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I This article addresses Bell's (1992) comments on Anderson's (1989) review of the temperature-ag-gressionliterature.Atagloballevel,allagreethatgeographicregionstudiesandmosttimeperiod
studies do not cleanly address the question of the functional shape relating temperature to aggres-
sion. In addition, all agree that the negative affect escape model warrants additional empiricalinvestigation.Atamorespecificlevel,however,numerousinaccuraciesandmisinterpretationsarenotedandcorrected.Theconclusionsoftheoriginalreviewareconfirmed.Suggestionsfornew
research are offered.Arecentreview(Anderson,1989)examinedextantstudiesonthetemperature-aggressionrelation,withtheexplicitgoalofaddressingthreemainissues.Theissuesconcernedwhethera

nonartifactual relation exists between temperature and aggres-
sion, the shape of this relation, and the fit of past work to five
potentially relevant theories. Bell's (1992) comment addresses
only one small portion of the review: the relation of extantevidencetothenegativeaffectescape(NAE)model.Weagreeonmanypoints.Wealsowelcometheopportunitytoclarify
misinterpretations and to specify the characteristics necessaryforimprovedresearchonNAE.

Three features characterize the comment. First, several "criti-

cisms" are merely restatements of points made repeatedly bythereview.Second,thecommentrespondstoareviewthatwas
not written. Third, specific defenses ofNAE are weak and po-
tentially misleading. This reply addresses these three features,presentsthecharacteristicsneededinfutureresearchonNAE,
and notes the value of prepublication scholarly communica-
tions.

Restatements of Points Made in the Review

The review and our current position agree with the following
major points of the comment: (a) Because of methodological
complexities, the shape issue (and hence the specific-theories
issue) has not been resolved, (b) better laboratory and field
experiments on the shape and specific-theories issues areneeded,and(c)NAEwarrantsadditionalwork.
Methodological Complexities and the Shape Issue

Quotes throughout the review indicate our agreement that
the shape issue has not been resolved. The review notes several
possible shape functions and states that "distinguishing among
these functions is quite difficult, particularly in field studies"(Anderson,1989,p.75).ThisincludestheNAEpredictionofaWethankRussellGeenandKathrynAndersonforcommentson
this article.
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downturninaggressionathightemperatures.Ahostofreasonsforthisdifficultywerediscussedseveraltimesinthereview
and the comment and thus are not repeated here. The review
summary of the geographic region results clearly stated that theshapeissue"wasnotresolvedbythesedata.Indeed,allonecan
say is that these studies provided an opportunity for disconfir-
mation of the linear, J-shaped, and U-shaped functions and
that disconfirmation did not occur. Similarly, the specific the-
ories. . . could not be tested" (Anderson, 1989, p.80).

Though the review did not go beyond this statement, a broad
view of theory testing in science allows more. Theories are

tested by examining data that allow falsification. When a
theory survives a potential falsification, confidence in thetheorygrows.BecauseNAEcanbemadeconsistentwithsev-
eral patterns of results in the region studies, it is practicallyunfalsifiable.Subsequently,NAEcannotgainsupportfromthesestudies.Ontheotherhand,theoriesthataremoreeasily
falsified by region data can gain strength by successfully pass-
ing such tests. Specifically, theories predicting that hotter tem-
peratures continue to increase aggression throughout the nor-maltemperaturerangecouldhavereceiveddisconfirmation
and therefore gained support when falsification did not occur.

The time period studies (hotness of years, quarters, months,days)canbeviewedinmuchthesameway.TheNAEinvertedU
is hard to distinguish from other shapes when the unit of analy-
sis is anything greater than a day. Comparable reasons for this
are listed in both the review and the comment. However, all the
time period studies do present the possibility of falsifying sev-
eral shape functions (e.g.,linear, J-shaped) and thus can (and do)lendsomeconfidencetotheoriespredictingthoseshapes.ButtheNAEinvertedUisnotfalsifiablebythetimeperiodsexcept

. for day, and the review discussed the shape issue only for the daystudies.Thus,thereviewagreeswiththecommentthatmosttimeperiodstudiesdonotcontradictNAE.Ofcourse,theflip
side of this is also true: Because these studies do not allowfalsificationofNAE,theycannotsupportit.Theissueofdaily
time period studies is somewhat different and is discussed
shortly.

Better Laboratory and Field Studies Needed

The review and comment agree that thorough testing of the-
ories of the temperature-aggression relation requires better
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methods in both the field and the lab. The main points are
discussed throughout the review (e.g., see suggestions in the"FutureWork"section,p.94,Anderson,1989).Welaterdetail
additional necessary features.NAEWarrantsAdditional Work

The review notes problems with the laboratory studies and

discusses the need for research to further test various theories.ThereviewalsonotesthatNAEreceivesrelativelylittlesupportfromexistingstudies.ThestudiesinwhichNAEhadsome
chance of being falsified produced results that did, on thewhole,falsifythetheory(e.g.,Baron,1972;Baron&Bell,1976,Study2;Bell,1980;Bell&Baron,1976,1977;Palamarek&
Rule, 1979). But methodological and theoretical caveats verysimilartothoseinthecommentwerediscussedinthereview.
The inference to be drawn is that future work should includebettertestsofNAE,aswellasofZillmann's(1983)excitation
transfer model and of Berkowitz's (1984) cognitive neoassocia-
tion model.TheReviewThatWasn'tWritten

The comment appears to respond to a review that was neverwritten.First,itassumesthatthemajorfocusofthereviewwasonNAE.Thus,everyreviewstatementmadeaboutthetempera-
ture-aggression hypothesis is interpreted as if it directly re-ferredtoNAE.Thecommentapparentlymissedthedistinc-
tion drawn early in the review between the issue of whether
there exists a nonartifactual relation between temperature and
aggression and the issue of what is the shape of that relation.

The bulk of the review addressed the former issue. Statements

about the "consistency" of the field/archival studies explicitly
refer to the "existence" issue, but the comment misinterprets
many such statements as if they referred to the shape/theory
issues. Such misinterpretation results in the juxtaposition ofquotesfromverydiffer~ntsectionsofthereview,quotesthathavequitedifferentreferents.Forexample,thecommentcom-paresquotesfrompages92and93withaquoteonpage80.The
former quotes point out how the field studies yielded consistentfindings,inreferencetotheexistenceissue.Thesearecom-
pared with a quote on the inconclusiveness of the field studies
concerning shape. Contrary to the comment, there is no contra-
diction. The field studies are consistent with respect to the
existence question and inconclusive with respect to the shape
question. The comment's inclusion of the odor-aggressionstudyassupportforNAEfurtherrevealsthemistakenassump-tionthatthereviewwasaboutNAE.Thereviewwasaboutthe
temperature-aggression relation; the odor study is totally irrele-
vant.

The comment also assumes that our research group has asvestedaninterestindebunkingNAEasothershaveindefend-
ing it. This is not true. Shortly after publication of the review,webeganworkonagrantproposalinwhichoveronethirdofthestudiesweredesignedtodemonstrateconditionsunderwhichNAEmightbetrueandwhichattemptedtointegrateNAEwithBerkowitz's(1984)cognitive-neoassociationmodel.Someofthosestudieshaverecentlybeencompleted;wehavebeendoingthecomputerprogrammingforseveralothers.Ifwe

reallythoughtthatNAEwaswithoutmerit,wewouldnotbeinvestingsoheavilyinit.Indeed,wehopethatBellandotherswilljoinusinaresurgenceofinterestinthistypeofaggression
research. SpecificDefensesofNAEAcarefulreadingofthecommentrevealshowweaktheevi-denceforNAEactuallyis.Thedefenseattemptstoshowthat(a)
the field studies are more inconsistent than the review indi-
cated, (b) the field studies are consistent with the inverted-UshapedfunctionpredictedbyNAE,and(c)thelabstudiesaremoreconsistentlysupportiveofNAEthanindicatedinthere-
view.Wenextexamineallthreeattemptsfromameta-analytic
perspective. The philosophy behind any literature review is ba-
sically a meta-analytic one, even if the review does not use the

specific techniques that now reside under that methodological

title. The reviewer must delimit a problem and classify studies
as relevant or irrelevant and as being of one type or another on
the basis of prior theory and the characteristics of the studies.
Then the reviewer must try to summarize what the bulk of thedatashow.Thetemperature-aggressionreviewtookexactlythis
approach and combined the data of similar studies whenever itwaspossible.Inthisway,onegetsamoreaccurateoverallview
of the true relation between variables of interest.

Are the Field Studies Inconsistent?Geographicregion.Thereviewandthecommentagreethat
the region studies cannot resolve the shape issue. The review
examined region studies primarily from the standpoint of the
existence question. Consistency thus requires that reliable tem-
perature-related region effects occur across a variety of types of
spontaneous aggression with as many potentially confoundingfactorscontrolledaspossible.Thereviewreportsanamazingly
consistent set of findings across cultures, periods of history,
and types of spontaneous aggression. The only exceptions (e.g.,
Schwartz, 1968) had methodological problems that made themirrelevant.TheSchwartz(1968)studydiscussedinthecom-
ment is an excellent example. One reason for including it in thereviewwastoshowhowseeminglyrelevantstudiescaninfact
be irrelevant. The review noted (on p. 79) that one fatal problem

with the Schwartz study is that the aggression measure used is
of a type that theoretically is not susceptible to temperatureeffects.Specifically,theaggressionmeasure(actsofpolitical
violence) is best classified as instrumental aggression, ratherthanasspontaneousaffect-basedaggression.Thereviewalso
noted that instrumental aggression is not relevant to the temper-ature-aggressiondomain.Otherfatalflawswerediscussedas
well.Thispointallowsclarificationofanissuethatwillresurface
concerning laboratory studies. The issue concerns the differ-
ence between a priori theoretical distinctions versus post hoc
convenient distinctions. Distinguishing among studies on an a
priori theoretical basis is an accepted way to do science. The
instrumental versus spontaneous aggression distinction is pre-
cisely of this type. Post hoc distinctions of convenience, which
are based on searches for any differences between those studies
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that "work" and those that don't, are unacceptable. This is espe-
cially true when there are no theoretical reasons for expecting
the discovered distinction to matter.

The comment also claims that two other region studies (de-
Fronzo, 1984; Rotton, 1986) yielded equivocal findings. In fact,
deFronzo provides strong support for a temperature-based re-
gion effect. Specifically, violent crimes were positively corre-
lated with temperature variables across 142 standard metropoli-
tan statistical areas (SMSAs). The ambiguity referred to by the
comment concerns the fact that when a North/South dummyvariablewaspartialedout(alongwithothersociodemographic
factors), the temperature variables were no longer consistentlysignificant.Ofcourse,theNorth/Southvariableishighlycorre-
lated with temperatures of cities; partialing out its effects
should remove most of the variance in aggression accounted for
by temperature. This is neither surprising nor inconsistent.
Note also that a methodologically stronger version of this sametypeofstudy(Anderson,1987)alsoshowedthatSMSAswith
more hot days had higher violent crime rates, even after
partialing out a number of social variables.

The Rotton (1986) study, which examined homicide rates in41countries,alsoprovidedsomesupportforthetemperature-
aggression hypothesis, though the small sample size is a prob-lem.Moreimportant,thetemperaturemeasuresmadethestudylargelyirrelevant.Asnotedinthereview,Rotton"gath-
ered 30-year average temperatures in January and July in the
capital cities of the countries" (Anderson, 1989, p. 79). The
review further noted (p. 79) that what is needed is a climate
measure that is more representative of the country than is the
capital city and that is taken in the same year as the homicide
measures. For these reasons, the review did not dwell on this
study.Timeperiod.Mostofthepointsmadeinthecommentagree
with the review. Specifically, most ofthe time period studies (all
those except the daily temperature studies) do not cleanly ad-
dress the shape issue. The comment incorrectly claims consider-
able inconsistency, however.

First consider an article listed in the comment as contradic-
tory. Atlas (1984) reports a study of aggression in prisons.Thoughthisarticlewaspotentiallyenlightening,itsdatachar-
acteristics, data analyses, and reporting made it difficult tointerpret.Someoftheprisonshadairconditioninginsome
places. The frequency of aggressive behaviors varied greatlyfrominstitutiontoinstitution.Thenumberofhot,moderate,
and cool days at each institution is not known. The article was

excluded from the review for these reasons, not because it con-
tradicts other time period results. In fact, the most straightfor-wardreanalysisrevealsadditionalsupport.Wecomputedthe
average number of assaults per day by month on the total num-
ber of assaults (from Atlas, 1984, Table I) and performed an
analysis of variance by quarter of year (with three replications
per quarter). The quarters differed reliably in assaults, F(3, 8) =
9.35, p <.01. The hottest quarter had the largest mean, replicat-
ing the pattern that appears repeatedly in the review.Asecondclaimofinconsistencyintimeperiodstudiesre-volvesaroundapairofreanalysesbyBellandFusco(1986,
1989) that discovered higher variance in aggression scores at
hotter temperatures in Cotton's (1986) study of violent crime
and Harries and Stadler's (1988) study of assault. Bell and Fusco

349(1986)reportedseveralfindingsfromtheirreanalysisofCot-ton'ssecondstudy.Aquadratictrendwassignificant;thedirec-tionwasoppositetotheNAEprediction.Aquartictermalsowassignificant.Ittooindicatedthat"athighertemperaturesviolentcrimeisstillincreasing"(Bell&Fusco,1986,p.805).Thefactthatthevariancealsoincreasedathighertemperaturesisinteresting,suggestingthatsomedatatransformationmaybe
necessary for statistical reasons. But the increased variance is
irrelevant to the main issue of whether the hottest temperaturesproduceincreasesordecreasesinaggression.TheCottondatastillcontradictNAEandareconsistentwithotherstudiesof
this type. Bell and Fusco (1989) made similar arguments about

the Harries and Stadler (1988) assault data. But the regression
analyses found significant linear effects and no significant qua-
dratic effects. Aggression did not decrease at the hottest temper-
atures.

In summary, the field studies are amazingly consistent with
each other in showing that temperature is related to aggression.Furthermore,thedailytimeperiodstudiesconsistentlyshow
an increase in aggression as daily temperatures increase and
fail to show the NAE-predicted downturn in aggression at hightemperatures.Thereview'ssummariesonthesepointsstill
stand.AretheFieldStudiesConsistentWithNAE?Asalreadynoted,allagreethattheregionstudiesandthe
extended time period studies do not provide adequate tests of
the shape issue. However, the review maintains that at leastsomeofthedailytimeperiodstudiesdoallowfalsificationoftheNAE-basedinvertedUaswellasshapespredictedbyother
models. Studies in which escape from an aversive situation is
impossible are not conclusive, but most of the daily studies do
not suffer from this, as noted in the review, "because in most
cases of assault, murder, and rape, the perpetrator can removehimselforherselffromthesituation"(Anderson,1989,p.89).Acrosstherangeoftimeperiodstudies,withseveraldependent
variables (e.g., assaults, riots, family disturbances, rapes), ag-gressionconsistentlywasfoundtoincreasewithincreasinglyhottemperatures.TheinvertedUwasneverfound.Bell's(1992)commentimpliesthatthesedataareconsistentwithNAE,but
it is hard to see how this could be so.

Another potential problem with the daily studies is a lack ofsufficientlyhightemperatures.ToagreatextentthisdependsonwhereNAEpredictsaggressiontobeginitsdecreaseastem-peraturesfurtherincrease.Allagreethatatextremelyhightem-
peratures aggression must decline as heat stroke and other phys-
iological problems (e.g.,death) preclude such behavior. Such aneffectisuninteresting.AllagreethattheinterestingaspectofNAEisthepredictionofadownturninaggressionwellwithin
normal temperature ranges. Estimates from various reports byNAEproponentssuggestsomewhereinthemid-80sfF).Al-thoughtwoofthedailytimeperiodstudies(Cotton,1986,StudyI;Rotton&Frey,1985)mayhavehadtoofewextremely
hot days to permit a fair test ofNAE, the remaining studies did
not. For example, Houston, the focus of Anderson and Ander-
son (1984), experiences very many hot days. It is also the case
that temperatures in urban centers can be 10-20 of hotter thaninsurroundingareas(Bell,Fisher,Baum,&Greene,1990)and
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that many weather stations are in cooler areas (airports). Re-
ported temperature distributions therefore frequently underes-

timate actual temperatures.
In summary, those field studies that did not allow falsifica-tionofNAEcanbeinterpretedasconsistentwithNAE,but

because of the lack of falsifiability, they do not add support.
Those studies that did allow falsification consistently contra-dictedNAE.AretheLabStudiesConsistentlySupportiveojNAE?ThefinaldefenseofNAEistheclaimthatlabstudiespro-
duce consistent support for it, in contradiction to the review.Thisissimplynottrue.Themostcommonpatternofsupport-ivefindingsisaTemperatureXAngerinteraction,inwhichhot
temperatures produce increases in aggression under nonangryconditionsanddecreasesunderangryconditions(e.g.,Baron&
Bell, 1975). However, this interaction sometimes fails to occur(Baron,1972;Bell&Baron,1977)andsometimesoccursinexactlytheoppositefashion(Bell,1980).Sometimesthepre-
dicted behavior occurs, but concomitant measures or manipula-tionsofvariablespredictedbyNAEtobemediatingbehavioralchoices(e.g.,escapemotives)yieldresultsthatcontradictNAE(Baron&Bell,1976,Study2;Bell&Baron,1976;Palamarek&
Rule, 1979). The specifics of these contradictions are detailed

on pages 89-92 of the review.
The comment then compares the field study finding thattemperatureinfluencesviolentcrimebutnotnonviolentcrime

with the claim that lab findings work when shock is used but
not when verbal retaliation is the measure of aggression. Thepointseemstobeifonekindofdiscrepancyisallowed,then
why not the other? The reason is simple: The violent/nonviolentcrimedistinctionisanaprioritheoreticalone.Violentcrimeis
generally spontaneous, affect driven, and theoretically respon-
sive to temperature variations, whereas nonviolent crimes have
a large instrumental component to them. Differences in respon-
siveness to temperature variations are theoretically expected.Ontheotherhand,theshock/verbalassaultdistinctionisapost
hoc convenient one. Theoretically, both are spontaneous, af-
fect-driven behaviors with no instrumental component. Bothshouldrespondtotemperaturemanipulationsinthesameway.Indeed,arecentmeta-analysis(Carlson,Marcus-Newhall,&
Miller, 1989) demonstrated considerable convergent validity be-
tween these types of measures. This appeal to different meth-
ods as an explanation of inconsistency falls short on othergroundsaswell.Ofthe11laboratorystudiesdetailedinthe
review, only I (Bell, 1980) used verbal measures of aggression.
The inconsistencies among the remaining shock studies (and
the I white noise study) detailed earlier justify the review con-
clusion that the lab studies are inconsistent.CriticalFeaturestoTestNAE

Although there are many negative aspects to such disagree-mentsinacademia,therearepositiveonesaswell.Wehopethat
better research and eventually a better understanding of sponta-neousaffect-basedaggressionwillemerge.Towardthatend,weofferalistingoffeaturesweseeasnecessarytoimprovelab
testing ofNAE in the temperature context.

TherearefourbasicassumptionstoNAE.Aggressivemoti-
vation is assumed to increase with increases in negative affect.
Escape motivation is assumed to increase with negative affect.Atlowlevelsofnegativeaffect,aggressionisthedominantbe-
havioral tendency. The slope relating negative affect to escape
motivation is steeper than the corresponding slope for aggres-sion.Fromtheseassumptions,wecanderivethefollowingmin-imalfeatures.Temperaturemustbevariedtoproducearange
of negative affect, from low to high (e.g., 75 of to 95 OF). Subjects

must be given an opportunity to aggress against a target. Ag-
gression and escape motives must be pitted against each other;
that is, subjects must believe that high levels of aggression pre-
clude escape and that escape behavior precludes aggression.
(Interestingly, none of the laboratory studies to date included
procedures to induce or assess such beliefs) The demand char-
acteristics inherent in these procedures require one additional
feature: Subject suspicion must be assessed. In addition to
these minimal features, research should also assess proposed
mediating variables, such as level of negative affect, desire for
escape, and desire for aggression.

Importance of Scholarly CommunicationClearly,Bell(1992)didnotreadthereviewinthewayitwas
intended to be read. The comment suggests a belief that thereviewwasprimarilydirectedatNAE;thataspectwasintended
to be a minor part. The comment appears to confuse the exis-tenceissueandtheshape/theoriesissues;thisiswhymanyofthesuggesteddisagreementsareactuallyagreements.WehopethatfewreadersinterpretthereviewinthesamewayasBellhas,andtodatewehavereceivednoothersimilarfeedback.How-
ever, with hindsight it is easy to see how such misinterpretations
could arise, particularly among those with a special interest inNAE.Thepointistocallforincreasedcommunicationamong
scholars before publication. This has long been a practice in
Anderson's lab. In the present case, an early draft of the reviewarticlewassenttoBelland13othersinthefield,witharequestforcommentsandsuggestions.Responseswerereceivedfrom
Rotton, Berkowitz, Kenrick, and Michael. Their comments

were incorporated into the final version, resulting in a muchimprovedarticle.Bell'sprepublicationcommentsonamorerecentpaperfromourlabhaveprovenhelpful;wehaveno
doubt that timely comments on the review draftwould have
resulted in a review article less susceptible to misinterpretation.
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