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INTERPRETING UNFAMILIAR GRAPHS: A GENERATIVE,
ACTIVITY THEORETIC MODEL

ABSTRACT. Research on graphing presents its results as if knowing and understanding
were something stored in peoples’ minds independent of the situation that they find them-
selves in. Thus, there are no models that situate interview responses to graphing tasks.
How, then, we question, are the interview texts produced? How do respondents begin and
end utterances? And, what is the relation between words and gestures used as part of the
communication? Based on a database developed in two studies with research scientists
(N = 37), we developed a theoretical framework using cultural-historical activity theory
for understanding the texts produced during interviews. Our framework addresses three
major findings, whose implications are discussed in the paper. First, the interview text is
the contingent and situated product of the entire activity system, including interviewer and
other aspects of the setting; the interview text can therefore not be reduced to the cognitive
properties of the individual interviewee. Second, the interpretation unfolds in time, shaping
the way the graph itself is perceived; unlike a written text that accompanies a graph, the
verbally produced interview text therefore has to be analyzed through a moving interpretive
window without recourse to subsequently produced talk. Third, gestures, speech, and the
perceptual aspects of the graph currently salient to the interviewee, have to be understood
as expressions that are irreducible to one another, requiring comprehensive research reports
to present all modes of concurrent expression.

KE Y W O R D S: cultural-historical activity theory, graphs, interpretation, inner contradic-
tions

1. INTRODUCTION

The invention of graphs and graphing was central to the historical evolution
of the natural sciences (Edgerton, 1985), which take graphs as mathemat-
ical forms that are isomorphic with the fundamental structure of some
natural phenomenon (Lynch, 1991). Accordingly, mathematics educators
have approached the interpretation of graphs as an unproblematic transla-
tion between graphs and (verbal descriptions of) situations (Janvier, 1987;
Greeno, 1989). However, recent work showed that in everyday work prac-
tice, graphs do not stand in an indicating (referring) relationship to the
things they are said to express; instead, familiar graphs at work have be-
come part of the situation, they are tools that are used without drawing
attention to themselves much like spectacles that are no longer noticed by
their bearers (Roth, 2003a). There is further evidence that individuals in-
terpreting graphs do not make inferences about the content of graphs, but
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that graphs constitute occasions where these individuals articulate their ex-
isting understanding of how some aspect of the world works (Roth, 2003b,
in press). There are many unresolved questions pertaining to the interpre-
tation of graphs including, ‘How do people asked to interpret unfamiliar
graphs generate the requested interpretation, in real time, from moment to
moment?’, ‘At what point do they stop?’, and, ‘What is the relation be-
tween the processes and products of interpretation and the research context
in which these are produced?’

The present study was designed to provide a comprehensive theory of
graph interpretation that integrates macro-level (institutional, societal con-
text) and micro-level events (moment-to-moment actions). We first begin
by sketching existing research on graph interpretations and then outline
cultural-historical activity theory, on which our own theory is built. This is
followed by a brief description of the database from which we culled the
examples featured in Section 4, where we present the main features of our
framework. We conclude with a discussion of three main implications for
researchers in mathematics education.

2. BACKGROUND

2.1. Graphs and graphing

Graphs are central to the processes and products of science (Latour, 1987)
and are pre-eminent features in scientific publications (Roth et al., 1999).
Graphs draw their strength from (a) their capacity to summarize a lot of
data in one inscription and (b) their integration of typological features, in-
cluding words and symbols, and topological features, including variously
shaped lines and curves (Lemke, 1998). Graph-related practices include
the interpretation of graphs (Leinhardt et al., 1990), which is shorthand for
a translation from a graph into a verbal description of a situation (Janvier,
1987). A proper semiotic model separates the purely material and the per-
ceived structural aspects of a phenomenon and its representation – during
interpretation, the symbolic and phenomenal structures have to be related
(Greeno, 1989; Roth and Bowen, 2003).

In the past, the performances related to graphs and graphing have gen-
erally been attributed to conceptions, mental structures, and cognitive ca-
pacities (e.g., Pinker, 1990); non-standard answers on graph-related tasks
were attributed to mental deficiencies and misconceptions (e.g., Clement,
1989; Berg and Phillips, 1994). However, research in situated cognition
showed that the context, in which mathematical activity occurs, signif-
icantly mediates performance levels (e.g., Lave, 1988). Dialectical ap-
proaches to mathematical cognition can explicate such performance levels
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by explicitly accounting not only for psychological but also for the social
and material aspects of the setting (e.g., Walkerdine, 1988). Fundamental
to these approaches is the dialectical constitution of human individuals and
their settings. Rather than ignoring the interactions between interviewees
and research setting, dialectically informed analysts take them into account
(Lave et al., 1984). With respect to graphing, several recent studies pro-
posed to address these problems by drawing on cultural-historical activity
theory, which has been developed on the basis of dialectical principles
(Hershkowitz et al., 2001; Williams et al., 2001; Roth, 2003b).

2.2. Cultural-historical activity theory

Based on dialectical logic (Hegel, 1977) in its materialist interpretation
(Marx, 1991), cultural-historical activity theory has been developed to over-
come the dualistic body–mind and individual–culture splits characteristic
of many approaches within psychology and sociology. The fundamental
premise of cultural-historical activity theory is that human consciousness
can only be understood when all relevant aspects of practical activity are
taken into account (Engeström, 1987). The analytical starting point in this
theory is the dialectical relation between the acting subject (individual or
collective) and the object of the activity (Leont’ev, 1978).1 The relation
is dialectical because in practical activity, the object (that which under-
goes transformation) appears twice: as a material object and as an object of
thought, which orients the subject’s (individual, group) practical and cogni-
tive activity (Lektorsky, 1977). This understanding is therefore consistent
with the previously articulated separation of the material and structural
aspects in the semantics of graphs.

The subject–object relation is not direct but is mediated by the tools
and instruments available to the subject as the means of productive ac-
tivity, the community within which the productive activity occurs, and
the relevant division of labour and rules. Each of these elements – and
consequently the activity system as a whole – undergoes continuous (his-
torical) change and therefore can be understood only through historical
study. Important elements in activity systems are the inner contradictions,
which are understood as the driving forces for action and change (Il’enkov,
1977).

Inner (real) contradictions, in contrast to logical contradictions and mis-
taken ideas, arise from the mutually presupposing but mutually exclusive
aspects of the same phenomenon. Thus, the fact that a graph can be trans-
lated into a verbal description or data table, and conversely a verbal de-
scription or data table into a graph (Janvier, 1987) suggests that there is
some underlying sense that is expressed in a graph, data table, or verbal
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description. These clearly are very different expressions, which neverthe-
less are used to convey the same sense and hence allow us to understand
the principle of inner contradictions: in all their differences (translation
is required to go from one to the other), these representations also are or
rather point to the same. Similarly, the words and gestures of a speaker,
and perceptually salient features in the environment form a dialectical unit,
because they are expressions of the same emergent idea but are so in non-
identical ways (McNeill, 2002; Roth, 2004). Finally, the definition of the
object – the identity of the material object and object of thought – embodies
an inner contradiction that drives practical activity.2

Cultural-historical activity theory further distinguishes activity from ac-
tion and from operation. Activity exists at the collective level (mediated by
community) and is oriented towards the object/motive. Actions are carried
out by the subject(s) of the activity and are oriented towards goals. Sense
is the relation between actions (goals) and activity (motive). Operations
are routinely executed, constituting chains of unconscious responses to ex-
isting material conditions, but, at the same time, the action (goal) orients
this sequencing of operations. Therefore, the relation between operations,
which help to concretely realize a planned action (goal), and action is one
of reference. Finally, the relation between these two relations of sense and
reference is meaning.

3. THE STUDY

This study is part of a research program investigating the interpretation
of graphs and graphing practices among scientists and technicians. It is
concerned with understanding the processes by means of which graph
interpretations are generated in real time, including how they start and stop.

3.1. Participants

A total of 37 scientists were interviewed in two rounds of interviews. In
the first study, there were 14 ecologists and 2 physicists. Seven had ob-
tained an M.Sc. (three were currently working on their Ph.D. degrees)
and nine had a Ph.D. All participants had 5 or more years of experience
conducting research for the purposes of publishing the results in reports
and scientific presentations. In the second study, there were 21 participants
from physics-related departments (e.g., geophysics, astronomy, physical
chemistry). Four individuals had previously obtained a masters degree and
were currently enrolled in a Ph.D. program. The remaining 17 individuals
had obtained a Ph.D. degree between 0 and 42 years prior to our interviews
(x̄ = 21.9, SD = 14.7 years). All but two research associates were involved
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in teaching graduate, undergraduate, or laboratory courses. Two student re-
search assistants with knowledge in the participating scientists’ domains
conducted the interviews.

3.2. Tasks

For the graphs from an unfamiliar domain, a set of ecology-related graphs
representative of those found in a popular 800-page introductory textbook
was used (Ricklefs, 1990). Given existing theories and results of research
on graphing as a context-independent scientific process skill, our research
program and the first study had begun with the assumption that all par-
ticipants would exhibit expertise whereas the second study was conducted
knowing that this assumption was questionable. These included (a) a plate
showing the distributions of three types of plants (differentiated by their
photosynthetic pathways) as functions of three co-varying independent
variables (elevation, temperature, moisture); (b) a plate displaying birth-
rate and death rate as functions of population size (density) and intersecting
twice(Figure 1); and (c) a plate featuring three isographs representing the
functional relation between a dependent variable (growth) and two inde-
pendent variables. In this study, all excerpts are drawn from the population
graph, which constitutes a graphical model of the type that ecologists began
to use during the 1950s and 1960s (Kingsland, 1995).

3.3. Data and analyses

All think-aloud sessions were videotaped and subsequently transcribed so
that the text was available in written form during our analysis. For those

Figure 1. This graphing task, typical for an introductory course in ecology, was presented
in this study to 37 scientists. An analytical frame and marks have been added for ease of
reference.
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moments, where the interviewees pointed or made gestural reference to
a graph feature, the frame was saved and imported as an image into the
transcription. For salient and theoretically interesting episodes, the tran-
scription was improved to contain multiple video images, the length of the
pauses, or the overlap between speech and gestures. The present analyses
are based on the assumption that reasoning is observable because it is a
practical, socially structured, and embodied activity (Garfinkel, 1991). The
videotapes, transcripts, and artefacts produced by the observed individuals
are taken to be natural protocols of the participants’ efforts in communi-
cating the sense they made of the task at hand. These protocols constituted
the materials that we structured, elaborated, and theorized.

In this study, we analyzed data both individually and collectively, draw-
ing on Interaction Analysis (Jordan and Henderson, 1995). The analyses
proceeded step by step, stopping the replay whenever a significant event had
occurred. An assertion was written down before the event was reviewed as
often as necessary for a full exploration. Such full exploration may typically
take 2 h for a 3–5-min video segment. Other episodes were subsequently
reviewed to check the degree to which they confirmed or disconfirmed the
stated assertion. On the basis of these checks, initial assertions were refor-
mulated until they were representative of the data. The model presented
here therefore emerged from the data as grounded theory.

4. GENERATIVE MODEL OF GRAPH INTERPRETATION

This study was designed to develop a generative model of unfamiliar graph
interpretation. Generative here means that researchers account for the pro-
cesses and products of some phenomenon, including accounts of the forces
that keep processes going and the absence of which leads the system to stop.
We developed our model on the basis of a dialectical approach. In dialectical
theories, systems develop because of internal (real rather than conceptual)
contradictions that seek resolution; to use an analogy, the existence of inner
contradictions means that the system is displaced from an equilibrium state
to which it tends to return. As long as inner contradictions exist, even in
changing form, the system continues to evolve; stopping occurs only when
the contradiction has been (momentarily) removed.

In graph interpretation sessions, dialectical (i.e., true, inner) contradic-
tions exist at several levels. First, the motive of the graph interview activity
is the production of a verbal description (and explanation) that corresponds
to, or expresses, the content of a visual representation (graph): verbal de-
scription/explanation and the corresponding graph, despite their striking
differences, express the same underlying sense. Second, at the level of the
activity (doing research on graphs), there exists a dialectical tension in the
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‘subject | object’ unit, that is, between the materially existing graph and
what participants envision as the completed product, the finished inter-
pretation (though it only exists as a generalized idea). Third, at the level
of actions, a dialectical relation exists between the holistic visual image
presented by the graph and the sequential nature of the talk materializing
its description. That is, there is a tension between global meaning of the
graph as a whole, presented synchronically, and the analytic meaning that
unfolds in producing the description, presented diachronically, that will
subsequently count as ‘the interpretation’ (product). Finally, at the level
of operation, the contingent production of (interpretive) statements, there
exists a dialectic tension between the visual image, on the one hand, and
the convention-laden form of the language used in speech, on the other
(McNeill, 2002).

Contradictions may therefore exist in the activity | action (sense), ac-
tion | operation (reference), and sense | reference (meaning) relations. For
instance, participants in an interview produce actions that make sense in
relation to the common activity; they also assume that each action (sen-
tence) produced by the other makes sense in relation to the common ac-
tivity. A sentence (action) that does not make sense to another person
in the same activity constitutes a true (inner) contradiction, for, from an
activity theoretic perspective, the different participants are mutually con-
stitutive but non-identical aspects of the same subject. Such contradic-
tions may be attributed to the lack of common ground or irrationality
(cognitive deficit) of the respondent, but inherently lead participants to
produce accounts for the difference in their mutual sense (Edwards and
Potter, 1992). Contradictions in the reference relation occur, for exam-
ple, as slips of the tongue, mumbles, stumbles, malapropisms, and other
productions that lessen the clarity of a sentence or, worse, express a dif-
ferent sense than intended. Saying differently than what is intended con-
stitutes a true contradiction, arising from the antinomy between refer-
ence (person-based production of an utterance) and sense (social action)
relations.

In the following, we articulate the processes of and associated contra-
dictions within unfamiliar graph interpretation at three levels from our data.
First, the scientists participating in our interviews showed an orientation
to the activity, which was evident when they directly talked about the con-
text and to the researcher. Second, scientists oriented to the task, which
was evident when they talked about the graph and natural phenomena that
it might be related to. Third, scientists produced not only words but also
gestures over and about the graphs, so that units of communication in-
cluded at a minimum three different resources: words, gestures, and visual
signs.
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4.1. Contradictions at the level of activity: Participation in research
about graphing

During research interviews about graphs and graphing, researchers and
participants both collaborate to produce the tape-recorded text from which
inferences are generated. Seldom discussed in the literature about these
situations is the fact that interviews do not simply sample the contents of
mind. Instead, they are better considered as the outcomes of events from that
particular sequence of transactions between interviewer and interviewee.
Such transactions have been shown to have effects on the contents of inter-
views even under the most rigorous conditions, where respondents provide
answers to pre-established answer categories (Suchman and Jordan, 1990;
Maynard and Schaeffer, 2000).

Participation in any social practice comes with commitments to co-
participants in the situation (Bakhtin, 1993). Contradictions at the level of
activity arise from differences in understanding what the session is about,
when to begin, how to continue, when to stop, whether the answer was
sufficient, and so forth. Thus, during a research interview (talk-aloud ses-
sion) there is a definitive sense among participants about the roles that
they mutually take, the types of questions each may ask, what the tran-
scripts of the sessions are used for, and so forth. Having agreed to partici-
pate and having shown up at the agreed-upon site, the research participant
expects the researcher to introduce the tasks, whereas the researcher ex-
pects the participant to begin with the task according to tacit and explicit
rules. For example, the researcher in the following episode not only ex-
plained the source of the graphs but also asked Dan (university ecology
professor, 10 years after Ph.D. [10 in faculty position], about three re-
search publications per year) to describe what he was doing as he was
doing it.3

Researcher: What I have is three graphs that come from a second year ecology
course, either from a lecture or a textbook or a seminar, one from each
of those. And we’ve got seventy or eighty or ninety people doing an
interpretation of it now.

Dan: Okay.

Researcher: So if you can describe what you’re doing as you’re doing it, what
you’re looking at and what you’re thinking about.

Dan: Okay, I can handle that. So, the first thing I’m gonna do is look over
here.

Researcher: At the caption?
Dan: The text, right. ((Begins reading the caption of the graph [Figure 1].))

As Dan provides a description of his first action to ‘look over here’,
the researcher asked for clarification of the referent of the utterance (‘at
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the caption?’). The researcher not only asks a question about the particular
thing that the participant says he is doing but also provides an implicit
reminder that Dan needs to articulate aloud what he means. Here, Dan
responds to the question and his verbal productions are therefore also a
function of the interaction. As a consequence of these interactions, partici-
pants may become aware of aspects that up to that point were only implicit.
Furthermore, in using particular words and gestures, the interviewer makes
salient specific issues in specific ways, which therefore become marked.
In standing out, these become significant, and are resources for any sub-
sequent interaction. Thus, saying ‘caption’ versus ‘text’ or ‘instruction’
marks the representation in front of Dan in a particular way that may influ-
ence what is salient to the participant in subsequent moments. For example,
in the following interaction, Marianne (associate professor of physics and
astronomy, 36 years after Ph.D. [27 in faculty position], about two collab-
orative publications per year) asks the researcher about the nature of letters
(which she already assumes to be variables).

Marianne: What are these variables N, b? ((Generically points toward the task.))
Interviewer: That’s just an example of a quadratic function. N is the population

density.
Marianne: I see that and um – so over here we’ve got death rate . . . ((Continues

her interpretation.))

The researcher responds by referring to the equation (caption in Fig-
ure 1) as a ‘quadratic function’ and N as ‘population density’. He does
not say ‘b is birthrate’ or that ‘N is population size’, and therefore marks
these terms over possible others. If the participant uses these terms sub-
sequently, these resources are no longer hers alone, but also of the in-
terviewer. The interview text is no longer something that one can at-
tribute to the mind of a participant but as a product of the collective
situation.

These differences have the potential of changing a participant’s ori-
entation relative to the task. Participants also implicitly assume that the
researcher asks questions whereas the interviewees respond to them; the
researcher encourages the participant to think aloud, whereas the reverse
is not the case. Any deviation from these assumptions constitutes a contra-
diction that needs to be resolved then and there. Although it is understood
that the researcher in such situations generally knows the standard answer,
it would be inappropriate for interviewees to ask for it, unless it was part
of a move to terminate the task for instance. The participants will therefore
attempt to engage in the production of the interpretative text until the senti-
ment emerges that they have completed the task in some absolute sense or
at least sufficiently lived up to their commitment. Once this is the situation,
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they could ask, for example, for an authoritative answer to the interpreta-
tion task even before having settled all the issues that have appeared during
their own attempt. For example, whenever Marianne asks whether she is on
track, she arrives at such a point. In the following episode, she summarizes
what she has produced so far.

Marianne: So they are both increasing but the
birth rate * in fact is increasing fur-
ther than the death rate and presum-
ably that means that the population
is increasing. ((Gesture from intersec-
tion to the point shown in the figure.))
Is that right then?

At this moment, then, an endpoint or a moment of repose is reached,
and Marianne asks for confirmation from the researcher whether her verbal
description of the graph in fact corresponds to the description sought. She
stops because a point of completion is reached, at least a temporary one.
With Marianne’s question, the particular situation becomes clearly marked
as the end point besides the interviewer being acknowledged as an expert
on the topic (although he had been a student in her department). Even if
the preceding sentences and the summary are uttered without giving clues
about the context, the final sentence ‘Is that right then?’ provides such a
link between the task and activity.

Marianne’s question ‘Is this right then?’ also reveals another dialectic,
whereby a text reveals both a lack of determinacy and an excess of mean-
ing. In her question, she seeks to resolve the contradiction between her
explanation of the graph as a concrete realization of all possible readings
and the smaller number of readings acceptable in the relevant community
of practice (here, ecology). This dialectic and the resulting contradiction
pertain to every text, whether it is highly elaborated or systematically frag-
mentary (Ricœur, 1985), which is theoretically inexhaustible in terms of
the readings that it allows. In reading, a figure for the unwritten aspect
of the text is provided. With her question, Marianne articulates the pos-
sibility of other, more appropriate interpretations that may exist besides
her own. When this tension becomes unbearable, the person may stop and
request to be told the correct interpretation. This occurs some way through
the session, at which Marianne abandons her reading and submits to the
guidance by the researcher, who assists her in structuring, in configur-
ing the graph and her reading so that she can approximate the standard
reading.

Stopping therefore is an interactive accomplishment to which both par-
ticipant and researcher contribute. Stopping without losing face when an
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interpretation seems insufficient requires such interactive work. In the
following episode, Rudi (research biologist with government, 13 years
since Ph.D., occasional research papers) attempts to complete the pop-
ulation graph task (see Figure 1), evidently without having the sense
that he has done justice to the problem. He twice refers to the fact that
he does not have the knowledge or experience of a population ecolo-
gist, which can be interpreted as a discursive move (e.g., Edwards and
Potter, 1992) that legitimizes the end of the session pertaining to this
graph.

Rudi: It demands more knowledge of population ecology than I have. That’s it for
me! I’m not a population ecologist.

Researcher: A theoretical ecologist that we worked with described this as a saddle
and cup thing.

Rudi: With the population curve?
Researcher: Yeah. This one, because if you hit this point, you said the popu-

lation goes down, it’s like this is like falling off a type of equilibrium.
Rudi: Right.

Researcher: And this one here is like falling into a type of equilibrium –

The researcher responds to this need by beginning to give the expla-
nation that the course instructor from whose course we culled the graph
would have accepted, but he does so in a way that allows Rudi to ‘save
face’. Rather than focusing on the end of Rudi’s interpretation, the con-
versation now moves into an exploration of the legitimate answer without
marking a difference in knowing between the co-participants. Now, the
researcher refers to the answer previously provided by another partici-
pant, who, in this description, is clearly marked as a theoretical ecologist.
Here, too, the participant shows that he is similarly attuned to the situation.
Simply stopping after the short amount of time that he has spent might
be interpreted as socially inappropriate, and, because of the commitments
and responsibilities of social acts (Bakhtin, 1993), has to be accounted
for (Boden, 1994). Thus, announcing that he is not a population ecologist
explains why he does not have more to say, and therefore constitutes a
way to end this task without breaking some social rule of interaction. This
utterance thereby removes the contradiction that he, a scientist invited to
provide expert interpretations about graphs, seems unable to provide in this
instant.

While engaged in the activity of research interviewing, participants are
expected and have committed to continue until they have completed the pro-
duction of what they had earlier pledged (rules). Whether the contradiction
has been removed, that is, whether the given and expected interpretations
of unfamiliar graphs match is also subject to situated interactions. The data
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here show that process of co-constructed unfolding or terminating the par-
ticular interpretation process is itself an emergent outcome of the entire
activity. For instance, even if Rudi and the interviewer have the sense that
the task is not completed, mentioning his limited expertise allows Rudi to
stop while it also explains to his co-participant its apparently incomplete
nature. Marianne’s repeated requests for hints (‘Where is your hint?’, ‘Give
me a hint’) eventually terminate her obligation at interpretation and allow
the think-aloud session to transform into a tutoring session.

4.2. Contradictions at the level of actions: Interpretation of graphs
through speech and gestures

Graph interpretation is driven by a fundamental contradiction: the material
presence of the graph in its entirety and the absence of an immediately
intelligible verbal articulation. This contradiction is removed when partici-
pants have the sense that a full explanation has been provided, that is, when
they have over time produced a translation of the graph into a verbal-textual
equivalent. Research participants therefore have to shoulder the burden of
configuring the graph. Having been provided the graph for the activity of
generating a reading, they expect a configuration, which is not immedi-
ately available, a contradiction that forms the core of the dialectic. This
dialectic propels the process of reading, which then becomes the search for
coherence, both globally, at the level of the entire graph, and locally, at the
level of the individual elements. As interviewees work their way through
its different parts, their viewpoint of the graph is that of a moving observer
involved in a continual interplay between modified expectations of what
they will see in the future and changing memories of what they have seen
in the past. This relation between (immediate) past and future can be seen
in the following quote:

Marianne: So I was just looking above the intersection point. Wasn’t I? At least
that is what I thought I was doing just then. But then before that
((Pause.)) the birth rate was lower than the death rate. So in this
region ((left end of population graph)), the death rate is higher than
the birth rate and so it seems to me that the population is declining.

Marianne stops her engagement and reflects on what she has done and
the content of her reading, before talking about a corresponding situation
in her familiar world. That is, the act of interpreting graphs is a synthetic
process by means of which the interpretation as a product is constituted
utterance by utterance through an interplay of modified expectations what
the graph might be about and the transformed memories of what has been
said so far about its content. As part of the process of achieving the goal of
the activity, the subject perceptually moves to different parts of the graph,
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in fact, parses the graph and then verbally elaborates the different parts
made salient in the process. This has two consequences: First, although
the graph is materially given in its entirety from the beginning, it reveals
itself to the participant diachronically. Second, as new structures become
available, previously perceived structures may be questioned, discarded,
reinterpreted or used as resources for subsequent explanations.

To elaborate, reading a graph does not occur in an instance. Therefore,
what the pertinent structure of a graph is unfolds over time, becoming
available to the participants as if they were moving about in a dark room
and becoming aware of the environment cumulatively over time. In each
statement graph readers position themselves to become the idea or the
intention that the graph qua sign signifies (Merleau-Ponty, 1945). Prior
to the following episode, Marianne withheld her utterance until she was
bodily positioned to produce a gesture whose content was consistent with
the idea articulated in speech. She then utters, ‘Here (0.40) we have death
rate increasing’ while enacting a complex gesture. Here, gesture and speech
are a form of taking one’s place in the world rather than representing this
world somehow in mind.

The utterance begins with the index ‘here’ (Frame 1), which usually
denotes a place, but which, in the present situation, is part of the observation
that the death rate is increasing. The initial hand movement (Frame 1 → 2)
is toward the origin, with respect to which the subsequent gestures (Frames
2 → 4, 5 → 6) are presented as ‘increasing’. Initially, the hand moves up
toward the graph, then follows it to its right extremity, where it comes to
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a stop (Frame 4). The utterance has stopped (Frame 2) and continues only
when the hand is on its way to the lower part of the death rate curve (just
prior to Frame 5), where it stops (Frame 5) and then moves upward for a
short distance to Frame 6 while uttering the attribute ‘increasing’. We can
parse the sequence into three parts, a movement upward to the endpoint,
where the word ‘death rate’ is marked, a movement down and left to the
left end of the death rate graph, and a final movement following the death
rate graph to the right and up.

Here, the first and third gestures have as their content the ‘increase’,
upward and away from the origin, whereas the second gesture constitutes
its inverse. At the moment, where the pencil points to the upper right,
there is no room for a gesture consistent with the ‘increase’. The verbal
descriptor is uttered only after the hand has come to a position where the
gesture ‘increase’ can be enacted consistently with the utterance. That is,
at Frame 4, there is a contradiction between the perceptually available end
(no continuation) to the right of the hand and the ‘increase’, which the hand
motion already enacted on the trajectory from the origin to the point. In the
present situation, the emerging description of the death rate as increasing
and the current position of the hand at Frame 4 therefore precipitates not
only a relocation of the hand, which itself enacted the opposite of ‘increas-
ing’, but also in the opposite direction of the normal reading (left to right),
and a subsequent coincident production of the corresponding gesture and
utterance. At this point (after Frame 6), the description is well formed, and
a ‘natural’ stop and transition point had been reached.

In this way, participants move from graphical detail to graphical detail.
The nature of the detail is not given once and for all, but may change.
Whether an interviewee perceives the slope or height of a graph, in sequence
or alternation, emerges as a contingent outcome of each session and cannot
be predicted on the basis of the structure of the graph. Some scientists focus
on the heights of birthrate and death rate whereas others focus on the slopes.
Thus, in the following example, Marianne’s actions highlight the difference
in the slopes of the birth rate and death rate curves as pertinent to her.
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This episode occurs immediately after the one featured earlier. As Mar-
ianne utters ‘and the birth rate’, the pencil tip follows the birth rate curve a
little way up and down to the starting point (Frame 1 → 2). Then, while ut-
tering ‘is’, the pencil rotates to be more perpendicular to the death rate curve
and then moves towards this curve (Frame 4) while beginning (‘increasing’)
the comparison between which is subsequently completed (‘faster than the
death rate’) with the pencil in the same place. Here, the comparison is not
only communicated in speech, but also in the gesture that rotated the pencil.
The episode provides evidence that the salient features here are, incorrectly
so for a proper interpretation, the two slopes and their relative size.

Sometimes in our database, respondents do not perceive a particular
aspect until some contradiction occurs to them, which they attempt to re-
solve by investigating the graph for additional aspects not yet perceived or
considered. We can thus identify this emergence as growth points, and their
recurrence as catchments (McNeill, 2002). Subsequent ideas may be con-
tradictory, with or without the participant noticing it. To better understand
the recurrence of actions associated with perceptual elements in the course
of an interpretation, we coded features of the interpretive sessions, such
as ‘Points to Intersection I’, ‘Points to Intersection II’, ‘Gestures parabolic
birth rate curve’, and ‘Points to birth rate curve’. In Figure 2,the occurrence
of each behaviour (operation) Rudy executed is plotted against time for his
13-min session related to the population graph to see whether there are
patterns in the transition between remarking on or gesturing to one feature
and the succeeding feature.

It was then observed that most of the transitions appeared only once. But
the transitions between behaviours 5 → 10 (grey pairs of dots in Figure 2)

Figure 2. Graph-related actions (talk, gesture) about specific features over time; transitions
from behaviour 10 → 5 are marked in black dots, the inverse transitions from 5 → 10 in
grey.
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and 10 → 5 (black pairs of dots in Figure 2) each occur four times (5 =
pointing to birth rate; 10 = gesturing difference between birth rate and death
rate). However, any particular element identified a priori by the researcher
on graphing may not be addressed in an observable way by the interviewee
and, when addressed, occurs to different extents by different individuals.
There is a considerable range in the frequency with which a particular
feature is being referred to in a session. For example, birth rate and death
rate are directly compared in gesture between 0 and 8 times, with a mean
of x̄ = 2.76 (SD = 2.53) in our sample.

The scientists had committed themselves to the activity of interpreting
unfamiliar graphs in our research. In their unfolding actions aimed at pro-
viding a coherent description, a contradiction existed between the image of
the graph that was given ‘all at once’ and the necessarily sequential nature
of these explanations. By means of fine-grained analyses of gestures and
discourse made during these interpretations, we have shown that different
elements in the graph accrue with relevance or insignificance over time. In
Marianne’s case, her (deictic) gestures indicated that the two slopes and
their relative sizes were being fore-grounded while for Rudi the idea of
catchments hinted at the distance between the curves as being salient for
him. Whether any features of a graph are significant to an individual are
matters of empirical study and cannot be determined a priori. In the next
section, we show how gestures, speech and perception can act in concert
in the micro-genetic (and unconscious) processes occurring during graph
interpretation.

4.3. Contradictions at the level of operations: Unconscious production
of communicative elements

An ‘interpretation’ is a stretch of text, which emerges from the chaining
of many such elements. There are two dialectical tensions: (a) before a
perceived element is described, the contradiction arising from a sense of
incompleteness drives the interpreting individual to produce more com-
municative elements; and (b) in production, the unresolved differences be-
tween perceptual, gestural, and verbal elements create a tension that moves
production forward. The two tensions occur at different levels: the first
arises in the context of the conscious goal to produce a verbal description
of the content said to be expressed by the graph whereas the second is a
tension that arises from the co-presence of three expressive modalities pro-
duced in real time as a matter of course and without prior deliberation or
conscious control (McNeill, 1992). That is, communicative action emerges
from a sequencing of operations, which are visual (perception, gesture) and
verbal in nature (Roth and Lawless, 2002). A dialectical relation exists not
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only between the action (sentence) and its constitutive operations (produc-
tion of words, gestures, perceptions) but also within these synchronically
produced operations (Roth, 2004). The necessity to account for the three
modalities in understanding the communication becomes evident in the fol-
lowing episode taken from the early moments in Marianne’s interpretation
of the population graph.

Here, as Marianne moves to describing the birthrate graph (‘and the
birth. . .’), her pencil is lying on the paper pointing to the death rate curve
that she has talked about immediately prior to this instant. In the process of
grabbing the pencil (Frame 2), she already rotates it counter-clockwise, then
after getting a hold of it moves its tip to the left base of the parabolic birthrate
curve, rotating the pencil so that it is approximately vertical to the slope at
every point along the trajectory. In fact, the two frames following the one
displayed at Frame 3 show the hand rotating the pencil into a position so that
it is perpendicular to the slope of the curve before following the curve while
uttering the word ‘increasing’. It is immediately evident that we require
image, gesture, and utterance to understand what Marianne communicated
(i.e., the topic). In her production, there is an implicit understanding that
her interlocutor (the researcher) has access to all three modes, that is,
the graph, gesture, and talk. Contradictions can emerge in each of these
dialectical relations – such as when words and gesture are not aligned. Such
contradictions drive the unfolding of the event, for example, by holding one
modality or by repeating until the communicative act is well shaped for the
purposes at hand as seen in a previous example.

In uttering the word ‘and’ Marianne has committed to the next part of a
sentence, though it is likely that she does not yet know its exact shape and
content (McNeill, 2002), but at this time, her hand is off the pencil that she
uses as a pointer. At the end of ‘birth’, she has a hold of the pencil again,
and then moves toward the left end of the birthrate graph. The beginning of
the verb ‘increasing’ coincides with a gesture that follows the initial part
of the graph. Here, the utterance ‘increasing’ appears to ‘wait’ until the
hand is in position so that utterance and gesture can emerge, that is, can be
brought forth simultaneously.
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We note two types of dialectical tensions that drive the utterance un-
til the contradiction is (temporarily) removed when there is a stopping
point, a sense that an end has been achieved. The ‘stop-order’ arises
from a speaker’s emerging intuitions about the completeness of what
is being said; ‘catchment’ denotes the recurring situation of the same
idea being consistently and simultaneously expressed by gesture and
speech (McNeill, 2002). Catchment is expressed in the following episode,
where Karl (associate professor of physics and astronomy, 13 years since
Ph.D. [11 as faculty], about four publications per year) revisits the sta-
ble region, defining it with numerous up/down gestures between the two
curves.

57 [And then umm so there must be a place somewhere where you reach]
[((Pen waves quickly up and down between the two curves, then rests on birth
rate curve just to the right of P1 [Figure 1].))]

58 sustainable population. [And I suspect]
[((Pen moves vertically down to slightly below death rate curve, moves up again
slightly.))]

59 [somewhere] between
[((Pen points to first intersection P1 [Figure 1].))]

60 [this point]
[((Pen moves along birthrate curve towards maximum [bmax, Figure 1.))]

61 [and, and f-further up]
[((Pen waves between the curves, moves a bit further up.))]

By these actions Karl seems less unsure in stability talk compared to
earlier such accounts. He does not provide specific biological examples in
this short comment about the stable region that seem to be entirely defined
by the gesture actions. In fact, when he mentions ‘sustainable population’
his pen drops down below the death rate curve from the birthrate curve, and
moves up again, demonstrating a possible ‘stable’ region. This catchment
related to stability when birthrate was higher than the death rate is contrasted
to a second catchment related to instability. Thus, in the following excerpt,
Karl’s actions are directed toward the right-most section of the graph where
the death rate is larger than the birthrate.

65 Up here your [birthrate] is still lower
[((Pen moves down to end of birthrate curve.))]

66 [than] the death rate, which means your population is gonna, is gonna disappear
[((Pen moves to ‘death rate’.))]

In this situation, the gesture and speech articulate the higher death rate
compared to birthrate, which has as a consequence the disappearance of the
population. Birthrate, death rate, and their difference are stable rather than
affecting the population, with an adjustment of the rates, which leads to a
dynamic model. This section exemplifies that analysts can gain insight into
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which elements in the graph are salient or pose problems to participants in
real time, and the means by which these are unconsciously communicated
through visual and verbal modalities.

5. DISCUSSION

In this study, a generative model of unfamiliar graph interpretation groun-
ded in cultural-historical activity theory is provided. The model provides
explanations both for the macro-elements of interview sessions (begin-
ning and end, roles of participants) and the micro-level elements con-
cerned with the perceived saliency of elements within the graph and
production of communicative elements at the sentence and sub-sentence
levels.

The significance of our study to mathematics education lies in three
major points that have implications for the praxis of research. First, the
interview text is the contingent and situated product of the entire activity
system, including interviewer, the particular object, tools (language, signs),
rules, and community. The outcomes from this activity system – the inter-
view text – can therefore not be reduced to the cognitive properties of the
individual interviewee. Second, the interpretation unfolds in time shaping
the way the graph itself is perceived. Unlike a written text that accompanies
a graph, the verbally produced interview text can therefore not be analyzed
as if it were an expression existing synchronically with the graph, but has
to be understood diachronically, an emergent and temporally contingent
text, which has to be analyzed from a ‘first-time-through’ perspective. Fi-
nally, gestures, speech, and the perceptual aspects of the graph currently
salient to the interviewee, have to be understood as expressions that are
irreducible to one another. Therefore, any complete representation of what
an interviewee has said requires the simultaneous presentation of all three
modes in transcriptions (research reports). In the following, we elaborate
each of these points.

5.1. Collective nature of outcomes

Our model takes account of the collective, co-produced nature of the inter-
view text, which is evident throughout our database: Our participants do
not just interpret graphs but do so in a particular context to which they are
oriented, shown in the nature of their actions (conscious and unconscious)
throughout a session. Graph interpretation as process and the interview
text it produces cannot be understood apart from the concrete activity in
which interviews occur. An orientation to the division of labour between
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researcher and interviewee is continuously present, influencing who con-
tributes in what way to the production of the recorded talk and what (tacit)
rules of interaction are appropriate. As part of the division of labour and
the rules, the persons commit to producing an interpretation. They do so
only until having the sense that they have produced something suitable,
but also until having the sense that what they have done is suitable to the
virtual contract constituted by their agreed participation.

The interpretations of graphs are thus the results of collective motives;
they cannot be interpreted to be the direct result of concepts or abilities of
the interviewee. Researchers want participants to talk aloud, which gives
rise to verbal text that is recorded and that subsequently can be transcribed
and analyzed; participants subscribe to the motive and think aloud thereby
producing the text. Although the collective motive drives the production
of graph interpretations as an activity, the moment-to-moment endeavours
are not focused on a collective motive but on accomplishing the task at
hand, which the scientists in the above episodes achieved by means of
goal-directed actions. Although actions emerge in the dialectical relation
to activity, they too derive from the dialectical action–operation relation.

Some researchers use semiotic theory to characterize the interpretation
of graphs (Roth and Bowen, 2001; Williams et al., 2001). This literature
clearly addresses the inherent nature of signs to be interpreted in different
ways. However, semiotic theory theorizes the relationship between signs
(sign, interpretant) and other segmentations of matter (referents) that the
signs are said to refer to but leaves out the interpreting person, her history,
and the context within which interpretation occurs. The present, dialecti-
cal model of graph interpretation using cultural-historical activity theory
emerged as a suitable solution that addresses these problems of earlier the-
ories. Such an approach has been shown helpful, for it makes thematic
dialectical tensions between subject (the person interpreting) and object
(graph to be interpreted) at three levels; collective activity, individual ac-
tion, and unconscious operation. The contradictions within and between
these levels constitute the generative forces that drive the interpretation,
which stops once the contradictions have been removed.

5.2. Unfolding nature of the interpreted object

Research concerning the interpretation of graphs generally considers nei-
ther setting effects (such as participants’ attunement to the research sit-
uation) nor the temporally unfolding character of graphs in participants’
consciousness: the graph as mathematical inscription is assumed to be
constant. Some research on graph interpretation takes both an information
processing approach, whereby graphs offer clear pieces of information, and
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assumes structural isomorphism between graph and what it is said to rep-
resent (e.g., Tabachneck-Schijf et al., 1997). These kinds of research also
fail to explain how the interview as a whole unfolds, the things it produces,
which graphical elements wax and wane in consciousness, how moment-to-
moment communicative elements are produced, and when and how events
at the different levels come to a halt. In our model, unmediated operations
play a subtle role in our generative model of graph interpretation as they can
propel the interpretation forward by means of two contradictions; that of
a sense of incompleteness in the communicative act and another involving
the desire for coherency in visual and verbal modalities at any one time.
These factors therefore account for the start–stop moments that occur at
the micro-level.

This changes how we understand the goal-directed actions within the
interpretative process in two significant ways. First, although the graph is
given materially in an instant, it is not apperceived in its detail in the same
instantaneous way. The elements of the graph are not given to participants
once-and-for-all at the beginning, but emerge into their consciousness in the
course of their interpretation. Thus, confusion about algebraic-notational
and geometric-perceptual aspects of ‘slope’ (Zaslavsky et al., 2002) will
not have an effect on the interpretive text unless the contradiction is salient
to the interpreting individual. The content of the interpretation (or inter-
pretation as product) evolves, being shaped by the available resources at
hand, including the language that the interviewee takes as shared with the
researcher. Not only the language that the interviewee senses to be appro-
priate but also the particular words and other semiotic resources available
in the task, as well as all other communicative elements are resources to be
employed in the production of what comes to be the interpretation. Second,
as the participant produces statements (gesturally, verbally), there now ex-
ists, in addition to the material graph, an emerging text accumulating in
the past. The interpretation has its own unfolding history that constitutes
a frame for what is to come: the events so far always constitute the sur-
face of emergence for the future development of the interview. If there
are statements inconsistent with what has been said in the past, and if the
participants are conscious of these inconsistencies, there is an ‘obligation’
to settle these (rules); if something has already been said but the researcher
asks a question about it, this can be taken as a statement that there is some-
thing wrong with what has been said (or any other interpretation).

Because much of previous research on graph interpretation did not at-
tend to this unfolding nature of interpretations, it failed to note that par-
ticipants do not make salient and interpret at once the graph in all its
detail or why participants may view different structural aspects in a graph.
Whereas a written text accompanying a graph may be seen to constitute a
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real equivalent, the verbally provided text has to be analyzed to reproduce
the momentary nature of salient graphical elements and its current status
as the endpoint of a historical development. Conceiving of the interpreter
through the metaphor of the interpretive window (horizon) moving along an
emergent and contingent trajectory allows us to eschew the errors of other
research that inappropriately attributes inconsistencies within the interview
text as a whole to cognitive deficiencies or ‘misconceptions’.

5.3. Irreducibility of gesture, speech, and concurrently salient perceptual
aspects

Aspects of the graph currently salient to the interpreting person and the
gesture and speech that he or she concurrently produces stand in a dialectical
relationship. This means that while they express the same underlying entity,
an identity, they do so in non-identical ways. This also means that they are
unable to be translated to one another without the loss of the particulars that
characterize each form of presentation. Verbal texts do not articulate the
common sense underlying the different representations, for it is only one
form of representation. What an interviewee is really saying, therefore, is
not rendered in text alone, but requires rendering the three modalities in the
transcriptions subsequently used in research reports and journal articles.
In fact, the relation between speech and gesture, for example, can provide
researchers with clues about the current development of a person with
respect to the mathematical entities at hand (Goldin-Meadow, 1997) or to
the mathematical understanding of professional mathematicians (McNeill,
1992) and technicians and scientists alike (Roth, 2003b).

6. CODA

Graphs are an important aspect of pure and applied mathematics. They are
certainly going to remain important curricular topics in both mathematics
and science classrooms. Curriculum development generally orients itself
along the findings of research into mathematical thinking and learning. Ap-
propriate theoretical frameworks are needed to understand mathematics in
practical activity, whatever the context in which mathematical knowledge-
ability is exhibited. In the present study, we presented a framework that
allows us to understand the different aspects that go into the production
of graph interpretations. The three features and implications of our model
highlighted in the previous section suggest that researchers (a) cannot di-
rectly attribute the interview text to the mental processes of the interviewee;
(b) cannot interpret the transcript as if it had the synchronically existing
structure as the graph but have to take each expression as having occurred
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in an interpretive window along a trajectory where only the utterances are
known; and (c) cannot render relevant perceptual aspects and gesture in
verbal form without losing important characteristics of the presentational
form (gesture, image).

ACKNOWLEDGEMENTS

Two grants from the Social Sciences and Humanities Research Council of
Canada made this study possible. We thank G. Michael Bowen and Dan
Peebles for their assistance in the data collection. We thank the members of
our working group on cultural-historical activity theory – Diego Ardenghi,
Leanna Boyer, Damien Givry, Maria Inês Mafra Goulart, JaeYoung Han,
SungWon Hwang, Lilian Pozzer-Ardenghi, and Giuliano dos Reis – and
the reviewers, who provided valuable and critical feedback to earlier drafts
of this article.

NOTES

1. We note that the ‘subject’ is not thought independently of the ‘object’ of activity, here,
participating in research on graphing. Because the object also contains the vision of
future outcomes and knowledge of the current conditions (e.g., Saari and Miettinen,
2001), which are characteristics of persons, the subject and object form a dialectical
unit – ‘subject | object’. Now, in concrete activity, there is no object without subject, no
subject without object; both exist only in relation to one another.

2. There is insufficient room here to provide a full, extended articulation of the concept of
contradiction, but the following sketch may further clarify our use of it. A materialist
dialectical argument begins with the identification of an inner contradiction. For Marx,
it was the inner relation of a commodity to itself, for example, linen and its value both
to the purchaser (use-value) and the current owner (exchange-value) (Il’enkov, 1982).
In the present context, a representation (graph, verbal description, data table) and its
sense stand in the same relation as commodity and its value – the internal contradiction
lies in the fact that representations defer or put off access to precisely that which they
denote (Wheeler, 1986). The identity of non-identical representations (commodities) is
both revealed and construed in the translation (commodity exchange). The contradiction
in the non-identity of different representations expressing the same sense leads to the
fact that the relation between them is always open to further revision, elaboration, and
production of new representations – a phenomenon that semioticians denote as unlimited
semiosis (Eco, 1984).

3. We use the following transcription notations. ((Begins reading)): text in double parenthe-
ses correspond to transcriber’s texts; ? and ,: punctuation marks are used to characterize
utterances in terms of specific inflections normally used to mark the end of sentences,
questions, clauses, etc; –: the n-dash indicates sudden stop in mid sentence; *: the as-
terisk coordinates the transcribed speech with the corresponding video frame; [ ]: open
and close square brackets indicate the length of an event and coordinate with events in
a different modality, for example, the overlap between speech and gesture; (1.00): time
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in tenth of seconds; and numbers in excerpts refer to the interview text parsed according
to gesture production.
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