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SUMMARY 

The focus of this exploratory study is on the role played by 

cultural metaphors in the conception of the physical phenomenon of 

heat amongst the North Sotho and Tswana peoples. It has been found by 

other researchers that Western children often have concepts of �at 

which can be described as 'caloric'. These concepts persist despite 

formal instruction which makes use of the kinetic model of heat in 

which heat is seen as a form of energy. This research tends to 

suggest that the caloric conception of heat is more prevalent in 

Western subjects than in those involved in this study. A tentative 

interpretation is that European languages such as English tend to 

reinforce notions of heat as a caloric because of the historical 

antecedents of the concept of heat which remain Embedded in the 

language. On the other hand, the N. Sotho and Setswana languages 

appear to involve connotative meanings of heat which are influenced in 

some way by a poy.erful metaphor in the Sotho cultural beliefs, and 

which have a predisposition towards prekinetic views of heat. 
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SAMEVAT1'ING 

Die fokus van hierdie verkenningstudie is die rol wat kulturele 

beelde speel in die konseptualisering van die fisiese fenorneen van 

hitte by die Noord Sotho en Tswana. Ander navorsers het gevind dat 

Westerse kinders dikwels konsepte van hitte het wat beskryf kan word 

as "vJarrntestof". Hierdie konsepte word volgehou ten spyte van formele 

onderrig wat gebruik maak van die kinetiese model van hitte waar hitte 

gesien word as a vorm van energie. Hierdie navorsing postuleer dat 

die "warmtestof" konseptualisasie van hitte meer algemeen is by 

Westerse individue as by d1egene betrokke by hierdie studie. 'n 

Tentatiev.e interpretasie is dat Europese tale soos Engels neig an 

versterk as gevolg van 1dees van hitte as 'n 

voorafgaande historiese 

taal. Aan die ander 

wann te konsep 

konsepte van 

kant skyn die 

te 

hitte wat voorgele is in die 

N.Sotho en Setswana tale 

bybetekenisse te he van hitte wat betnvloed word deur sterk 

beeldsprake wat 'n vatbaarheid het tot prekinetiese sienings van hitte 

in die Sotho kulturele gelov.e. 



1.0 

1.1 
1.2 
1.3 
1.4 
1. 5 
1.6 
1. 7 

2.0 

2.1 
2.2 
2.2.1 
2.2.2 
2.3 
2.3.1 
2.3.2 
2.3.3 

3.0 

3.1 
3.2 
3.3 

4.0 

4.1 
4.2 
4.3 
4.4 
4.5 
4.6 

5.0 

6.0 

-vi-

TABLE OF CONTENTS 

BACKGROUND TO THE STUDY 

Conceptual ecology 
Alternative conceptions 
The role of metaphor in intellectual envirorunent 
Empirical evidence for the influence of metaphors 
The physical environment 
Cultural knowledge concerning heat 
Prevailing paradigms concerning physical heat 

DESIGN 

Subjects 
Data collection 
Metaphorical heat conceptions 
Physical heat conceptions 
Data analysis 
Formation of conceptual profile inventory 
Representation of knowledge in individual subjects 
Analysis of dimensions of knowledge 

RESULTS 

The conceptual profile inventory (C.P.I.) 
Interjudge reliability 
Representation of knowledge structures 

DISCUSSION 

Accord with contanporary scientific view 
Accord with early scientific views 
Extent and variety 
Precision 
Internal consistency 
Shape of the network 

SU�Y OF RESULTS 

IMPLICATIONS FOR EDUCATION 

REFERENCES 

TABLES 

FIGURES 

Page 

1 

2 
3 
5 

8 

9 

10 
11 

12 

13 
14 
14 
15 
15 
15 
16 
16 

17 

17 
18 
18 

19 

19 
20 

21 
22 
22 

23 

23 

26 

28 

33 

36 



-v i i -

LIST OF TABLES 

Page 

Table 1. Conceptual Profile Inventory for Heat. 33 

LIST OF FIGURES 

Page 

Figure 1. Extract from an advertisanent in 'The Star'. 36 

Figure 2. Diagram showing the dynamic interaction between 
conceptions and the intellectual envirorment. 37 

Figure 3. Graph showing the number of subjects who subscribe 
to categories in the CPI • 38 

Figure 4. Graph showing the number of subjects who subscribe 
to metaphor heat categories of the CPI. 39 

Figure 5. Cognitive representation of contanporary scientific 
view of heat as kinetic energy, according to 
selected textbooks. 

Figure 6. Cognitive representation of early scientific 
of heat, according to selected textbooks. 

Figure 7. Cognitive representation of Subject Wn/B. 

Figure 8. Cognitive representation of Subject MMa/B. 

Figure 9. Cognitive representation of Subject DomW/A. 

Figure 10. Cognitive representation of Subject Mne/A. 

paradigm 

40 

41 

42 

43 

44 

45 



1.0 BACKGROUNU 'r() THE STUDY 

During a lifetime we acquire knowledge which influences 

the way we interact with others, with our environment, and 

even our own cognitive systems. Norman (1981) suggests that 

a study of knowledge (cognitive science) needs to incorporate 

a study of world knowledge (anthropology and sociology) , 

i.e., that the 'external' aspects of a functioning cognitive 

system need to be investigated. 

External 

intellectual 

aspects concern 

(i.e., cultural 

the influence of the 

knowledge and 

physical environment on cognition. Norman 

describes cultural knowledge as a "subset 

beliefs) and 

(1981, p.278) 

of general 

knowledge that is passed on from generation to generation" by 

society. The physical environment concerns the facts and 

events of the real world which provide a constant input, 

interacting with the cultural knowledge. Indeed Norman 

(1981) suggests that the way in which individuals perceive 

their physical environment is affected by or even altered by 

their cultural knowledge. This idea is similar to that of 

Petrie (1976) and Toulmin (1972) . Petrie (1976) describes 

individuals as having 'representational schemes'. These are 

seen as existing in a dynamic interaction between the 

cultural and social beliefs of the society; the prevailing 
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paradigms or theories of the society; and the input from the 

facts and events of the physical world. This 

interpretationalist view of concepts espoused by Petrie 

(1976) is similar to Toulrnin's (1972) idea of conceptual 

ecology. Both see thought in a relativistic perspective and 

interpret 

sets of 

concept formation according to the varied mental 

individuals which are a function of their 

intellectual and physical environment. 

1.1 Conceptual Ecology. 

The structure and developnent of knowledge can be viewed 

in terms of the biological metaphor of ecology in which 

peoples' ideas or concepts exist as a result of a process of 

natural selection (Toulmin, 1972) . The intellectual 

environment in which a person lives (including cultural 

beliefs, language, accepted theories, as well as observed 

facts and events) favours the developnent of some concepts 

and inhibits the development of others. Thus the 

intellectual environment acts as an ecological niche. 

Conceptual ecology involves a dynamic interaction between a 

person's knowledge structures and the intellectual 

environment in which he or she lives. 

According to Toulmin (1972) concepts are grouped into 

"conceptual frameworks" which serve to predict and explain 
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facts and events. One such conceptual framework, Newton's 

theory of mechanics, is thus, in Toulmin's terms, an 

intellectual adaptation to the ecological niche of the 

scientific knowledge and endeavours of the times. Toulmin 

then draws the implication that in different historical and 

cultural conceptual ecologies different conceptual frameworks 

are likely to evolve in order to explain the same natural 

phenomena. These 'alternative frameworks' are not 

necessarily irrational misconceptions, but are cultural 

adaptations of concepts and procedures to the specific 

demands of particular intellectual niches. 

In this report 'alternative frameworks' are referred to 

as 'alternative conceptions'. The term 'conception' is used 

to indicate a functional unit of thought which has both 

propositional (knowing that) and procedural (knowing how to) 

aspects (Shavelson, 1974). 

1.2 Alternative Conceptions. 

There is a yrowing body of research evidence to support 

the claim of the existence of alternative conceptions, 

particularly in scientific subjects. Driver and Easley 

(1978) have revie�d research in this area and Driver and 

Erickson, and West and Pines (1983) provide a comprehensive 

survey of more recent research dctivity in this field. They 
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show that, inter alia, researchers from a number of different 

countries have been working on student alternative 

conceptions in subJects as diverse as mechanics, 

heat and temperature, electricity, energy, 

dynamics, 

potential, 

pressure, gravity, vectors, particulate theory, the earth as 

a cosmic body, mass, volume and density, evolution, heredity, 

and the circulatory systen. It should be noted, however, 

that the existence of alternative conceptions in childrens' 

thinking was docwnented as long ago as the 1920's by Piaget 

(1929). His meticulous and systematic use of the open 

interview 1s responsible for much of the current research in 

cognitive structure and conceptual change. 

The occurence of alternative conceptions is consistent 

with the constructivist view of learning which characterises 

the learner as an active participant in the construction of 

his or her own knowledge. This view carries the implication 

that different people strive to make sense of the world; 

that they use their idiosyncratic existing knowledge to do 

this and therefore different people will acquire different 

conceptions even when presented with the same information. 

In this way it is possible for different people to construct 

alternative conceptions from the same information. 

Up to the present, most of the research concerning 

alternative conceptions has been naturalistic in form. In 
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other words, researchers have been mainly concerned with the 

problans of eliciting and analysing students' knowledge and 

documenting their alternative conceptions in a variety of 

subJect areas. A few researchers have attempted to 

investigate the role of alternative conceptions in learning, 

and attempts have been made to improve instructional 

strategies which deal with the alternative conceptions 

(Hewson, M.G., 1982; Hewson, M.G., and Hewson, P.W., in 

press; Nussbaum and Novick, 1981; Chainpagne et al., 1982) . 

This report focuses on the theoretical issue concerning 

the origin of alternative conceptions in 

peoples' intellectual environment. Driver 

(1983) suggest that kinaesthetics or sense 

the context of 

and Erickson 

experiences, 

language and available metaphor, and analogfc reasoning based 

on perceptual similarities between new and prior exp:riences, 

are useful areas of investigation. In this report the 

formation of conceptions, both scientific and alternative is 

discussed in the context of the semantic metaphors which 

exist in both cultural knowledge and the prevailing 

theoretical paradigms of a group of people. 

The Role of Metaphor in Intellectual Environrcent. 

Lakoff and Johnson (1980) suggest that fundamental 

concepts anerge from experience, and that every experience 
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takes place in the context of cultural assumptions. In other 

words, they argue, "truth is always relative to a conceptual 

system, that any human conceptual system is mostly 

metaphorical in nature, and that therefore there is no fully 

objective, unconditional or absolute truth" (p. 185) . 

Furthermore, the social reality defined by a culture affects 

its conception of facts and events in the world at large. 

Abstract concepts are dis�usseo: by Lakoff and Johnson (1980) 

as systems of related metaphors, which arise naturally from 

physical and cultural experience. When basic metaphors which 

are implicit in a scientific theory are extensions of basic 

metaphors in our everyday conceptual frameworks, the theory 

is experienced as 'intuitive' or 'natural'. When, hoW::?ver, 

there is a disparity between the metaphors in scientific and 

the everyday conceptual frameworks the theory may be 

experienced as 'non-intuitive' or 'unnatural'. 

The argument put forward by Lakoff and Johnson (1980) is 

entirely compatible with the notion of conceptual ecology 

(Toulmin, 1972) . In the latter view the conceptions of the 

individual exist in a dynamic interaction with the various 

Jspects of intellectual enviror�nent, while the former view 

holds that metaphorical concepts are grounded in experience 

and that they in turn influence the way in which everyday 

experiences are perceived. 
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The history of science shows a number of shifts in 

paradigms. An example is found in the change from Newtonian 

to Einsteinian physics. 

established tradition 

Sutton (1980) suggests that the 

in science deals with denotative 

meanings (rigorous definition) while everyday experiences are 

seen in terms of connotative meanings (the framework of 

associations and implications) ,' and that there is ample 

evidence of shifts in meaning over the years. He describes 

the effort of Boyle to reject the vague generalised meanings 

associated with the discussion of the four elements; earth, 

air, fire, and water, and to redefine an element as a 

'perfectly unmingled substance'. Further shifts can be 

recognised in the use of the 'phlogiston' in burning 

oxidation phenomena, and in 'caloric' in phenanena involving 

the transmitting of heat ener<.Jy. 

involved metaphors. 

These outdated notions 

Sutton's (1980) example of the old use of the word 'sail' 

for sailing ships being extended for describing the motion of 

steamships as 'sailing away' involves using the word 

metaphorically. In much the same way, the word 'caloric' is 

a metaphor implying a substance-like fluid which enters 

objects, thereby making thern hot. This metaphor is probably 

rooted in exp:?riences with the phenomenon of the expansion of 

hot bodies and was provided with denotative meaning by 

Lavoisier (1789) . Sutton (1980) suggests that the evolution 
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of scientific vocabulary often involves extensions of meaning 

through metaphorical reapplication of existing words. In 

similar vein, Lakoff and Johnson (1980) suggest that much of 

what goes on in our world is given meaning by metaphorical 

concepts, which may themselves change in different cultural 

environments, or over time. 

If metaphors can be seen as a means of expression, then 

it is possible that both denotptive and connotative meanings 

are composed of metaphors, and that metaphors are in fact a 

large component of what has been described 

'intellectual environment'. The question 

in this report as 

then is whether 

particular conceptions (either scientific or alternative) 

concerning natural phenomena can be attributed to metaphors 

which may exist in either 

meanings. 

denotative or 

Empirical Evidence for the Influence of Metaphors. 

connotative 

In an exploratory study, Hewson and Hamlyn (1983) 

attempted to establish a logical fit between the intellectual 

environment of a specific group of people and their 

conceptions of heat. 'l.1his involved establishing what 

conceptions (scientific and alternative) the subjects used 

when explaining tasks concerning phenomena associated with 

heat, and then discussing these in the context of known 
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prevailrny metaphors in the subjt�cts' everyday life. Ln 

addition, this same approach was used to throw light on the 

findings of other researchers who have been interested in the 

subJect of childrens' conceptions of heat, e.g., Erickson 

(1979) • 

The study focused on African peoples in southern Africa 

who are collectively called the Sotho group. Setswana and 

North Sotho languages were predominant. The respondents 

included 10 schoolchildren (grades 9 and 10), four unschooled 

adult workers and six semi-schooled adult workers (grades 7 

to l0) . All the subjects had an adequate knowledge of 

English and were living in urban or semi-urban areas at the 

time of testing. 

The Physical Environment. 

The subjects in this study live in the hot, arid area in 

the interior of Southern Africa 9 'rhe land has few natural 

agricultural resources and an adequate supply of water is a 

major concern of the people. 
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Hovkver, in the nineteenth century the kinetic view of 

heat became prevalent. According to this latter view, heat 

is one form of energy in transit. In other words, it is 

energy which is transmitted from an object at a high 

temperature to another at a low temperature (Brink and Jones, 

1977; zemansky, 1957) . The kinetic theory of heat is taught 

in schools at standard 8 (Grade 10) level. The subjects in 

this study have not been formally taught this view, but' may 

have had some instruction involving the phenomena of heat at 

a descriptive level, in the elementary school. 

2.0 DESIGN 

This is an exploratory study. 

establish causal relationships. 

No attempt is made to 

Rather, the aim is to 

establish a "logical fit" between the factors of cultural 

knowledge, prevailing scientific paradigms, and environmental 

factors in such a way that when juxtaposed they provide 

inferential data (see Hamnond-Tooke, 1981) . 

The general design of this study involves: 

1. Establishing whether metaphorical conceptions are present 

in the selected subjects. 

2. Establishing what conceptions (scientific and 
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alternative) the subjects use when explainin� tasks involvin� 

phenomena associated with heat. 

3. Discussing these data in the contexts of the subjects ' 

intellectual and physical environment. 

SubJects. 

A heterogeneous group of subjects was involved in this 

study. The selection of subjects was limited by the fact 

that the intervie�rs iwere English speaking and as the 

subJects spoke a variety of languages, English had to be the 

langual_Je used. This limitation meant that children younger 

than 13 years were excluded as were rural, unschooled 

subjects. Both of these groups do not have adequate English 

to allow testing using interviews. 

The subjects were mainly a Sotho group in which the 

Setswana and North Sotho languages were most corrmon. All the 

subjects lived on the interior plateau of Southern Africa. 

The subjects (total n=20) were schoolchildren (n=l0, 

averal_Je age=l5 years) and adult workers (n=l0, average age=34 

years) . Of these adult workers, some were un-schooled 

workers with little or no schooling (n=4) and the others were 

factory or office workers with about eight years of schooling 

(n=6) • The schoolchildren had either eight or nine years of 
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schooling, but none had been taught the formal kinetic view 

of heat. The total sample inchiied males (n=6) and females 

(n=l4) • 

2.2 Data Collection. 

2.2.1 

Two different types of interview were carried out, namely 

Interviews-About-Instances and Piagetian clinical interviews. 

Pilot interviews were carried out to ensure that the 

techniques used were consistently anployed. All interviews 

were recorded on tape and subsequently transcribed. 

Metaphorical heat conceptions. The technique used to 

ascertain whether subjects used metaphorical heat conceptions 

for various life exE)=riences is described by Osborne and 

Gilbert (1980) as Interviews-About-Instances. This technique 

is a semi-structured interview in which the subjects could 

agree or disagree that people in given life situations could 

be described as 'hot'. Each situation or instance was 

fX)rtrayed by means of a photograph together with a verbal 

description of what was happening in the photograph. The 

subject was asked "Would you say that such a person is 

'hot''?" and then "Why would you say that?". 
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Physical heat conceptions. Five tasks involving physical 

phenomena caused by heat were demonstrated to individuals who 

were then asked to give their ideas concerning heat, using a 

clinical interview (see Piaget, 1929; Pines, 1977) . These 

tasks replicated those used by Erickson (1975) and involved 

the phenomena of boiling water; the conduction of heat along 

equal rods made of different materials; the expansion of a 

solid (ball and ring exf)=riment) ; the expansion of a liquid; 

the exfEnsion of a gas. In each task the heat source was a 

methylated spirits burner. 

2.3 Data Analysis. 

2.3.1 

The transcripts were analysed using techniques developed 

by Erickson (1975; 1979) and Hewson (1982) . The analysis 

took the following steps: 

Formation of the Conce_Etual Profile Inventory (CPI) . The 

Conceptual Profile Inventory (CPI) was compiled for all 

subjects. The conceptions were extracted from the verbatim 

transcripts, categorized into groups, and arranged as a 

profile reflecting the conceptions utilized by the subjects 

as a whole. Verbatim examples from the transcripts are given 

to substantiate each conception. The number of subjects who 

expressed each conception is given and these data were used 
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to represent the CPI in graphic from. The CPI includes kxJth 

the metaphorical and physical heat conceptions. Both the 

authors analysed the transcripts and worked on a basis that 

consensus was essential. Later on, five independent judges 

were asked to assess two separate transcripts to obtain an 

interJudge reliability score. 

Representation of knowledge in individual subjects. The 

transcripts of four subjects were selected in such a way that 

all the categories in the CPI were represented. Conceptual 

networks were used to illustrate each of the subjects' 

conceptions, as well as the early and contemporary scientific 

conceptions of heat, which were obtained from textbooks. 

Analysis of dimensi.ons of knowledge. The data obtained in the 

CPI for the group as a whole and the four selected 

representative subjects were analysed according to certain 

dimensions suggested by White (1979). These were: The 

accord of subject knowledge with kxJth contemporary and early 

scientific views; the extent and variety of the group's 

knowledge; the precision of the subject's knowledge; the 

internal consistency of individual subject's responses; and 

the shape of the networks of the four representative 

subjects. 
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RESULTS 

The Conceptual Profile Inventory (CPI) . 

The full description of ti1e conceptual categories 

identified in the subjects is yiven in the CPI, together with 

exemplars. These are cross-referenced with the subject's 

ccxle name and the page number of the transcript. See Table 

1. 

The frequencies of responses on the whole CPI are 

represented in Figure 3, and the frequencies of responses on 

the metaphorical heat conceptions sub-categories are 

represented in Figure 4. 

The general results from these data show that: 

1. Metaphorical heat conceptions are present in 16 of the 20 

subJects. This tends to confirm that these conceptions are 

present, albeit in varying amounts, in people who are 

semi-urban, somewhat acculturated to western life and 

thought, and who are fluent in English as a second language. 

2. The physical heat conceptions show a surprisingly high 

number (12) of people who subscribed to the scientific 

category of prekinetic/kinetic conceptions (CPI: 2. 6) , and 
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three subJects subscribed to conceptions involving particle 

arranganent (CPI: 2.4) . 

Alternative conceptions such as those involving models 

based on observable physical phenomena (CPI: 2.1) ; 'particles 

split/multiply and recombine' (CPI: 2.2) ; 'particles expand 

and contract' (CPI: 2.3) were found, in 17, 7, and 8 subjects 

respectively. The figures indicate that these conceptions 

were expressed frequently. The alternative conception that 

'heat is a caloric' (CPI: 2.5) had the lowest occurence, i.e., 

it was only subscribed to by two of the total of 20 

subJects. 

InterJudge Reliability. 

The analyses 

transcripts -were 

of the 5 independent judges on two 

compared with the original analyses. 

Agreement between the judges analyses and the original 

analyses was 97.5% for the metaphorical heat conceptions and 

82. 1% for the physical heat conceptions. This was accepted 

as satisfactory. 

Representation of Knowledge Structures. 

The structure of knowledge concerning heat has been 

represented in the form of conceptual networks in which the 
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concepts and the relationships between them are 

(Stewart 1979, Hewson, 1982) . 

shown 

The conceptual networks represent the contemporary 

scientific view of kinetic heat (Figure 5) , and the early 

scientific view of caloric heat (Figure 6) . Figures 7, 8, 9, 

and 10 show the conceptual networks of ti1e selected subjects 

whose conceptions cover the range of ideas expressed in the 

CPI. 

The arrangement of conceptions in each network is the 

same. Each conception appears in a rectangle. It is coded 

with a CPI number, and includes quotations from original 

transcripts. The connections between the conceptions are 

labelled. The subjects' definitions of heat are in a circle, 

as are the metaphorical heat conceptibns. 

4. 0 DISCUSSION 

4. 1 

The data are discussed in terms of six of the dimensions 

suggested by White (1979) . 

Accord with Contemporary Scientific View 

Although iliere is a relatively high frequency of 
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responses described as prekinetic or kinetic (CPI: 2.6) , it 

should be anphasised that these are somewhat crude, intuitive 

conceptions. This category involved not only subjects with 9 

or 10 years schooling, but also an unschooled domestic worker 

who said: "Fire is the pov-er to make water boil" (DomW/C) , 

and a factory worker with only 5 years of schooling who 

defined heat as "heat is almost like a fire, it has got a 

po�r" (Eth/D) . Many of the subjects who gave responses in 

the CPI: 2.1 category also used metaphorical heat conceptions 

(i.e. 66% of the sample whose responses fell into this 

category) . The exanplars in the CPI: 2.6 show clearly the 

kinetic predisposition of these subjects. 

Accord with E_�Scientific views 

Very few of the subjects, in fact only two, gave 

responses that could be described as caloric (CPI: 2.5) . 

These results suggest a divergence from those reported in 

Western environments. Albert (1978) , Erickson (1975; 1979; 

1980) , Tiberghien (1980) , Shayer and Wylam (1981) all report 

finding evidence of caloric thinking in schoolchildren. 
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Shayer and Wylam (1981) report that about 80% of their 

subjects in level 3 who were between 10 and 13 years used a 

caloric model. * This difference suggests that cultural 

knowledge (inclu:iing linguistic factors) and environment may 

indeed produce cognitive differences. 

Extent and variety 

The range of 

illustrated in the 

conceptions was shown in 

conceptual networks. This 

the CPI and 

shows that 

alternative conceptions concerning models based on 

burning/boiling/melting phenomena are popular (CPI: 2 .1) • 

Alternative conceptions involving particles splitting / 

multiplying and expanding are also reasonably cornnon 

(CPI: 2. 2, 2.3) . These latter conceptions do not appear to 

have been identified by other researchers, except for 

Erickson (1975) whose category called 'Children's Viewpoints ' 

seems to incorporate some of these alternative conceptions. 

* Note: While the research methodology in this study follo� 

closely that suggested by Piaget (1929) , and replicated some of 

Erickson 's (1975) experiments, the results are not statistically 

comparable with those of other independent Western researchers. 

As these studies and ours are qualitative in style, the 

inferences drawn remain tentative. 
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Albert (1978) and Shayer and Wylam (1981) comnent that their 

students used empirical observations of burning, boiling, and 

melting to explain heat at a concrete level. 

Shayer and Wylam (1981) do not consider that their students 

used these ideas as models, but this does appear to be the 

case for the subjects in this study where many of them used 

empirical ideas at a macro level to model explanations at a 

micro level (CPI: 2.1) . 

4.4 Precision 

4.5 

The conceptions expressed in this study were on the whole 

crude and intuitive. Cararnazza, McCloskey, and Green (1981) 

use the term 'naive ' which would be applicable to many of 

these conceptions, both scientific and alternative. 

Internal Consistency 

Some subjects (for example, unschooled domestic workers) 

consistently used the burning/boiling/melting model (CPI: 

2.1) . Others changed their explanatory conceptions according 

to the task, for example, Eth/D used prekinetic (CPI: 2. 6) 

conceptions for all the tasks except the expansion of air 

task where he suddenly made use of a caloric conception of 

heat (CPI: 2. 5) . 
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Shape of the Network 

The conceptual networks used in this study are easily 

comparable, as a template shape was used. It is of interest 

that certain subjects attempted to include a number of 

conceptions as explanations and were unable to see that this 

was either redundant or contradictory. For example see Mna/B 

(Figure 8) who included both the prekinetic/kinetic 

conceptions and the particles split/multiply conceptions. 

Subject \\rn/B (Figure 7) is an example of those who connected 

the particles expand concept with the particle arrangement 

and prekinetic/kinetic conceptions. These connections are 

more a case of included ideas than related ideas. 

5.0 SUl'fv1.ARY OF RESULTS 

The data indicate that the subjects in this study used a 

variety of alternative conceptions to explain heat. They 

also frequently used prekinetic or kinetic conceptions of 

heat, and rarely used caloric conceptions. 

These results can be viewed in the context of the 

subjects' cultural beliefs concerning heat and their physical 

environment. The results concerning the metaphorical heat 
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concepts substantiated the anthrofX)logical literature and 

shoW2d that a particular heat metaphor was prevalent which 

may be seen as based on experiences of living in a hot, arid 

part of the country. According to the metaphor, the condition 

of being hot is tl1ought to be bad (i.e. unhappy, sad, 

sorrowful, tired, etc.) and involves a conception of agitated 

blood. While no direct causality can be attributed to this 

fact, it would appear that there is an inferential "logical 

fit" between the metaphor and the high frequency response for 

prekinetic conceptions. 

Further research, using a more quantitative research 

design involving both western and Sotho peoples, to establish 

whether a causal relationship between these factors does 

exist, could be useful. 

Further consideration should be taken of linguistic 

factors. Harris (1981) suggests that the use of caloric 

conceptions by westerners is a semantic problem in which 

Western languages such as English use words for heat which 

convey the 

antecedents, 

calorically. 

wrong 

thereby 

idea because 

influencing 

of their historical 

students to think 

Since the subjects used in this study are all 

African with English as a second language, it is fX)Ssible to 

surmise that these results show little evidence of caloric 

conceptions because the Sotho languages do not have words for 
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heat which are suggestive of the old caloric notions. Indeed 

the data suggest that the connotative meanings of the word 

'heat' for the Westerner and the African are different in 

some respects. Further research in this area would be 

appropriate. (See Sutton, 1980 and Isa and Maskill, 1982 for 

interesting papers in this area) . 

This study has identified conceptions involving both 

physical and metaphorical heat in a group of African (Sotho) 

subjects. It has attempted to understand their 

of physical heat in the context of their 

environment (i.e. cultural beliefs involving 

conceptions 

intellectual 

the heat 

metaphor) and physical environment. The possible origin of 

the heat metaphor in the experience of the hot, arid country 

in which the Sotho peoples live was discussed, and an 

inferential link between the two was suggested. 

The observed physical conceptions of heat in this sainple 

were discussed in the context of the early and contemporary 

paradigms in western science, nainely caloric and kinetic 

theories of heat. It was noted that this sample frequently 

expressed naive conceptions which could be described as 

prekinetic, and 

finding appears 

caloric conceptions 

to conflict with 

were uncorcmon. 

the fact that 

This 

many 

adolescent students in the West give caloric views of heat in 

similar interviews. Inferential conclusions are that Western 
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lanlJ Ua(_Jes may have a predispos ition towards a meaning o f  hf•d t 

which has caloric connotations, and that this predisposition 

is lacking in Sotho languages . On the other hand, the Sothb 

languages appear to involve connotative meanings of heat 

which are influenced in some way by the presence of a 

powerful heat metaphor in the Sotho cultural beliefs. This 

metaphor, which involves the conception of 'hot' being a 

personal condition concerning 'agitated blood', fits 

logically with the prekinetic views expressed by many Sotho 

subJects . 

6 . 0 IMPLICATIONS FOR EDUCATION 

The results of this exploratory study indicate that 

people belonging to the Sotho group in southern Africa may be 

at a relative advantage in learning about heat 

compared with their Western counterparts . 

energy when 

This may be 

because thei r  ex isting knowledge concerning heat is , in some 

sense, close to a kinetic view, and this could well be due to 

the influence of a prevalent cultural metaphor involving 

conceptions of heat . The research shows that most Sotho 

students do not have to unlearn outdated scientific notions 

of caloric heat, which are deeply rooted in Western thinking, 

before being able to acquire the contemporary kinetic view of 

heat . This is because featureE of their particular existing 



27 

knowledge may be more easily reconciled with modern, formal 

sc ient i f ic theories in speci fic subjL�t areas, such as that 

discussed in this paper. 

It is likely that the Sotho students who did subscribe to 

the caloric view probably acquired these ideas in school as a 

consequence of learning in the medium of English. This 

hypothesis would be worth researching further. In addition, 

further research into the generalizability of the results in 

this study is indicated. More qualitative and quantitative 

analyses of the causal effect of external aspects of a 

functioning cognitive systan (e.g ., the role of cultural 

metaphor) on concept formation promises to be a fruitful area 

for further research. 
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TAO L E  1 . CONC E PT P ROF I L E I NVENTO RY FOR HEAT 

. S ub j e c t s  a re B l ack s choo l ch i l d ren , uns choo l e d domes t i c  wo rke rs , a nd  

sem i - s choo l e d  fac to ry/o f f i ce wo rke rs. The n umbe r o f  s ub j ec t s  who 

s ubs c r i be to e ach ca tego ry i s  g i ven . E ach e xemp l a r  i s  c ros s ­

re fe ren ce d  w i th the s ub j e c t ' s  code name il n d  the t rans c r i p t  page on 

wh i ch the q uota t i on occ u rs . ( N=20 ) . 

CP I CATEGORY EXEMPLARS 

1 .  

t .  1 

1 .  2 

METAPHOR H EAT 

T rave l ( 1 0 )  : 

Pe rson s  who a re t i  re dkxhaus  te d 

f rom t rave l l i n g  l on g  d i s tance s  

a re de s c r i be d a s  ho t .  

Wa i t i n g ( 4 )  : 

Pe r son s  who be come i mpa t i en t  o r  

re s t l e s s  f rom wa i t i n g a l on g  

t i me a re de s c r i be d  a s  ho t. 

1 . 3 Ch i l db i r th/P regnan t/Hen s t rua t i on 

1 .  4 

( 1 1 ) : 

Women who have recen t l y  g i ven  

b i r th o r  who a re p re gn�n t o r  who 

a rc mens t r ua t i n g a re de sc r i bed  

a s  hot. 

Ange r ( 1 2 ) : 

An ang ry pe rson i s  ho t , h i s  b l ood 

i s  ho t. 

"The t rave 1 1  e r s  h ave got a hea t b eca use 
they have been t ra ve l l i n g fo r q u i te a 

l on g  t i me • . .  He ' s  n o t  a l l owed to see a 
baby . • .  He mus t go o u t s i de and  wash  h i s  
fee t  . . .  ( to coo l ) he can take ash  f rom 
the  s tove a n d  rub i t  on h i s  hand  • . •  and  
the l i t t l e  b aby ' s  f i n ge rs a n d  l egs . 1 1 

DomW/A p . 1 . 

" I n my l an guage I wou l d  s ay tha t  these 
peop l e  a re hot because  they have been 
t ra ve l l i n g  and because  they a re t i re d ·.'.' 
Mma/ D p .  1 2 . 

" \Jhen  l t1cy c1 re ho t  you can  see tha t t hey 
a re res t l es s . "  
Mma/D  p .  1 3 .  

1 1She i s  hot  .. . ( i f s he i s  wa i t i ng for a 
1 on g t i  me) 1 1 • 

N I P R/A p . J. 

"Yes . . .  when the baby i s  bo rn they 
( v i s i tors ) a rc s uppose d  no t to come i n  
whe re s he i s  because  ... the mo the r i s  
s t  � I J ho t. . • 1 1 

N I  P R/ 8  p .  1 .  

(When the woman i s  p re gnan t )  ' 'Na t u ra l  J y  
h C r b ) 00 d j S h O t • I I 

N I P R/8  p.1 . 

1 1  I n  Tswc1na you can  say  ( the a n g ry man )  i s  
o bo l J o  - he i s  bo i l i n g - - he i s  ho t w i th 
fu ry • 1 1  

Wm/A p . 2 .  

"Ye s  ( the ang ry man ) i s  ho t .  I can s ay he ' s  
h o t  beca use he ' s  ang ry . ! f the pe rson i s  
ge t t i n g an � ry he  fee l ho t a l l ove r h i s  body. " 
E t h/ D p . 4. 



1 .  5 S i ckne s s /Pa i n  ( 8 )  : 

Many fo rms o f  s i cknes s i n vo l v i n g 

pa i n  cause  a pe r son to be hot  -

not  to  be con f used  w i t h  fe ve r .  

1 . 6 Bc reovcme n t/G r i e f/Sor row ( 1 3) : 

1 . 7 

De a t h o f  a pe rson ca uses i mme d i a te 

fam i l y  to be hot  due to fee l i n gs  

o f g r i e f and  so  r row . S i m i  1 a r 1  y , 

pe r son s  who a t tend  a fune ra l a re 

hot . 

L i gh t n i ng ( 6 ) : 

Pe rsons k i l l e d  by l i gh t n i ng a re 

s a i d  to be hot  and  mus t be b u r i ed 

i n  app rop r i a te l y coo l p l ace s . 

1 • 8 I n i t i a t i on ( 9 )  : 

Boys  i n vo l ve d  i �  i n i t i a t i on 

ce rewon i e s a t  pube r ty a re de sc r i bed 

a s  hot . 

2 .  PHYS I CAL HEAT 

2. 1 Conce p t i on s  based  on obse rva b l e  
phys  i ca  1 phenomena ( 1 7 ) : 

E ve ry day e xpe r i ences  i n vo l v i ng 

b u rn i n g 1 bo i l i ng , me l t i n g ,  hot a i r 

r i s i n g ,  e tc .  a re u sed  to exp l a i n  

hea t  a t  the  m i c ro l eve l . 

2. 2 P a r t i c l e s s o l i t/mu l t i p l y  an d 
recomb i ne ( 7 )  : 

He u te d  pa r t i c l e s i nc rea se  i n  

numbe r by s p l i t t i n g o r  mu l t i p l y i n g 

so  t h a t  the re a re more pa r t i c l e s 

o f  the  s ame s ubs t ance (occupy i n g 

more s pace ) . 
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" They ( s i ck boys ) a re hot  because  they 
h a ve got  pa i n s i n  t hem and  maybe they a re 
ho t pa i n s . . .  I wou l d s ay i t  i s  the s �me 
( a s  the se o the r p i c t u re s ) . "  
Mma/A p . 1 5 .  

"Because eve ry th i n g i s  . . .  l i ke a b u rn i n g 
f l ame and  once s he ( t he w i dow) i s  ge t t i ng 
pa i n  . . .  e ve ry th i ng i s  j us t  s a d  . . •  so  
eve ry th i n g i s  hot.1 1  

Mma/C p . 3 . 

"Yes I w i  1 1  s ay s he ( the  w i dow) i s  ho t  
because  s he ' l l  b e  so r row o f  the h usband. "  
Mma/K  p . J . 

"Yes i t  i s  ( b ad  for a pe rson to be  k i l l ed 
by l i gh t n i n g .  I n  Tswana you a re not  a l l owed 
to touch tha t pe rs on fo r some t i me because • •  
he has  tha t wa rmth  o f  l i gh tn i ng i n  h i m.1 1  

Mma/8 p . 1 1 .  

"Ye s , he ' s  ( the i n i t i a te )  ho t  beca use  s ome 
boys they don ' t l i ke to gd the re , they a re 
fo rce d by the i r pa re n ts  to  go the re . "  
N I P R/A p . J .  

"Ye s , the hea t i s  the  s moke tha t  i s  com i ng 
i n  the ho t  wa te r • • •  " 
N I P R : A  p . 6  ( S ugges t i on tha t s team i s  the 
smoke of b u rn i n g wa te r ) . 

"So , the hea t b u rns more q u i ck l y i n  the 
a l um i n i um rod becau se  i t  i s  l i gh te r . "  
N I P R : A p . 7  (Ana l ogy w i t h  expe r i ence tha t  
l e s s  · dense  wood b u rn s  more q u i ck l y  than  
wood tha t i s  ve ry den s e ) . 

1 1  • • • (You ge t mo re mo l e cu l es )  because  o f  
th i s  hea t , beca use a s  i t  i s  b u rn i n g i t  ge ts 
more ho t te r ,  so  the mo l ec u l e s . . .  the  amoun t o 
them i s  i nc rea s i ng • 1 1 

Mma/ C p . 8 .  



2 . 3 Pa r t i c l e s expand/con t ra c t  ( 8 ) : 

I n d i v i dua l pa r t i c l e s  i n c rease i n  

s i z c  v,h cn  hca  tc  d appu rcn t I y 

i n vo l v i ng conce p t s  o f  g row th . 

2 . 4 P a r t i c l e  a r rangemen t ( 3 ) 

2 . 5 

The pack i ng or  b i nd i ng o f  

pa r t i c l es i n f l uences  the ex te n t  

t o  wh i ch hea t i s  t ransm i t ted  i n  

an  obj ec t .  

Ca l or i c  con ce p t i on s  ( 2 ) : 

Hea t i s  v i ewed as  a f l u i d  h av i n g  

ce r t a i n  p rope r t i e s  o f  ma t te r .  

2 . 4 P rek i ne t i c  and k i ne t i c  

concep t i ons  ( 1 2 ) : 

Hea t  i s  v i ewed as  ene rgy wh i ch 

i n vo l ve s pa r t i c l e  moveme n t .  
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"Oh • . .  I am go i ng  to  s umma r i s e abou t hea t • . • 
When 'IJe hea t s tee l an d WcJ te r ,  t he  mo l e cu l e s 

ge t b i gge r • • • 1 1  

Mma/E p. 1 2 .  

"He a t  ,-,ou l d  t ra ve l  fa s te r  i n  a l i gh t  
ma te r i a l  because . ..  ( the  pa r t i c l e s a re not 
so  c l ose )  . . .  when ( the  ma te r i a l )  i s  much 
heav i e r  ( the pa r t i c l es )  a re more packe d . " 
Wm/B p. S .  

"Th i s  hea t  i t  comes ( i n to  the ba 1 1 -) • • ( the 
hea t )  i �  fu l l o f  s ome th i ng . ..  and  when  I t  
ge t s  he re i ts go i ng to  make the t h i ng more 
of i t s s i ze . • . and  when i t  coo l s ,  ( the  h ea t)  
goe s  back w i th  a l l i t s con s t i t uen t s  and then 
( the  ba l l )  re t u rn s  to  i t s s i ze . "  
Mma/A p. 1 1 . 

"When they ( the  pa r t i c l e s )  become h e:a ted  
the pa r t i c l e s  bomba rd each o the r and  b reak 
and  re I ease. . . cne rgy . "  
Wm/8 p. 4 .  

" I  t h i nk hea t makes the mo l e cu l es tha t a re 
i n  ( the ma te r i a l )  . . .  to move fa s te r  . . . and  
when  they a re mov i n g  fas t they a re caus i ng 
more p res s u re because they b ump aga i ns t  
each othe r . "  
Mma/0 p. 6 .  



C? G  
C? (? CT 

m i c ro s cop i c  wa te r d rop l e t s 
i n  a t mos phe re 
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© ©  
� hea t  
� mo l ec u l e s 

F i g u re 1 .  E x t ra c t f rom a n  adve r t i s emen t i n  ' The S t a r •  ( 1 982)  
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cu l t u ra l know l e dge 
and be l i e f s  

. ' . 

7 

p reva i l i ng theore t i ca l  
pa rad i gms 

I I 
know l edge and 

i n d i v i dual � > 
concep t  i on s  o f  

( 
theor i e s o f  
i nd i v i dua l be 1 i e f s o f  i nd i v i dua l 

1 

F i gu re 2 .  D i a g ram show i ng the dynam i c i n te rac t i on be tween  concep t i ons 
and  t he i n te l l e ct ua l  en v i ronmen t .  (Afte r Pe t r i e , 1 9 76 ) . 
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S t ruc t u re o f  ma t te r/ 
pa r t i c l e a r r�ngc ­
mcn t .  

The ave r�ge  k i ne t i c  
ene r gy o f  p a r t i c l es 
d i f f� rs �ccord i ng 
to way i n  v.ih i ch 

pa r t i c l e s  o f  d i f f .  
subs t ances a re 
bound toge the r ,  and 
the i r a r ra ngemen t  

( B  & J p . 80 )  

rhys l ca l l y  obse rvab le  
phenomena 

Bu rn/Bo l l /He l t etc .  

depends on 

Hea t  
Phys ica l  

causes 

'�ca t  ts ene rgy I n  
t ran s i t" 

(8 t J p . 8 1 )  

4d 

Ki ne t i c  

The ene rgy wh i ch f l ows f rOffl a 
body a t  a h i gh tempe ra t u re to 
a body at a l o\-1 tempc rc1 t u re i s  
ca l l e d  hcc1 t  on l y  wh i l e i t  i s  
f l ow i ng f rom the one body to the 
o the r (8  & J p . 8 1 ) .  

Al l pa r t i c l e s  a rc i n  a s t a te  o f  
mot i on ,  a nd  hea t i s  t h e  ene rgy 
i n  t rans i t  be tween mov i ng 
pa r t  i c I c s  ( B & J p • 79 ) ( Z p • 6 2 )  • 

F i gure 5 .  Con temporary sc i en t i f i c  p� ra d l gm o f  heat  as k i ne t i c  ene rgy accord i ng to ie l ec ted schoo l tex tbooks . 
( B r i nk c1nd Jones , 1 9 7 7 ;  Zemansky , 1 957) . 



f�ys l c a l l y  ob�e rvab l e  
phenomena 

Elum/Do I I /He I t  _e te . 

Hea t  
Phys i c a l  

causes  

·�ca t  I s  an  I mponde rab l e  
f l u i d  ca l l e d  c a l or i c" 

(La vol s I e r  1 7�9) 
I s  

f i gure 6 .  E a r l y  sc f en t i f l c  p a ra d i gm o f  hea t as c a l o r i c ,  accord i ng t o  se l ec te d  t ex t books . 
(Lavo i s i e r ,  1 789 ; Gordon , Nese r ,  P i enaa r and \/a l te rs , 1 9 7 0 ; Zemansky , 1 9 S 7 ) , 

4 1  

CP I : 2 . 5  

Ca l or i c  Hea t t s  a 
k i nd o f  I l qu i d 
h.1v i n9 some 
prope r t i e s of  ma t t e r  
wh i ch f l ow  I n to o r  

. ou t o f  bod i e s  a s  
they become hot or 
col d .  

( G . N . P ,\I .  p . 1 1 0 , 
z p . S6)  



CP I :  2 . 4  

S t ruc t u re o f  ma t te r  
Pa r t i c l e  a rrangcmen 

'�ea t t rave l s  fas te 
i n  l i gh t  ma ter i a l s  
bcc.Juse the 
µa r t i c l es a re no t so 
pacll.cd" 

p . S 

F i gure 7 .  Subjec t :  �m/B 

CP I :  2 .  1 

Phy� l ca l l y  ob�crvab le 
phenomena 

"S tearn I s  J us t  1 1  ke smoke wh I ch 
comes f rom hot (burn i ng )  water' '  

p. 't 

Heat 

Phys l cal  

f 
causes 

"Hea t  I s  ene rgy wh i ch I s  
I i ke waves or rays" 

p . J  

causes 

CP l : 2 . ]  

Par t i c l e t expand 
and con t r.1c t. 

"Hea t  ene rgy makes 
the ene rgy I ns i de 
the pa r t i c l es 
I nc rease  and the 
part i c l e  exp<1nds 1 1  

p . 8 

42 

CP I :  Z . 6  

P rek l ne t i c/Kl ne t l c  

' Hcc1t  ene rgy t rave l s  by means 
o f  the mov i ng p,> r t i c l es" 

p., 



He� t 
Me tapho r i ca l  

Ch i l db i r t h/ s i ckness/  
be re avemen t / l i gh t n i ng/ 
i n i t i a t i on i nvo l ve be i ng 
hot 

F i gure 8 .  Subjec t :  Mma/B 

causes 

CP I :  2. 2 

P� r t i c l c s  sp l i t / 
mu l t i p l y  and 
recomb i ne 

1 1 1 f you bo i 1 wa ter  
some o f  t he  mo l e ­
c u l e s  d i v i de u p  and 
they become more" 

p . 2 

CP I : 2 .  I 

Phys i ca l l y  obse r vab l e  
phenomena 

"Th i cke r (more so l i d ) rods are 
s lower to hea t" 

Hea t 
Phys i ca l  

I s  

"He a t  I s  a movement 
wa rm a i r from the f i re" 
P• 1 , ) 

"Hc,l t  ml gh t 
f low i ng" 

p . )  

c1s we l 1 as  

4 3  

CP I : 2 . 6  

P rek i ne t l c/K i ne t i c  

"The mo l ec u l e s  move more i n  hot 
wa ter  than i n  co l d" 

p . Z 



Hea t  
Me tapho r i ca l  

t rave l /ch i l db i r th/ s i ckness/  
be reavemen t / l i gh t n i ng/ 
i n i t i a l i on 

F i gure 9 .  S ub jec t Oc:xmJ/A 

1 

CP I : 2 . 1 

Phys l ca l  ly obse rvab l e  
phenomena 

" I t  catches f i re qu i ck l y  
because I t  I s  not s o  heavy" 
p . 8 

''\/hen me t a l  ge t s  hot I t  me l ts 
I ns i de and changes  shape" 

. 1 0 

I s  

Heat 
Phys i ca l  

" He a t  i s  1 I ke f l  re ." 

" f l  re I s  hca t"p . 6 

"Steam i s  heat"p . 1 ) 
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Heat 
Me taphor i ca l  

B l ood i s  hot : T rave l /  
ch i l db i r t h/ange r/s i ckne s s/ 
be r e a veme n t / l i ghtn i ng/ 
i n i t i a t i on i nvo l ve be i ng 
hot 

F i gu re 1 0 .  Subj ec t :  Mina/A 

CP I : Z .  1 

Phys i ca l l y  obse rvab le  
phenomena 

'�hen. the rod I s  hea ted the 
f l ame de s t roys the I nner 
compos I t I on'' 

p . ]  

Heat  
Phy1 l ca l  

1 1  Heat  I s  I I ke 
vapour 11  

p . 6 , 8  

I t  

45 

CP I :  2 . S  

Ca l or ic  

' 'Heat  t s  fu l  1 o f  
some th i ng • • •  wh i ch 
ge t s  I n to the t h i ng 
and makes I t  b I �ncr" 



f:_ J O  -- i · .? 




