching to the competence message stressed in the reform. None of the
studies mentioned have concerned the 2011 curriculum reform.

As to Nordic research on textbooks and algebra, a number of studies
— for instance, Kongelf (2015), Lundberg (2011), Brating et al. (2019),
Higgstrém (2008), and Jakobsson-Ahl (2006). Kongelf (2015) and Lund-
berg (2011) —~have focussed on the introduction of symbolic algebra and
proportionality, respectively, and compared these areas to the syllabus.
However, they have not looked at how the textbooks’ algebra characte-
ristics have changed over time. Brating et al. (2019) studied the progres-
sion through primary school, focussing on opportunities to engage in
algebraic thinking practices. Haggstrom (2008) compared Swedish and
Chinese algebra tasks, and Jakobsson-Ahl (2006) examined the develop-
ment of algebra in Swedish upper secondary school between 1960 and
2000. None of the above-mentioned researchers have discussed the rela-
tion between textbooks and the syllabus in mathematics curriculum
reform.

Main ideas on algebra in the 2011 syllabus

In the two latest Swedish mathematics syllabi (1994 and 2011), aims and
goals have been expressed as competences (Boesen et al., 2014; Sund-
berg & Wahlstrom, 2012). This change followed an international trend
including the NCTM Standards, where mathematics is envisioned as
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processes rather than products. In this trend, the focus shifted from
mathematical objects and constructs to mathematical practices, such as
problem-solving, reasoning, and communicating. This is hereafter
described as taking a competence perspective on mathematics. In relation
to our study, four reform ideas were raised in the 2011 syllabus compared
to the 1994 syllabus®.

1.In the 2011 reform, the competence perspective was further explicated
(Skolverket, 2011a). According to the 2011 syllabus (Skolverket, 2011b),
teaching is supposed to help pupils to develop knowledge in, e.g. formu-
lating and solving problems; understanding and using concepts; reflect-
ing over and evaluating their strategies, methods, models and results;
applying mathematical reasoning and arguing logically; and exploring
problems. Hence, mathematics is much more than using procedures and
practising skills. Unlike the 1994 syllabus, transformations were not
mentioned.

2. Another innovation of the 2011 syllabus concerned the role of problem-
solving in everyday situations. The syllabus aimed at preparing pupils to
take everyday decisions and to increase their confidence in using mathe-
matics in different situations. Problem-solving was understood both as
a competence and as core content; it was captured by the description of
algebra in relation to algebraic expressions, formulae and equations in
situations relevant to the pupil (Skolverket, 2011b). In the 1994 syllabus,
problem-solving was promoted only as a competence, not as a content
area (Skolverket, 1994).

3. The formulations concerning algebra content in the 2011 syllabus had
a clearer progression than in the 1994 syllabus. Working with number
sequences and geometrical patterns in the early school years was expli-
citly seen as a basis for year 7-9 and as ways of expressing and describing
generally (Skolverket, 2011a). These generalizations involve understand-
ing and using the concept of variable in algebraic expressions, formulae
and equations (Skolverket, 2011b). General descriptions were exempli-
fied as the areas of geometrical figures or the cost of a mobile phone con-
tract (Skolverket, 2011a). Further, Relations and changes became a specific
topic, including functions (Skolverket, 2011b). In the 1994 syllabus, the
concept of variable was not mentioned, and the contents in Relations and
changes were integrated into the other topics.

4. The 2011 syllabus (Skolverket, 2011a) was more specific than the pre-
vious one concerning its content in relation to competences. A recur-
ring theme was the use of algebra to achieve aspects of generalization,
e.g. to use algebra for general descriptions and methods, and for general
reasoning in problem-solving.
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Theoretical considerations

Textbook authoring involves a process of interpreting the curriculum
and giving it a concrete and more detailed form. Through our analysis,
we wish to discern what changes in the textbooks can be linked to the
curriculum reform, but also what changes can be considered indepen-
dent of the reform. Thus, it is reasonable to employ an analytical tool that
can highlight details and aspects of algebra that are not expressed expli-
citly in the curriculum. To achieve this, we combine an analysis based
on an activity framework with the results from an analysis based on a
social-semiotic framework. First, we present the activity framework.

For many years, algebra was characterized in three ways, by focussing:
on manipulating equations and expressions, on the concept of function
and modelling, or on structural aspects and set theory (Kieran, 2007;
Ponte & Guimaraes, 2014). More recently it has been suggested that
algebra concerns processes rather than different objects and content areas
(e.g. Kieran, 2007). Others (e.g. Kaput, 2008) have instead suggested that
algebra is both about objects to acquire and actions to perform. These
newer perspectives resonate with how the curriculum is constructed
based on competences, as they focus on "doing” mathematics.

Our framework of algebraic activities builds on Blanton et al. (2018,
2015), who in turn draw on Kaput. Blanton et al. characterized algebra
as different "big ideas” that give opportunities to participate in the alge-
braic thinking practices of generalizing, representing, justifying, and
reasoning. The "big ideas” connected to these thinking practices are:
Equivalence, expressions, equations and inequalities, Generalized arithme-
tic, Functional thinking, Variable, and Proportional reasoning (Blanton et
al., 2015). From this point of view, procedures and manipulating expres-
sions are not algebra, just as playing the scales is not music (Kaput et al.,
2008). However, we include changing the symbolic form of expression,
e.g. simplifying expressions or solving equations, as an algebraic activity.
Here we draw on Kieran (2007), who argued that transforming symbols
is not merely a question of learning skills, but also of understanding con-
cepts and theory by doing manipulations. Our analytical activity frame-
work is detailed, because it connects activities with the mathematical
concepts and content areas that pertain to algebra. It is further explained
in the Methods section.

Through our textbook analysis, we also wish to discern changes related
tosocial aspects, e.g. pupils’ relation toalgebra. Forinstance, Herbel-Eisen-
mann’s (2007) discourse analysis showed how a reform message aimed at
enhancing pupils’ opportunities for participation, reasoning and justifi-
cation is concretized in an ambiguous manner: In one textbook, mathe-
matics is portrayed as absolutist and pupils are positioned as "scribb-
lers”, at the same time as human actors engage in and do mathematics.
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We therefore apply a framework based on social-semiotics (cf. Halliday &
Hasan, 1989). The social aspect of language enables us to study actions in
language so that we can say something about interaction between people
and the nature of this action, as well as about how these social actions are
formed by and simultaneously form culturally, historically and institu-
tionally acknowledged ways of acting (Luke, 1995; Wetherell, 2001). This
further means that language is not neutral; it does not simply reflect the
world, but constructs versions of it (Luke, 1995; Morgan, 2016a).

As a consequence, textbook tasks are texts that say something about
the pupil’s interaction with, or possible responses to, the author and the
text. Texts also build up versions of the world, which are institutionally
formed and acknowledged ways of acting and describing what algebra is.
Features such as these can be studied through choices in language (Halli-
day & Hasan, 1989; Luke, 1995). Recurring choices in language construct
patternsacross texts: discourses that both are formed by cultural, histori-
cal and institutional ways of acting and form these ways of acting (Luke,
1995). In the present study, school algebra discourses are such discourses.
The school algebra discourses were identified in Palm Kaplan (2018) by
means of Systemic functional linguistics (SFL).? They were the main
results in that article.

Methods

The textbook data of the study are presented first in this section. The
analysis that follows focusses on tasks and entails several steps. To under-
stand algebraic activities in the textbooks, a qualitative framework
adapted from Blanton et al. (2015) is used to code the tasks. Algebraic
activities are tracked based on their appearance in textbooks published
before and after 2011. School algebra discourses, which are identified
in a previous study (Palm Kaplan, 2018), are also tracked based on their
appearance in the textbooks. The point of using two types of algebra
characteristics is to capture different kinds of changes in the textbooks.
The analysis is developed after presentation of the textbooks. Influences
from the syllabus may also play out in magnitude, so to understand the
changes in the textbooks, descriptive statistics are calculated in SPSS.
Finally, the results of these steps are compared to the above-described
changes in the syllabus.

The textbooks

Owing to the depth of the analysis, textbooks for year 8 were selected.
We expected less algebra in year 7 and a certain amount of repetition in
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the last year of compulsory school: year 9. We studied textbooks from all
series published both before and after the 2011 syllabus. For year 8 and
during the period 1994-2015, this amounts to a total of six textbooks in
three series. One of these was published in 2010, but written to comply
with the 2011 syllabus (S. Carlsson, personal communication, Septem-
ber 9 2015). Five more series were published in Sweden between 1994
and 2011. After introduction of the new syllabus, three other series were
published.

The unit of analysis is a task. Here we draw on Sidenvall et al. (2015),
who claimed that Swedish pupils (year 10-12) primarily use textbooks
for working with the tasks. We believe this is generalizable to year 8.

A task is the unit marked with a separate task number, or for some
special themes with a separate letter or other symbol. When a unit has
one task number but several subtasks - a), b) and c) - the subtasks are
counted as one task. For the analysis, algebra chapters in the textbooks
were selected (see table 1). These chapters are named, e.g. Equations,
Algebra, Algebra and patterns. Initially, all tasks in these chapters were
chosen for analysis. However, for a task to count as algebra, it has to be
explicit that the task should be solved using algebra instead of, e.g. arith-
metic or statistics. Otherwise no algebraic activity is possible to identify.
Out of a total of 1557 tasks, 80 are deemed not algebra*. Examples from
the textbooks are denoted by their respective labels (see table 1).

Table 1. The textbook material (cf. Palm Kaplan, 2018)

Textbook Label Curricu- Number of Tasks con-

lum tasksin the sidered
chapters algebra

Matematikboken Y Y96™ 1994 338 310

(Rad) (1996)

Matematikboken Y Y12 2011 455 417

(2012)

Matte Direkt &r 8 MDO02* 1994 160 145

(2002)

Matte Direkt ar 8 MD10* 2011 154 154

(2010)

Formula 8 Matematik FO7* 1994 196 196

(2007)

Formula 8 Matematik F13 2011 254 254

(2013)

Notes. * These textbooks also have a chapter called Relations or Functions and graphs.
** This publisher has two chapters on algebra in each textbook. Hence, the larger
number of tasks.
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In the study, chapters named Relations or Functions and graphs are not
included. Only three of the textbooks have such chapters (see table 1),
one published after 2011, which makes comparison of them difficult. In
these three chapters, functional relations are presented alongside coor-
dinate systems and relations, e.g. percentages. A look at year 7 and 9
in the same textbook series shows that functions, graphs and coordi-
nate systems are treated in year 9. In five out of six textbooks for year 7,
patterns are treated.

A framework of algebraic activities

Blanton et als (2018, 2015) view of algebra is in accordance with the
practice-orientated competence perspective in the NCTM Standards
and can be said to fit the competence perspective of the Swedish cur-
ricula quite well. In the 2011 syllabus, this is evident from the frequent
mentioning of representing and reasoning. Justifying and generalizing
are mentioned more indirectly through formulations such as to reason
and argue, express and describe generally, or reason generally. The "big
ideas” have been used to help children successfully engage with algebra
in the early grades (Blanton et al., 2015). They have also been previously
tested as analytical tools (Brting et al., 2019). To account for the present
study’s focus on lower secondary school, the ideas have been compared
to other conceptualizations (cf. Eddy et al., 2015; Kieran, 2007; Radford,
2011). The resulting framework of algebraic activities is described below.
Examples are labelled as in table 1.

Equivalence, expressions, equations and inequalities (EEEI) are used
in the algebraic activity aimed at developing a relational understanding
of the equal sign. Equivalence, expressions, equations and inequalities
are also used with generalized quantities in symbolic form to represent,
justify and reason, as well as to model and interpret problems (Blanton
et al., 2015).

Example 1. Mira simplified a(b + ¢) to ab + c. Albulena got the answer abc. Did
either of them carry out the calculation correctly? Justify your answer.
(Y12, p. 140)

To justify the answer above, the pupil has to reason and account for con-
clusions as well as be able to perform the calculation”. In the following
EEEI example, the pupil is supposed to represent and model a problem.

Example 2. The entrance fee to the public pool is 60 SEK more expensive for
adults than for kids. One day, 255 adults and 347 children came. That day, the
public pool collected 33520 SEK in entrance fees. What is the entrance fee for
children? (MD10, p.87)
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The activity of Manipulation (M) does not explicitly maintain the think-
ing practices of generalizing, justifying, and reasoning that Blanton et al.
(2015) draw upon, but stresses the transformation of symbolic expres-
sions, such as the transformational activity in Kieran’s (2007) model. It
entails work with symbols without any modelling context, such as pure
equation solving, using, simplifying and calculating values of algebraic
expressions. Thus, it concerns the same content as EEEI, but is a different
kind of activity. Hence, a task in our material cannot entail both EEEI
and M. This can be exemplified as follows.

Example 3. Write the expression without parenthesis.
a) 3(@a+b) b) 6(@-b) ¢ 7(x+3) d) 2(8-x) (MD10, p.81)

Here, no context is provided for the simplifications required. Solving
the task does not explicitly entail generalizing, justifying or reason-
ing. Although it concerns the same core content as examples 1 and 2
(i.e., equations and expressions), example 3 requires different actions or
competences on the part of the pupil.

Generalized arithmetic (GA) is the area in which the algebraic activity
is focussed on exploring properties that algebra and arithmetic have in
common. It entails "generalising arithmetic relationships” and "reasoning
about the structure of arithmetic expressions” (Blanton et al., 2015, p. 43)
as well as making conjectures about arithmetic relationships, expressing
them in generalized forms, identifying the range of these generalizations,
and justifying arithmetic generalizations.

Example 4. Write a two-digit number where the digits are not the same. Let the
digits change places and calculate the difference between the largest and the
smallest number. Try several different numbers. The answer is always a part of
the same multiplication table. Which one? (MDO02, p.103)

In example 4, the pupil needs to investigate the differences between pairs
of numbers in order to conjecture as to what multiplication table the dif-
ferences are part of. This is followed up in the textbook by two more tasks
aimed at further generalizing the arithmetic relationship in question.
Not all GA tasks are as extensive, but they all address reasoning about
the structural aspect of arithmetic expressions.

Functional thinking (FT) is the algebraic activity in which relation-
ships between co-varying entities are examined, generalized, and rep-
resented by different semiotic resources, e.g. tables, graphs and symbols
(Blanton et al., 2015). Aspects of this activity can be seen as investiga-
tions of number patterns, but could just as well concern variation and
change, or how to determine the domain and range of functions (cf. Eddy
et al.,, 2015). Example 5 shows chairs and tables in a pattern. The pupil is
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supposed to examine the relation between these and generalize it to
determine the number of chairs for some larger number of tables.

Example 5. The pictures show how many persons can sitat 1,2 and 3 tables.
How many persons can sit if one, in the same way, puts together

a) four tables b) seven tables c)ten tables (Y12, p.119)
O [ONN®) O 0O O

oLle olde oI I11e
©) o O O O O *

One table Two tables Three tables

Qualitative and proportional reasoning (QPR) is an algebraic activity that
has been adapted from several sources. Blanton et al. (2015) described
proportional reasoning as having to do with two generalized quantities
of the same proportions. However, proportional reasoning is not as well
defined as the other "big ideas”, nor is it used by Blanton et al. (2018).
Therefore, the activity is also précised as proportionality in making quali-
tative predictions and comparisons without numerical values (Cramer
& Post, 1993; Lundberg, 2011). Example 6 demonstrates QPR, in that
the pupil needs to make a comparison and reason about the proportions
between both the circumferences and the areas.

Example 6. How many times as big is
a) the circumference of square B compared to square A

b) the area of square B compared to square A (F13, p.234)
B
a 2a

According to Blanton et al. (2015), Variable is integrated into the other
ideas by playing different roles in different contexts. More specifically,
"students ideally learn about variable as a varying, unknown quantity
in the study of functional relationships and as a generalized number
when examining the fundamental properties” (Blanton et al., 2015, p. 43).
This big idea thus draws on a different set of algebra aspects than the
others do. In an elaboration where the "big ideas” are developed as core
content areas in algebraic thinking practices, Variable is not mentioned
(Blanton et al., 2018). It is neither a core content area nor an algebraic
thinking practice. As for this analysis of algebra characteristics as alge-
braic activities, Variable per se is not one activity. It is therefore deemed
sufficient to discriminate the other "bigideas” in the analysis, which then
ideally function as different contexts: where Variable may be interpreted
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as specific unknowns, generalized numbers, unknown and varying
quantities, or as parameters (cf. Bloedy-Vinner, 2001).

A task is identified as including a specific algebraic activity if it is
assessed as a reasonable and fair activity to engage in when solving
the task in a given context. This means that explanations and written
examples in textbooks are considered a context for the tasks, when a
context is needed to identify the activities in the tasks. However, these
parts of the textbooks are not analysed per se, because they do not require
that the pupil engage in algebraic activity in the same way as a task does.

Some tasks are deemed not algebra, as they do not in any respect
concern algebraic activity. Still, the framework is generously adopted,
and early algebra is included. For each task, all algebraic activities the
pupil is supposed to engage in are noted. Accordingly, several activities
may be noted for one task. Thirty-four tasks of 1557 are considered to
include combinations of two or more activities®.

Two researchers, familiar with Blanton et al.’s work, have repeatedly
given feedback on the analysis of unclear cases. At several seminars
and workshops, colleagues have had the analytic framework and data,
allowing them to check and comment on the reliability of the analysis.
The distribution and frequency of algebraic activities in the different
textbooks are presented in table 2.

Linking algebraic activities to school algebra discourses

In Palm Kaplan (2018), five school algebra discourses were identified: the
symbolic discourse, the geometrical discourse, the arithmetical discourse,
the (un)realistic discourse and the scientific discourse. These discourses
construct meaning about the nature of algebra; what humans are doing
and to what extent they are doing algebra; what kind of action the pupil
is expected to engage in. The analysis is conducted using SFL (cf. Hal-
liday & Hasan, 1989; Martin et al., 1997; Morgan, 2016b) to inductively
identify linguistic patterns. Similar methods have previously been used
in studies of Palestinian textbooks and British exam tasks (Alshwaikh,
2016; Morgan & Sfard, 2016). The resulting school algebra discourses are
used in the present study. They can be described as follows:

— In the symbolic discourse, algebra is constructed as depersonalized.
It involves symbols and subject-specific words. The pupil is mostly
required to handle symbols when calculating and manipulating (see
example 3).

- In the geometrical discourse, algebra is constructed as atemporal
relations between geometrical objects, thus as a Platonic world. The
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pupil is mainly required to manipulate symbols and express
geometrical relations using symbols (see example 6).

The tone in these discourses is impersonal and academic, and the pupil
is positioned as someone who already knows algebra. However, a small
number of tasks in these two discourses instead position the pupil as an
apprentice.

- In the arithmetical discourse, algebra is constructed as a mostly
human activity that consists of posing and solving number riddles.
The pupil is asked to participate in this activity (see example 4).

— In the (un)realistic discourse, algebra is constructed as an artificial
gaze upon a "real world”. In this world, humans participate in many
everyday activities, mostly buying and selling things or earning
money. However, no one does algebra. Because the everyday activi-
ties described normally involve arithmetic, not algebra, the context
is more or less artificial. The pupil is asked to express and interpret
the activities of this "real world” through symbols (see example 2).

The tone of these discourses is more personal and informal. The pupil
is positioned either as a child (solving riddles) or as an artificial con-
sumer (trying to make algebra out of everyday consumption). Further,
the algebra is less challenging, in that it is presented as processes and not
as objects or mathematical operations. However, a small number of tasks
in these two discourses position the pupil as an explorer and participator.

- In the scientific discourse, algebra is constructed as depersonalized,
in that human agency is obscured through passive verb forms. The
pupil is required to perform calculations on physical phenomena.

Linguistic features such as dense nominal phrases (e.g. the speed of sound
at different temperatures) give this last discourse its scientific tone (Palm
Kaplan, 2018). Therefore, this discourse positions the pupil as someone
who can handle more complex, scientific language.

In identifying the five school algebra discourses, some tasks in the
studied algebra chapters were singled out because they were hybrids of
discourses, algebra outside the discourses (see example 1) or simply not alge-
braic (Palm Kaplan, 2018). In the present study, the school algebra dis-
courses are further examined to understand changes in their frequency
and distribution in relation to the 2011 reform. This is presented in table
3. The interplay, changes and spread of the combinations of school algebra
discourses and algebraic activities are visualized in table 4.
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Results

The results are presented in three steps. The distributions and changes in
algebraic activities and school algebra discourses are first given separately
for each textbook series in tables 2 and 3, and then combined in table 4.

Algebraic activities, school algebra discourses and changes

Most of what is called school algebra in the textbooks involves algebraic
activity connected to EEEI or M (see table 2). This is true regardless of
which textbook or curriculum is considered. Though there are changesin
the percentages for EEEI and M for all three series, the increase in EEEI
in the F series is relatively modest. The changes in M are ambiguous, as
the one-percentage-point decrease in M in the MD series involves four
tasks fewer, and the two-percentage-point decrease in M in the F series
involves 18 tasks more. The increase in FT in two series is notable, but
this activity is still not common. In table 2, the most prominent changes
(5 percentage points or more) are marked in bold.

Table 2. Distribution of algebraic activities per textbook *

Algebraic activity Textbooks ordered by series, % in book

Y96 Y12 MD02 MDI10 Fo07 F13
n=338 n=455 n=160 n=154 n=196 n=254

Generalized arithmetic, GA 1% 2% 4% 1% 2% 2%
Qualitative and proportional 4% 1% 1% 3% 4% 4%
reasoning, QPR

Functional thinking, FT 1% 10% 0 5% 3% 2%

Equations, expressions, equali- 2% 47% 48% 57% 55% 57%
ties and inequalities, EEEI

Manipulation, M 49% 33% 38% 37% 4% 39%
Not algebra 8% 8% 9% 0 0 0

Note. " Several algebraic activities can be identified in one task. The percentages may not
add up to 100.

In the school algebra discourses, most of the tasks in all series involve the
symbolic discourse. In table 3, the most prominent changes (5 percen-
tage points or more) in the school algebra discourses are marked in bold.
On average, the changes in school algebra discourses are larger than the
changes in algebraic activities. This means that the textbooks may be
more influenced by reform messages carried by school algebra discourses
than by algebraic activities. In general, there are no unambiguous changes
in the algebra characteristics that apply to all textbook series.
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Table 3. Distribution of school algebra discourses per textbook

School algebra discourse Y96 Y12 MD02 MDI10 Fo07 F13
n=338 n=455 n=160 n=154 n=196 n=254

Symbolic discourse 54% 36% 53% 56% 45% @ 44%
Geometrical discourse 12% 10% 18% 16% 20% 28%
Arithmetical discourse 9% 8% 9% 7% 16 % 12%
(Un)realistic discourse 12% 25% 7% 15% 15% 13%
Scientific discourse 5% 1% 0 0 0 0
Hybrids 0 3% 2% 1% 2% 2%
Algebra outside the discourses 0 7% 0 0 1% 0%
Not algebraic 9% 10% 13% 1% 1% 0

The algebraic activities are at least partly constructed in different dis-
courses (see table 4). For example, all tasks categorized as GA are in the
arithmetical discourse, and FT is limited to tasks in the arithmetical and
(un)realistic discourses. M dominates the symbolic discourse, and this is
the most common combination of algebra characteristics in the tasks (see

Table 4. The distribution of algebra characteristics in the textbooks *

School algebra  Curri- Algebraic activity Discourses in
discourse culum % of Total™
GA QPR FT EEEI M
Symbolic 1994 0 1(.5) 0 9(40) 42(64) 51(3.9)
2011 0 1(L) 0 1055 32(30) 42(8.5)
Geometrical 1994 0 1(0.3) 0 15(3.2) 0 16 (3.6)
2011 0 1(07) 0 16(67) 0 16 (7.4)
Arithmetical 1994 108 1(06) 000) 9(20) 1(24) 11(3.7)
2011 1(0.3) 00) 1000 620 1(1.3) 9(2.2)
(Un)realistic 1994 0 0(0.3) 1(1.3) 102D 1(0.8) 12(3.4)
2011 0 000 4010 1542 202 20 (4.9)
Scientific 1994 0 0 0 222 0 2(2.2)
2011 0 0 0 1(05) 0 1(0.5)
Hybrids 1994 0 0 00) 1(08) 0(0) 1(0.8)
2011 0(0) 0 107 1002 0(0) 2(0.7)
outside the dis- 1994 00) 0(04) 0(0) 00) 0(0.2) 0(0.2)
courses 2011 0(0.1) 000 1(05 3(25 0002 4(3.3)
Algebgaic activ- 1994 2(1.6) 3(1.3) 1(1L.3) 47(5.3) 44(44) Totaln=694
fty1n % of 2011 2007)  2(14) 7(30) 51(47) 35(2.6) Total n=863

Notes. * Standard deviation in parentheses. ™ The row percentages do not add up to the
total, as a task can entail more than one algebraic activity.
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example 3). In contrast, EEEI is distributed across all of the discourses.
The most prominent changes (5 percentage points or more) are marked
in bold in table 4.

Some of the standard deviations in table 4 change over time. This indi-
cates that the textbook series have interpreted the syllabus differently.
For instance, one series increases its combination of EEEI and the geo-
metrical discourse (see example 7), and another shows a small increase
in its combination of EEEI and the symbolic discourse (see example 8).
The former includes representing symbolically in a geometric situation,
while the latter includes reasoning and more conceptual understanding.

Example 7. Write simplified expressions for the rectangles’
a) area
b) circumference

3b
2a 2x

(F13, p.201)

Example 8. The equation 5x + 2y = 29 contains two different unknowns.
a) Can you find any solution to the equation?
b) How many solutions do you think there are? (Y12, p.238)

Two series increase their combinations of EEEI and the (un)realistic dis-
course (see example 2) and have small but notable increases in FT (see
example 5). These increases emphasize representing and problem-solv-
ing, and representing and generalizing, respectively. Despite the many
changes in discourse within EEEI, the overall change in EEEI is quite
small. One change makes the textbook series more similar to each other:
the reduction, in one series, in the combination of M and the symbolic
discourse (see example 3).

The textbooks in relation to the syllabi

There are no clear trends in the changes for all of the textbook series,
regardless of whether algebraic activities, school algebra discourses, or
combinations of these characteristics are considered. This implies that
textbook authors have interpreted the reform differently.

1. We believe that some minor changes may relate to the clarified com-
petence perspective. The decrease in M involves transformations of
equations and expressions, or procedures and skills (see example 3). The
increase in EEEI partly involves reasoning and communicating in the
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combination with algebra outside the discourses (see example 1), and
more conceptual thinking in the combination with the symbolic dis-
course (see example 8). However, the majority of EEEI tasks still focus
on representing and modelling (see examples 2 and 7), and the share of
M is still large.

2. The role of problem-solving in everyday situations was enhanced in the
2011 syllabus, the goal being to boost pupils’ mathematical confidence.
This may explain the increase in EEEI in the (un)realistic discourse (see
example 2).

3. Concerning the progression in the 2011 syllabus, the increase in FT
is limited (see tables 1 and 2), and the FT tasks in the algebra chapters
concern patterns of matches, beans or numbers. This is more consonant
with the syllabus for year 1-6 than year 7-9. In Swedish textbooks for
primary school, topics related to FT vary across the school years (Brating
et al., 2019). This may be true for lower secondary school as well. We
acknowledge that topics related to FT are found in chapters on Rela-
tions and changes and in year 7 and 9. However, FT does not seem to be
enhanced in year 8 algebra chapters.

4.In the 2011 syllabus, algebrais specified as many different aspects of the
ability to generalize. This seems to have had little impact. The share of
exercises with GA is very low in all investigated textbooks, both before
and after the reform (see table 2). These results are in line with those of
Kongelf (2015) and Brating et al., (2019).

Beyond this, the low figures for QPR and the scientific discourse are not
surprising, given that neither the 1994 nor the 2011 syllabus stresses
these issues explicitly. However, GA and QPR activities are in accor-
dance with the competence perspective, and the scientific discourse may
afford situations for problem-solving. These potentials are not explored
by the textbooks.

Conclusions

As mentioned above, researchers in education have underscored the
importance of textbooks in reform processes, but little is known about
textbooks’ relation to the syllabus in contemporary reforms of Swedish
school mathematics. Johansson (2003) argued that power-coercive strat-
egies have been used to implement curricular reform in Sweden. The
current steering system for implementing a school algebra reform lacks
textbook review and development of new curriculum materials initiated
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by national school authorities; it instead involves a free textbook market.
The present study reveals that these strategies are not so coercive after all.

Our results indicate that during this reform, textbooks for lower
secondary school were conservative. Manipulations and equation-solving
continues to be a stable Swedish textbook tradition. In relation to the
competence perspective and algebra, the textbooks are conservative in
the sense that their producers have not included tasks that require new
types of algebraic activities. We wish to point out that the 2011 syllabus
is not an obstacle to introducing such activities. The results confirm the
claim made by Boesen et al. (2014), which is that implementing content
seems easier than implementing competences.

Another aspect of conservatism is that the greatest change in the text-
books involves a well-established theme in Swedish school mathematics,
i.e., grounding maths in everyday situations. Already in the 1919 sylla-
bus, the purpose of school mathematics was formulated in relation to
everyday contexts (Prytz, 2007). Johansson (2003), who studied text-
books from 1979 onwards, found that problem-solving exercises mainly
concerned private economic matters.

However, the textbooks also were transformative here: what the (un)
realistic discourse constructs as algebra is not necessarily in line with
what is emphasized in the syllabus. We see this as an example of when
textbook producers drive changes not initiated by the curriculum reform.
Recall that the reform message involved preparing pupils to use mathe-
matics in everyday decisions and increasing their confidence in using
mathematics. The (un)realistic discourse involves looking at the "real
world” through algebra, rather than solving problems in the real world
with algebra (Palm Kaplan, 2018).

Our study shows how the textbook seems to be conservative and trans-
formative in relation to the 2011 syllabus. Because we know that text-
books are important in teaching (Hill & Charalambous, 2012; Stein et al.,
2007), it would be interesting to investigate in what ways these conserva-
tive and transformative traits of the textbooks play out in the classroom.

References

Alshwaikh, J. (2016). Investigating the geometry curriculum in Palestinian
textbooks: towards multimodal analysis of Arabic mathematics discourse.
Research in Mathematics Education, 18(2), 165-181.

Apple, M. W. (2004). Ideology and curriculum (3rd ed.). Taylor & Francis.

Apple, M. W. & Aasen, P. (2003). The state and the politics of knowledge. Taylor
& Francis.

Nordic Studies in Mathematics Education, 25 (2), 49-70. 65



PALM KAPLAN AND PRYTZ

Blanton, M., Brizuela, B. M., Stephens, A., Knuth, E., Isler, I. et al. (2018).
Implementing a framework for early algebra. In C. Kieran (Ed.), Teaching
and learning algebraic thinking with 5- to 12-year-olds (pp. 27-49). Springer
International.

Blanton, M., Stephens, A., Knuth, E., Gardiner, A. M., Isler, . & Jee-Seon,

K. (2015). The development of children’s algebraic thinking: the impact
of a comprehensive early algebra intervention in third grade. Journal for
Research in Mathematics Education, 46 (1), 39-87.

Bloedy-Vinner, H. (2001). Beyond unknowns and variables — parameters and
dummy variables in high school algebra. In R. Sutherland, T. Rojano, A. Bell
& R. Lins (Eds.), Perspectives on school algebra (pp. 177-189). Kluwer.

Boesen, J., Helenius, O., Bergqvist, E., Bergqvist, T., Lithner, J. et al. (2014).
Developing mathematical competence: from the intended to the enacted
curriculum. The Journal of Mathematical Behavior, 33, 72-87.

Brating, K., Madej, L. & Hemmi, K. (2019). Development of algebraic
thinking: opportunities offered by the Swedish curriculum and elementary
mathematics textbooks. Nordic Studies in Mathematics Education, 24 (1),
27-49.

Cramer, K. & Post, T. (1993). Proportional reasoning. The Mathematics Teacher,
86 (5), 404-407.

Eddy, C. M., Quebec Fuentes, S., Ward, E. K., Parker, Y. A., Cooper, S. et
al. (2015). Unifying the algebra for all movement. Journal of Advanced
Academics, 26 (1), 59-92.

Haggstrom, J. (2008). Teaching systems of linear equations in Sweden and
China: What is made possible to learn? (Doctoral thesis). Acta Universitatis
Gothoburgensis.

Halliday, M. A. K. & Hasan, R. (1989). Language, context, and text: aspects of
language in a social-semiotic perspective. Oxford University Press.

Hill, H. C. & Charalambous, C. Y. (2012). Teacher knowledge, curriculum
materials, and quality of instruction: lessons learned and open issues.
Journal of Curriculum Studies, 44 (4), 559-576.

Jakobsson-Ahl, T. (2006). Algebra in upper secondary mathematics: a study of
a selection of textbooks used in the years 1960—2000 in Sweden (Licentiate
thesis). Luled University of Technology.

Johansson, M. (2003). Textbooks in mathematics education: a study of textbooks
as the potentially implemented curriculum (Licentiate thesis). Luled
University of Technology.

Johansson, M. (2006). Teaching mathematics with textbooks (Doctoral thesis).
Luled University of Technology.

Kaput, J. J. (2008). What is algebra? What is algebraic reasoning? In J. J. Kaput,
D. W. Carraher & M. L. Blanton (Eds.), Algebra in the early grades (pp.5-17).
Lawrence Erlbaum.

66 Nordic Studies in Mathematics Education, 25 (2), 49-70.



CHANGES IN ALGEBRA IN SWEDISH TEXTBOOKS 1995-2015

Kaput, J. J., Blanton, M. L. & Moreno, L. (2008). Algebra from a symbolization
point of view. In J. J. Kaput, D. W. Carraher & M. L. Blanton (Eds.), Algebra
in the early grades (pp.19-55). Lawrence Erlbaum.

Kieran, C. (2007). Learning and teaching algebra at the middle school through
college levels. Building meaning for symbols and their manipulation. In
F. Lester (Ed.), Second handbook of research on mathematics teaching and
learning (pp.707-762). Information Age.

Kongelf, T. R. (2015). Introduksjon av algebra i matematikkbgker for
ungdomstrinnet i Norge [Introduction of algebra in mathematics textbooks
for lower secondary school in Norway|. Nordic Studies in Mathematics
Education, 20(3-4), 83-1009.

Lindens;jo, B. & Lundgren, U. P. (2014). Utbildningsreformer och politisk styrning
[Educational reforms and political government]. Liber.

Luke, A. (1995). Text and discourse in education: an introduction to critical
discourse analysis. Review of Research in Education, 21, 3—-48.

Lundberg, A. (2011). Proportionalitetsbegreppet i den svenska
gymnasiematematiken: en studie om Léromedel och nationella prov [The
concept of proportionality in Swedish upper secondary mathematics:

a study on textbooks and national tests| (Licentiate thesis). Link&ping
University.

Martin, J. R., Matthiessen, C. M. I. M. & Painter, C. (1997). Working with
functional grammar. Arnold.

Morgan, C. (2016a). Mathematics education as a matter of discourse. In M.

A. Peters (Ed.), Encyclopedia of educational philosophy and theory (pp. 1-6).
Springer.

Morgan, C. (2016b). Studying the role of human agency in school mathematics.
Research in Mathematics Education, 18(2), 120-141.

Morgan, C. & Sfard, A. (2016). Investigating changes in high-stakes
mathematics examinations: a discursive approach. Research in Mathematics
Education, 18(2), 92-119.

Neumann, J., Hemmi, K., Ryve, A. & Wiberg, M. (2015). Mathematics
textbooks’ impact on classroom instruction: examining the views of
278 Swedish teachers. In H. Silfverberg, T. Kirki & M. Hannula (Eds.),
Proceedings of NORMA 14 (pp. 215-224). University of Turku.

Palm Kaplan, K. (2018). Discourses in school algebra: the textbooks’ different
views on algebra and the positioning of students. Nordic Studies in
Mathematics Education, 23 (1), 47-65.

Ponte, J. P. da & Guimardes, H. M. (2014). Notes for a history of the teaching
of algebra. In A. Karp & G. Schubring (Eds.), Handbook on the history of
mathematics education (pp.459-472). Springer.

Nordic Studies in Mathematics Education, 25 (2), 49-70. 67



PALM KAPLAN AND PRYTZ

Prytz, J. (2007). Speaking of geometry — a study of geometry textbooks and
literature on geometry instruction for elementary and lower secondary levels
in Sweden, 1905-1962, with a special focus on professional debates. (Doctoral
thesis). Uppsala University.

Prytz, J. (2017). Governance of Swedish school mathematics — where and how
did it happen? A study of different modes of governance in Swedish school
mathematics, 1910-1980. Espacio, Tiempo y Educacion, 4 (2), 43.

Prytz, J. (2018). The New math and school governance: an explanation of the
decline of the New math in Sweden. In F. Furinghetti & A. Karp (Eds.),
Researching the history of mathematics education (pp. 189-216). Springer.

Radford, L. (2011). Grade 2 students’ non-symbolic algebraic thinking. In J. Cai
& E. Knuth (Eds.), Early algebraization (pp.303-322). Springer.

Sidenvall, J., Lithner, J. & Jider, J. (2015). Students’ reasoning in mathematics
textbook task-solving. International Journal of Mathematical Education in
Science and Technology, 46 (4), 533-552.

Skolverket. (1994). Kursplaner for grundskolan [Syllabuses for the compulsory
school]. Fritzes offentliga publikationer.

Skolverket. (2011a). Kommentarmaterial till kursplanen i matematik
[Commentary material to the syllabus in mathematics]. Fritzes offentliga
publikationer.

Skolverket (2011b). Léroplan for grundskolan, forskoleklassen och fritidshemmet
2011 [Curriculum for the compulsory school, preschool class and the
recreation centre 2011]. Fritzes offentliga publikationer.

Stein, M. K., Remillard, J. T. & Smith, M. S. (2007). How curriculum influences
student learning. In F. Lester (Ed.), Second handbook of research on
mathematics teaching and learning (pp. 319-369). Information Age.

Sundberg, D. & Wahlstrom, N. (2012). Standards-based curriculain a
denationalised conception of education: the case of Sweden. European
Educational Research Journal, 11 (3), 342-356.

Wetherell, M. (2001). Themes in discourse research: the case of Diana. In
M. Wetherell, S. Taylor & S. J. Yates (Eds.), Discourse theory and practice. A
reader (pp. 14-28). Sage.

Notes

1 Unless stated otherwise, the term syllabus refers to the set of documents
regulating teaching of a school subject. Here we also include the commen-
tary material. Curriculum refers to a larger set of documents that regulate
all school subjects and other school practices.
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2 The 1994 syllabus specifies goals for year 5 and 9. The 2011 syllabus
describes core content for year 1-3, 4-6 and 7-9.

3 For practical reasons, the discourses are described in the Methods section.
For the exhaustive method of analysis, see Palm Kaplan (2018).

4 This is 18 tasks fewer than the not algebraic in the five school algebra dis-
courses identified in Palm Kaplan (2018). The difference is due to the fact
that early algebra tasks are included in this study.

5 All examples are labelled as in table 1.

6 Not combinations of EEEI and M, however, as these activities are con-
structed as mutually exclusive.
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