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Abstract also pointed out the variation and diversity (across geographi-

A bewilderi  food it di ndividual and cal regions, class status, group affiliation, caste, as well as in-
ewildering array ol tood items, diseases, Individual an P : e : _
group dispositions. colors, eventualities, and spatial arrange- dividual dispositions) that made any previous attempt at cat

ments are projected into thet/cold scale. While there are egorization suspect.

clear examples from routine everyday use (in Englishand other  We addressed this state of affairs in the following two
languages), there are also elaborate expositions of the thermal wavs:
properties of entities, people and substances laid out within ys:

the Ayurvedic tradition in South Asia, within traditional Chi- . . .
nese medicine, as well as in Middle Eastern, Southeast Asian ® There is now a fair amount of cross-cultural data on entities

and Native American medical systems. The work reported in being classified as hot or cold. We analyze this data to
this paper represents the first systematic attempt to use modern  ggjineate the semantic property space of hot and cold by
cognitive theories of concept acquisition and use to analyze looki t the similariti d diff It

this vast array of data. We show how the theory of Idealized 00KIng at the simifariies and aiirerences across cultures.

Cognitive Models (ICM) and prototypes, and radial category . . )
structure extended through metonymy and metaphoric blends e Using tools from cognitive science (Rosch, 1973; Lakoff,

can gegri]n to p|F0Vid|¢_an account of the semantic space inhab-  1987) and cognitive semantics we suggest that the con-
lted by thermal qualities. N cepts hot and cold have have an Idealized Cognitive Model
Kelywords: cognitive science, anthropology, cognitive anthro- (ICM) which forms the core semantics of hot and cold. The
n m r . . ) .
pology, concepts, metapho core semantics is then extended through vanoagnymic

Introduction andmetaphorionappings.

Why is an onioncold but a piece of garlitiot? This assign- Our approach leads to the identification of the semantics
ment of thermal values is popular in the folk classification©f hotandcold from cross-cultural data. The data analyzed
of the intrinsic quality of onion and garlic in many parts of comes mainly from Traditional Chinese Medicine (Maciocia,
South India. At first glance, the assignment seems arbitrary989) and from various South Asian (Daniel, 1989; Beck,
and most likely based on “myth” and “superstition” perpe- 1969; Marriott, 1989) and Southeast Asian (Javanese) stud-

trated by localvaidyas(doctors) to exercise power over the ies. The theoretical analysis also intersects with work in cog-
rest of the population. nitive linguistics (Lakoff, 1987; Fauconnier & Turner, 2002)

If the intrigued observer plunges deeper into the SamLg_specially as it pe_rtain_s to the structure of conceptual map-
folk classification system, he will find a bewildering number PiNgs and conventionalized metaphors. .
of food items, medicinal products, diseases, individual and The general approach is divided into three parts. First, the
class/caste dispositionsnams, labeled as possessing heat- data is presented, followed by the cognitively based model
ing or cooling qualities. He may also find that far from being of thg semantics of hot and cold. We then present results of
arbitrary, the assignment of hot and cold qualities taps int&PPlying the model to cross-cultural data. As far as we are
a large body of indigenous “knowledge’that pertains to local@Wware, this is the first study that has attempted to tacl_<le a
adaptations of a philosophical world view that integrates mabroad range of cross-cultural data to uncover the semantics of
terials and power relationsliiarmg into multiple interacting  notand cold.
strands gunag, humors ¢losa3, elementsighutag and dis-
positions kunam§. . The D?‘ta .

Early western anthropological studies investigating the usd NiS research borrows from field work by different anthro-
and mention of hot and cold concepts have confined themPol0gists. The work on Javanese (Samson, 1974) (Geertz,
selves to a single culture/language (such as Chinese, J4960), work on Tamil (Beck, 1969), (Daniel, 1989), work on
vanese, Tamil) or have attempted cross-cultural generalizd-uniabi/Sindhi (Kurin, 1988), traditional Chinese medicine
tion from a single data set. For instance, Brenda Beck (BeckMaciocia, 1989)and on Zimmerman's interpretation of the
1969) first attempted to classify South Asian food items adYurvedic texts (Zimmerman, 1979), are used as data sources
belonging to hot or cold categories. Her generalization frondOf much of the material developed here. _
a single data set led to other authors (Daniel, 1989) pointing Hotand cold are conceptualized with respect to several di-
out various inconsistencies and limitations in explaining themensions. From the data, it appears that these dimensions can
structure and complexity of the conceptual categories themR€ categorized as:
selves (ex. there is a continuum from hot to cold along which, Edibles
substances may be placed, rather than the classical categories
used by Beck and others). Looking at other data, researchess Diseases



Characteristics of People meat is considered hot by Nambudri Brahmins of Kerala,
) whereas in the same village, a Parayan may consider the
Emotions item as acold item.

Colors e The changes in seasonsn certain months (indeed even at
different times of a day) the same item may be hot or cold.

Characteristics of Abstract processes and events

] ) e The state of the food item The same item when eaten
Edible items raw may be cool, but may become hot when cooked. A
In most cultural systems, food is often cooling, neutral, or example is banana when cooked is hot may when eaten
hot. Across the data, spicy items (such as chilies, spicy herbs, raw may be cool.
spicy rubs) are labeled as hot. . ) o )

In Traditional Chinese Medicine (TCM) (Maciocia, 19089), At first glance, the above list seems bewilderingly arbitrary.
there is a huge literature of foods that are classified on thé fact, some researchers have suggested that any attempt at
hot to cold scale (hot, warm, neutral, cool, cold). Cold foodsdelineating a hot-cold semantic property space for food items
are linked toyin and hot foods toyang. Examples of cold May be impossible (Daniel, 1989). However, as | will show
foods include some fruits (apples, bananas, citrus fruits, walll the subsequent discussion, using theories in cognitive sci-
termelons), soy milk, leafy greens, and some legumes (mun§nce such as the id_ea of graded and radial_ categories .(Lakoff,
means), some herbs (cilantro) and some vegetables (zucchifi?87) combined with notions of systematic metonymic and
broccoli, cauliflower). Examples of neutral foods include Metaphoric mappings may shed light on the issue.
rice, corn, peas, and lentils. Warm foods include ginger root

: Characteristics of People
sesame, cumin, nuts, oats, eggs and all meat. . . ) -
From South Asia, the first systematic classification of foog~€ople can be classified as having hot or cold dispositions. In

items was done by Brenda Beck (Beck, 1969). While theTraditional Chinese Medicine, hot and cold classification is

study was careful and While Beck classifies food items a®"¢ aspect of the bglanc_e_ of energi_es (Qi) and are projected
hot or cold (with an occasional note indicate the degredNto the Yin/Yang dispositional matrix. A person diagnosed
(very hot), subsequent studies (Daniel, 1989; Marriott, 1989 'th, be'n,g too hot (Yang)_ (comm.on allmen.ts gharacterlzed
clearly suggest that the quality of hot-cold is mapped onto y/|(.jent|f|ed.a_13 overheating, anxiety, constipation and other
radial categorythat indicates a gradient for the classification, 2inding conditions) may eat too many saturated fats and sug-

The categories are comprised of some central members th@fS that are highly caloric. People who are of cold (Yin) dis-

are prototypical instances of hot or cold. Other substances aRPSition may experience weakness, diarrhea, sloth or depres-

more ambiguous and can be either hot or cold depending onon- i i )
the context. In South Asian medical systems (such as Ayurvedic sys-

In all of the data looked at, the notion of context appears t&em) individuals are classified as having hot or cold disposi-

be a key to assigning hot and cold qualities to food itemsjuons. The classification is also concerned with liadance

Across different studies, the following features have beer?tab”iw’ andcompatibilityof varioushumors The three ba-

shown to contribute to the context. sic humors are bilepjttam), phlegm kapan) and wind gayu

or vata). While there is a large amount of literature on the

e The geographical region of interest The classification Vvarious classificatory schemes and properties of the three hu-
varies according to the region of interest. Examples includdnors, | will be concerned mainly with the hot-cold aspect. In
certain varieties ofiala palam(banana) which are consid- general, pittam is a hot humor kapam is cold, and vayu could
ered hot in one region of Tamil Nadu (north) while cool be either. Individuals are predisposed as having one or more
in another region (south). Similarly, wheat is considered &°f these humors in excess, and thus inherit the appropriate
hot food in China whereas it is a neutral food in much of thermal quality. In addition, individuals also obtain thermal
India. In both Javanese and South Asian data, food itemgualities based on their group or caste status.
that areforeign (originate from outside the region/country) Events and Abstract Processes

are universallyhotis character (ice-cream is a hot food in ) )
South India!). Most events that involve some kind of substance transforma-

tion also involve heat. Events could be cooking, rituals, pil-

e The individual characteristic/group affiliation of the grimages, ceremonies, etc. Sexual intercourse is generally
person consuming the food The same food item may heat producing across cultures. Several researchers have ob-
be hot for one individual but cold for another. Both in served that cross-culturally menstruation is viewed as a heat
Traditional Chinese Medicine and in the South Asian cul-generating process. Other heat generating events include the
tures there are hot and cold individuals. This could be aeremony ofGrahapraveshanthousewarming or specific
prior disposition or an abnormal psychological (stressful)forms of group prayer, or ritual/ceremonial fires. Rituals of
or diseased state. The same food item may be more or lespoling are often used in these ceremonies to counteract the
hot for specific groups. In South Asia, for instance, goatextreme heat generated by the event. Example include the use



of coolingghee(clarified butter) anamanjal thanni(tumeric e Proposition 22 The ICM for hot and cold is ex-
and water). tended via systematic conventional metaphor mappings
. and metonymic clusters to apply to abstract concepts.
Diseases Many of these mappings and clusters are cross-cultural,
In traditional Chinese medicine, common ailments character- some are culture specific.
ized as hot ailments include anxiety, constipation and other
binding conditions. Cool illnesses include the experience of We first describe the ICM for heating entities that generates
fatigue or weakness, diarrhea, sloth or depression. the set of basic dimensions forming the semantic space of hot
In Ayurvedic systems hot (pittam generated) ailments in-and cold across cultures. We then outline the central map-
clude boils and eruptions, gum disease, hemorrhoids, rashgsngs that project features along these dimensions to abstract
bad stomach, measles, anemia, headache and earache. Meatiegories such as dispositions, ailments, rituals, etc.
external eruptions (especially those with puss) are hot. i .
Cold ailments (kapam generates) include common coldn ldealized Cognitive Model
(with a runny nose), coughing, general body aches, stiffnesaVe hypothesize that the commonsense experience of apply-
In the absence of other symptoms, conditions like generahg heat to substances consists of (at least) the following
body aches are presumed to be created by an excess of coldchematic process.
In general, the treatment for an ailment depends on an
iconic relationship between the drug and the patient’s bodyt. You need to have an energy source with sufficient energy
the humor of the drug substance and the generative factor t0 heat a substance.

(heat or cold related) of the illness, or the combination of

other heat and cold creating factors (for instance the typ® }{]0” hﬁat a substt?nﬁe by(;apprllying a heat elnergy .sotjlrce tﬁ
of place/region, the patient's kunam, and the type of the the substance to be heated. The prototypical case is throug

pathogen). Note that this is in sharp contrast to the west- contact of a hotﬁourr(]:e W_'th th?, trarget to be heated. The
ern tradition that relies exclusively on cause-effect represen- process starts when heat is applied.

tations (homeopathic versus allopathic) (Zimmerman, 197923. As the energy source continues to provide heat to the target,

Emotions the target absorbs this heat and increases in temperature

. . . becomes hot).
Intense emotions are characterized as hot in many cultures. ( )

Anger, rage, lust, passion are prototypical hot emotions. Sad{a) The increase is scalar where there are key points on the
ness, depression, apathy, are usually classified as cold emo- scale (very cold, cold, cool, hot, very hot).

tions. There are some interesting blends (Fauconnier &m) Fuids are a prototypical heated substance where the on-
Turner, 2002) such ald rage going heating process generate greater activity, move-

Hot and Cold Colors ment, and eruptions (bubbles).

Red and black are classified as hot colors, while green angl After the target is at a desired (higher) temperature, the heat

white are cold colors. Often orange is classified as hot (ln source is removed and the heating process finishes.

TCM and in the Javanese data). Other colors are usually neu-

tral. 5. The heated entity will remain hot based on the ambient
Rituals (such as the flower ritual (Beck, 1969)) often use temperature of the environment and the capacity of the

indexical and iconic relationship between the color red and a heated substance kwld the heat.

hot body state, the color white and a cold body state to illus-

trate ailments, remedies and general concepts of health and This common experience sanctions a number of associated
sickness. inferences that are relevant to the assignment of hot and cold

to entities.
Making sense of the data: The semantics of hot

and cold

The following two propositions guided our approach to mod2. Entities when heated are likely to increase activity.
eling the data.

1. Entities when heated acquire greater energy.

(a) Entities mix more readily when heated and less so when
e Proposition 1. The concepts hot and cold code for con- cold.
cepts that occur frequently in our experience of applying (b) Inherently hot substances are likely to fuse together
heat to substances. Our experience generates an Idealized \yhereas cold substances tend to be separate.
Cognitive Model (ICM) (Lakoff, 1987) that captures the
processeffects andentailmentf heating substances. 3. Entities when heated are likely to expand.

litis possible that there is a separate ICM for the process of coolthe data. It appears that much of the concept of cold is derivative
ing entities, but the specifics of cooling were not necessary to moddrom the heating ICM.



(a) Hot entities are likely to boil, erupt, or result in inflam- The Semantic Feature Space of Hot and Cold

mations.
(b) Hot entities are likely to be bigger in volume

4. Substances transform when they are heated

From the ICM and its extensions, we constructed the follow-
ing semantic features as providing contributions to the con-
cept of hot or cold. Along with the feature is listing the source
where the feature is derived from (The ICM of the apply heat

process, associated inferences, or metaphoric mapping).
(a) Heated substances often change color (such as turn red).

(b) Heating transforms substances from solid to liquid and HOT QUALITY

from liquid to gas.

Metonymic features of hot and cold Various aspects of

[ COLD QUALITY |

Derived From |

the ICM and commonsense inferences generated are incorppFast

rated metonymically into the concepts of hot and cold. Sq

entities, properties, resources, processes and effects that p
ticipate in the heating process (such as expanding substanc

can be identified as being hot. Conversely, properties, pra

cesses, entities, and effects that obtain in the reversal of hea

ing process are often mapped to the cold end of the scale. $
energy sources (heating resource), red colors (heating effeg

are conceptualized as hot and contraction (effect) as cold.

Metaphoric extensions of the basic dimensions The ba-

sic dimensions outlined above are systematically extended Cooked

through metaphor to other domains. The following list of rel-

evant metaphors is taken from the Berkeley Master Metaphot

List (Lakoff, Espenson, & Schwartz, 1991).
e Anger is a Hot Fluid in a Container(Lakoff, 1987) dis-
She is fuming).

e Intense Emotions are HeaBy default, this sanctions the
inference that the lack of emotions is cold.

Temperature = hot Temperature = cold ICM
Rises Sinks ICM
Expands Contracts ICM
Slow ICM
High Intensity Low Intensity Metaphor
rgb\dds (Builds) Reduces ICM + Metaphor
#SStimulates Sedates ICM
[ Mixing Inert ICM
“Active Inactive ICM
| “High Energy Low energy ICM
“'Movement Stillness ICM + Metaphor
Attached Detached ICM + Metaphor
Processed Natural ICM + Inference
Raw ICM + Inference
Impure Pure ICM + Inference

Table 1: Thermal qualities of entities. A set of consistent

effects of heating and cooling that cluster metonymically to

cusses the linguistic realizations of this metaphor (such akefer to hotand cold. This is not meant to be exhaustive since
the list can be extended inferentially through various cultur-

ally specific mappings, as in (Marriott, 1989).

Results

e Lust is Heat This sanctions the inference that the lack of YVe first describe the results of using the features derived from
the ICM and associated mappings to build an automatic clas-
sifier to assign hot and cold to different food items. We used
gold-standard data from multiple cultures (based on Javanese
substances tend to move, make contact and attach to eabp@mson, 1974) (Geertz, 1960), work on Tamil (Beck, 1969),
(Daniel, 1989), work on Hindi and Punjabi (Kurin, 1988),
work on traditional Chinese medicine (Maciocia, 1989)). We
then show how the scalar concept of hot and cold can be used

lust is cold (frigid).
e Detachment is coolThis comes from the ICM where hot

other.

o Affection is Warmth This is aprimary metaphotin that
it appears fairly early developmentally and appears t
be a compositional primitive structuring larger mappings
(Grady, 1997).

may Western cultures there is a common mappagional

is Detachedwvhich often entails the complimentary mapping
Emotional is AttachedThis when combined with theetach-
ment is Coldmapping, yields compositionally the mapping
Rational is Cold ?

positional mappings in different cultures.

d’n context specific ways to construct alternative hypotheses

concerning individuals and groups in terms of relevant dispo-
sitional attributes. Here the data used is from (Kurin, 1988)
on alternative interpretations of conceptslahgliandBabu

There are additional common mappings that may extendS applied to groups and individuals in Northern Pakistan.
the basic features in culturally specific ways. For instance, im_tomatic classification of hot and cold foods

We attempted to use the features in Table 1 along with
their values for the various items to automatically clas-
sify food items from different cultures into hot and cold

foods.

We attempted this by training a classifier on

a subset of the labeled dataset (for each culture sepa-
20ngoing work is attempting to identify all such relevant com- rately) and then testing the classifier on unseen data (from

that culture).

The dataset for the experiments below



are at http://www.icsi.berkeley.edugnarayan/hot-cold/hot- chance). It appears that the semantic space for hot and cold

cold-data. at least as it applies to food items is largely captured by the
For the classifier, we used a Support Vector Macfiméth ~ features from the ICM and associated projections. We tried

a Radial Basis Kernel (RBF kernel). The feature set used fotraining and testing on different datasts (train on Chinese and

the experiments included the following: test on Hindi). Our results in all such cases were at chance
High calorie/low calorie (from ICM) levels suggesting that the relevance of the different features
Hot/cold (from LCM) s varied widely across the datasets. Ablation studies could re-
ungent /Non-Pungent (from Intensity in ICM) R X

Spicy/Bland (from Intensity in ICM) veal further the relevance of various features in terms of the
Mixed(say with 0il or combination of spices)/Non-mixed (from ICM) .

Wet/Dry (from Metaphor and ICM) different data sets.

Color = red, orange, brown white, green. (from ICM)

s i P b Context specific interpretations: sophisticated
Raw/ ked (f ICM) H H
Mz‘gtcgioguct/ﬁg:fmeat product (from ICM (Active -> Animate)) Urbar"tes or Weak“ng babUQ

el on Tpgat (Forelan) | (from TCM and metaphor) A second application of the model revealed the context sensi-
Time of Year: Hot Season/Cold Season (from ICM) Vi ibi i
//Additional features (we only had values in the Tamil and Hindi data): tIVIty and.the ﬂeXIbI,Ie U_Se Of h0t and COId Concepts In CUItural
Disposition of individual consuming = hot/cold and ethnic categorization.

Caste of person consuming = Upper/Lower.

Kurin (Kurin, 1988) analyzes the differences in culture and
The features were assigned on a per data item basis manethnicity in Pakistan. In his essay, he discusses the Arabic,
ally. For each culture, the dataset contained around 400 fooBersian, and Hebrew termsh (spirit), agl(rationality and in-
items, each with hot and cold labels. There were also a smatkllect) anchafs(life spirit and passion) (related to blo&dhn
number of neutral items in the data. For this experiment weand life jan). Agl is metaphorically and metonymically re-
threw away that data and did a binary classification of fooddated to reason, humanity, civility and judgment. In his essay,
into hot or cold. The different cultures included Tamil, Ja- Kurin analyzes how the three terms and their meaning can be
vanese, Chinese, and Hindi. We used 10-fold cross validationsed to systematically analyze differing images of class and
(total data size was 1649 tokens). Table 2 below shows thethnicity.
accuracy of our classifier on the different cultural datasets. The crucial observation is that various combinations of
We did a separate counting of the number of hot instancethese terms can denote hot and cold qualities. The variation
that were correctly labeled and the number of cold instancem culture and ethnicity of people can then be mapped onto
that were correctly labeled by the classifier. The training andhe along this scale and thereby used for social and political
testing were done on the same culture (such as train and testtion. Our model of hot and cold suggests that rational intel-
in Chinese). lect (Aql) is mapped to the cold end of the scale and life spirit
and passionNafg is mapped to the hot end of the scale.

H Altribute ‘ Dajtaset ‘ % correct ‘ Notes H 1. Adgl (intellect) is MAPPED onto the cold end of the hot-
Score(Hot) Chinese | 85 F1 cold scale.
Score (Cold) Chinese | 76 Fr
Score(Hot) Tamil 81 F 2. Nafs(life spirit, passion) is MAPPED onto the hot end of
Score (Cold) | Tamil 85 F the scale.

Score(Hot) Hindi 81
Score (Cold) Hindi 78

| will briefly reproduce Kurin’s data to demonstrate how
this mapping can be used characterize different views of the

Score(Hot) Javanese 76 F villages versus the urbanite. The first set of data pertain to
Score (Cold) | Javaneseg 85 Fi the Jangli/Babudifference. Jangli's are referred to as having
Score (Overall)| Alldata | 81 (1336/1649) their nafsdominate theirag|, and Babus as having theig|

o o ) dominate theimafs Babus in this reading as the urbanties
Table 2: Preliminary classification results using the featureyng janglis are the villagers.

set on the various food items in multiple datasets. Results | gt ys consider the main features of the Jangli and Babu

are shown for the gold standard annotated testfsets the  ;5ing our mapping.

feature set without additional features (see feature set above).

F is the total feature set with all the features. e The Jangli;yafsdominates hisigl. He lives close to nature
(literally in the jungle), and has a hot disposition.

The results obtained were well above chance (50) in aII. The Babu'saal dominates hisiafs He is a city dweller
cases across cultures. Clearly it is also above a simple base- q - y '
He may work as a Government official, or may be a noble.

line (such as assign the most frequent category to all tokens He has a cool disposition
(both categories (hot and cold) are classified correctly above P '
mperimems used  the  LibSVM  pack- Now let us look at the boundary conditions of the hot-cold

age which is a free SVM package available from C@s€ With two points each on the hot-cold scale. There are
http://www.csie.ntu.edu.tw/ cjlin/libsvm/ four possible combinations (two points on the hot (warm and



hot) scale for the Jungli and two on the cold scale (cool and person who is neither desirous nor needy. He has no intel-

cold). lect nor any need for acquiring possessions. He is basically
B accepting, and naive. He is likely to be unassuming, and un-
1. Jangliis mapped thotand Babu tccold. interesting. In other words he is a simpleton and is referred

to as aseedha saadhaPerforming the same trick of source
domain inference as before, we would say that such a per-
son had aooled heatisposition. Guess what Kurin's data
suggests.

2. Jangli is mapped thotand Babu taool.
3. Jangli is mapped twarmand Babu tcold.

4. Jangli is mapped twarm and Babu t@ool. .
g PP Conclusion

While all possible boundary conditions can theoreticallyUsing recent research in metaphor and conceptual catego-
exist, two (condition 2 and 3) serve to outline the differencesrization theory we can begin to develop a semantic property
These serve to generate the twewsin Kurin’s data. These space for hot-cold categorizations in different cultural set-
views are described below. tings. Clearly, there is no single algorithm that can unam-

biguously assign hot and cold across cultures. However, the
e The Babu-centric View. This view corresponds to condi- assignment is not arbitrary and relies on a constellation of
tion 2. The view is pejorative toward the Jangli and me-features based on our shared experience in the world which is
liorative toward the Babu. The characteristics of the Babl.,bxtended in Cu'tura”y Speciﬁc Ways |eaving amp|e room for
and the Jangli are as follows: flexibile interpretations. The data analyzed so far covers con-
cepts and practices from English, Tamil, Javanese, Chinese,
Hindi, and Persian. Preliminary investigations of data from
South American cultures shows good promise and data from

1. The hot Jangli is viewed as illiterate, violent ill-
mannered, criminal, uncooperative, stupid, and sex

crazed.
L . other languages and cultures is being culled.
2. Thecool Babu is viewed as literate, controlled, well- guag 9
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