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CHARACTERIZING READING COMPREHENSION OF
MATHEMATICAL TEXTS

ABSTRACT. This study compares reading comprehension of three different texts: two
mathematical texts and one historical text. The two mathematical texts both present basic
concepts of group theory, but one does it using mathematical symbols and the other only
uses natural language. A total of 95 upper secondary and university students read one of the
mathematical texts and the historical text. Before reading the texts, a test of prior knowledge
for both mathematics and history was given and after reading each text, a test of reading
comprehension was given. The results reveal a similarity in reading comprehension between
the mathematical text without symbols and the historical text, and also a difference in reading
comprehension between the two mathematical texts. This result suggests that mathematics
in itself is not the most dominant aspect affecting the reading comprehension process, but
the use of symbols in the text is a more relevant factor. Although the university students
had studied more mathematics courses than the upper secondary students, there was only a
small and insignificant difference between these groups regarding reading comprehension
of the mathematical text with symbols. This finding suggests that there is a need for more
explicit teaching of reading comprehension for texts including symbols.

KEY WORDS: literacy, mathematical texts, mental representation, reading comprehension,
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1. INTRODUCTION

All over the world, textbooks seem to play an important role in mathemat-
ics education at all levels (Foxman, 1999), and thereby students’ reading
activity and reading comprehension also play important roles. However, if
the textbook is mainly used as a collection of given problems or tasks to
solve, the reading is limited to the reading of the text of a given task. In
such a situation it can be of interest how the reader’s comprehension of this
(small) text relates to the solving of the task, and Hubbard (1990, p. 265)
also claims that “most of the work on reading mathematics has been di-
rected towards improving problem solving skills.” Perhaps it is such a focus
on solving given tasks and problems that has caused much of research in
mathematics education to reduce reading to a potential obstacle for learning
(Borasi and Siegel, 1990, 1994). For example, this can be done by focusing
on how limitations in reading ability affect learning in mathematics or on
readers’ misunderstandings of a written task and how this can influence
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the solving of the task. The reading of a mathematical text is thereby in
itself not seen as an opportunity for learning, but only as a necessary kind
of ability in order to become active in situations where learning can take
place (i.e., solving given tasks).

However, reading in itself can also be seen as an essential part of math-
ematics and mathematical knowledge, and not only viewed in relation to
other types of activities. For example, Niss and Hgjgaard Jensen (2002)
have characterized mathematical knowledge with eight different compe-
tencies, where the competence of communication is one, which includes the
ability to interpret and understand mathematical texts. Thereby, reading and
reading comprehension could be more explicitly included in mathematics
education, in the teaching as well as examinations, and some argue it should
be included (Cowen, 1991; Fuentes, 1998; Krygowska, 1969). However,
there seems not to be much research done about the more detailed use of
mathematical texts in learning situations (Fenwick, 2001; Love and Pimm,
1996), but more research that focuses on other aspects of mathematics
textbooks (see Turnau, 1983). For example, in the Swedish research com-
munity there are studies about the solving of textbook exercises (Lithner,
2004), about the role of the textbook as a part of the curriculum (Johansson,
2003), and about differentiation in mathematics textbooks (Brindstrom,
2005).

In this paper, the reading of a (mathematical) text is seen as an opportu-
nity for learning, and the reading process is studied in order to contribute
to our understanding of how and what one can and cannot learn through
reading mathematical texts. Therefore, focus is not on texts that include
some given task to solve, but on texts that describe and try to explain some-
thing to the reader. Also, the reading and comprehension of the texts is not
related to the solving of some other task, but focus is on how the reader
understands the content of the text itself. The study described in this pa-
per characterizes some aspects of reading and reading comprehension of
mathematical texts, in particular what, if anything, is special about reading
mathematical texts.

Watkins (1977, 1979) had a similar focus in her study of reading
comprehension among college students. She used four different types of
mathematical texts (using symbols or not and using grammatical struc-
tures from ‘mathematical English’ or ‘ordinary English”), from which she
drew the conclusions that: “Symbols do not appear to help or hinder stu-
dents with limited background in mathematics, and they may help more
advanced students. Both groups of students learn better from treatments
that use ordinary English structures” (Watkins, 1979, p. 218). Because of
the similarities between the present study and Watkins’ study, comparisons
of results and methods are discussed at the end of this paper.
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2. READING MATHEMATICAL TEXTS

2.1. The reading process

When reading a text, a mental representation of the text is created by
the reader, which describes how the reader understands the text. Many
studies about reading comprehension show, or support the conclusion,
that “multiple levels of representation are involved in making meaning”
(van Oostendorp and Goldman, 1998, p. viii). In particular, the work of
Walter Kintsch (e.g., see Kintsch, 1994, 1998; van Dijk and Kintsch, 1983)
seems to have had a great influence on research on reading comprehension
(Weaver et al., 1995).

One way to model both the meaning of text content and mental struc-
ture in general (i.e., memory), not only mental representations in relation to
texts, is to use associative networks of propositions, which can be viewed
as “an important theoretical and methodological advance in text compre-
hension” (Lorch and van den Broek, 1997, p. 222). An associative network
is built up by nodes and links between nodes that “are unlabeled and vary
in strength” (Kintsch, 1998, p. 74). A node can be a singular word (which
gets its meaning from the existing links to other nodes) or a type of meaning
unit (a proposition).

A more detailed description of the mental representation of texts can be
created by distinguishing between three different levels, or components, of
the mental representation: the surface component, the textbase, and the sit-
uation model (Kintsch, 1998). These components are not seen as separated
in the mental representation, but they can be useful when describing and
characterizing mental representations, and thus function as an analytical
tool. It could also be noted that this tool is not directly applicable to mental
representations in general, but describes mental representations in relation
to a given text.

2.1.1. Surface component

When the words and phrases themselves are encoded in the mental repre-
sentation (possibly together with linguistic relations between them), and
not the meaning of the words and phrases, one can talk about a surface
component of the mental representation. A surface component is always
present when reading, although to different degrees, since “it is generally
the case, that at least some of the exact words and phrases are remembered”
(Kintsch, 1998, p. 105), even when understanding the meaning of the text.

2.1.2. Textbase
The textbase represents the meaning of the text, that is, the semantic
structure of the text, and it “consists of those elements and relations that are
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directly derived from the text itself [. . . ] without adding anything that is not
explicitly specified in the text” (Kintsch, 1998, p. 103). Since the textbase
is part of the mental representation, the meaning this network represents
is the explicit meaning of the text as it is understood by the reader, which
for example may include some reading errors made by the reader. Since
the textbase consists of the meaning of the text and the same meaning can
be expressed with different formulations, a textbase can be created without
any memory of the exact words or phrases from the text. For example,
if a person after reading a text including the sentence “The absolute value
of a real number is a simple kind of function” is able to answer a question
about the relationship between absolute value and function, this shows the
existence of (a part of) a textbase. This part of the mental representation
does not presuppose an understanding of the concept of function.

2.1.3. Situation model

A pure textbase can often be “an impoverished and often even incoherent
network” (Kintsch, 1998, p. 103), and to make more sense of the text, the
reader must use prior knowledge to create a more complete and coherent
mental representation. A construction that integrates the textbase and rele-
vant aspects of the reader’s knowledge is called the situation model. Some
prior knowledge is also needed to create a textbase, but this knowledge is
of a more general kind that is needed to “decode” texts in general, while
the prior knowledge referred to in the creation of a situation model is more
specific with respect to the content of the text.

2.2. Mathematical texts

In this study, mathematical texts used in, or at least created for, educational
settings that focus on learning mathematics are of interest. Even with this
limitation it is not easy to define or describe these texts, and it is even
questionable if there is a common core to all texts of interest (Morgan,
1998). A similar problem of definition arises when talking about symbols.
Everything written (and much more) can be viewed as symbols, but in this
paper, ‘(mathematical) symbols’ refer to the special symbolic language of
mathematics.

One can find much research, both empirical and theoretical, about read-
ing comprehension in general, which does not focus on any particular type
of text content. But texts with different content or texts that have different
purposes might also differ with respect to structure or other properties, for
which readers need to have different reading strategies. A literature survey
by Osterholm (2004, section 3.1), including 19 references', showed that
there exist many beliefs and claims about special properties of mathematical
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texts, which affect the reading in particular ways, and claims that one needs
to read mathematical texts in special ways for comprehension. The survey
revealed claims about single words in mathematical texts (e.g., that certain
words are used in a complex way), single sentences in mathematical texts
(e.g., that the sentence structure is complex), mathematical texts in general
(e.g., that the texts have low redundancy), and the reading of mathematical
texts (e.g., that one needs to read the texts several times). However, no
studies were found that had these claims as a result from either empirical
or theoretical research, but many claims were taken for granted as true
without a motivation or explanation of any kind. Such statements about
mathematical texts and the reading of mathematical texts “have little value
both theoretically and practically” (Konior, 1993, p. 251). Two additional
comments also need to be added about the results of the survey. Firstly,
many of the articles studied seem to (often implicitly) equate mathematical
texts with texts consisting of symbols. Morgan (1998, p. 13) also notes
this existence of a common “identification of mathematics with its symbol
system.” Secondly, when claims about special properties of mathematical
texts are made, these texts are compared to “ordinary” texts, and no studies
were found that compare mathematical texts with texts from some other
subject area.

Brunner (1976) highlights the possibility that properties of mathematical
texts might be caused either by certain properties of mathematics itself
or by how one chooses to present the content. There are some aspects
of mathematics itself that might cause mathematical texts to have certain
properties. For example, Solomon and O’Neill (1998) claim that properties
of mathematics make it impossible to write narrative mathematical texts.
The symbol system of mathematics might also cause texts using symbols
to have certain special properties. For example, Ernest (1987) argues that
the symbolic expressions not only follow different syntactical rules, but
also fundamentally different grammatical rules, as compared to natural
language.

2.3. Content literacy

The concept of literacy is sometimes used “to denote mere knowledgeabil-
ity of a specific subject (as in computer literacy, cultural literacy, etc.)”
(McKenna and Robinson, 1990, p.184). However, in this paper, content
literacy refers to the ability to read, understand and learn from texts from a
specific subject area, as it is also defined by McKenna and Robinson (1990).
They also distinguish between three components of content literacy: gen-
eral literacy skills, content-specific literacy skills, and prior knowledge of
content. Both the general and the content-specific literacy skills can be
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assumed to refer to some more general type of knowledge that is not de-
pendent on the detailed content of a specific text. This type of knowledge is
primarily used to “decode” texts, that is, to create a textbase in the mental
representation. But the third component of content literacy, prior knowl-
edge of content, refers to knowledge that is connected to the content of a
specific text, and is thus primarily used to create a situation model in the
mental representation.

Since there can be properties of mathematics that create certain special
properties of mathematical texts, there can be a need for content-specific
literacy skills in mathematics. The symbolic language is perhaps the most
obvious property of mathematics that might create a need for such literacy
skills. To understand a text written purely with mathematical symbols one
might not even need general literacy skills, that is, one might not need
to know how to ‘read’ (in the sense perhaps most commonly used, i.e.,
reading texts written in a natural language). However, the perhaps most
common mathematical texts use both the symbolic language and a natural
language, where one would seem to need both general and content-specific
literacy skills. But what about mathematical texts that do not contain any
symbols at all? Are there other special properties of these texts (since they
are mathematical texts) that demand other types of content-specific literacy
skills, or would it be enough for the reader to use general literacy skills?
These questions are addressed and, at least partially, answered in this paper.

3. PURPOSE

This paper reports on a study to characterize reading comprehension of
mathematical texts, to see if and how the subject area in itself (i.e., that a
text is a mathematical text) can affect the reading comprehension, or if the
comprehension process is more affected by how the content is presented.
Two major questions are addressed:

1. How can reading comprehension of mathematical texts without sym-
bols be characterized compared to reading comprehension of texts from
other subject areas? Is there a significant difference caused by some
properties of the subject areas themselves, or is the main component of
the comprehension process for these texts the general literacy skills?

2. How is reading comprehension affected by the use of symbols in math-
ematical texts? Can the reading of texts with symbols be seen as a part
of the content-specific component of the literacy skills, or are the gen-
eral literacy skills more important and dominating factors in the reading
process?
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The use of more specific prior knowledge (in relation to the text content) in
the comprehension process is not of interest in this study, but focus is on the
more general types of knowledge used when reading a text, that is, focus is
on the creation of a textbase in the mental representation. However, since
all types of prior knowledge are presumed to affect reading comprehension,
also the more specific prior knowledge must be taken into account.

4. METHOD

This study compares reading comprehension among students for three dif-
ferent texts: two mathematical texts and one historical text. The two mathe-
matical texts both present to the reader some basic concepts in group theory
(mathematical system and group), but one text does so without using any
symbols while the other uses symbols. For the participating students, in the
text using symbols, the only new symbol introduced is one for a general
rule of combination in a system or group. Besides that, the symbols used
are familiar to the students (‘=", ‘+’ and variables). See Figure 1 for an
example of the differences between the two mathematical texts.

The historical text describes the events in Russia during the Russian
revolutions and it does not use any symbols. One can say that the two

Text with symbols:

A group is a mathematical system, i.e., a set G and a rule of combination ~, which

also has the following four properties:

1) If a and b belong to G, then a~b also belongs to G. One says that the system is

closed.

Text without symbols:

A group is a mathematical system, i.e., a set and a rule of combination, which also

has the following four properties:

1) If two objects belong to the set, then the combination of these also belongs to the

set. One says that the system is closed.

Figure 1. Example of the differences between the mathematical texts. Note that the texts
were originally in Swedish, and these excerpts have been translated for this paper.
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mathematical texts have the same content, but present it differently (with
or without symbols), while the mathematical text without symbols and the
historical text have different content but present it in a similar way (using
only natural language). The mathematical texts were created specifically
for this study, while the historical text was taken from Vidal-Abarca et al.
(2000), but translated into Swedish. All texts take up no more than one
page.

A total of 95 students voluntarily participated in this study, 61 from
the Swedish upper secondary level (hereafter referred to as S-students) and
34 from the Swedish university level (hereafter referred to as U-students).
Originally, five more S-students and one more U-student took part in this
study. But since the five S-students did not complete the whole procedure
or wrote apparent nonsense as answers to questions, and since the one U-
student had previously studied group theory, the results from these students
were excluded from the data analyzed.?

The S-students were at the end of their third and last year of the natural
science programme, and they had finished all courses, but not yet received
all their grades. They came from four different classes and two different
schools. The U-students were studying to become engineers, civil engi-
neers, or teachers. They had all previously studied mathematics equivalent
to the natural science programme at the upper secondary level, and had
also studied some courses in mathematics at the university level, in alge-
bra and real analysis. These two groups of students were used in order to
have participants with varying levels of mathematical prior experience, to
be able to study a possible effect such experience might have on reading
comprehension.

The participants worked individually with self-instructing material in
which the students gave all answers in writing, according to the following
procedure:

o Give background information: Grades from mathematics courses.

e Generalinstructions: Work with the material in the given order and never
go back when finished with one part.

e Part I: Test of prior knowledge in mathematics and history (see section
4.1 for more details).

e Part 2: Reading of the mathematical text. The two different mathemati-
cal texts were randomly distributed among participants. Before reading,
instructions were given to read the text only once, but thoroughly, and
that questions about the content of the text would be given afterwards, in
the next part. Thereby the students could not use the text when answering
the questions.

e Part 3: Questions about the content of the mathematical text, that is,
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a test of reading comprehension (see section 4.2 for more details).
Before answering the questions, instructions were given that partial
answers also were acceptable, and the participants were instructed to
write explanations why an answer, or a complete answer, could not be
given.

e Part 4 and part 5: The same as part 2 and part 3, but with the historical
text.

There was no given time limit for the participants, and all were finished
within approximately one hour.

4.1. Test of prior knowledge

The test of prior knowledge consists of ten words, five for mathematics and
five for history. For each word, the participants were asked to give their
spontaneous thoughts about the meaning of the word, how the word can be
used, or other associations to the word. The words used in this test are words
also used in the texts, ‘addition’, ‘set’, ‘inverse’, ‘definition’, and ‘integer’
for the mathematical texts, and ‘tsar’, ‘proletariat’, ‘Lenin’, ‘social class’,
and ‘Bolshevik’ for the historical text. Thus, this test is highly specific for
the content of the texts used in this study.

The prior knowledge activated during the reading process can be de-
scribed as associations elicited by the words and statements (meaning units)
in the text, that is, nearby nodes in long-term memory are activated (Kintsch,
1998). This way of testing prior knowledge is therefore relevant in rela-
tion to reading. In order not to activate any more specific prior knowledge
among the participants before reading, free associations to singular words
are seen as more appropriate in this study.

To obtain a quantitative measure of prior knowledge, the participants’ as-
sociations were categorized with respect to the organization of knowledge,
as highly, partially, or diffusely organized (Langer, 1984). Associations in
these categories were given three, two, and one point respectively. Zero
points were given to totally irrelevant associations and if no associations
were given at all. Thereby, each participant could get 0—15 points as a mea-
sure of prior knowledge in each of mathematics and history (five words
and three points per word for each subject area).

To ensure that all associations were categorized in the same way, pos-
sible examples of the different types of associations were not only created
before the analysis, but examples were also added during the analysis from
the participants’ answers. More specific subcategories (see Langer, 1984)
were also used to simplify the analysis. See Figure 2 for examples of de-
scriptions of the categories used in the analysis.
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Given word: addition
Highly organized:

Superordinate concepts: rule of arithmetic. Definitions: combining of (two) quantities using
the plus operator. Linking: explicitly given relation to other rule of arithmetic (e.g.

subtraction).
Partially organized:

Examples: 142=3. Attributes: commutativity. Defining characteristics: plus, put together, add

numbers, sum, addends.
Diffusely organized:

Associations: subtraction. Morphemes: add. First hand experiences: lower primary school,

mathematics.

Figure 2. Example from the test of prior knowledge. Note that all descriptions were origi-
nally in Swedish, and this example has been translated for this paper.

4.2. Test of reading comprehension

The test of reading comprehension consists of six questions for the math-
ematical texts and six questions for the historical text. The same questions
were used for both types of mathematical texts. Since the creation of a
textbase in the mental representation is of interest in this study, the ques-
tions are constructed so that they could be answered with some explicit
information given in the text. But in order not to measure pure memoriza-
tion of the texts (i.e., not to measure the surface component of the mental
representation), the questions are not formulated in ways that resemble spe-
cific formulations given in the texts. Many questions are also quite open,
for example by asking for the meaning of a key concept from the text
(applicable for the mathematical texts where the purpose of the texts is to
introduce new concepts).

The purpose of asking questions is to get a “picture” of the reader’s men-
tal representation of the text, where each question tells something about
the local appearance of the reader’s memory around the relevant nodes
triggered by the question. Another way to try to observe the mental repre-
sentation could be to give a single word, and let the reader freely associate
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Hierarchy of categories of answers for | Categories from each question placed in a

each question combined hierarchy

Category 1.1 Level 1: Category 2.1

Question1 = < Category1.2

Category 1.3 Level 2:  Category 1.1

Level 3:  Category 1.2 Category 2.2
Category 2.1

Question2 = {
Category 2.2 Level 4:  Category 1.3

Figure 3. Schematic description of procedure for analysis of students’ answers to questions
in the test of reading comprehension (see Figure 4 for examples of categories and combined
hierarchy).

to that word in order to get a more genuine picture of the associative net-
work around that particular word. But in order to simplify a quantification
of the reading comprehension, specific questions are more suitable.

The manner in which the students’ answers were analyzed is schemati-
cally described in Figure 3, and a more detailed description of this procedure
follows.

To obtain a quantitative measure of reading comprehension, answers for
each question were divided in categories that were hierarchically ordered
with respect to how complete and correct the answers were in relation to
the content of the text. Even if a reader has understood much about what
a specific question asks for (i.e., if many nodes and links are present in
the mental representation), the answer is more likely to be based on the
nodes that have the strongest links to the nodes activated by the question.
Thereby, the different categories describe differences in the quality of the
created textbase in the mental representation.

Categories were created before the analysis, but when analyzing the
students’ answers, the categories could be altered in order to better describe
the differences in comprehension among the participants. This alteration
could be to add a student’s answer in the description and exemplification of
a specific category, to split a specific category into two parts if nuances were
found in students’ answers within a category, or to join two categories if the
intended differences between the categories were too difficult to distinguish
in students’ answers. If alterations were made to the categories of a question,
the already categorized answers were analyzed once again. In this way, the
categorization of answers could be performed in a fair and equal manner
for all students’ answers.
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Separately for mathematics and history, the categories from all ques-
tions were compared in order to give points to categories from different
questions in the same way. In this comparison, the categories were charac-
terized with respect to whether the answer in a specific category referred to
comprehension of a central or peripheral part of the text, and with respect
to the completeness of the answer. Points were given to the categories in
the combined hierarchy, where the lowest category was given one point and
then increasing by one point for each level in the hierarchy of categories.
Zero points were given to answers that did not fit any category. Each par-
ticipant could get 0-19 points as a measure of reading comprehension for
the mathematical text and 0-26 points for the historical text.

See Figure 4 for examples of descriptions of the categories used and
created in the analysis and of the levels in the combined hierarchy.

Mathematical question number 3: [s the claim “A mathematical system is a group” true or

false? Explain your answer!

Category 3.1: “No, a group is a system” OR gives an example of a system that is not a group,

without giving explicit reasons.

Category 3.2: Claims that a group is a system and that a group has properties not all systems
have OR gives an example of a system that is not a group, including a property that is missing

for it to be a group.
Combined hierarchy:

Level 1: Answers directly corresponding to a single aspect of the example given in the text or

faulty, partly wrong answers corresponding to some more general aspect.

Level 2: Answers corresponding to some general aspect of the given example in the text or

more general answers but with a faulty explanation/description.
Level 3: General answers/descriptions, but not totally specified. [Category 3.1]

Level 4: Specified general answers. [Category 3.2]

Figure 4. Example from the test of reading comprehension. Note that all descriptions were
originally in Swedish, and this example has been translated for this paper.
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4.3. Validity and reliability

The manner in which the tests and the categories of answers are created is
the main argument for validity, that is, this study has focused on construct
validity (see discussions in Sections 4.1 and 4.2 that relate the tests to
theoretical aspects).

One reason for letting the participants write their answers to questions
is to make it possible to include a larger number of participants. One
could argue that oral answers would be more valid since the answers in
such a situation could be of a more direct and spontaneous kind, thus
more directly reflecting an existing mental representation and decreas-
ing the risk of receiving answers based on mental representations that
are being constructed when the question is asked. However, no method
can in a direct manner examine a person’s mental representations, and it
is not evident how great the benefits are when answers are given orally.
Also, written answers can allow a type of answer that oral answers can-
not, namely the use of symbols that a person does not know how to
pronounce.

The continuous alterations of (descriptions of) categories of answers
were made in order to ensure a reliable coding process. A test of reliability
of the result of the coding process could be to let several persons code (part
of) the same data. However, since the categories in this study to some extent
were created from the data set, that is, part of the data analysis was of a
more qualitative and descriptive type, a more complete test of reliability
would be too extensive for this study, since this would demand a recreation
of categories by another person.

To study the tests’ homogeneity, the correlation between the score on
each question and the total score is calculated, among all 95 participants.
For both mathematics and history, and for both types of tests, there is a
positive and significant correlation between each question and the total
score (p < 0.01 for all, with Spearman’s coefficient between 0.322 and
0.688).

4.4. Statistical analysis

Even if the creation of a textbase in the mental representation is said to
depend more on a general type of prior knowledge, a more specific type
of prior knowledge (with respect to the content of the text) can of course
also affect the textbase. Therefore it is essential to take the level of prior
knowledge into account when comparing results of reading comprehension,
even when focusing on the created textbase. In this way, the literacy skills
can be separated from prior knowledge.
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Four different groups of students are used in the analysis, S- and
U-students who read the mathematical text either with or without symbols.
For each student, the analysis of answers resulted in four measures, one
for each of mathematics and history, of prior knowledge and reading com-
prehension. These groups and measures are used in a quantitative anal-
ysis in order to answer the questions formulated in Section 3. Correla-
tions between different variables within one group and comparisons of
one variable between different groups are performed. Since it cannot be
presumed that the variables are normally distributed, non-parametric tests
are used. Spearman’s correlation coefficient is used when comparing two
different variables within a group, where the coefficient r; is calculated.
Mann-Whitney’s U-test is used when comparing the same variable between
different groups. For both these tests, a significance level of 0.05 is used in
two-tailed tests for significance.

5. RESULTS AND ANALYSIS

Table I shows the calculated correlations between prior knowledge and
reading comprehension. As expected, better prior knowledge gives higher
quality in the mental representation. It can be noted that the correlation
coefficients for the different mathematical texts are of the same magnitude.
Thus, reading comprehension of the different mathematical texts is equally
affected by differences in prior knowledge.

In the group of students who read the mathematical text without
symbols (N = 49), there is a positive and significant correlation be-
tween reading comprehension for the mathematical and historical texts
(ry = 0.474, p = 0.001). This correlation does not exist in the group who
read the mathematical text with symbols (p = 0.698, N = 46). These re-
sults show a similarity in reading comprehension between the mathematical

TABLE I
Correlations between prior knowledge and reading comprehension for the three
different texts

Mathematical text

With symbols (N = 46)  Without symbols (N = 49) Historical text (N = 95)

ry = 0.330* ry = 0.305* ry = 0.324*
p =0.025 p =0.033 p =0.001

*Significant correlation (level 0.05).
**Significant correlation (level 0.01).
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TABLE II
Comparisons of medians between groups who read different mathematical texts

Prior knowledge = Reading comprehension

Math text with symbols (N = 46) 8.0 3.0
Math text without symbols (N =49) 8.0 5.0
Difference 0.0 2.0*

*Significant difference (level 0.05).

TABLE III
Comparisons of medians between students from upper secondary level
(S-students) and university students (U-students)

Prior knowledge Reading comprehension

Math text with symbols

S-students (N = 30) 8.0 3.0

U-students (N = 16) 8.5 5.0

Difference 0.5 2.0
Math text without symbols

S-students (N = 31) 8.0 4.0

U-students (N = 18) 8.5 8.0

Difference 0.5 4.0*
Historical text

S-students (N = 61) 8.0 6.0

U-students (N = 34) 7.0 7.0

Difference —-1.0 1.0

*Significant difference (level 0.05).

text without symbols and the historical text, and a difference in reading com-
prehension between the mathematical text with symbols and the historical
text.

Table II shows the results from comparisons between the groups who
read the two different mathematical texts. The groups have a similar level
of prior knowledge but the students in the group who read the text with-
out symbols have a better comprehension of the text. This result shows
a difference in reading comprehension between the two types of mathe-
matical texts. And since prior knowledge affects reading comprehension
to a similar extent for both mathematical texts, there is some other type of
knowledge or reading ability that creates this difference.

The comparisons between S-students and U-students for all three texts
are summarized in Table III. For the mathematical texts, the two groups
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of students have a similar level of prior knowledge, and for the text with
symbols there is also no significant difference regarding reading compre-
hension. However, for the text without symbols there is a significant differ-
ence between the groups regarding reading comprehension. These results
show that there is a type of knowledge or reading ability that is better de-
veloped among the U-students, but this knowledge or ability only affects
the reading comprehension of the text without symbols.

For the historical text (in Table III), one can notice that the U-students
in comparison to the S-students have lower prior knowledge but manage
better in the test of reading comprehension. However, none of these dif-
ferences are significant, but the difference in prior knowledge is close to
the level of significance (p = 0.076). These results make it plausible that
the U-students in fact have a better type of reading ability for the historical
text.

The analysis of the results in Table III thus shows that the U-students
seem to have a better type of reading ability, compared to the S-students,
an ability that affects the reading comprehension of the mathematical text
without symbols and the historical text, but not the mathematical text with
symbols. So, once again, the results show a difference in reading compre-
hension between the two mathematical texts, and a similarity between the
mathematical text without symbols and the historical text.

6. CONCLUSIONS AND DISCUSSION

Initially the results will be interpreted in relation to the two main research
questions of this paper:

1. Since great similarities have been noticed between the mathematical
text without symbols and the historical text, the content of the text (i.e.,
mathematics or history) does not affect the reading comprehension in a
dominant way. Thus, the main component of the comprehension process
for these texts is the more general literacy skills.

2. The clear differences between the two mathematical texts, together with
the similarities between the mathematical text without symbols and the
historical text, show that the reading process of the mathematical text
with symbols is a special kind of comprehension process. Therefore,
the main component of this comprehension process can be viewed as
some type of content-specific literacy skill.

Thus, there is no common type of reading comprehension for mathematical
texts in general, but one seems to need several types of skills for different
types of mathematical texts. In particular, mathematical texts using symbols
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seem to demand a special type of skill for reading comprehension, while
mathematical texts written in natural language do not seem to need any
special type of skill except a more general reading ability.

These conclusions can of course not be directly generalized to other
types of texts or other groups of students. For example, the type of texts
used in this study focus on conceptual understanding, and perhaps different
results would emerge if texts are used that present and explain a procedure
or an algorithm of some sort. Symbols can be said to have both a seman-
tic meaning (like ordinary words) and an operational meaning, and one
strength of symbols is the fact that the one “who can detach the seman-
tic component of the symbols at will can work much more quickly with
the symbols” (Pimm, 1989, p. 183). Such a detachment of the semantic
component could perhaps be fatal when reading the text with symbols used
in this study, but might be beneficial when reading a text that focuses on
procedures. Thus, one way to explain the differences between the mathe-
matical texts observed in this study can be that the students are expecting
procedural descriptions when mathematical symbols are used in the text,
and thereby they are reading the text in a different manner than other types
of texts.

More generally, texts can use symbols in different ways, and therefore
one needs to examine this usage in more detail before comparing different
texts and before trying to draw any more general conclusions about the
use of symbols in texts. But it is also important to take into account what
kind of reading comprehension one focuses on when discussing different
texts, and how one examines readers’ understanding. Therefore, it is es-
sential to have a theory of reading comprehension that makes it possible
to define, and in more detail describe, what is meant by comprehending a
text.

This study only shows an existence of a difference between reading
comprehension of mathematical texts with and without symbols, but exactly
what is causing this difference needs to be studied in more detail. The
possibility that the students read the texts differently has been mentioned,
but another possibility is that they are reading the texts in a too similar way,
in that symbolic expressions and natural language do not follow the same
syntactical and grammatical rules (Ernest, 1987) and therefore need to be
read differently. However, these possibilities focus on the reading of the
symbolic expressions themselves, but in this study the only conclusions that
can be drawn refer to the difference between reading and comprehension
of the whole texts. One can therefore distinguish between (i) different ways
of comprehending symbols and symbolic expressions and how these ways
can influence the comprehension of a whole text, and (ii) different ways the
existence of symbols in a text can influence the reading strategies used by
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the reader. The phenomenon of ‘temporary redundancy’ can be taken as an
example of the latter type of influence of the use of symbols in a text, when
“a whole group of symbols are at one stage carried without reading, only
to need detailed reading later” (Woodrow, 1982, p. 290). More research
is needed of how this influence, and other possible types of influences by
symbols, can affect the comprehension of the text.

The fact that there was no difference between university students and
students from the upper secondary level regarding reading comprehension
of mathematical texts with symbols, highlights the need for explicit teach-
ing of reading symbolic texts, that is, more direct practice is needed for
the development of the more content-specific literacy skills. On the other
hand, the differences between the two groups of students for the other two
texts suggest that the more general literacy skills seem to develop in a more
natural way, presumably by the practice given by the more common needs
and demands of reading texts written in natural language.

The results from this study can be compared to the similar study by
Watkins (1977, 1979). The texts used by Watkins focus on conceptual
understanding, but the questions used to examine the students’ reading
comprehension are different from the questions used in this study in two
ways. Firstly, the questions do not ask for some information directly given
in the text, and secondly the questions ask for an application of the infor-
mation given in the text that is close to a type of procedural understanding
of the text. Given these differences, it is interesting to note the different
result regarding the use of symbols in the texts, where Watkins found that
symbols could be advantageous for reading comprehension. But if this is
due to the differences in questions asked, due to some difference in the
groups of students with respect to prior knowledge, or due to something
else is not easy to determine. One possible interpretation is that the use of
symbols in mathematical texts can help the reader to form a type of pro-
cedural understanding that is more suitable for application-type problems,
while the use of symbols might hinder the creation of a type of concep-
tual understanding that is more suitable for questions about the meaning
of concepts. Regardless of different interpretations, the different types of
questions used to investigate readers’ comprehension highlight the need
for a thorough and theory-based handling of reading comprehension, es-
pecially regarding what type of comprehension is examined. The use of
a theory of different components of mental representations is one way of
accomplishing this goal.

The participants in this study were not randomly selected. However,
students came from different classes and schools and from different kinds
of educational programmes at the university, and were not selected before-
hand based on some characteristics, which makes it plausible that the group
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of participants is fairly normal compared to a larger population. At the same
time it can be noted that the conclusions drawn are not highly dependent on
a random selection, since focus is on the existence of certain phenomena,
which is based on comparisons within the group of participants where a
random selection was performed for the two types of mathematical texts.
For example, the fact that for these students there is a clear difference be-
tween reading comprehension of the two mathematical texts is enough to
conclude that there is no common homogenous type of reading comprehen-
sion for mathematical texts. But this study also shows that a more general
type of knowledge or reading ability can be the main type of knowledge
used when reading both certain mathematical texts and texts from other
subject areas. That is, this study shows an existence of a great similar-
ity between reading comprehension of these texts from different subject
areas.

Finally, as the discussion has shown, the results of this study should of
course not be interpreted to suggest that the use of mathematical symbols in
texts is undesirable and that all textbooks should be using natural language
instead. On the contrary, one of the greatest strengths of mathematics is the
use of a symbolic language, but if reading comprehension of texts using this
language is not developed among students, this strength will not emerge
for them.
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NOTES

1. The survey included references that in some way referred to properties
of mathematical texts or the reading of mathematical texts. However,
literature only dealing with the symbolic language of mathematics was
not included since the main purpose was to examine more general as-
pects of mathematical texts. A time period of 35 years is included in
the references, from Kane (1968) to Adams (2003), and different levels
in the educational system are included, from younger children (Shuard
and Rothery, 1984) to university students (Defence, 1994). However,
no claim is made that the survey has covered all relevant literature.
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2. In this paper, students’ nonsense answers are taken as signs of unwill-
ingness to complete the task, and the results from these students are
therefore excluded. But these answers could also be interpreted as a
(complete) lack of comprehension. However, a repeated data analysis
including these few students did not affect the significances of the rela-
tionships discussed in this paper.
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