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What is the Meaning of “Meaning”? A Case Study from Graphing

Abstract: This article raises questions about the meaning of “meaning,” which often is understood in terms of

the referent or interpretant (sense) of mathematical signs. In this study, which uses data from an interview study with

scientists who were asked to read graphs from their own work, a different approach is proposed with the intent to

contribute toward a more appropriate theory of meaning. I argue that graphs accrue to meaning—which always

arises from already existing, existential understanding of the world more generally and the workplace in

particular—rather than having or receiving meaning from some place or person. We experience graphs as

meaningful exactly then when they are integral to a world that we already understand in an existential but never

completely determinable way.

Keywords: Graphs; Meaning; Understanding; Embodied mathematics; Workplace mathematics.
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By graph comprehension, we mean graph readers’ abilities to derive meaning from graphs created by others or by
themselves. (Friel, Curcio, & Bright, 2001, p. 32)

When we consider what is going on in us when we mean (and don’t merely say) words, it seems to us as if there
were something coupled to these words, which otherwise would run idle.—As if they, so to speak, connected with
something in us. (Wittgenstein, 1973/1958, §507)

Meaning is an existential … not a property which is attached to beings, which lies “behind” them or floats
somewhere as a “realm between.” (Heidegger, 1977, p. 151)

The concept of mathematical meaning, as that of mathematical understanding, is central to

the discussions of knowing and learning mathematics in general and that of knowing and

learning related to graphs in particular. Despite its widespread use, there is little consistency in

how the concept “meaning” is employed and therefore what it means. A widespread assumption,

however, appears to be that the meaning of graphs is somehow in the graph, or in “the

information that it contains in a meaningful way” (Preece & Janvier, 1992, p. 299) so that it can

be derived (see first introductory quote) or extracted from or brought to it. Such treatment of

“meaning” and the associate notion of “understanding” contrasts strikingly with what pragmatic

philosophers have said on the topic: meaning is not something that is attached to or floats

between or behind things that can parade before one’s mind but something that connects with

something deeply embodied in our being (Wittgenstein, 1973/1958). In response to the dominant

approaches to meaning, which are concerned with its linguistic aspects and comprehension, some

scholars propose to relate meaning to our embodied, practical understanding of the world, which

is grounded in a massive “preintentional, non-representational background of shared capacities,

practices, and stances toward objects in the world” (Johnson, 1987, p. 182, original emphasis).

Meaning is related to understanding, for “not getting it [meaning of graph]” is equivalent to

not understanding. The present study was designed to better understand “meaning” and

“understanding” as these related to graphs and graphing. One detailed case study of an

experienced forest engineer and researcher exemplifies the extensive and intricate connections a

graph has with researchers’ lived experience in the field, processing of the data, construction of

models, and interactions with users. The materials support the contention that a graph is

meaningful in the sense that it is bound up with a network of intentions, itself permeated by and
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figuring against a non-representational background of embodied knowing-how things are and

knowing-how to do things. Evidence is presented for the claim that the person who constructed

graphs has a relation that differs from mere (cognitive, intellectual) comprehension: these graphs

bear not only relations to the situation that they represent but also to the personal experience of

the researcher, the way the data were collected and processed, the way they were analyzed, and

who they were prepared for.

1. Background

1.1. Graphs and graphing

Graphs play a dominant role in science where they are used to display mathematical

relationships in a form that highlights the topological properties of natural phenomena much

better than their verbal, typological equivalents (Lemke, 1998). It therefore does not surprise that

graphs and graphing are major components in recent science and mathematics reform documents

(Friel et al., 2001). There are different cognitive processes that relate to graphs including

interpretation, reading off, curve fitting, sketching, plotting, and transposition (Leinhardt,

Zaslavsky, & Stein, 1990). This article is fundamentally concerned with the relationship of

graphs and the situations that they are said to represent. The movement from graphs to a situation

(description) constitutes a translation that has also been termed “interpretation” (Janvier, 1987).

The process of arriving at a situation description from a given graph is often characterized as

inference (Tabachneck-Schijf, Leonardo, & Simon, 1997), which also suggests that meaning is

something that can be gotten out of graphs (one infers from).

Graphing tasks to elicit the level of skills children exhibit often involve situations that they

are unfamiliar with—e.g., the relation of shrimp frequency and oxygen levels, both plotted as a

function of distance from a plant on some river (Preece & Janvier, 1992)—or that in this way

never pose problems in everyday situations—the speed with which they may walk across the

room (Berg & Smith, 1994). Researchers concluded in the past that many students do not
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“understand” graphs and, sometimes, that they have cognitive deficits that cause this lack of

understanding. Educators and educational researchers conventionally assumed that individuals

have more or less developed skills of interpreting graphs, whereby (professional) scientists are

often regarded as experts, because graphing is one of the domain-independent scientific process

skills (e.g., Mokros & Tinker, 1987).

Recent research raised questions about the framing of graph reading in this way, based on

studies among experienced, practicing ecologists, which showed that they could not provide

those interpretation of graphs (culled from an introductory ecology course and its corresponding

textbook) that the instructor of a second-year university course in this field would have accepted

as correct (e.g., Roth, Bowen, & Masciotra, 2002). At the same time, these scientists were very

competent when it comes to graphs closely related to or directly issue from their research. One is

tempted to say that they found the graphs meaningful or that the graphs had meaning. Most

interestingly, the narratives concerning the graphs generally had a very particular structure.

Depending on the scientist and the topic involved, the talk began with extended descriptions of

situations, data collection, and analysis before being a narrative about the graph proper. Looking

closely at these narratives it is apparent that there is more involved than graph comprehension as

defined in the opening quote.

1.2. Meaning and understanding

The concepts “meaning” and “understanding” are historically problematic, not in the least

because they are used inconsistently and, sometimes, in mutually exclusive ways (Nöth, 1990).

The notion “meaning of a graph” is frequently employed to refer to the product of a successful

(correct) process of interpretation, that is, a translation into situations (as when graphs are

directly related to body motions [Nemirovsky, Tierney, & Wright, 1998]) or verbal descriptions.

In terms of Peircean semiotics, this translation can therefore be understood in two quite different

relations: (a) a relation between sign (graph) and referent (situation) or (b) sign and interpretant,

that is, another sign that elaborates the relation between the original sign and its referent (Roth &
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Bowen, 2001). The first relation defines meaning in terms of reference, the second in terms of

sense. Both reference and sense have served in the past to define meaning (Nöth, 1990).

“Understanding a graph” then simply means to be able to successfully translate it, that is,

successfully finding the reference or elaborating its sense that an interpretive community has

specified beforehand or can accept as a valid new interpretation.

When meaning is viewed in terms of reference, it can only be correct or incorrect: a

relationship between the graph and the specific situation it is said to represent has or has not been

established. When meaning is viewed in terms of sense, a graph inherently can be associated

with multiple and never-ending meanings because many different interpretants (synonymous

signs) can be associated with the sign depending both on individual and collective knowledge

and practice (Barwise, 1988). More importantly, it lies in the nature of the sign that there are

multiple, equally reasonable interpretations possible (Wheeler, 1986). Because of the rhizomatic

structure of individual and collective memory, the possible interpretations of any representations

are virtually unlimited, contradictory, and open to expansion and revision toward the future (Eco,

1976). But even such an expansive view of meaning seems to be limited, for “[a]ny

interpretation still hangs in the air along with what it interprets, and cannot give it any support.

Interpretations by themselves do not determine meaning” (Wittgenstein, 1973/1958, §198).

1.3. Meaning and praxis

Although the sense approach captures the complexity of “meaning,” it is limited because

knowledge becomes narrowly defined in terms of comprehension, intellectual grasping of

abstract symbols and states of affairs in the world (Johnson, 1987). Even adding sentiment and

emotions, such as in the attempt to enhance conceptual change to liberate it from the charge of

being a model of cold cognition (Pintrich, Marx, & Boyle, 1993), does not deal with the

fundamental problem of abstracting (scientific) knowledge from living human beings and their

embodied experiences in everyday praxis (Michael, 2002). This problem is centrally addressed

by activity theory.



Understanding graphs         7

Activity theory places primacy on human praxis (the lived experience of engagement in

activity) as the analytic site of cognition (Leont’ev, 1978) and has been successfully used to

frame knowing and learning related to graphs in schools (Hershkowitz, Schwarz, & Dreyfus,

2001) and in the workplace (Roth, 2003; Williams, Boreham, & Wake, 2001). The fundamental

recognition of activity theorists is the fact that in activity, the relationship between the subject

and object of activity is direct but mediated by a series of situational factors, including the means

of production (tools, materials), division of labor, the relevant community (of practice), and its

traditions and rules (Engeström, 1999). These factors are therefore fundamentally bound up in

understanding, and therefore in the meaning of “meaning.” Because the subject-object

relationship is mediated, the outcome of activity embodies not only intentions and plans but also

relations to those entities that mediated the production process. Furthermore, the production

process changes not only the natural or social environment by producing new artifacts and

knowledge but also the identity of the subject (Engeström, 1987; Whitehead, 1978/1929).

Another, equally central aspect is the (often omitted or disregarded) dialectical nature of the

subject-object relation from which arise contradictions that precipitate further actions. Most

notably, there is the contradiction concerning the dual nature of the object, its objective material

existence, on the one hand, and its appearance to the acting subject, on the other (Saari &

Miettinen, 1998). Pertaining to a graph, a further fundamental contradiction exists in the

difference between its instantly graspable concrete, material existence during the interpretation

session and the impossibility to grasp or tell its content at the same time. This contradiction is

resolved partially through the unfolding verbal, gestural, and sometimes pictorial articulation of

the graph’s sense by the person who interprets it.
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2. Research design

2.1. Participants

This study is part of an ongoing research program to understand graphing and graph use by

individuals and groups in science-related occupations. That is, the entire database contains multi-

year ethnographies of scientists doing research in the laboratory or field and of technicians at

their worksites (e.g., water technicians on farms, fish culturists in a hatchery, environmentalists

in the community). In addition, scientists were interviewed following protocols that contrast in-

field/out-of-field and in-field/at-work graphs. The case study presented here was constructed

from a set of interviews involving 37 scientists, 16 of whom, among others, explained one or

more graphs that closely related to their work; all but one scientist chose a graph of their own

making. All explanations shared the striking feature that scientists, before talking about the

graph, spent extended amounts of time talking about the situation where the data had been

collected, about the motivation for doing the research, data analysis techniques employed, or

scientific concepts involved before actually coming to the point of saying something about the

graph—which in some cases they expected to be self-explanatory after the long situation

descriptions provided. Thus, any one interview could have been selected as a case to be used in

this article. The selection was made on pragmatic grounds: (a) the entire session pertaining to the

graph was comparatively short permitting a complete presentation in the context of this article

and (b) the topic is relatively more intelligible to readers without extensive preparation in

science, a point that is at the heart of this article.

The materials for this study derive from the data related to a forest engineer David

(pseudonyms used throughout). At the time of the recorded interview, I had known David for

five years and had frequently talked to him about the details of his research, and, as a

professional statistician, given him advice about details of his research designs and most

appropriate forms of statistical analysis to be used for some study at his workplace. David had

obtained a master’s degree in forest engineering and worked as a senior researcher and
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supervisor for a national, private, not-for-profit research institute and more than ten years of

research experience, prior to which he had worked for ten years as a forest engineer and

supervisor in forest road construction. The institute has several branches, in some of which new

technologies are developed and others where these technologies (and those developed by third

parties) are tested. David designs research studies concerning the relative efficacy of these

technologies and different modes of logging, or building logging roads.

For the graph interpretation session, we met in one of the seminar/meeting rooms at David’s

workplace. To the session, David had brought a copy of a report that he had authored on

harvesting productivity and cost in the context of partial cutting in mountainous old-growth

forests in coastal British Columbia. He also made available several other reports, all of which

entered the database.

David’s performance on a variety of tasks that I asked him to complete was varied. On the

one hand (like other scientists), he correctly completed a data interpretation task, which has high

statistical reliability of discriminating individuals with research experience from those without

(Roth & Bowen, 1999). On the other hand, David did not provide interpretations of the graphs

that the professor of the ecology course accepted as correct. That is, despite extended experience

in research and considerable background in the statistical analysis of data, David had not

provided standard answers that undergraduate students are required to give. He was very critical

of the graphs from the ecology course that he had been asked to “talk us through,” and a few

weeks after the recorded session, I received an article that he had copied somewhere on how to

prepare better graphs.

2.2. Data analysis and interpretation

All videotapes were transcribed so that the text was available in written form during analysis.

The transcripts contained the complete text of the session, a description of relevant gestures, and,

where relevant, video offprints. The analyses are based on the assumption that reasoning is

observable in the form of socially structured and embodied activity; actions (e.g., gestures) are



Understanding graphs         10

subject to the same interpretive methods as texts (Ricœur, 1991). In the analyses, videotapes,

transcripts, and artifacts produced by the individuals are natural protocols of their efforts in

making sense of, and imposing structure on, their activities. These protocols constituted the texts

that were structured and elaborated in the analyses.

The interpretation of the sessions is primarily based on the analysis of the videotapes, all of

which were viewed. Videotape replay was stopped whenever a significant event had occurred.

An assertion was constructed, the piece of transcript copied next to it, and an interpretive text

constructed. The event was then reviewed as often as necessary for a full exploration. Other

episodes were reviewed subsequently to check the degree to which they confirmed or

disconfirmed the assertion. Other pieces of transcript confirming or disconfirming were added to

the analytic text. On the basis of these checks, initial assertions were reformulated until they

were representative of the data. The model presented here therefore emerged as a grounded

theory from many repeated iterations of this process in the entire database.

The analysis of the data posed one potential problem that needed to be addressed explicitly.

Trained as a natural scientist (graduate majors or minors in physics, physical chemistry,

statistics, applied mathematics) and social scientist, I may have read the data in terms of the

unquestioned assumptions and presuppositions of a scientist, therefore reifying these

assumptions and presuppositions (Bourdieu, 1992). To deal with this possibility, I implemented a

critical process that intends to derive the structure of phenomena rather than staying at their

phenomenal surface (Ricœur, 1991). The process involves two steps. In the first step, data

analysis is conducted as usual. In the second step, the analyst takes his analysis as the topic of

reflection asking questions such as, “What are the tacit assumptions that led me to make this

statement about this data?”

3. Meaning: embodied understanding of graphs at work

Graphs are often taken to contain all the information necessary to arrive at or derive their

meaning. In this paper, a very different claim is advanced. Thus, a graph is meaningful to the
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extent that an individual can integrate it into his or her existential understanding of how the

world works in general, and here, the workplace and work processes, in particular. Graphs do not

have or get meaning. Rather, graphs accrue to meaning that has its source in our existential

understanding.

3.1. “We did a production study…”

Graphs do not just refer to entities but are closely related to the experiences where these

entities are part of practical activity. That is, for example, a particular graph does not merely

display the amount of wood logged in one hour in a symbolic way but refers the competent

interpreter to the experience of collecting, transforming, and theorizing these data. Thus, before

scientists talked about the graph, they always first articulated details of the setting, and the chain

of representations that ultimately led to the graph. This was also the case for David who, just

after being critical of one of the graphs that I had culled from an undergraduate introductory

textbook to ecology, opened an internal report, in which one of his own studies was presented.

He turned to the page featuring a graph (Figure 1) and began to talk about a “production study”

that he had conducted and from which the graph resulted. David began without initially making

any explicit references to the graph in talk or gesture other than that the report lying before us

being open on the page containing the graph. Although he talked about a harvesting system

without specifying it in more detail, this system did not just exist at a symbolic level to him.

Rather, it is a tool that he knows in concrete detail, not only through the photograph in his report,

but by having worked closely with the operator of the device, accompanied him in the field,

walked along the system, taking measurements.1

[i] We did a production study about a new harvesting system that the industry is very much interested in. [ii] They
had known nothing about it. [iii] So, we did a study, basic study to present information to the industry on how the
production- or productivity of this harvesting system, hmm, can be estimated based on some key variables. [iv] OK.
One of the important variables of course is the slope, yarding- the distance that it takes to get a piece of wood from a
mountain down to a landing. [v] So we measure that physical distance, which you could measure from a map, or you

                                                  
1 In the transcripts, hand gestures made during the talk are described in italicized text enclosed by double
parentheses, and their occurrence and extent are indicated by underlined text that had been produced simultaneously.
Other actions, such as turning a page, are also described in italicized text enclosed by double parentheses.
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could measure in the field. [vi] And, you know, I mean, to collect data for something like that, you know, you set up
a production study and collect data and then, plot it up, look for different relationships between variables and see the
ones that are most significant and- [vii] In this case, it’s got, there are two things going on there and, this is a system
that takes a lot to set it up and when you do set it up, you also yard logs laterally to the system as well as yarding
downhill, so, those are two important variables. [viii] You got a cable system ((Abstract gesture in which left and
right hand form 90 degree angle)) that’s spanning this valley ((Gestures over a pencil drawing of a slope in front of
the researcher)) you wanted to yard, yard wood ((Turns page [Figure 2].)), so for example if you got a system where
you’ve got a long skyline ((Gestures along central line of system)) set up, and this special type of yarder is on the
mountain ((Points to meeting point of three lines [Figure 2b])), you can only set it up so often. [ix] And you yard
timber laterally to it ((Gesture from outside to central broken line [Figure 2b])) and then down ((Gestures “down”
along central line [Figure 2b])). [x] OK, so, these are some key things, these are the things that influence the
productivity. [xi] ((Turns back to original page.)) So we worked with the operator who has the system, we spent a
lot of time with him, many weeks, in different sites, collecting data, and observing how the system operated because
the part the information transfer process here is to give them information just the ins and outs of doing it, and what’s
involved in setting it up, and engineering for it you know, and then generating these models and maybe getting some
ballpark ideas on productivity and cost.

Figure 1. Graph selected by the participant as characteristic of his work. The purpose of this part of the session was
for David to “take the researcher through one of his graphs, what it tells us.”

In this part of his account, David introduced the motive of the study, the evaluation of a new

harvesting system in terms of its productivity and associated costs. It was not just a study for its

own purposes, but to provide industry, clients and co-sponsors of the research institute, with a

better way of estimating the costs of logging using a new system or logging with an old system

in new types of settings. That is, there was a clear intention, a motive for creating a report and

graphs that are for something and for someone. Furthermore, the graph and model were not

bound by the past, how they had been used in the study, but were intended to be useful to future

users. The graph therefore has a double function, to represent what was the case in the past and



Understanding graphs         13

to predict what will be the case in the future. The graph therefore extends past experience by

incorporating possible future situations. From a philosophical perspective, this aspect arises from

(a) the fact that meaning is bound up with intentionality (Searle, 1983) and (b) that intentionality

has a temporal structure that includes the past and the future (Husserl, 1980).

Figure 2. a. The video off-print shows the page currently held open by the scientist, containing two photographs of
the actual situation where the study was conducted, and two maps where the logging systems were drawn into. b.
Copy of the topographic map of the area, with logging drawn in using broken lines.

David then suggested that productivity and costs could be estimated based on some key

variables, the identification of which was the purpose of his study in the context of the particular

system at hand. He began by articulating two variables, slope and yarding distance, emphasized

that a study had to be set up to actually test these variables, and then introduced lateral distance

as another variable for this particular cable system that was the object of the study and report. It

appeared as if he had difficulties talking about some system and study on a symbolic level—at

first he used his hands to gesture a particular valley and then turned the page, where there were

two photographs and two topographical maps on which the cable system has been reproduced
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(Figure 2.a). With his gestures, he highlighted the placement on the map of the specific system

and its end on the mountaintop. He also pointed out the difficulties of setting up the system,

which was a very practical concern rather than that of a researcher concerned with knowledge

per se. It is also practical knowledge about the system, which he had gained while working with

the operators of the system in the field. His gestures, which illustrated where and how the logs

were yarded on the topographical map, also suggested a very embodied understanding of the

situation.

David had taken pictures of various aspects of the site and operation, of which seven were

featured in the report (two are visible in Figure 2.a) and used the map while being in the field. He

had coordinated the physical site, experienced during his presence in the field, with the

representation of it as a topographical map that he used in the report. Photographs and maps were

not mere representations—they were things that had a direct relation to his presence in the field.

They were part of his embodied experience and of his memory of having been there. In a way,

both are part of the situation—he took the photographs and made the map—and now stand for

the whole experience of collecting data including maps and photographs. Although hidden in the

following formal description that appeared in the report, the person who located, surveyed, and

mapped the site or participated in these actions was David; he located tailhold stumps and

suitable tieback trees, and connected the points in a traverse and mapped them.

[xii] Field layout was performed in a series of steps. [xiii] First, cutting unit boundaries were located, surveyed, and
mapped at a scale of 1:2000. [xiv] Second, potential backspar trees or tailhold stumps, and suitable tieback trees or
stumps were located; next, preferred yarder positions on the road were identified. These points were then connected
in a closed traverse and mapped. [xv] Third, a centerline for each yarding corridor was located to match the
preferred yarder position on the road with the selected backspar tree or stump that most closely met cable-deflection
requirements and the desired spacing between corridors. [xvi] Finally, delection lines were surveyed and load path
analyses were conducted for each corridor. Required rigging heights for the backspar trees were determined from
these analyses.

That is, the map also was an integral part not only of the research but also of the work on site,

related to hiking up the steep slopes and to the humidity of this rain forest. The “variables” are

not some concept, but a way of indexing the experience of measuring and recording a variety of

aspects of the operation. “Yarding distance” and “lateral distance” are associated with the
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experience of using a tape measure and walking the two types of distances, from the original

location where the logs were felled to the yarder, and from there out to the “landing,” a location

on a logging road where trucks could pick up the logs.

This part of the transcript ended with yet another account of the conditions under which the

research was conducted. David suggested that there was a close cooperation with the operator of

the particular system, which lasted many weeks and covered different sites [xi]. He had been

there, observing the system in operation, because—again a reference to the intent of the

study—he wanted to produce practical information that his clients, the people in the industry,

could use to make changes in the engineering of new versions of the system. The models he was

to produce were centrally about productivity and cost, the main interests of the clients. Thus, the

motive of the client was incorporated in and part of the motives in this activity system.

3.2. “We used just basic multiple regression analysis”

Graphs do not only exist in terms of the things that they are said to represent, that is, their

referent but also in terms of the work processes that they resulted from. Before scientists talked

about what they wanted their graphs to express, they not only talked about how and where they

collected the data but also how the raw data were transformed, processed, and ultimately turned

into a graph. David was no different. In the following, he provided a description of how the

graphs and the corresponding mathematical model came about.

[xvii] Well, we used just basic multiple regression analysis, backwards elimination. [xviii] Maybe I can show you
something- [xix] We plot the data, as a first step. [xx] There was a whole range of variables that we took, recorded
data on what we thought might influence the productivity of the system and other things involved in hooking up the
logs and what have you. [xxi] And of course, some of those, in the end, just end up not being significant variables
and being dropped from the model and you end up using means in some cases. [xxii] Well, yeah, you go through the
traditional process, plotting the data, looking for the relationships on the different variables you’ve collected and
then generating the total. [xxiii] In this case ((Points generically to graph [Figure 1])), I went with a total model that
brings in all the factors or brings in all the independent variables at one time, rather than generating individual
models for different elements, you know and summing them. I think it worked best. [xxiv] And then, again, doing
the regression analysis and looking to see what variables were significant and then dropping the insignificant ones
one at a time until you get it and rerunning it, and did the basis stuff.

In this part of his description, David made references to and sketched steps of the processing

of the data that he had collected. He talked about having plotted the data as a first
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step—presumably first-order correlations between the dependent variables of productivity and

cost, on the one hand, and the different independent variables, on the other. He did not specify

the variables, perhaps because they were not significant, perhaps because he may have had the

sense that the interviewer would not understand. In any case, he named “backward elimination”

as the method of choice for doing multiple regression analysis to identify those variables that

contribute in a statistically significant way to the variance in the dependent variables. The root

“model” therefore is a linear combination of all variables, from which some variables were

removed in the manner referred to. He specifically referred to “this case,” the situation

represented in the graph (Figure 1), which he had not yet talked about.

For David this particular graph, therefore, is related not only to his embodied experience of

being in the field for weeks, working with the operator of the system, but also to his experience

of modeling the data, sitting at the computer and running multiple regression analyses, using the

method of backward elimination. I still remember an encounter prior to the session, where he had

explained to me at length his intuition that “backward elimination” is the method least biased in

terms of the selection of the variables that would ultimately retained. “Plotting the data” was not

simply an intellectual activity but involved his extended, physical engagement at the desk,

making selections, seeing the graphs appear on the monitor and printer. “Plotting the data”

involved the experience of expecting and searching for trends in the data points; and it involved

the disappointments when patterns do not seem to emerge. The particular outcome, a graph that

shows productivity of the system as a function of yarding and lateral distance, was the result of

an extended emotional and intellectual engagement that can be physically felt. This result

therefore has to be understood as part of his experience whereby all the other variables that he

had operationally defined and measured in person had been excluded. That is, the graph existed

not only as a representation of these particular variables but also in the context of all the

variables that were not being represented.
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3.3. “It just shows graphically the results of this production function”

Eventually, all scientists came to talk about the graph itself. They explained, what it was

supposed to communicate, how it is to be used, who its target audience was, and so on. David,

too, turned to talk about the graph itself, the outcome of all the work that he had described, the

data collection, the weeks in the field, and the subsequent analyses in which he eliminated all but

the variables represented in the graphs.

[xxv] ((Generically points to graph [Figure 1])) It just shows graphically the results of this production function that
was developed to give people a quick visual indication of what’s involved. [xxvi] Because people relate well, in the
industry, to these numbers over here cubic meters per hour ((Moves pen up and down on the ordinate.)) and they
know now that if they’re out, if they got an area where they want to yard timber and its seven hundred meters, I
mean, that’s the furthest we collected data from so that’s where we had to cut it off at ((Gestures up and down short
distance at abscissa at 700 meters.)). [xxvii] Hmm, you could be looking at production levels down around this area
here ((Points to 60-meter line, at about 300-meter yarding distance)), twelve to fourteen cubic meters per hour, that
helps you schedule your log trucks and you know you can understand your cost and what have you.

His introductory comment suggests that the graph was not really the main outcome, the

production function; the graph was developed to give a “quick visual indication.” That is, the

central outcome was the (mathematical) model, whose coming to be he previously described.

Again, he made reference to the fact that this graph stood in relation to the future users, the

people in the industry, who related well to these numbers, to give them “a quick visual indication

of what’s involved” (xxv). This quick visual indication, and especially what it can provide to

users, is associated with the specific numbers on the abscissa and ordinate correlated by the line

graph. Thus, whereas one can often hear the comment “I am not good at numbers” in the general

public, people in the industry “relate well … to these numbers” (xxvi), that is, those that

appeared on the ordinate and were measured in “cubic meters per hour.” David intimated here

that these numbers had a very concrete quality not only for him, who had observed the logs

pilling up and to whom the amount of wood indexed by the numbers are related to a concrete

visual experience, but also to “the people in the industry,” often sitting in offices and having to

make decisions about logging particular sites. In the lives of these industry people, productivity

in terms of cubic meters per hour bear a direct relation to cost, profit, or investment. Knowing

that a productivity of about 12 to 14 cubic meters is to be expected is related in a very concrete
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way to the scheduling of personnel, logging trucks, and other resources (“and what have you”

[xxvii]).

Production levels “down around this area” (xxvii), that is, very low, also have a concrete

quality, because such levels are directly related to his observations, both his objective

measurements but also his experience of logs piling up at a much lower rate than if his objective

measures indicate around thirty cubic meters per hour. He had experienced the rate of truck

arrivals and the much higher traffic on the logging road associated with higher productivity.

As David continued, he justified this representation, which presents the functional relation

between two dependent and an independent variable. (Readers need to keep in mind that he had

been very critical of the graphs from the introductory ecology textbooks.) He began by

describing the struggles he experienced in representing the results of his work in a graph that

made sense to his future audiences. But then he never completed the description of his struggles

but began to reiterate issues of design, the problems arising from the particular conditions of the

terrain, and “a number of other factors” (xxx).

[xxviii] You know, I struggled with this quite a bit on how to present this information clearly and so- [xxix] What I
want to express is, say you’re kind of limited given a terrain on what you can do with these [logging] systems. [xxx]
You know, you don’t have total flexibility and you have to design it and given what the terrain gives you and a
number of other factors, and when you got a certain particular set of conditions out there that you have to deal with,
you can estimate, you know, your cost, your productivity and then, in terms of cost ((Turns page [Figure 3])). [xxxi]
OK, so again, with these cost curves, I went the same route and, with theses cost curves to try to show again the
influence of the yarding distance as well as the lateral distance on the cost of the operation ((Gestures up and down
across lines)). [xxxii] And because people- Again, they didn’t have any, have no inkling of what was involved in
this system, there’s only one in B-C [British Columbia] and so.

Figure 3. David turned to a page that had two cost graphs. In the course of talking, he made some generic gestures
indexing each of the three graphs that are distinguished by the different lateral distances of the operating system.
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At this point, David turned to cost, the other dependent variable of interest to his clients and

audience. He turned over the page featuring two graphs (Figure 3) associated to the two systems

depicted in Figure 2a. He suggested that with the cost curves in front of him, he “went the same

route” during analysis that he had taken with the productivity data, particularly the relation

between cost, the dependent variable, and yarding and lateral distances, the independent

variables. Costs, too, are something intelligible and tangible to his audience, the “people from the

industry,” especially in this case where they did not know the logging system, of which there

existed only one in the province.

He then returned to the complexity of the graph, with which he “was struggling a lot” and of

which he “was leery” [xxxiii]. But he abated the expressed doubts and personal struggles by

articulating his realization that the three curves actually represent “the same types of curves” that

are “just for different situations” [xxxiv].

[xxxiii] Yeah, that’s what I was trying to do with these and, the first time I put that much information on one chart I
was leery about it, and I was struggling with it a lot- [xxxiv] About, hey what you know, putting these laterally yard
distances ((Points to different curves [Figure 3])), they’re actually the same type of curves ((Follows three curves,
one after the other [Figure 3])), they’re just for different situations. [xxxv] I talked to others internally how to
present the material. And- but in the end, my gut feeling was that people in the industry would understand them
((Turns to page with productivity graph [Figure 1])). [xxxvi] And since that time I’ve got a lot of good feedback
from people on them and we were just talking to the Charlottes ((Queen Charlotte Islands)) a few weeks ago, they
are using this thing, you know, I mean people are using it to try and estimate, they’ve got difficult situations where
they have to get timber from the mountain down to the road, and there is no other way to do it other than an
helicopter. [xxxvii] So they could use it, well they could use the production functions that are in here and plug in
their own, it’s sort of step by step thing to get a model for cycle time and then a production function, incorporate the
delay, various delay times that is associated with this. [xxxviii] Again, you’re dealing with these physical constraints
out there, you know, it dictates how the system is gonna be set up and so you’re limited on how you can do it.
[xxxix] And if they got a particular set of circumstances they want to be able to figure out beforehand what it would
cost to do it.

He talked about having consulted with his colleagues concerning the apparent complexity of

the graphs and his ultimate decision that the “people in the industry would understand them”

(xxxv). He then provided a specific example from his immediate workplace context, the

conversations with an operator on the Queen Charlotte Islands who used the same system and

who had tried to estimate productivity and cost before actually engaging in the operation (xxxvi).

The operators used his equations, the “production functions” (xxxvii), which included
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information on various cycle and delay times in the scheduling of resources. Here, the graphs

and mathematical models that he had produced through his practical engagement in the field had

found their successful application in the field again. At this point, the graphs not only were

connected to the data collection, processing and modeling of the data, and the production of the

report, but also were related to the successful use in the field by people that David knew and was

in personal contact with. This graph therefore does not exist outside of those relations to others,

who affirmed its intelligibility and usefulness. Furthermore, these relations do not merely exist at

a symbolic level but have the quality of an embodied experience of relating to other persons,

adjusting to their sensibilities, roles, and predilections.

Attention to the “physical constraints out there” is typical for the practitioner, individuals

concerned with praxis and with knowledge that is useful in praxis rather than in theory, at the

desk of some theoretician. The cycle times, delays, and the “physical constraints out there”

(xxxviii) do not merely exist in a symbolic way, but are expressions of and references to the

experiences of being in the field, waiting for the trucks, the delays, the returning of a truck and

driver who he had talked to earlier in the day, and the difficulties of mounting the cable system,

the hoists and pulleys, and so forth. These cycle times, delays, and constraints all have a physical

quality that only someone who has actually spent days with a logging crew, watching and

perhaps participating in the operations. Although the prediction of future costs is based on

measurements and may occur far away from the site of operation, the numbers still embody for

David the physical quality associated of having been there.

4. Discussion

The foregoing description and analysis shows how David articulated the world of which the

graph, indeed the entire report, was an integral part. Data such as the ones presented allow us to

reflect on the meaning of “meaning.” In David’s situation, the meaning was not something

somehow attached to the graph (Figure 1), or something that existed in some domain as referent

or sense (interpretant sign). David articulated individual entities, concerns, intentions, and
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explained the relations between them. The graph was but another element of a situation that he

already understood in a very practical and existential way. After the fact, however, the graph

comes to stand for the situation as a whole not merely of the relation between symbolic

variables. That is, the graph and the original situation have a metaphoric relation, a part comes to

stand for the whole (Lakoff, 1987). This whole has to be brought in to supply the background

meaning to which the graph can accrue and therefore become itself part of meaning.

Interestingly, the verb infer etymologically derives from the Latin inferre, to bring in (OED

Online, 2003). In the following, I discuss the metonymic relation between graphs and lived

experience and proceed to formulate the implications for a theory of meaning and practical

understanding; implications for the teaching of graphs and graphing in school contexts complete

this discussion section.

4.1. Graphs bear metonymic relation to the situation and process of their production

In this article I provided evidence to support the contention that the graphs produced by

professional scientists have a metonymic relation to the situation and processes of its becoming,

including the person who originally produced and now explained it. As a metonymy, the graph,

as one small part of a rather complex situation (workplace, research), has come to stand for the

situation as a whole. Meaning is that which is actually—or, by virtue of existing practical

understanding, has the possibility to be—articulated in and structured by the explication. The

graph, and in a sense even the explication, “have” meaning because they are already grounded in

practical understanding. But the meaning cannot be defined in terms of whatever has been said;

“meaning is that in which the intelligibility of something keeps itself, without itself coming into

view explicitly and thematically” (Heidegger, 1977, p. 324, my translation). Meaning is a

background, a practical and existential understanding against which anything that can be

articulated (in language, gesture, or action) becomes intelligible. This network of salient relations

actually fades into the indeterminate background of mostly unarticulated and inarticulate bodily

experiences in the social and material world.
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The graphs David produces become an integral part of his working life; they are part of who

he is, his identity. Doing a production study deeply affects David’s life. During the time In the

field, David often does not come home in the evening; because of the distance of the logging

sites, he books himself into a room for the week, returning only for the weekends. The

explications David provided are therefore to be understood as his way of letting us (researcher

and reader) see the situation and the process to which the graph refers (qua sign) and of which it

was the product. By letting us see with him, he shared with us those aspects of his lifeworld that

he can and finds necessary to make explicit. He shared with his audience the intentions for

making the graphs, his efforts to produce them, the uses that his clients make of them. That is, he

explicated a world that he deeply understands in a very practical way. This world, which always

exceeds what he can say in so many words, was present at every moment that he talked about the

graph. His past experiences were present to his consciousness in the form of a background that

he reopened and made thematic to some extent, when he took it as topic of knowing in an act of

remembering. But this background can also remain implicit, tacitly being presupposed, and

coloring what he actually explicated (Merleau-Ponty, 1945).

The language used to explicate the graph is a means of taking a position in the world: words

are meaningful only in the sense that they are bodily expressions (Merleau-Ponty, 1945). Thus,

“If one means something, it is oneself meaning” (Wittgenstein, 1973/1958, §456). That is,

meaning in the above senses cannot be reduced to what has been said but needs to include the

taking of a position in a world where oneself means. This taking of a position, too, is part of the

etymology of “understanding,” which has the literal sense “standing in the midst of.” There is, as

pragmatic philosophers hold, no longer a difference between knowing a language and knowing

one’s way around the world (Davidson, 1986).

In David’s world, the graph produced as part of an activity also belongs to the categories of

useful things, which have a special relation to the cognizing individual that exceeds

comprehension and apprehension (Heidegger, 1977). The graph has the character of a practical

thing. The product of David’s labor has intentional character, for he produced it to be used by
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someone for something (intention for users and what they use it for), as something that will be

encountered by users within their world. Crucially, therefore, the graph bears the totality of

references within which David encountered other useful things relevant to his work. The what-

for of the graph was an integral part of its own production process. Graphs are produced as

something for some something (specific purposes, e.g., convincing evidence in publication), and

this is an integral part of what they “mean.”

The relation of David (the producer to the graph) is also characterized by the means of

production, the materials, instruments, and tools. That is, the outcome of activity is irrevocably

related to the instruments and tools that are a precondition for the product. But with the means

that enter the productive process, other aspects of the lifeworld are also entered in the relation of

the producer and the produced. In this way, the graph comes to bear a relation to other aspects of

the activity system, the production process, the tools and instruments, and to those materials that

were transformed (used). But there is also a relation to the future user of what is being produced.

The (potential) user is, so to speak, already present in the process of production. But the product

is not understood (cognized) as something symbolic; rather, it is understood in terms of an entity

that enters practical use elsewhere, in public.

All these aspects of his world and his experiences therein were present to David as he talked

me about his study and the graph. The gestures used to depict the logging equipment expressed

visual-perceptual experience, present in the same way in the photographs elsewhere in the report.

His gestures that traced the location of the cableway could have been, for all purposes, the very

same sensorimotor movements that he had used while sketching the device into his scale map

during his time in the field. His perception of and gestures toward specific values in the graph

reenacted what he might have done when he talked to the “people in the industry” in the very

same meeting room where we had met, or to the “people in the Charlottes” (xxxvi).
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4.2. Toward a comprehensive theory of meaning and understanding

In the past, mathematics educators have treated “interpretation” and “meaning” pertaining to

graphs as problems of the intellect (e.g., Moschkovich, 1996), that is, as problems of a

(disembodied) mind that uses language to express itself rather than as problems of living and

breathing beings that experience themselves as bodies among (social and material) bodies. In the

first case, interpretation then becomes a semiotic question whereby the relation of a sign (text) to

its content is elaborated by the production of other “‘texts’ (phrases, gestures, tones, situations,

marks of all sorts) and to other ‘others’ in general” (Derrida, 1995, p. 175) without ever being

able to saturate the context. A semiotic analysis can provide a trace of the different nodes in the

network of signs (symbols) that is or can be articulated. But it cannot restore to the graph those

qualities that it derives from use in lived experience. Even the addition of non-verbal (mental)

images of the situations to which a graph is said to refer and where a graph has been constructed

does not eliminate the problem of meaning: mental images may be associated with but do not

constitute meaning (Wittgenstein, 1973/1958).

One recent study of graphing made substantial progress toward a more comprehensive

perspective of meaning by situating graphs and graphing in practical activity whereby graphs, as

artifacts, are dialectically linked with the way they appear to the acting subject (Hershkowitz et

al., 2001). Their study, in which a student worked with three population-time graphs, however

falls short by focusing on mental (epistemic) actions: the researchers did not address, for

example, how our understanding of up-down in a graph is a metaphoric extension of our bodily

experience in the world (Johnson, 1987) marked by a particular orientation of our bodies with

respect to the gravitational field or how the left to right orientation of temporal development is

mediated by the way a particular language is oriented (left to right, right to left, top to bottom).

The study thereby eliminates the fundamental background that had allowed their subject to

engage in the talk about graphs in the first place. That is, their study remained at a semiotic plane

of analysis.
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The purely semiotic view of the relationship between a person and a graph is rendered

problematic by the data collected in this project, where David and other scientists talked about

graphs from their work. The practical experience of their work constitutes a background. Only

with this background does anything like the meaning of signs exist. In this situation, they talked

a lot more about their embodied experiences in the field, what they had done to collect their data,

difficulties that they encountered in the field and during data interpretation, and the ultimate

solutions they had produced in search for structure. They often referred to this background

(whatever they were able to articulate) as “anecdotal knowledge,” which they considered not

relevant for science, in part because they had such difficulties articulating it. But in their effort to

explain their graphs, the scientists provided the researcher with descriptions of significant

aspects, which therefore seemed to be a prerequisite before the outsider could understand (make

sense). In their research groups and for insiders who read their publication this background does

not have to be made explicit, it constitutes part of the implicit but shared, prerequisite

understanding to make sense of the graph.

Throughout the analysis of David’s explanations, it is evident that the graph was bound up in

intentions and memory of situations and events. Old, now obsolete uses of “to mean” included

“to say,” “to speak (of),” “to tell (of),” “to have in mind,” and “to remember” (OED Online,

2003). The meaning of a graph is intelligible, appears to us detachable in some sense from the

graph, because we presuppose as given all the situations in which the graph has and potentially

could have participated, and which contribute to what it means to us. The language used to

explicate a graph is not a means for expressing ideas or thinking that go on somewhere inside the

mind but a way of telling the past. Symbolic expressions (words, graphs) are therefore always

connected, even if only faintly, to the occasion of utterance and the event (Whitehead,

1978/1929). Whatever can be made explicit, expressed in terms of language or graphs, always

fades off into a background that can never be disclosed in its entirety (Wheeler, 1986). This

background consists of the capacities of knowing how to do things and knowing how things are

prior to knowing about these capacities. Everything that is and can be articulated together with
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the background constitutes meaning. Crucially, this background is an aspect of our embodied

experience so that knowing always involves a living human being physically engaged in the

world and participating in activity.

This discussion also encourages us to revisit the ways in which “understanding” is employed

in the literature on mathematical learning. The term is often used in a purely academic sense,

“understanding” as being able to explain and manipulate equations (Sherin, 2001). If meaning is

tied to knowing-how to do things and knowing-how things are in the world, then

“understanding” clearly means “practical understanding” that is tied to our bodies. This is the

existential understanding that has become central to phenomenological theories of everyday

cognition. However, this practical understanding can only develop when it exists in a dialectical

relation with explanation, which itself presupposed practical understanding. That is, explanation,

which requires a critical distancing from practical understanding, can in fact develop practical

understanding in the direction of more theoretical understanding. This development of theoretical

understanding out of praxis is the kind of “abstraction” of graphical knowledge that others have

advocated (Hershkowitz et al., 2001). This form of abstraction never severs the tie between the

concrete object and how it appears to the subject, but conceives of the two as poles joined in a

dialectical unit.

In the present situation, too, there is a dialectical relation involving the graph. The graph

exists as a concrete object instantly available to perception conventionally associated with

making reference to some thing. But this something cannot be grasped in one instance:

considerable text is required to elaborate both sense and reference of the graph. This is the first

dialectic, the instant presence as an object and the requirement for a temporally unfolding

articulation of sense and reference. The second dialectic exists in the contrast between the real

presence of the graph and verbal explanation, on the one hand, and the impossibility to articulate

the necessary background that permeates graph and language and into which both fade.
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4.3. Implications for graphs and graphing in school

The present article is fundamentally concerned with meaning and understanding related to

graphs at work. The case study was culled from a database of scientists and technicians, who use

and produce graphs extensively at work, and who develop tremendous competencies relative to

these graphs. At the same time, many of the same scientists and technicians experienced

tremendous difficulties when asked to interpret a graph from introductory textbooks to their own

domain but not directly related to their everyday practice. The present analyses suggest that

meaning and understanding related to graphs bear fundamental relations to the lived experiences

of making graphs to represent some phenomena for some purpose. The practical understanding

both permeates graph and verbal explanations and constitutes a background against which graph

and explanations become intelligible.

This perspective on graphs and graphing has (serious) consequences in the way we approach

graphs and graphing competence in children and adolescents. If meaning and understanding in

relation to graphs are permeated by and have the prerequisite of a background of experiences,

teachers and researchers cannot make appropriate assessments without also having some inkling

about the range of embodied experiences in the world that their subjects have had. Furthermore,

if meaning and understanding of graphs are tied to the circumstances and processes of their

production, students appear to need relevant experiences in which they construct and use graphs

to represent phenomena that they have somehow experienced. Above all, and least addressed in

schools, there is a network of intentions in which graphs and graphing are tied up in everyday

professional praxis. Those intentions are often completely absent in schools, where graphs are art

of a task structure without evident intentionality that is intelligible or known to students.

At this point, it is not clear to what extent graphing competencies are generalized to different

contexts. Some of the scientists in this study could not provide standard interpretations of graphs

from the introductory ecology course even in cases where these were structurally equivalent to

those that they had brought to the session. The competencies to read isographs in the workplace
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context, for example, did not translate into competencies to read isographs from the introductory

course on ecology (Roth & Bowen, in press). These results of the interview study question the

knowledge transfer paradigm. On the other hand, there is evidence that extended experiences in

doing fieldwork, collecting data, and presenting the results with the intention to convince peers

about the import of their studies and the facts that they had constructed allowed eighth-grade

students to competently interpret new data from the same domain but which they had not

themselves collected (Roth, 1996). More so, the students in another study, who simply discussed

experimental design but were provided with data rather than collecting these themselves, were

more competent in interpreting them (Cobb & Tzou, in press). That is, familiarity with the

phenomenon to be modeled mathematically and with details about data collection constitutes a

background that permeates and provides background to the interpretive task and therefore to

understanding and meaning associated with them.
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