
chapter 2 
A Lot of Heat and Not Much light 

The most essential element in learning to talk science is mastery of the 
thematic patterns of each science topic. These patterns of semantic 
relationships among scientific terms are highly standardized in each 
field of science: Every science textbook, every science article, and all 
careful talk about science by the classroom teacher uses the some 
patterns. But students do not come to the classroom already using these 
patterns in their speech, and neither do they come tabula rosa, with no 
thematics at all for the discussion of a topic. In fact, in order for teach­
ers to make sense to students, they must make connections between 
scientific thematics and the ways students already talk about a topic. A 
large port of the job of science education-and one in which it does not 
succeed nearly as often as we would like-is to provide students with 
new ways of talking about scientific topics. 

In the classroom, there is always more than one thematic pattern 
woven into the talk. There is the standard scientific pattern of meaning 
relations, usually implicit in how the teacher talks, and there are one or 
more alternative patterns that are voiced by the students. Sometimes 
these alternative patterns are those of common sense or ordinary lan­
guage; sometimes they are hybrids of common sense and students! past 
learning or mislearning of science. 

Everyth.ng that is said in the classroom must be made sense of ac­
cording to some thematic pattern. Thematic meaning, the sense or con­
tent of what is said, must be fit to some pattern in order for us to be able 
to restate it in other words or recognize it in another form. Thematic 
meaning ;s the shored semantic pattern common to all the different 
ways of saying the some thing. But if there is more than one thematic 
pattern thot talk can be fitted to, then different meanings c;an be made 
of it, and those meanings can come into conflict. Everything the teacher 
says, and everything the students say, can mean one thing to the teacher 
and another to the students. This actually happens in the episode we 
are about to analyze. 

It is not unusual for students to be confused in science class, to feel 
that what is being said! especially by the teacher, doesn!t make sense. 
What is being said may not fit any thematic pattern they are used to. 
Sometimes, when this goes on for a while, a student will ask a question. 
Usually the question only asks for clarification, to fill in a semantic link 
in the chain needed to make sense of what's been said. If the teacher 
accepts the question and answers it, it often happens that another stu-
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dent will also ask a question, and then another, and then another. A 
new activity pattern begins, one with a structure very unlike that of 
Triadic Dialogue. Students ask the questions, teachers answer them, 
and it is teachers who check with students to see if the answers were 
satisfactory. In this activity structure, students acquire the initiative and 
the power to control the topic and direction of the dialogue, but they 
still defer to the teacher for correct answers. The teacher remoins in 
control of the thematics. We will examine this activity type in the next 
chapter. 

But sometimes a student finds, not a gap in the semantic chain, but a 
contradiction between what has been said and the thematic pattern he 
or she is trying to fit it to. Then a student may question or challenge what 
the teacher has said, claiming the initiative and direction of the topic 
and disputing the teacher's thematic pattern. It tokes a lot of frustration, 
and not a little self-confidence, for a student to do this. Perhaps it 
happens more often silently than out loud, but when it does happen 
publicly we get a rare glimpse of the differences in thematic patterns 
that lie behind so many odd-sounding student questions and so much of 
the miscommunication and confusion that occurs in every classroom. 

PLAYING BY ANOTHER SET OF RULES: TEACHER· 
STUDENT ARGUMENTS 

let's look at the beginning of another short episode. This is a different 
classroom, with a different teacher. We are not at the beginning of the 
lesson, but about 23 minutes into the period. The previous 5 minutes 
were spent discussing what happens to light from the sun when it hits 
the ground. Following his usual procedure the teacher hod formulated 
this as a written QUESTION on the board for students to copy into their 
notebooks. The conclusion of the discussion was that the ground ab­
sorbs this light and gets hot. The teacher has iust written a formal 
statement of this conclusion on the board (in the form of an ANSWER 
for their notebooks" then turns to the class and offers it aloud as a 
Teacher Summary: 

1 Teacher: 
2 
3 Eric: 
4 
5 Teacher: 
6 
7 
8 Eric: 

The ground is now creating heat energy, from the light 
energy. Eric, you have a question? 
Yeah, how can it be the ground creates the heal energy, 
if the sun creoles the heat energy? 
We!!, on Ihe sun, and in Ihe sun, the Slln is creating a 
tremendous amount of heat energy. But ii's sending most 
of ils energy here as light, traveling Ihrough space. 
But light is hot, light is heat. 
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Eric hOE: had time to read the written stateme,.t even before the teach­
er says it, for the first time, aloud. What tho leacher says is phrased 
rather differently from anything actually said in the previous discussion 
(which was conducted by the rules of Triadic Dialogue, see Transcript 
LG-26-NOV). There the students heard that "light energy coming 
down from the sun" gets "absorbed" by the "surface of the earth" and 
that this II ground gets hot." The teacher then gives an example: Sand at 
the beach gets hot. When the teacher concludes the discussion byask­
ing what kind of energy they are talking about, the answers that are 
called out include both "light" and "heat." He recognizes an answer 
"solar energy," which gets a positive Evaluation and the Elabora­
tion," originally," then nominates another student who answers," heat 
energy," and gives that answer an unqualified and emphatic "Yeah." 
He then writes what we hear in lines 1-2 above on the board. 

Eric now puts his hand up without any Teacher Question having been 
asked, so his signal is not a Bid to Answer, as in Triadic Dialogue, but 
rather a Bid to Speak. Teachers tend to assume that such Bids are Bids 
to Question in the alternate activity structure of Student Questioning 
(see Chapter 3), though in fact students Bid to Speak for a number of 
different purposes. In line 2 the teacher recognizes Eric for a Student 
Question. Eric does indeed form his words grammatically as a ques­
tion, but semantically the pattern "how can X be [truel, if Y [is true]" is 
as much an implied disagreement with what has been said as it is a 
request for clarification. Its status at the moment it is said is at least a 
combination af these two functions, but retrospectively, looking back 
from as early as line 8, we can see it as a Student Challenge. 

The Challenge is the opening move of still another activity structure 
pattern: the Teacher-Student Debate. This pattern is less common than 
simple Student Questioning, and much less common than Triadic Dia­
logue. We will see examples from other lessons later. In line 8, Eric 
voices a Student Objection to what the teacher said in lines 5-7. He 
is no longer asking: He is debating the teacher, and this continues 
throughout the episode (see below). 

In the Teacher-Student Debate pattern, students take the initiative 
with a Challenge to something the teacher has recently said. Students 
and teachers share control of the direction of the dialogue, and they 
compete for thematic control. We will see shortly how this pattern usu­
ally ends. The essence of a Debate is that the students have a different 
thematic pattern for the topic under discussion than does the teacher: 
They talk about it differently, using terms in different semantic combina­
tions than the teacher does. This difference flares up into a full-scale 
Debate when the students ulso challenge the teacher's authority to sim­
ply assert what is right and sustain their objections and alternative 
thematics through at least a few exchanges with the teacher. 
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What are the teacher's moves in this structure? Retrospectively, after 
the Challenge, we can take whatever the teacher had said that got 
challenged to have been a preliminary move of the Debate, the Teach­
er Thesis. After the Challenge, we get a Teacher Response to the chal­
lenge, usually defensive in nature, justifying the thesis or reasserting it 
in different words. If the stude:!t chaileng.;)r accepts the Response at this 
point, we don't really have a full-fledged Debate, but the challenger, or 
another student, may keep things going by offering an Objection, either 
to the oripinal Thesis or to the Response. Then we are clearly in the 
midst of a Debate. In this episode, the Teacher Respon!Je in lines 5-7 
uses a common strategy (Concessive-Adversative) in which the teacher 
first concedes that the Cha Ilenge is partly true, "but ... " then points out 
that even so the original Thesis is still correct. 

We now have a long series of Student Objections and Teacher Re­
sponses: 

9 Teacher: 
10 
11 Student: 
12 (Eric: 
13 [Teacher: 
14 
15 
16 Eric: 
17 
18 
19 Teacher: 
20 Eric: 

No! Some light is not hot at all. When I turned on thess 
flourescent lights today, I haven't roasted yet. 
The bulb has heat. 
Yeoh, but when the bulb is on you get-the bulb gets hot. 

And essentially-
most energy from the sun comes here ;n the form of light, 
and not heat. 
So the ground can't be creating heat. Because if the 
ground wasn't dark, then it wouldn't absorb the light, 
and the light, is heat, so it's not creating it. 
No. Light is not heat. The light is light energy. 
Yeah, and heat is heet energy. [Students laugh) 

The teacher Response to the Objection is to contradict it flatly. He 
supports the :ontradiction by a counl'erexample to what Eric had said in 
line 8. It is important to notice here that by arguing against Eric's Obiec­
tion, rather than just arguing for the original thesis, the teacher has 
accepted that Eric has a Thesis of his own, that is, that he is offering an 
alternative, and unacceptable, thematics for light and heat. We will 
come back in a moment to look at just what that alternative thamatics is, 
but first J want to survey the course of the activity structure of the De­
bate. 

Another student now joins in on Eric's side (line 11), with an Objec­
tion to the counterexample (the flourescent lights). Eric picks up on this, 
making it more formally an Objection (by the phrasing "Yeah, bUI when 
... ). The teacher (line 13) has tried to interrupt Eric by saying "And 
essentially, ... II as a prelude to a Reassertion of the Thesis, but Eric has 
refused to yield the floor. (Square brackets in the transcript mark lines 
that are spoken simultaneously.) 
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Under the rules of this activity structure, the Challenger can always 
reply to the Teacher, but the teacher's strategy seems to be to count the 
other student's rejoinder as the Objection and take his own turn next. 
When Eric has finished, the teacher continues (he does not restart) and 
does Reassert the original Thesis. A Reassertion is often alsa a Bid to 
End the Debate. Teachers generally get the last word in Debates (by 
virtue of their superior position of power in the classroom), and they 
have a number of strategies for closing off the Debate (see below). 

But Eric does not rcltify the Re-assertion as a Bid to End. He goes on 
to make a Counterargument (lines 16-18). This is still a form of Objec­
tion to the originol thesis, as we can see by its opening and closing 
denial of what has become the key part of the thesis at issue (Does the 
ground create heat or not?). The ieacher's Response to his Objection is 
another contradiction, followed by 0 Reason to support the contradic­
tion (line 19). But Eric and the class do not take it as a Reason, but as a 
T au~ology, and Eric responds in kind, with on Objection to it that is also 
a Put-Down of the teacher. At this point the teacher is clearly in danger 
of losing ~he Debate altogether. He resorts to another common Bid to 
End strategy, the Appeal to Authority: 

21 Teacher: 
22 
23 [ 
24 [Eric: 
25 reacher: 
26 
27 
28 
29 
30 
31 

And if you remember back-to the eighth grade-cnd YOv 
should've learned a rule, and if you didn't it's OK, 
we'll learn it now. You con change energy from one 

What was it? 
form to another, but you can't create or destroy it. 
Well, I don't know if thai's true anymore either. But you 
can change ii, from one form to onothel. And that 
actually happens. The ground creates heat energy, from 
the light, which causes something very interesting. 
[Turns and writes a Question for r.ludent notes on the 
board] 

His appeal is to a "rule," in faci, to the principle of Conservation of 
Energy. His Appeal to Authority is no longer a turn in the dialogue 
pattern Clf the Debate; it shifts over to a monalogue pattern of Teacher 
Explanation, though in the larger sense we can consider it to still be part 
of the overall Debate episode. 

Eric cleverly tries to subvert the teacher's strategy by interjecting a 
Student Question (line 24). This move, if ratified by the teacher, would 
have retained ::;ome measure of initiative for the students, by defining 
the new adivit}· tYI- e not as a teacher monologue, but as Student Ques­
tioning dialogue. But the teacher does not in any way acknowledge 
Eric's qJestion and in fa,:t does not let him complete the question before 
saying what would have been the Answer to it. So what the teacher says 
doesn't count as an Answer in a dialogue, but as a continuatioll of his 
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monologue. He ends the monologue with a Reassertion of the thesis 
and an Anticipation (line 29) of something that will build on the thesis. 
!-Ie then turns his back to the class and dafinitively ends the episode by 
making the next move in a much larger-scale pattern in the Lesson, 
writing the next topic QUESTION on the blackboard. 

THE ROOTS OF CONFUSION: 
SEMANTIC CONFLICT AND SOCIAL CONFLICT 

The Debate in this episode represents a double conflict. On the surface 
there is the obvious conflict of a pattern of social interaction in the 
classroom that pits teacher and students against one another. There is 
conflict in the activity structure of Debate itself and conflict between two 
opposed thematic systems, which give the Debate its impetus. These 
two conflicts, one interactional and the other thematic, reflect deeper 
conflicts that are present in less obvious ways in the classroom at all 
times. One of these is the conflict between teachers and students: be­
hveen adults who wield authority and "children" who are subjected to 
that authority. The other is the confie! between our commonsens~ ways 
of talking about topics and the specialized thematic patterns of science. 
First, I want to examine the thematic conflict in this episode; then we will 
look at some of the wider social conflicts that lie behind what is hap­
pening. 

In this episode, as often in the science classroom, there is not one 
thematic pattern but two. As we saw in the last chapter, the way in which 
science is mainly taught today leaves these patterns implicit most of the 
time, so that the differ9nces between the patterns rarely get talked 
about directly. This makes miscommunication more common and mis­
understandings harder to straighten out. Few teachers pay sufficient 
attention to how students talk about a topic, or to the semantics of their 
usage of terms. Triadic Dialdgue, the most common pattern of interac­
tion in the classroom, olso makes it difficult for teachers to hear how 
students talk about a topic. Most of what students say tends to be fit into 
the thematic pattern set up by the teacher's Preparation and Question 
moves, and students have little opportunity to make semantic connec­
tions in their own terms. As a result, teachers just don't hear their stu­
dents' thematics very much. 

Even when we do get to hear how students tolk about a subiect in 
their own terms, it can be very difficult to set aside our own thematic 
pattern and hear what they have to say on their own terms. To do a 
proper thematic analysis of this episode, we will have to construc.t two 
sets of semantic relations among what sound like the same terms. They 
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may be the same words, but when they are used with different semantic 
relations to other terms, they represent very different meanings. As we 
will see, what "light" means for the teacher is not necessarily the same 
as what it means for the students. 

The Semantics of the Debate 

Look back to the fi rst pa rt of the Debate. In lines 1-2, the teacher mokes 
connections omong the terms ground, heat energy, and light energy: 

ground [creates] heat energy [from] light energy 

But there is also a subtler relation here. In line 1 he stresses heat in the 
phrase "heat energy, and he uses both the expressions "light energy" 
and "heat energy." The use of contrastive stress in line 1 and the implicit 
contrast between the two expressions invokes the standard thematic 
pattern of semantic relationships among the three terms light, heat, and 
energy. This pattern is not explicit here or anywhere in the episode, 
though it is cruciol to it: 

light [is example of] energy 

heat [is example of] energy 

These two semantic relationships are linked through the common term, 
energy. Together they tell us that that light and heat are two different 
forms of energy. In the technical language of semantics, light and heat 
are hyponyms of energy, and therefore" cohyponyms" of each other. 
This is the same semantic relationship we saw in the previous episode 
where hydrogen and helium were both hyponyms of element; that is, 
they are two different forms or kinds of chemical element. 

With this pattern in mind, we can now interpret the Thesis in line 1. 
The teacher is saying that one form of energy is "created from" an· 
other. The meaning is that the light form of energy is transformed into 
the heat form of energy, by the action of the ground. But that is not 
exactly whot the teacher said, of course. It is not obvious, unless you 
know that what he says must fit the thematic pattern relating light and 
hectto energy, that CREATES FROM represents a meaning relationship 
that might be better expressed as CONVERTS or TRANSFORMS. Know· 
ing that, we can also see that the role of the ground is not that of 
Creator of heat, but simply that of an Agent in the transformation of 
light energy into heat energy. This is what the teacher meant by what he 
said, fitting it to the standard scientific thematics of light and heat. But 
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what he said could be taken to mean other things if it was titted to other 
thematic patterns, other ways of tclking about liaht and heat that as­
sume different semantic relationships among these terms. 

Let's turn now to what the students say. In lines 3-4 Eric repeats part 
of the what the teacher has said, and makes a different contrast. He 
places contrastive emphasis on "sun" as opposed to "ground." The 
terms he uses are ground, heat energy, and sun. He makes two sets of 
semantic connections among them: 

ground [NOT create] heat energy 

sun [DOES create] heat energy 

I have substituted a NOT for the? of what is said, since it is pretty clear 
from his whole subsequent argument that he is denying the truth of this 
relation. 

Notice the differences from the teacher's pattern. There is no evi­
dence that "heat energy" is being used as anything other than a syn­
onym for "heat" itself. Eric never uses the term "light ~,nergy" and never 
indicates that he is using "heat energv" to mean heat-as-one-kind-of­
energy. He has also dropped the FROM part of the semantic relation­
ship term CREATE FROM. For Eric, so far as we can tell here, the sun is 
the Creator of heat energy, not just a middleman in the transformation 
of one form of energy into another. What is at stake for Eric is ·that is it 
the sun, and not the ground, which has the Creator role in the semantic 
pattern. 

The semantics of the term create is very different in Eric's usage from 
the teacher's usage. For this reason it is octually necessary to treat 
CREATE as a semantic term in its own right, and not just as a link 
between other terms. Terms or phrases (e.g. heat energy) which must be 
treated this way, I will call thematic items from now on. So for Eric either 
the ground or the sun is the creator in a process that CREATES a result, 
heat energy, while for the teacher, the ground is only an agent in a 
process that CONVERTS a source, light [as a form of] energy, into a 
product, heat [as a form of] energy. Even though both use the words 
"heat," "energy," end "create" in way':. ~I :It sound olike, what they 
mean by these words is very different. The meaning depends on the 
thematic pattern to which the words are fitted. (From here on I will use 
SMALL CAPITALS for meanings of thematic items, when I need to distin­
guish them from the particular words, in quotes or italics, used to repre­
sent them in a particular sentence.) 

This is actually a very general and important point. Words do not 
necessarily "have" meanings in themselves. A word in isolation has 
only a "meaning potential," a range of possible uses to mean various 
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things. What it actually means as part of a sentence or paragraph 
depends on which thematic item in some particular thematic pattern it is 
being used to expres~. 

The meanings of sentences are not made up out of the meanings of 
words. We must arrive at both simultaneously by fitting words and their 
semantic relations within the sentence to some thematic pattern and the 
relations among its thematic items. And where do we find the thematic 
patterns? They are part of the common wflys of speaking about a 
subject that we have heard, read, and used countless times in speech 
and in writing. It is only when we meet on unfamiliar pattern that we 
have trouble making sense of the sentences. Then we need to practice 
that pattern in the context of more familiar ones until we have mastered 
its use. In this case, of course, lhis is what I mean by learning to talk 
science. But the principle applies to all learning that involves language 
in speaking, reading, or reasoning about any subject. 

Thematic patterns as complex as the ones we have just analyzed 
(and they are simple as such patterns go) are best expressed in the form 
of diagrams that can show the interconnected semantic relationships 
among several terms or thematic items. At the end of this chapter we 
wilt compare simplified diagrams of the thematic patterns of teacher 
and students in this Debate. Even the simplest diagram that makes use 
of formal semantic analysis takes some explaining, so I want to leave 
this until later. If you are curious now, have a look ahead at Figures 2.1 
and 2.2. You will see that they resemble Figure 1.2 from the last chapter, 
which uses only informal substitutes for labeling semantic relationships. 
Locate the terms ground, sun, create, heat, light, and energy, and notice 
how they are differently joined to the terms around them in the two 
diagrams. The thematic patterns are different. 

Let's continue to compare the way the teacher and the students speak 
differently about light and heat. In lines 5-7 we get the teacher's Re­
sponse to the initial Challenge. He agrees with part of the Challenge'S 
contention: that the sun is creating heat energy. Here he seems to have 
adopted the students' semantics for create. This term is no longer being 
used in any obvious way to mean CONVERT. But he adds a qualifica­
tion to his agreement: the location where this creating is going on, II on 
the sun," that is, not on the earth or ground that he is speaking about in 
the Thesis. He continues by saying that "here," that is, on the earth or 
ground, the energy from the sun is in the form of light. He actually says, 
" ... its energy here as light," where the word "as" expresses the im­
plicit semantic relation of hyponymy, that is, that light [is an example of] 
energy. In terms of his own thematic system, he is iust clarifying a 
difference of locotion. But if heard in terms of the students' themotics, 
he is both reinfordng their semantics of create and accepting a contrast 
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between sun and ground. What does not make sense from the students' 
viewpoint is his contrastive emphasis on the word U light. U 

Eric objects to the teacher's Response by saying that light is hot, 
which for him means that light is heat: There is no point in contrasting 
them with e<:;I..:1 other. Eric has made a subtle semantic generalization. 
From light [has quality] hot, he gets to fight [is the same as] heat. This is 
a very different relationship between lieht and heat than the teacher, or 
the language of physics, constructs (i.e., that they are two difftlrent 
forms of energy). The main point of the teacher's thesis, which is a key 
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point in the whole Lesson, concerns the conversion of light into heot. If 
they are the same, this would make no sense. So the teacher has ta 
object to the equation of light and heat (line 9). 

He follows up his contradiction of Eric's equation of light and heat 
with a counterexample: Flaurescent light is not hot. The previous dis­
cussion, just before the Debate, has established pretty firmly for the 
students that sunlight is hot. Flourescent light is meant to contrast with 
sunlight and prove that not all light is hot, so light and heat cannot be 
the same thing. But the teacher has spoken not of light in the abstract 
here (lines 9-10), but of "ihese flourescent lights," for which the seman­
tics is ambiguous. He could be speaking of the light, or of the bulbs that 
produce it. Another student theref-:;~~ objects to the counterexample, 
maintaining that the flourescent bulbs do :;et r.c+ (line 11), and this is 
picked up by Eric as an Objection. 
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The teacher knows that this is a digression which is not going 10 win 
him the argument. He would need to go into a long explanation about 
flourescent lights, and he wants to get back to talking about sunlight 
anyway. So we get his Response (lines 14-15) which again irnplicitly 
uses the hyponymy relation, this time worded as "energy ... in the form 
of light, and not heat." But this doesn't seem relevant from the students' 
point of view. What is at issue for them is not how much energy comes 
os light or as heat, but whether the sun creates that HEAT-LiGHT­
ENERGY or the ground does. 

This is in fact the theme that Eric pursues in his long Counterargument 
(lines 16-18). Purely in its outward form, this argument makes more in 
the way of logical connections than anything the teacher says in the 
whole episode. Eric is reasoning with the language available to him, 
and using the form of a counterfactual argument (reductio od absur­
dum), which is very sophisticated reasoning. He builds on the previous 
discussion about the ground absorbing light. It is not easy to follow 
Eric's reasoning, partly because he introduces an element that is extra­
neous from the point of view of the standard thematics (that the ground 
is dark), and partly because he uses a relationship from his own thema­
tics that contradicts the standard view (that light is heat). He needs the 
bit about the ground being dark to establish a thematic connection with 
absorb. The previous discussion reviewed the fact that dark surfaces 
absorb more light from the sun than light ones do. The ground was cited 
as dark compared to the oceans. For Eric, since we know the ground is 
dark, we know it absorbs light. Since light is heat, we know that the 
ground is absorbing this LlGHT-HEAT-ENERGY, not creating it. Q.E.D. 

The teacher hears the link in the chain that does not agree with 
scientific thematics, and contradicts it: "No. Light is not heat." Well, if it 
is not heat, then what is it? "The light is light energy." What does this 
sentence mean in his; thematic system? What sense does it make to him? 
A paraphrase might be: "Sunlight is energy in the form of light. And not 
energy in the form of heat, which is a quite different farm of energy." 
But the students again make sense of this by fitting it to their own 
thematic pattern. For them it is just a tautology, just a way of saying 
LlGHT-HEAT-ENERGY is lIGHT-HEAT-ENERGY. That sounds like an 
insult to their intelligence. Eric replies to nonsense with nonsense, to ar: 
insult with an insult (line 20): "Yeah, and heat is heat energy." Notice 
that for Eric this does not mean that heat is a form of energy different 
from light. It is just the same tautology twisted to his advantage rather 
than the teacher's. 

At this point there is complete misunderstanding between teacher 
and students. Their semantic conflict over the thematics of light and 
heat has become a power conflict, a confrontation between assertions 
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and egos. In wider social terms, the power conflict between those who 
assert the thematics of science and those who assert the thematics of 
common sense has reappeared in microcosm here. We will come back 
to these deeper implications of semantic conflict at the end of the chap­
ter. For now we need only understand why it makes sense for the teach­
er to use an Appeal to Authority to put an end to the Debate. In many 
ways the Debate is as much about power and authority as it is about 
light and heat. What gets said in this concluding monologue? 

The teacher shifts back to his original semantics for cr;:ate as mean­
ing CONVERT. The word he uses (lines 23 and 27) is change. And he 
makes it explicit that he means change of energy from one form to 
another. In the end, however, he simply reasserts the original Thesis, 
unchanged in its wording (lines 28-29). Having the lost word here 
means keeping the original Thesis, which is already written (in stone) 
on the board. The students are left to unravel the actual contradiction 
between line 25 ("you can't create ... it [energy],,) and line 28 ("the 
ground creates heat energy") to see that "create ... from" really 
means "change it [energyJ from one form to another." And they still 
need to understand light and heat as different forms of energy. I doubt 
that very maflY students will have been able to solve this puzzle unless 
they already understood the teacher's Answer from the start. 

Readers of this dialogue can usually make sense of either the teach­
er's viewpoint or the students', but not often of both. It is hard to formu­
late the exact differences between their views. But when you use thema­
tic analysis, you can ~ce the details of the misunderstanding from line to 
line. The most useful way to picture these differences is to compare the 
thematic pattern diagrams for the two sides in the Debate (Figures 2.1 
and 2.2). Since we are now graduating from informal diagrams (like 
Fgure 1.2 in Chapter 1), to diagrams that use formal semantic labels 
for relationships, I need to explain how to read a thematic diagram and 
interpret these labels. 

Using Thematic Pattern Diagrams 

Look first at Figure 2.1, which represents the simpler thematic pattern of 
the students. Ignore for the moment the labels on the lines joining the 
key thematic terms. These labels replace the arrows in informal dia­
grams like Figure 1.2. We could read the informal diagrams by fol!ow­
ing the arrows and supplying acceptable grammatical forms for the 
semantic relationship terms. Now those terms (like CREATE) are thema­
tic items in their own right, and the labels will tell us what semantic 
relations we need to express grammatically to make complete phrases 
or clauses in reading the diagram. 
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I.ocate the term CREATE at the top center of the diagram. It has two 
lines loi,.:ng it to other terms: one to SUN, and another to HEAT. We 
know from the dialogue that the thematic connection of these three 
terms for the students is represented by clauses like "if the sun creates 
the heat energy" (line 4; notice that this does not have to be a complete 
sentence, just a grammatical clause). The term GROUND is not con­
nected to CREATE, because for the students the ground doesn't do any 
creating. We could, of course, put in a line with IJ NOT on it between 
these two (d. line 16), but that would just clutter up the diagram here. 
Eric in effect only II quotes" the teacher's Thesis in line 3; it is not part of 
his own thematics. GROUND is connected to ABSORB, and ABSORB in 
turn to LIGHT. These connections lie behind lines 16-18, which tell us 
that for Eric the ground absorbs the light (this is true in the teacher's 
diagram as well). The diagram is not complete, of course. I have left out 
the connection of GROUND to DARK, and the whole business of the 
flourescent bulbs. What is shown is as much of the diagram as is 
needed to see the key differences from the teacher's thematics that are 
relevant to the Debate. 

The labels on the lines that link these terms, or thematic items, stand 
for semantic relationships. Semantic relationships are more general 
and abstract than grammatical relationships, but in many ways similar. 
There is no complete semantic theory yet for English, but many of the 
important semantic relationships have been characterized by Michael 
A. K. Halliday (19850) in his writings on functional grammar. Functional 
grammar is very different from Chomsky'S formal grammar or trod!, 
tional grammar. It describes every possible grammatical way of saying 
something in English in terms of the uses or functions of each gramn:ati­
cal pattern in expressing different kinds of meanings, that is, different 
semantic relationships. 

The same semantic relationship can be expressed in different ways 
grammatically. For example we can say "the ground is dark" or "the 
dark ground" or "the ground, which is dark" or "as dark as the 
ground" and so on. Each of these adds a little semantic nuance of its 
own, but all express the relationship: GROUND [has quality] DARK. 
Most semantic relationships connect two terms, so if we draw a line 
between them in our diagralT', we can label the line with abbreviations, 
borrowed from Halliday's terminology, for the kind of grammaticol 
relationship that usually expresses their semantic relationship. The ab­
breviation usually consists of the semantic role of the first term, a 
"slash" mark (I), and that of the second term. These are listed in a key 
below each diagram. 

For example, CREATE is linked to HEAT by a line labeled PrIG. The 
key explains this as "Process:Goal." The process is CREATING; the 
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"Goal" of this process is Halliday's word for what gets created, namely 
HEAT. The usual grammatical relationship of Process to Goal is that of 
a transitive verb to the object of that verb. We can thus read: 

PrIG 
CREATE--------HEAT 

as "creating is a process that makes heat." On the other side of 
CREATE is a line labeled" Ac/Pr" that connects it to SUN. This stands 
for the relationship between the Actor or Agent that does the Process 
and the Process itself. CREATE is still the Processi SUN is the Actor, or 
"Creator"-and of course HEAT is what gets created. There are many 
ways to express this grammatically: "the sun creates heat" or "the sun 
is creating the heat energy" or lithe heat is created by the sun." 

We do not need arrows now to tell us that lithe heat creates the sun II 
is not implied by the diagram. The labels tell us which is the Actor (SUN) 
and which is the Goal or result (HEAT). Sometimes the same term can 
be Actor for two different processes. Here SUN is Actor for SEND as 
well as for CREATE. And, of course, the Goal or result of one process 
can be the Actor in another process, and so on. This is how simple 
semantic relationships get linked tagether into complex thematic pat­
terns. 

There is one more important point about the diagrams before we go 
on to compare Figure 2.1 with Figure 2.2. The thematic items of a 
diagram are represented, of course, by words. But uctually they are not 
words, they are the meanings that are expressed through the words. 
What I have loosely called "terms" so far are more like abstract Il con­
cepts," in that each can be expressed by many different words. For 
example, for the students, so for as we ,an tell, there is iust one Il con­
cept" (which I label as HEAT in the diagram) that can be expressed by 
the word "heat" (lines 8, 16-18) or by the phrase" heat energy" (lines 
3-4, 20). (For the students in this dialogue there is no evidence for a 
separate meaning for the word "energy," and so there is no separate 
thematic item ENERGY in their diagram.) The terms of a thematic pat­
tern diagram should be called thematic items, or thematic terms, to 
distinguish them from words as such. In the last section of this book I 
will discuss more fully the relationships between words and meanings 
in a thematic analysis (see also Lemke 1983a). 

Look tinally at Figure 2.2. This is a diagram representing the teach­
er's way of talking about the topic. To make the comparison to Figure 
2.1 more obvious I have used CREATE again as the thematic item at the 
top center. Notice, howeVf'!r, Ihol it has three lines leading off from il. 
One 10 the Goal or result of the CREATING, namely HEATi a second 
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back to the Actor or Agent of this process for the teacher, the 
GROUND; and now a third line to the Means or Material from which 
the heat is created: LIGHT. This is a different semantics for CREATE 
than in the students' diagram. It is the reason why we have sometimes 
used the alternative name CONVERT for the meaning the teacher ex­
presses by the word" create." The Goal is the product of the converting 
process; the Means is the source. And the GROUND is more like on 
Agent than a Creator. 

There are two other major differences between the teacher's and the 
students' ways of talking science during this Debate. The teacher makes 
a distinction (lines 5-7) in the location of the CREATING. In the first 
place (superscript 1), the GROUND does the creating on the ground; in 
the second place (superscript 2), the SUt-1 does it on (or in) the sun. The 
second major difference is much more important; in fact it is crucial to 
the entire misunderstanding between teacher and students. What is the 
relationship between LIGHT and HEAT? In Figure 2.1, for the students, 
"light is heat," and there is a relationship of Identification between 
them. Each is identified with the other. But in Figure 2.2, tor the teacher, 
"light energy" and "heat energy" are two different kinds of ENERGY. 
The formal semantic relationship here is very common in science: 
"light" and "heat" are Classifiers of ENERGY (which is called simply 
the Thing classified). This produces the "hyponym" relation (technically 
it is HEAT-ENERGY that is the hyponym of ENERGY). 

Now read the lines of the dialogue and trace them out on each of the 
two diagrams. See what the students must have made of lines 3-5, how 
they would have interpreted "heat energy" sent here /I as light" as 
meaning heat and I;ght were the same. Hear Eric's Counterargument as 
it would be traced out on the student thematic diagram, and then as it 
must have sounded to the teacher on his. Look finally at lines 19-20 in 
which the dialogue breaks down completely, to see how "the light is 
light energy" comes across to the students simply as LIGHT lis) LIGHT, 
a tautology, while for the teacher it was LIGHT [is a kind of) ENERGY 
(Le., an important Classifier: Thing relationship). 

Whether you think drawing the diagrams themselves is worth the 
effort or not, ! hope you have seen the importance of the principles 
behind thematic analysis. Just as they are the key to misunderstanding 
and confusion, to disagreement and conflict, they can also be the basis 
for seeing the way to clarification and mutual understanding, even if in 
the end some disagreements will always remain. The diagrams them­
selves become essential when the thematic patterns get even more 
complex, and when the same meanings are expressed in very different 
words and different grammatical forms as well. I want to conclude this 
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chapter by returning to the wider issues of social conflict that lie behind 
the patterns of classroom arguments and debates like this one. 

AVOIDaNG EASY ANSWERS: CONFLICT AND VALUES 

The pattern of the Teacher-Student Debate is not unique to this lesson. 
In other lessons as well, it begi ns with a Student Challenge that tends to 
contradict something the teacher has said. For example, in a geology 
lesson on evidence for movement of the earth's crust in prehistoric 
times, another teacher has just ended a discussion of why fossils of 
ocean-living organisms are found today in rock that lies on the tops of 
mountains. His conclusion is that the crust of the earth has been "up­
!ifted" by geological forces in the past. The Challenge is initiated by a 
student who says: "Couldn't the water go down?" Again in the form of 
a question, this Challenge takes the opposite point of view from a 
conclusion already stated and written on the board by the teacher. 

We will study this episode in more detail in Chapter 5 when we talk 
about the fine line in many science classes between authoritative and 
authoritarian claims on b&half of established scientific views (see Tran­
script SC-20-MAR). Several students share the job of sustaining an al­
ternative view to that put forward by the teacher, until one rather bluntly 
and skeptically asks: "How can you prove that that's a fact?" The 
teacher at this point makes an Appec::i to Authority, naming a scientific 
principle in geology known as Uniformitarianism, and the Authority for 
it, James Hutton, one of the founders of modern geology. The Debate 
ends after this and reverts to triadic dialogue until the end of the epi­
sode. 

In yet another classroom, a biology teacher discussing the limits to 
the physical size of a single cell has offered an argument that over­
simplified the issue (Transcript JR-29-0CT). He has said that as the cell 
gets larger it will be harder for enough food to reach the center of the 
cell from the outside. A bright student Challenges this obliquely, 
"[but] ... if it's bigger, then more food should be able to get in." The 
argument turns on whether a big cell is any different from a small one, if 
everything increases in the same proportion. The teacher does appeal 
to an authoritative principle, saying, "The thing that turns up here-I 
didn't want to bring it up because it gets irrto geometry ... but .... " and 
he goes on to state the principle of geometric scaling to back up his 
point. 

In this case the strategy doesn't succeed in ending the Debate, and 
finally the teacher simply quashes the Debate by an appeal to his own 
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authority, with the metastatement: "Well, let's not get into a whole type 
of cel! theory." He then moves directly into a Teacher Explanation 
couched as an Answer to a Student Question which itself interrupted the 
Debate a short while before. The teacher manages to prolong a mono­
logue long enough to offer a summary of the lesson so for, and write 
part of this on the board. But as soon as he is done the Debate resumes, 
ended again at the teacher's insistence: "Uh .. you're getting a little too 
picky./I He then calls on a student not in the Debate who asks an 
ordinary Student Question. The students give up on the Debate after 
that. 

Teachers do usually have the last word in these Debates, but few of 
them are deliberately authoritarian in the way they handle the dis­
agreements. (n some cases, the students iust will not give in and simply 
invent more and more far-fetched obiections. This situation usually 
ends by an appeal to the teacher's authority to control the topic of 
discussion. In other cases the teacher ends by appeal;ng to on au­
thoritative scientific principle (e.g., the Conservation of Energy, the 
Principle of Uniformitarianism, the geometry of scaling, etc.) which is 
relevant to the thematics of the debate. But the teacher mayor may not 
explain the principle and its application to the issue in dispute. It may 
simply be used to overwhelm student objections. Analysis of Debate 
episodes generally shows that the authority of the teacher in the dass­
room and the authority of science to dictate the thematic pattern of a 
topic get inextricably linked in these episodes (see Chapters 3 and 5). 

This is no accident. It is one of the pointers that should direct our 
attention to the larger social issues behind these Debates. I do not mean 
the scientific disagreements, but the twin social conflicts I have referred 
to before. One is the conflict between teachers (and adults generally), 
on the one hand, and students (and children generally) on the other. 
The second is the conflict between the specialized, especially technical 
and scientific, thematics of /I experts" and the commonsense opinions of 
people in general. 

Power, Prestige, and Authority in Science 

Teachers and students have grossly unequal power in the classroom. 
The teacher is the representative of adult authority, and backed up, at 
least in theory, by the power of force as well as by the traditions of 
schools. That difference in power extends to control of the dialogue 
itself, both its form and its content, that is, both the activity structure and 
the thematics. The teacher has the power to decide what will and will 
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not be talked about, who has the right to $peak at any given time, and 
what is the "correct" way to behave and to talk about the subiect. 

This power difference biases the tenor of the dialogue away from a 
free discussion of issues between equals. Teachers do not have to ex­
plain their reasons or justify their decisions to students. They do not 
have to try as hard to understand the students' point of view on a 
subject as they would, say, their principal's. And students. too, are 
encouraged to accept the authority of the teacher, not iust in matters af 
classroom organization and activity, but in matters of science as well. 

Teachers, themselves, are not the ultimate educationa I authorities, 
and they often close off a discussion or debate prematurely in order to 
complete on time a syllabus that someone else requires them to. Closs­
room dialogue directly displays the power relations within which it is 
embedded, and those power relations derive from the wider social 
system-they are not features of classrooms or schools as such. 

Just as students and teach(:rs have unequal power, commonsense 
thematics and scientific thematics have unequal prestige in classroom 
dialogue. Not just in the Debates, but pervasively in science classrooms 
(see Chapter 5), students are encouraged to mistrust common sense 
and to accept the superiority of scientific thematics. This too is part of a 
larger social pattern: the acceptance of II expert views" on policy by 
people who do not understand the basis of those views. 

A growing "technocraq/" in the 20th century tries to control policy 
decisions by selective appeal to II experts," thereby neatly bypassing 
inconvenient disagreements about basic values. Science erl 'cation, I 
bei;eve, is unwittingly abetting this trend. It does so by successfully 
convincing most students that the experts, who talk science, are "smart­
er" than they are--an<:l by failing, at the same time, to actually teach 
most students how to talk science. This encourages a rule of II experts," 
an alienation from science, a sense of inferiority, and ultimately a fear 
and hatred of this powerful II unknown." By its ~ilence on questions of 
social values, science education also helps foster the misconception of 
science as value-free or value-neutral on which technocrats rely. 

Science and Social Values 

Science does not stand outside the system of social values. like all 
meaningful h'Jman activity, it depends on social!y shared habits, prac­
tices, and resources that each individual can mobilize only because he 
or she is a member of a community with a history and a system of basic 
values. With the language, activity structures .. and thematic patterns we 
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learn come values and a history of interests. We follow and further 
develop particular adional and themctic paiterns in our community 
because we value them, and we value them because historically they 
have been of benefit to somebod·y. 

Science, no more and no less than any other human activity, has had 
the history it has because people made choices to explore some areas 
rather than others, to invest in some kinds of research, to encourge 
some sorts of questions to be asked, some fields to be considered more 
important than others. Science, through its history, embodies value­
choices and value systems. And it reflects the interests and power of 
those groups that have been in a position to influence, however indi­
rectly, its history and course of development. 

It wouldn't be necessary to say all this if we ;Nere not still burdened 
with the myth of the total objectivity and neutrality of scientific work with 
regard to all value questions. While science education does not actively 
promote that myth very much any more, neither does it do very much to 
give students a basis for countering it. The histary of science is merely a 
faot'lote to the science curriculum, the lives and choices of scientists are 
rarel~, discussed, the actual nature of contemporary scientific work in 
government, corporations, and research institutes is hardly mentioned. 
There is very liitle concern for learning to talk science as part of the 
discussion of controversial issues, whether it's nuclear power and 
weapons, genetic engineering, or the control of sexually-transmiited 
diseases. Science is cut off from questions of social values by a curricu­
lum that embodies an outdated view of what science is. 

Education is always about values. What we choose to teach and 
what we emphasize always represents a choice based on certain val­
ues, beneficia! to certain interests. How we pose the relationship be­
tween school knowledge and common sense, between talking science 
and talking in other ways about a topic, embodies certain values and 
prejudices. In the: curriculum, we elevate one view of the nature of 
science over all others, just as we push one view of American history, 
one language (English) and its literature, and the accomplishments in 
all fields of people who happened to be, not by chance, mainly white, 
mainly male, and mainly of northern European descent. Science educa­
tion is certainly not exempt historically from any of this. 

Vaiue Judgments and Value Conflicts 

let's take iust one example dose to home. ! have coiled the student who 
Challenges the teacher in the Debate on light and heat "Eric." This is 
the result of finding more willingness 011 the part of many people, in­
cluding scien,.cl teachers, to give this student's arguments the benefit of 
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the doubt when the student was called Eric, by a typographical error, 
than when she was called "Erin" in the original transcripts. 

We have already seen that without an appreciation of the internal 
logic of the student's alternate thematics of the subject, it can be hard to 
follow her point of view (especially the Counterargument, lines 16-18). 
Many science teachers-and others with science backgrounds-in fact 
dismiss the Counterargument as "confused" or "unintelligible/' baving 
only the appearance of logic, but otherwise just being a sort of 
"rambling" by the student. It was hard to avoid the impression that for 
!)ome readers this is just what would be expected of a working-class 
(Irish Catholic) teenage girl trying to argue with a trained (middle­
aged, Jewish) science teacher. I found it was easier to get people to try 
to take her arguments seriously when they became Eric's arguments. 

After having analyzed those arguments in far more detail than I have 
presented here, I find them quite impressive compared to what is typical 
under similar circumstances among her peers. Erin would be a promis­
ing candidate for a future scientist. But would she be as likely to be 
recognized as promising by a teacher who did not make the special 
efforts needed to understand her way of explaining things? And would 
the teacher be more likely to make that effort if the student in question 
were male, white, middle-class, and of a higher-status ethnic group? 

I am not accusing teachers of conscious prejudice, though I am sure 
that some teachers do have such prejudices. I am saying that because 
students can be expected to "talk science" in nonstandard ways, with a 
different thematic pattern than the teacher's, an effort is needed to 
make proper sense uf many students' points. If a teacher is more likely 
to stop and make that effort for some kinds of students than others, that 
in itself is enough to effectively discriminate against many students. Of 
course, students who are not native speakers of English, or of Standard 
Dialect, or who come from homes where arguments are differently 
organized in speaking, will be even less likely to talk science in a way 
that the teacher will recognize as making an unconventional kind of 
sense. 

Discrimination does not have to be built on prejudice when so much 
of what impresses inlhe classroom is one very special way of using 
language among all the ways people in our community talk. It would 
take an almost superhuman teacher to be able to hear every kind of 
sense that students make. Con we blame a merely human teacher for 
being more likely to understand what sounds more familiar? Can we 
teach teachers more about what to listen for in the unfamiliar? Wt!. will 
have to return to this question later in the book. 

Teachers clearly make value iudgments about the worth of what 
students say in class. And they make those iudgments for the most part 
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in line with the dominant views and values of their own comm!.Jnity. 
Whether we consider the content of the science curriculum or the way in 
which teachers and sftJdents communicate with one another in the 
cklssroom, we are concerned with questions of values. The conflicts 
between teachers and students over proper behavior and proper 
thematics are also value conflicts. Adults and teenagers or younger 
children have different values about conduct and freedom, different 
notions of proper discipline and behavior. They have different priorities 
as to what is more important when those values conflict. They also 
attach different values ;'0 the thematics of science vs. that of common 
sense, and to one topic in the curriculum vs. others. 

These value conflicts are not peculiar to the classroom. They are 
ones which teachers and students for the most part bring to the class­
room from outside school. They are the value conflicts in our society 
between older and younger; the middle-class and the poor; male and 
female; white and black; one ethnic tradition and another. Those value 
conflicts are most often the historical result of conflicts of interests be­
tween these groups, and differences in power between them. No analy­
sis of what happens in a science classroom can be credible if it pre­
tends that teachers and students talk science in ways isolated from 
wider social values and conflicts. Teachers know this better than any­
one. 

In the next chapter I want to look more carefully at the patterns of 
social interaction in the classroom and at how teachers and students 
work at controlling each other's behavior. We will look again at the 
activity structures within which students and teachers talk science, and 
return to questions of power and social values. 

EXPLORING FURTHER 

There are many approaches to analyzing classroom discourse and 
written text. The methods of interaction analysis and thematic analysis 
used in this book are similar to other techniques that call themselves 
"pragmatic" (or "speech act") analysis and "semantic" analysis, re­
spectively. Good introductory surveys of techniques can be found in 
Coulthard's introduction to Discourse Analysis (1977), Brown and Yule 
(1983) and Stubbs (1983), both called Discourse Analysis, and Gum­
perz' insightful book Discourse Strategies (1984). 

The approaches that I myself have found most useful are described 
in Halliday and r :asan's Language, Context, and Text (1985). 

These are all general. purpose books; more specialized references 
will be given after Chapters 3 and 4. 
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