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In this article, we deal with students' algebraic generalizations set in the context of
elementary geometric-numeric patterns. Drawing from Vygotsky's psychology,
kont'ev's Activity Theory, and Husserl's phenomenology, we focus on the various
semiotic resources mobilized by students in their passage from the particular to the
general. Two small groups of Grade 9 students are investigated through a four-
dimensional analysis: video, audio, transcripts, and written material. The resulting
qualitative analysis shows how discourse, gestures, actions, and rhythms orchestrate
one another and how, through a complex and subtle coordination of them, the students
objectify different aspects of their spatial-temporal mathematical experience. The
analysis also suggests connections between the syntax of the students' algebraic
formulas and the semiotic means of objectification through which the formulas were
forged, thereby shedding some light on the meaning of students' algebraic expression.
Some implications for the teaching and learning of mathematics are discussed.
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In the course of a regular lesson on algebra, Grade 9 students were dealing with
the classical pattem shown il Figure 1. They had to continue the sequence of figures

up to Figure 5 and then find the number of circles in Figure 10 and in Figure 100.'

Talking to his two group-mates, Doug2 says: "So, we just add another thing, like
that." Exactly as he utters the word "another" he starts makrng a rhythmic sequence

of six parallel gestures. The gestures play a twofold role. First, they highlight the

last two circles diagonally disposed at the end of each figure of the sequence. Second,

1 Throughout the article, names of figures in italics ( e.g., Figure 1) refer to objects in the article, whereas

nonitalic names (e.g., Figure 1) refer to elements of a pattern in the classroom activity given to the

students.
2 The students' names are pseudonyms.

This article is a result of a research program fimded by the Social Sciences and
Humanities Research Council of Canada (SSHRC/CRSH). A previous version of
the article was presented at the Fourth Congress of the European Society for
Research in Mathematics Education (CERME 4).
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although his "algebraic text" is not made up of alphanumeric signs; in fact, his text
has a different "texture": It is made up of (spoken) words, rhythm, and gestures.

Doug's algebraic activity may look similar in several respects to the one practiced
by neo-Pythagoreans, such as Nichomachus in the 2nd cenfury BC, who, without
having modern algebraic symbolism at their disposal, nonetheless investigated
complicated relationships among triangular, square, pentagonal, and other numbers
(see D'Ooge, 1938), in all likelihood using pointing and other gestures to shape their
perceptual process and to express the general. It is unquestionable, though, that the
sense of generality achieved through words, gestures, and rhythm is not the same as

the one achieved through a formula or a graph. A given semiotic system provides
us with specific ways to signify or to say certain things, whereas another semiotic
system provides us with other ways of signification. The linguist 6mile Benveniste
referred to this situation as the principle of nonredundancy: "Semiotic systems are
not 'synonymous'; we are not able to say 'the same thing' with spoken words that
we can with music, as they are systems with different bases" (Benveniste, 1985, p.
235). The same distinction is true of gestures and formulas.

By the same token, Benveniste's nonredundancy principle warns us against the
common belief in translatability--+he belief that, for example, a formula says the
same thing as its graph, or that a formula says the same thing as the word problem
it "translates."3 The nonredundancy principle does not mean, however, that what
we intend or express in one semiotic system is completely independent from what
we express in another one. From an ontogenetic viewpoint, we seize mathematical
and other cultural objects in a progressive manner, as we involve ourselves in a
refl exive sign-and-tool-mediated cognitive praxis.

In this article, we investigate the students'progressive awareness ofgenerality
as they reflect on a pattern problem. Our aim is to better understand the way the
students attend to theperceptually given (e.9., the three first elements of a sequence)
and start moving beyond it in their attempt to reach the general. Love (1986) and
Mason (1996) have referred to this subtle and crucial process in which the percep-
tually given is transcended in terms of"seeing" or "noticing" the general inlthrough
the particular.a We investigate this process as a phenomenological aspect of the
students' cultural sign-mediated mathematical experience. To do so, we present a

detailed semiotic analysis of short key passages of the students' activity and focus
on those elements (words, gestures, signs, etc.) to which the students make recourse
in order to transcend the particular. These microanalyses provide us with a fine-
grained anatomy of the genesis of students' generalizations.

A SEMIOTIC-CULTURAL THEORETICAL FRAMEWORK

There is a longstanding tradition that asserts that to notice or to become aware
of an object, it is sufficient to have it in front of us. The problem with this tradition

3 For a discussion ofthis problem, see Duval (2002) and Radford,(2002a).
4 A detailed review of the Hterature on the recognition of patterns and generalization is provided by

Castro Martinez ( I 995).
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How exactly can we see the general in the particular? The passage from the partic-
ular to the general is only possible ifthe particular is not seen as a particular, that
is to say, as identical to itself . The particular must become a signfor something else.

In our studies on generalization, we have identified thee strategies used by the
students to transcend the particular. One strategy is to see a particular, p, as repre-

sentative of a vast class of objects {p1, p2, . . .}. In this case, although the students

refer literally to the particular p, what has been said of p applies to the other elements

of thecorresponding class, for pcanbe substitutedfor any pr.Theparticularp is indeed

seen as a generic object (Balacheffl 1987). Another strategy is to see p metaphori-
cally.In this case, contrary to the generic object, the discussion is not exactly about
p. Even if p is the object of discourse, it is so only obliquely. The particular p serves

to talk about the general. The students use linguistic expressions such as "Let's say

that" or "as if ' to mean that they are using a certain particular but not as such (details

in Radford, 2ON;2002b). A thfud strategy is to see p in a dynamic way, as the bearer

of a specific although general structure of which p is itself an instantiation. This is
the case of Doug and his group mates in the example discussed previously.

Of course, as the previous typology suggests, the overcoming of the particular
realm is not accomplished through the organ ofvision alone. Language becomes an

integral part of the world that we see. As Mikhailov (1980) suggested, "[i]t is
language that constantly participates in converting the perception and understanding
of the extemal object into self-awareness and self-consciousness" (p. 236). However,

as illustrated by Doug's utterance and gestures, we perceive the general through
gestures and other signs as well.

The perceptual act of noticing hence unfolds in a process mediated by a multi-
systemic semiotic activity in the course of which the object to be seen emerges
progressively (Goodwin, 2000b). This process of noticing we have termed a process

of objectification.Inits etymological sense, objectification means to make some-
thing (e.g., a certain aspect of a concrete object, like its color, its size, or a prop-
erty of a mathematical object) apparent. To make something apparent, learners and

teachers use signs and artifacts of different sorts (mathematical symbols, graphs,

words, gestures, calculators, and so on). We call these artifacts and signs used to
objectify knowledge semiotic means of objecffication (Radford, 2003a).

In previous works, we have discussed the prominent role of gestures and language
in students' processes of knowledge objectification. We have provided evidence
ofthe key role ofdeictic activity, both at the level ofgestures, as in pointing, and
at the level of language, as when students use terms such as this andthat (Radford,
2000,2002b,2003a).6In this article, we provide a finer analysis of the passage from
the particular to the general in terms of the dialectical relationships between the
various semiotic means of objectification mobilized by the students. We are also
interested in understanding the impact of the way in which the particular is attended

6 There is a vast literature on deictics and gestures that has inspired our research, including Goldin-
Meadow (2003), Hanks (1992), Kendon, (2004), Kita (2003), Klein (1983), and McNeill (1992, 2000).
For gestures in mathematics education, see Roth and Lee (2004) and the papers presented at the 29 PME
Research Forum organized by Arzarello and Edwards (2005).
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focus on the discursive, sign, and embodied mediated phenomenological processes
(the processes of knowledge objectification) underpinning the attainment of activ-
ity's goal during the small-group-work phase.

Data Collection arud Analysis

The data come from a S-year longitudinal research program conducted in a

French-language school in Ontario, Canada. The data were collected during class-

room lessons that were part of the regular school mathematics program. In these

lessons, the students spent a substantial period working together in groups of three

or four. At some points, the teacher (who interacted continuously with the different
groups during the small-group-work phase) conducted a general discussion allowing
the students to expose, confront, and discuss their different solutions.

We used three or four video cameras, each filming one small group of students.

The videotapes were fully ffanscribed. In addition to the transcriptions and the video-

taped material, we also collect written material such as activity sheets produced

during the mathematics lessons and tests. We then carry out discourse, video, and

audio analysis using interpretative techniques ofqualitative research (see Radford
2000), based on the work of Fairclough (1995), Moerman (1988), and Coulthard
(1977).

Guided by our research questions and our theoretical framework, we conducted

a multisemiotic data analysis. We first identified and selected salient episodes

of the videotaped activities. We then refined our analysis with the support of both
the transcripts and the students' written material. In particular, we carried out a
low motion and a frame-by-frame fine-grained video microanalysis to study the

role of gestures and words. Such microanalysis was completed with a voice
analysis in terms of word intensity and word temporal distribution using dedi-
cated software. The combination of these four elements (video, audio, transcripts,
and activity sheets) provided us with a solid base upon which to deepen our inves-
tigation of the several semiotic resources that students mobilize to objectify the
targeted mathematical concepts-in this case, the objectification of the general
figure of a sequence and its relationship with the produced algebraic formulas.
The various semiotic resources (e.g., spoken words, written text, gestures, draw-
ings, symbols, etc.) and their interplay were then interpreted according to our
theoretical framework which, in turn, was further refined in the course of the
analysis.

The Mathematic al P roblem

In our classroom-based research, the teacher and our research team design the
mathematical lessons, taking into account the curricular content and the students'
prior knowledge. The generalization problem that we will discuss here dealt with
the study of an elementary geometric sequence (see Figure 1). The students were
introduced the previous year to the use of letters to build algebraic formulas in the
context of patterns. As mentioned previously, the students were required to
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circles in Figure 6, Figure 7 , etc., up to Figure 10, but through a direct analysis
of Figure 10. It is clear then that the students effectively did transcend the
particular. But how did they do it? Let us note that, like Doug, Alice makes

recourse to gestures and speech. There is a difference, though. In Doug's case,

gestures functioned as a rhythmic ostensible mechanism that conveyed a spatially
and temporally embodied sense of generality: The general remained beyond the

realm of words and was asserted through rhythm. In the case of Alice, the idea
of generality is conveyed by the linguistic adverb always (line 1) and the key
terms "top" and "bottom." Body, as a semiotic resource, intervenes to empha'
size the distinction between the two rows through the inclination of her head (as

to distinguish the circle added on the bottom from the one added on the top) and,

in line 3, as a pointing gesture. Thus, while Doug objectified the idea of gener-

ality through a bodily action (a sequence of gestures), Alice does it through a
verbalized schema.s To understand the students' way of transcending the percep-

tually given, we need to pay closer attention to the terms of which the schema

is made.

Spatial deictics. We will discuss first the spatial terms "top" and "bottom." The
key terms "top" and "bottom" are spatial deictics, that is, terms that indicate some-

thing characterized by a distinctly spatial location. They suppose an embodied point

of view (an embodied origin). If this origin is changed, top may become bottom,
left may become right, and vice versa (Biihler, 1979; Radford,2002b). By virtue
of pointing or indicating something spatially situated, spatial deictics obey the mode

ofdesignation ofparticular objects. In this sense, they share some traits ofan index-
ical gesture. At the same time, insofar as they designate a class of objects rather than

a single object, they already point to a generalization. Spatial deictics are pivots

located between the particular and the general.

The adverb "always" and the overcoming of time. Because the crux of the gener-

alization of patterns lies in the fact that it predicates something that holds for a/l
the elements of a class based on the study of afew of them (Sabena, Radford, Bardini,
2005), the spatial and temporal nature ofthe particular attended figures has to be

overcome in the ontogenetic construction of generalization. Adverb terms such as
o'always" provide the students with a way to come to terms with the problem of time.

The action underpinning the schema is thought of as a potential action that can be

re ite rativ ely accomplished.

Deepening perception and the role of silence. The previous remarks suggest a

central role for spatial deictics (e.9., "top") and adverb terms (e.g., "always") in the

path that the students forge toward mathematical generality. Spatial deictics endow,

in a decisive manner, the students' objectified generalizing schema with a geometric

meaning. This schema allows the students to go beyond the territory of the organ

of vision and offers them a new way of "seeing" or "perceiving" the general. What
the students "see" thtough this new intellectual way of perceiving the general

515

8 Here, we are using the term "schema" in a neo-Piagetian sense (see Radford, 2005a).
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To understand the role of silence in the objectification of mathematical gener-

ality, it may be useful to consider the students' mathematical activity as an activity
being written in a semiotic text whose signs include words and gestures. Actually,
the semiotic text includes more than that: it also includes silences. Like in a piece

of music, far from being accessorial, silence plays a crucial role: It is a constitutive
part of the text. The same goes, we contend, for the students' mathematical text.

At the end, Doug succeeds in refining the referent through a subtle and impor-
tant move: the term o'any figure" is changed to "the number of the figure.o' From
particular figures such as Figure 3, Doug talks now about "the figure," which is spec-

ified by its number onthe sequence. Doug succeeds here in overcoming what has

been termed elsewhere as the "positioning problem" (Radford, 2000, p. 250), that
is, the nontrivial problem of referring to a nonspecific figure by the position the

figure occupies in the sequence.

The previous students' utterances clearly illustrate the process of knowledge

objectification through which they underwent to make the general apparent. The

students' written text summarizes this process in a neat way (see Figure 3).
Similar to the answer provided to the previous questions concerning the number

of circles in Figure 10 and Figure 100, the written text carries the geometrical

meaning of the operations, intimately related to the students' perception of the

figure into two rows. However, although the mention of the rows was previously

seen as complementary to the answer, and therefore was placed into brackets, now
it becomes part of the answer.

The process through which the students have gone at the different stages ofthe
problem is ultimately reflected in the algebraic formula (see Figure 4). More
precisely, the answer given by the students still keeps track of its geometrical

meaning. For the mathematics expert, brackets in this expression are unnecessary,

but seem essential to the students, who do not expand the formula. For the students,

the brackets are organizers of the way in which the formula tells us the story of

5t7

pd. lL/u^y' Lla&t'14. 
+1 ?;A,1, b.D. 

.
:1, Jrr4 pd,JL

Figure 3. Students' message indicating how to find out
the number of circles in any figure.to

10 Translation: '# of fig. +1 for the top row, and # of fig. +2 for the bottom. Add the two to get the
total."
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the figure and the latter refers to the way the circles are disposed. This apprehen-

sion of the figure is easily adopted by Mimi, and properly described through the

spatial deictics'top" and "bottom" (lines 2 and 5). In so doing, the students shift
from blunt counting to a scheme of counting whose meaning is geometrical, as in
Example 1. To perceive this scheme is a crucial step toward the general.

In line 2, Mimi's words are accompanied by two correspondi,ng gestures. Through
these gestures, Mimi accomplishes a number of functions: (1) she participates in
the drawing process- by entering Jay's "personal space" she offers, in fact, guid-

ance in carrying out the task; (2) she depicts the spatial position of the rows in an

iconic way, and (3) she clarifies the reference of the uttered words. In line 5, Mimi
does not make any gestures; rather,her words areperfectly synchronizedwithJay's
action, almost directing him in the action of drawing. In fact, to complete her

sentence with the description of the second row, Mimi waits until Jay finishes
drawing the first row of circles. We thus see that the general is being perceived

through a complex interpersonal synchronization ofeye, words, and gestures.

Later, the group work is intemrpted by an announcement to the class about a forth-
coming social activity. While Mimi and Rita pay attention to the announcement,

Jay keeps on working, writing "23" and"2o3" as the answers for the question about

the number of circles in Figure 10 and Figure 100, respectively. When the girls return

to the task, they ask Jay for an explanation of his results (see Figure 6 for some corre-

sponding gestures):

6. Mimi: [Talking to Jay] I just want to know how you figured it out.

7. Jay: OK. Figure 4 has five on top, right? [with his pencil, he points to the top row of
Figure 4, moving his pencil from the left to the rightl.

8. Mimi: Yeah. . .

9 . Jay : . . . and it has six on the bottom [he points to the bottom row using a similm gesture

asinlineTl [...]
10. Mimi: [Pointing to the circles while counting) 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, I 1. [Pause]

[.. .] Oh yeah. Figure 10 would have . . .
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Figure 6. Some gestures occurring in the lines of the dialogue.
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sionally. To cope with the first of these aspects of knowledge objectification, it seems
that students emphasize the recourse to language, and to cope with the second, they
emphasize the recourse to gestures. These two aspects correspond to what Lemke
(2003) termed the two fundamental types of meaning-making: "meaning-by-kind"
or "fypological meaning" (language) and analogical or "topological meaning"
(motor gestures or visual figures). Our results suggest that the objectification of
knowledge is underpinned by a complex dialectic relationship between these two
kinds of meanings.

We shall come back to the previous point in the conclusions. For the time being,
let us discuss the way the students tackled the problem of writing a message to
explain how to find out the number ofcircles for any figure (see Figure 7 for cbrre-
sponding gestures):

17. Mimi: Add. Add 3 to the number of the figure! [pointing to the results "23" and"203"
on the paperl.

18. Jay: No! [. . .]
19. Mimi: I mean like. . . I mean like. . . . You know what I mean, Ike, forFigure 1 you

will add like. . .OK [pointing to Figure 1 of the sequence] it would be like 1, 1,
plus 3; this [pointing to Figure 2] would be2,2,p\ts 3; this [pointing to Figure
3l would be 3, 3, plus 3.

As underlined by her gesture (line 17), Mimi seems to have observed that the number
ofcirgles in Figure 10 and Figure 100 ended with the digit 3 and inferred from it a
key to look for a general method. This numerical hint leads her to a new apprehen-
sion of the figures, which she soon makes explicit and refines in order to convince
Jay. Her explanation is carried out based on Figure 1, Figure 2, and Figure 3 (line 19)
and through a number of important indexical gestures on the corresponding drawn
figures. ln fact, she makes three indexical gestures on each figure to render apparent
a specific configuration to her group-mates. In the case of Figure I , she points succes-
sively to the top-left circle, then the bottom-left circle, and finally she sketches a small

First indexical gesture

Second indexical gesure
Third indexical gesture

( one, ( lwo, ( three,
one, two, three,
plus three D plus three D plus three >

Figure 7. On the left, Mimi making the (first) indexical gesture on Figure 1. On the right,
the new apprehension of the figures as a result ofthe process ofknowledge obiectification.
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counting. The other fype of rhythm appears as a result of generated "transitions"
between the counting processes calTied outby Mimi when she goes from one figure
to the next. These "transitions" are generated at two different levels. Atthe lexical
level,Mimiuses the expression "this would be," whose semantic value indicates the
hypothetical nature of the emerging counting schema. Atthe temporal level,this sane
expression allows Mimi to accomplish a separation between the counted figures.

Table 1, derived from Praat prosodic analysis of Mimi's utterance, provides us

with aprecise ideaof thewithinandbetweenfrguresrhythm. Thedatainrow 3 indi-
cate that ar, < a32, a3g 1 a37t a3 t3 < a3121 thus the time elapsed between the addi-
tive preposition "plus" and the uttered number prior to it is consi stently shorter than
the elapsed time between the two uttered numbers before 'oplus." It is also inter-
esting to note that, in the case of Figures I and2, the elapsed time between "plus"
and the following word is shorter than the time between "plus" and the uttered
number before it (i.e., arol a33> a3g < ,rd. Hence, the preposition "plus" does not
merely play the role of an arithmetic operation. It plays a key prosodic role in empha-
sizing and de-emphasizing aspects of the figures.'3

The prosodic analysis helps us understand the students' mechanisms of empha-
sizing and de-emphasizing features ofthe figures and sheds light on the sophisticated
ways in which rhythm is used as a semiotic device in the students' phenomenolog-
ical apprehension of the general. This is why it may be worthwhile to think of alge-
braic generalization as a process similar to the creation of a sculpture or a painting.
Some elements are brought to the fore; others are left in the back. Both are impor-
tant, for it is through their contrast that one notices what has to be noticed (Radford,
2002b). Rhythm accentuates this contrast in the students' semiotic activity. It
heightens the relief of the constant and the variable in the act of generalization.

Returning to Example 2, the students have now paved the way for tackling the
problem of expressing the general in the alphanumeric semiotic system of algebra.
However, the path towards the symbolic expression of generality passes through
an intense use of examples:

20. Mimi: The number of the figure like . . . we'll say that the figure is 10 [gestures with
an open hand as to indicate a row on the deskl, you'll have l0 dots [similar gesture
on the deskl plus 3 [sort of grouping gestures a bit more to the right and to the
bottom, on the deskl right? [Pause] No. . . .

21. Jay: No.

22. Mimi: You double the number of the figure.

23. Jay: Ten plus 10 [pointing to the sheet]

13 Even if the temporal distributions of words for the frst two speech segments (0.157 < t < 1.348;
2.1613t<3.463) are quite similar to that of the third speech segment (4.793 < t<5.633), as suggested
by the waveform, the data indicates that the duration of the latter (0.840 s) is shorter than the duration
of the former (i.e., 1.191 and L302; see row 4). Because the students did not need to go beyond Figure
3 to objectifu the counting schema, one of the reasons may be that the generalization was achieved during
the investigation ofthe first two figures, the third figure hence playing the role ofverification. This partic-
ular status of Figure 3 is also suggested by the fact that a o ,o> ao , and may explain why the intensity
of the words uttered here is generally higher than the intensity displayed in talking about the frst two
figures (see row 1).
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Figure 9. The students' text.ra
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and nouns, deictics, and adverbs (e.g., lines 23 and 26) reaches now an extremely
concise formulation. Indeed, soon after writing the above text, Jay provides the
formula shown in Figure 10. The "space" to be occupied by each one of the five
symbols that now constitutes the formula (i.e., "n," "x," "2," "+," and "3") was
progressively prepared by the students' previous joint mathematical experience. In
other words, from an ontogenetic viewpoint, the students' alphanumeric algebraic
syntax is a contracted expression of a vivid mathematical experience previously
objectified by an impressive coordination of diverse semiotic means of objectifi-
cation. Thus, the symbolic letter n is the "semiotic conffaction" (Radford, 2002b)
ofthe "number ofthe figure" that has been so often quoted before, either directly
or by means of examples, and the whole formula is the crystallization of a semi-
otic process endowed with its situated history. It is a history in which each sign
acquired a distinctive meaning and which may explain why the students do not
simplify the formula into the more standard expression 2n + 3.It seems that the
formula still contains the remnants of the nqrrative side of algebra (Radford,
2002a), where signs play the role of narrating a story and where the formula has
not yet reached the autonomy of a detached symbolic artifact. The students' formula
is still an index pointing to the students' vivid mathematical experience.

nY2+3.

Figure 10. Jay's formula.

SYNTHESIS AND CONCLUSION

In this article we dealt with the genesis of algebraic generalization of patterns.
Drawing from previous research on the topic (e.g., Kieran, 1989; Lee, 1996;l-ee
& Wheeler, 1989; MacGregor & Stacey,1995; Mason, 1996; Mason et al. 1985),
we elaborated the idea of generalization as a shift of attention that leads oneto see

14 "The number ofthe figure x 2, + 3. It gives you the amount ofcircles."
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the day-to-day teaching of mathematics and in students' development of mathe-

matical thinking.
Naturally, we are not suggesting abandoning the alphanumeric algebraic semi-

otic system. Generality, we contend, can be variously expressed. The previous
remark leads us to the question of the cognitive difficulties that students encounter

when asked to express the general through mathematieal formulas. Our microge-
netic analyses shed some light on this problem. As implied by our analysis, the

students' algebraic symbolism conveys a meaning deeply rooted in their mathe-

matical activity as mediated by the diverse semiotic means of objectification. For
instance, the spatial deictics "top" and "bottom" impressed their mark in the syntax

of the formula "(n + l) + (n + 2)." Rhythm, in an even subtler manner, also

impressed its mark in the message produced by the second group of students,

where it appeared under the form of a comma (see Figure 9).

Some of the cognitive difficulties that students have to overcome in their learning
of the algebraic alphanumeric symbolism are related to the formidable semiotic
contraction imposed by the fact that what they have to express now has to be done

with a very few signs (three or four, as in the final formulas). The semiotic contrac-
tion entails a compaction of meaning, which may be noticed when we compare

Doug's initial sensory-motor sense of expressing generality to the formulao'(n +
1) + (n + 2)." There is nothing that would insinuate a priori a natural link between

Doug's gestures and the formula. Through bodily actions, the students find a way
to emphasize and de-emphasize events; natural language offers the students a rich
array ofdeictics, adverbs, verbs, and so on; even the recourse to silence in an utter-
ance helps the students to make something noticeable. The few letters and other char-

acters that constitute the standard set of signs of contemporary school algebra do
not have the same expressivity and signifying scope. Their mode of signification
is completely different. As Benveniste (1985) reminds us, semiotic systems are not
synonymous. Each one ofthem offers a different form ofexpressivity and objec-

tification. Reachingthe algebraic alphanumeric formula is therefore not the mere

business of translation, for total translation is simply impossible. It is rather a

matter of becoming aware of how abstract relations are said and expressed through
different signs. Hence, it may be advantageous to see the students' path toward the

production of the alphanumeric formula as a progressive refinement of a general

idea which, by being objectified in and through diverse semiotic means of objec-
tification, leads to a deeper awareness of general mathematical relationships. And
it may be equally advantageous to understand that mathematical generality can be

variously expressed and that some students will find it more difficult to express it
in some ways than in others.

Arzarello, F. (2000). Inside and outsiu", ,o""Trffff"X"9rTtanguage in proof production. In T. Nakahara
& M. Koyama (Eds.), Proceedings of the 24th Conference of the International Group for the

Psychology of Mathematics Education (YoL 1, pp. 23-38). Japan: Hiroshima University.

Arzarello, F. (2004, July). Mathematical landscapes and their inhabitants: Perceptions, languages,

theories. Plenary lecture presented at the l0th Intemational Congress on Mathematics Education,
Copenhagen, Denmark.
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