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INTRODUCTION

During the last three decades, the field of evolutionary study of 
human psychology and behavior has shown rapid growth. As a truly 
interdisciplinary science, it now attracts a number of active researchers 
from a wide variety of disciplines: politics, art, history, literature, 
law, medicine, aesthetics, environmental studies, and religion, to 
name a few. Several handbooks for academic scholars as well as 
a dozen textbooks for undergraduate students have appeared within 
the past ten years (e.g., Gaulin and McBurney 2001, Barrett et al. 
2002, Palmer and Palmer 2002, Buss 2005, Buss 2007, Dunbar and 
Barrett 2007, Crawford and Krebs 2008). Moreover, a number of 
popular books for general audiences on human behavior and evo-
lution (e.g., Wright 1994, Dennett 1995, Pinker 1997, Ridley 1997, 
Pinker 2002) have been widely read among intellectuals and lay 
people. 

At least four distinct sub-disciplines have emerged in human 
evolutionary behavioral sciences: Human Behavioral Ecology (HBE), 
Evolutionary Psychology (EP), the gene-culture coevolutionary ap-
proach, and memetics (Smith 2000, Laland and Brown 2002, Gan-
gestad and Simpson 2007, Sears et al. 2007). This divergence be-
came apparent when a heated controversy erupted between propo-
nents of HBE and EP in the late 1980s. The theoretical and metho-
dological issues raised in the controversy include the domain-speci-
ficity of psychological mechanisms, adaptive lag and evolutionarily 
ancestral environments, and the relevance of measuring current fit-
ness in unraveling adaptations (Symons 1987, Symons 1989, Turke 
1990). Although the need for a synthesis of human evolutionary 

behavioral sciences is generally acknowledged (Gangestad and Simp-
son 2007, Sears et al. 2007), most of the issues that sharply diffe-
rentiated EP from HBE two decades ago have yet to be resolved. 

Here I focus on one fundamental issue over which HBE and EP 
have different views: the utility of formal optimality modeling in 
making cost-benefit analyses of human behavior and generating tes-
table predictions. Whereas HBE makes extensive use of formal 
optimality modeling, EP typically relies on verbal arguments from 
the reconstruction of our past as Pleistocene hunter-gatherers. Pro-
ponents of HBE have criticized EP’s heavy reliance on informal 
inferences, arging that using verbal arguments only is equivalent to 
telling a ‘just-so’ story and making an ad hoc explanation of al-
ready known facts (Smith 2000, Winterhalder and Smith 2000, 
Smith et al. 2001). In line with Kaplan and Gangestad (2005, 2007), 
I suggest that HBE researchers’ critique on this issue is somewhat 
unreasonable and that optimality modeling actually could be fruit-
fully utilized by EP as well as HBE. Moreover, in contrast to Ka-
plan and Gangestad’s (2005, 2007) view that optimality modeling 
cannot yield novel insights into psychological processes, I argue 
that optimality modeling can help to characterize the functional ar-
chitecture of evolved psychological mechanisms, rendering it one of 
the most important research tools for evolutionary psychologists as 
well as human behavioral ecologists.

First, I give a brief description of how adaptationism necessarily 
involves formulating and testing optimality models. Next, I discuss 
some possible reasons why EP researchers have effectively ne-
glected optimality modeling as a research method for investigating 
human psychology and behavior. I then suggest that optimality mo-
deling can play an essential role in identifying psychological as well 
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as behavioral adaptations in humans.

ADAPTATIONISM AND OPTIMALITY MODELS

Living organisms fit remarkably well into the external world in 
which they live. The problem of how such intricate functional de-
signs came into existence was solved by Darwin (1859), who showed 
that complex biological adaptations are the products of evolution by 
natural selection over long periods of time. Today, the adaptationist 
program analyzes the ways in which complex adaptations are en-
gineered to solve specific adaptive problems that have recurred in 
an organism’s evolutionary past (Williams 1966, Mayr 1983, Wil-
liams 1992).  

Over immense lengths of time, natural selection accumulates 
only those design features that have aided the propagation of the 
underlying genes in the next generation. Natural selection can be 
considered as an optimizing agent, fixing the mean value of a quan-
titative character near the functional optimum and minimizing the 
variation around the mean (Williams 1992, Krebs and Davies 1997). 
Hence, given suitable assumptions of fitness measures, an optima-
lity model can be constructed to specify which phenotype among 
a set of alternatives would be most fit or optimal for a given environ-
ment (Maynard Smith 1978). The selective accumulation of design 
features that confer net fitness benefits should optimize the parame-
ters of the design. This is why optimization is a fundamental princi-
ple in the study of adaptation (Seger and Stubblefield 1996). 

Optimality modeling has three main components. First, an opti-
mality model identifies a currency in which the fitnesses of alter-
native phenotypes can be evaluated (e.g., the relative numbers of 
grandprogeny for models of sex ratios (Fisher 1930, Edwards 1998)). 
Second, it identifies the control variable(s) that quantify the states 
of those phenotypes (e.g., a focal parent’s progeny sex ratio for the 
models of sex ratio). Third, it identifies a fitness function that des-
cribes how fitness in units of the currency depends on the control 
variable(s) and other parameters (e.g., the relative number of grand-
progeny as a function of a focal parent’s progeny sex ratio given 
the population sex ratio). Having defined these components, an 
optimality model can be constructed to predict which of the stra-
tegies for manipulating the control variables maximizes the fitness 
value under appropriate biological constraints (see Parker and May-
nard Smith (1990) for a clear introduction to optimality modeling). 
If the optimum for an individual is affected by what others do, one 
can adopt game-theoretic (frequency-dependent) models, which aims 
to seek an evolutionarily stable strategy (ESS). Unlike simple opti-
mization (frequency-independent) models, fitness is maximized here 
only in the sense that mutants not playing the ESS cannot invade 
the population (Maynard Smith and Price 1973).

Optimality modeling has played an integral role in studying the 
adaptive design of behavior. It is true that intuitive verbal arguments 
may also be conveniently used to identify adaptations, and that they 
have the practical merit of being easy to construct and interpret. 
Nonetheless, history has shown that the introduction of formal opti-
mality modeling in 1960s was a giant step forward in the study of 
adaptation. Before the advent of optimality modeling techniques, 
classical ethology experienced a number of difficulties. One obvious 
problem was that ethologists’ descriptions of behavior patterns were 
closer to being labels than causal explanations (Buss 2007). Along 
with inclusive fitness theory (Hamilton 1964), formal optimality 
models replaced ad hoc explanations about specific behavior pa-
tterns like foraging (MacArthur and Pianka 1966, Charnov 1976). 
For the first time, optimal foraging theory allowed researchers to 
make a priori predictions about how organisms are expected to 
behave in their natural environments. The optimality approach re-
mains the most powerful tool for behavioral ecologists and socio-
biologists, with ongoing development of more elaborate techniques 
such as game-theoretic models and dynamic state variable models 
(Maynard Smith 1982, Parker and Maynard Smith 1990, Clark and 
Mangel 2000). 

WHY EP RESEARCHERS RARELY USE 
OPTIMALITY MODELING

Having observed that optimality modeling is an essential re-
search method for the adaptationist program, I must then raise a 
question: why do evolutionary psychologists rarely make use of 
formal optimality modeling? This question is inevitable because the 
pioneers of EP defined the field as “the application of the adap-
tationist program to the study of the human brain/mind” (Symons, 
1992, p. 155). The founders of EP, such as Donald Symons, John 
Tooby, and Leda Cosmides, charged human behavioral ecologists 
with confusing currently adaptive behavior with behavioral adapta-
tions. Donating sperm to a sperm bank, for instance, would cer-
tainly qualify as an adaptive behavior: one that increases lifetime 
reproductive success in the current environment. It would be absurd, 
however, to suggest that sperm-donating behavior has been shaped 
by natural selection in the distant evolutionary past. Thus, the 
founders of EP criticized HBE’s ‘adaptivist’ approach and claimed 
that a truly adaptationist approach to human psychology and be-
havior was needed. Below I outline a few possible reasons why 
students of EP have thus far effectively neglected optimality mo-
deling techniques as a way to understand the nature of adaptations.

First of all, the strategy set in optimality models is frequently 
comprised of explicit behavioral options (e.g., either to forage out-
side or to wait inside), which may have created the impression that 
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optimality modeling is not suitable to study the adaptive design of 
psychological mechanisms. During the controversy between propo-
nents of EP and HBE, evolutionary psychologists criticized HBE on 
the grounds that “natural selection cannot select for behavior per se; 
it can only select for the mechanisms that produce behavior” (Too-
by and Cosmides 1990). This has been widely interpreted as mea-
ning that adaptive designs can be identified not at the level of exter-
nal behavior but of internal psychological mechanisms. Since opti-
mality modeling usually focuses on how alternative behavioral op-
tions bring about different fitness consequences, evolutionary psy-
chologists may have believed that they do not need to resort to 
formal optimality models. 

Second, optimality models are more difficult to formulate and 
understand than simple verbal arguments. Of course, the difficulty 
involved in optimality modeling presents a serious obstacle for hu-
man behavioral ecologists as well as evolutionary psychologists, yet 
the problem is particularly severe for evolutionary psychologists 
because most evolutionary psychologists’ academic backgrounds are 
in mainstream psychology, which presents few opportunities for 
students to familiarize themselves with basic calculus and evolu-
tionary genetics. 

WHY EVOLUTIONARY PSYCHOLOGISTS SHOULD  
USE OPTIMALITY MODELING  

In this section, I attempt to show that, despite widespread skep-
ticism about the validity of optimality modeling for studying human 
psychological adaptations, optimality models can actually play a 
pivotal role in understanding evolved psychology and behavior. 

More than anything else, the notion that adaptations should be 
sought at the level of psychological mechanisms but not behavior 
patterns is a gross misapprehension of what the founders of EP 
really meant. EP’s emphasis on psychological mechanisms rather 
than specific behavior was an attempt to correct the conceptual error 
prevalent in the field of HBE that each and every human behavior 
was expected to be adaptive in the current environment (Symons 
1992). Indeed, Tooby and Cosmides (1990) explicitly stated that 
“Turke (1990) argues that behavior can be an adaptation just as 
much as any other phenotypic property can be and, depending on 
exactly what is meant by the word behavior, we agree with him”. 
If behavior is taken to be the manifest phenotypic expression of an 
underlying psychological trait (e.g., sweet tooth is an adaptation 
because craving for ripe fruits conferred higher fitness in human 
ancestral environments, although it may be maladaptive in current 
environments), Tooby and Cosmides (1990) make clear that we can 
call it an adaptation. By contrast, if behavior is taken to be any of 
the infinitely variable actions humans may show whether or not 

there exists an underlying psychological trait (e.g., smoking), it 
cannot be called an adaptation. As Symons stated, “Darwinism illu-
minates human behavior only insofar as it illuminates the adapta-
tions that constitute the machinery of behavior” (Symons, 1992, p. 
139).  It should be noted that the founders of EP clearly specified 
that, as long as behavior is properly defined, both psychological 
mechanisms and behavior are equally appropriate levels to look for 
adaptations. Therefore, an optimality model of specific behavior pat-
terns can help to demonstrate the existence of their underlying 
psychological adaptations.

Indeed, while practitioners of HBE often imply otherwise, theo-
retical evolutionary biologists stress that optimality models are an 
appropriate research method for investigating the psychological 
mechanisms underlying behavioral decisions (Krebs and Kacelnik 
1991, Kacelnik and Krebs 1997). For example, optimal foraging 
theory is frequently applied to unravel the process of decision-ma-
king by foragers. It turns out that consideration of psychological 
mechanisms, such as learning and memory, has helped to reveal a 
much richer story than a simple focus on optimization (Krebs and 
Kacelnik 1991, McNamara et al. 2001). Dynamic state variable 
models, a variant of optimality models, are powerful enough to 
specify sequences of decisions made by individuals over time where 
each chosen action can depend on the current state and may in-
fluence the future state. The models are being extensively used to 
analyze a wide range of adaptive problems such as energetic gain, 
energy-predation trade-offs, dynamic games, state-dependent life 
histories, annual routines, and fluctuating environments (Houston & 
McNamara, 1999). Obviously, such a powerful modeling technique 
would be of immense help in discovering the functional organiza-
tion of human psychological mechanisms.

Formal optimality modeling, as applied to study human psycho-
logy and behavior, gives a new insight into how to resolve the 
debate about the concept of Environment of Evolutionary Adapted-
ness (EEA), i.e., the past ancestral environment that has exerted 
selective pressures on a specific adaptation over a long time. Whereas 
EP researchers argue for the importance of the EEA concept, 
human behavioral ecologists often emphasize the great flexibility of 
human psychological faculties, which is assumed to allow humans 
to behave adaptively in a wide range of current novel environments 
(Smith et al. 2000). It seems that optimality modeling, which 
embodies the fundamental principle of optimization in the adapta-
tionist program, supports the viewpoint of EP on this issue. Accor-
ding to theoretical evolutionary biologists, psychological mecha-
nisms implementing behavioral phenotypes “will typically be simple 
rules of thumb that approximately maximize fitness under natural 
circumstances but that may produce anomalous behavior in some 
circumstances.” (McNamara et al. 2001, p. 415). For instance, birds 
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have simple rules for determining which eggs to incubate and often 
prefer the biggest egg. This preference rule may have adaptive value 
in the wild, but under artificial conditions birds may be experimen-
tally manipulated into trying to incubate objects that are too large 
to be eggs. Thus evolutionary biologists recommend that, if one 
want to use optimality models to predict a behavior, one must ob-
serve the behavior in the natural environment in which it has evol-
ved, which is functionally equivalent to the EEA (McNamara et al. 
2001). 

CONCLUDING REMARKS

In this review, I attempted to show that optimality modeling is 
an essential research tool for evolutionary psychologists as well as 
human behavioral ecologists. My argument is simple and straight-
forward. Given that the field of EP is oriented around the adaptatio-
nistic approach to human nature, and that optimality modeling is 
one of the most powerful methods of adaptationism in biology, it 
seems natural that evolutionary psychologists should adopt opti-
mality modeling as one of their main research tools. Contrary to the 
misunderstanding common among human behavioral ecologists and 
evolutionary psychologists, optimality modeling offers a clear and 
efficient way to reveal the nature of human psychological mecha-
nisms as well as explicit behavior patterns. I anticipate that active 
application of optimality modeling to the study of human psycho-
logy and behavior will contribute substantially to the reintegration 
of the current sub-disciplines of human evolutionary social sciences, 
facilitating the development of a more complete understanding of 
human nature.

LITERATURE CITED

Barrett L, Dunbar RIM, Lycett J. 2002. Human Evolutionary Psycho-
logy. Princeton University Press, Princeton, NJ.

Buss DM. 2005. Handbook of Evolutionary Psychology. John Wiley & 
Sons, Hoboken, N.J.

Buss DM. 2007. Evolutionary Psychology: the New Science of the 
Mind, 3rd edn. Allyn and Bacon, Boston.

Charnov EL. 1976. Optimal foraging: the marginal value theorem. Theo 
Popul Biol 9: 129-136.

Clark CW, Mangel M. 2000. Dynamic State Variable Models in 
Ecology. Oxford University Press, Oxford, UK.

Crawford C, Krebs D. 2008. Foundations of Evolutionary  Psychology. 
Lawrence Erlbaum Associates, New York, NY.

Darwin CR. 1859. On the Origin of Species. John Murray, London
Dennett DC. 1995. Darwin's Dangerous Idea: the Evolution and Mea-

nings of Life. Simon  & Schuster, New York, NY.
Dunbar RIM, Barrett L. 2007. The Oxford Handbook of Evolutionary 

Psychology. Oxford University Press, Oxford, UK.

Edwards AWF. 1998. Natural selection and the sex ratio: Fisher's 
sources. American Naturalist 151: 564-569.

Fisher RA. 1930. The Genetical Theory of Natural Selection. Oxford 
University Press, Oxford.

Gangestad SW, Simpson JA. 2007. Whither science of the evolution of 
the mind? In: The Evolution of Mind: Fundamental Questions and 
Controversies (Gangestad SW, Simpson JA, eds). Guilford  Press, 
New York, NY, pp 397-437.

Gaulin SJC, McBurney DH. 2001. Psychology: an Evolutionary Ap-
proach. Prentice-Hall, Upper Saddle River, NJ.

Hamilton WD. 1964. The genetical evolution of social behavior. I & 
II. J Theor Biol 7: 1-52.

Kacelnik A, Krebs JR. 1997. Yanomamő dreams and starling payloads: 
the logic of optimality. In: Human Nature (Betzig L, ed). Oxford 
University Press, Oxford, UK, pp 21-35.

Kaplan HS, Gangestad SW. 2005. Life history theory and evolutionary 
psychology. In: The Handbook of Evolutionary Psychology (Buss 
DM, ed). John Wiley & Sons, Inc., Hoboken, New Jersey, pp 
68-95.

Kaplan HS, Gangestad SW. 2007 Optimality approaches and evolu-
tionary psychology: A call for synthesis. In: The Evolution of 
Mind: Fundamental Questions and Controversies (Gangestad SW, 
Simpson JA, eds). Guilford Press, New York, pp 121-129.

Krebs JR, Davies NB. 1997. The evolution of behavioral ecology. In: 
Behavioural Ecology: an Evolutionary Approach (Krebs JR, Da-
vies NB, eds). Blackwell, Oxford, UK, pp 3-12.

Krebs JR, Kacelnik A. 1991. Decision-making. In: Behavioural Eco-
logy: an Evolutionary Approach (Davis NR, Krebs JR, eds). Ox-
ford University Press, Oxford, UK, pp 105-136.

Laland KN, Brown GR. 2002. Sense and Nonsense: Evolutionary Per-
spectives on Human Behaviour. Oxford University Press, Oxford.

MacArthur RH, Pianka ER. 1966. On the optimal use of a patch en-
vironment. Am Nat 100: 603-609.

Maynard Smith J. 1978. Optimization theory in evolution. Ann Rev 
Ecol Syst 9: 31-56.

Maynard Smith J. 1982. Evolution and the Theory of Games. Cam-
bridge University Press, Cambridge; New York.

Maynard Smith J, Price G. 1973. The logic of animal conflicts. Nature 
246: 15-18.

Mayr E. 1983. How to carry out the adaptationist program. Am Nat 
121: 324-334.

McNamara JM, Houston AI, Collins EJ. 2001. Optimality models in 
behavioral biology. SIAM Rev 43: 413-466.

Palmer JA, Palmer LK. 2002. Evolutionary Psychology: the Ultimate 
Origins of Human Behavior. Allyn & Bacon, Boston.

Parker GA, Maynard Smith J. 1990. Optimality theory in evolutionary 
biology. Nature 348: 27-33.

Pinker S. 1997. How the Mind Works. Norton, New York.
Pinker S. 2002. The Blank Slate: the Modern Denial of Human Nature. 

Allen Lane, London.
Ridley M. 1997. The Origins of Virtue: Human Instincts and the Evo-

lution of Cooperation, 1st American edn. Viking, New York.
Sears R, Lawson DW, Dickins TE. 2007. Synthesis in the human 

evolutionary behavioral sciences. J Evol Psychol 5: 3-28.
Seger J, Stubblefield JW. 1996. Optimization and Adaptation. In: Adap-



August 2008 Optimality Modeling and Human Behavior 181

tation (Rose MR, Lauder GV, eds). Academic Press, Sand Diego, 
pp 93-123.

Smith EA. 2000. Three styles in the evolutionary analysis of human 
behavior. In: Adaptation and Human Behavior: an Anthropological 
Perspective (Cronk L, Chagnon N, Irons W, eds). Aldine de Gruy-
ter, New York, pp 27-46.

Smith EA, Borgerhoff Mulder M, Hill K. 2000. Evolutionary analyses 
of human behaviour: a commentary on Daly and Wilson. Anim 
Behav 60: F21-F26.

Smith EA, Borgerhoff Mulder M, Hill K. 2001. Controversies in the 
evolutionary social sciences: a guide for the perplexed. Trends in 
Ecol Evol 16: 128-135.

Symons D. 1987. If we're all Darwinians, what's the fuss about? In: 
Socioblology and Psychology: Ideas, Issues, and Applications (Craw-
ford C, Smith M, Krebs D, eds). Erlbaum, Hilsdale, NJ, pp 121- 
146.

Symons D. 1989. A critique of darwinian anthropology. Ethol and So-
ciobiol 10: 131-144.

Symons D. 1992. On the use and misuse of Darwinism in the study 
of human behavior. In: The Adapted Mind: Evolutionary Psycho-
logy and the Generation of Culture. Oxford University Press, 
Oxford, pp 137-159.

Tooby J, Cosmides L. 1990. The past explains the present: emotional 
adaptations and the structure of ancestral environments. Ethol and 
Sociobiol 11: 375-424.

Turke PW. 1990. Which humans behave adaptively, and why does it 
matter? Ethol and Sociobiol 11:305-339.

Williams GC. 1966. Adaptation and Natural Selection. Princeton Univer-
sity Press, Princeton, NJ.

Williams GC. 1992. Natural Nelection: Domains, Levels and Chal-
lenges. Oxford University Press, Oxford.

Winterhalder B, Smith EA. 2000. Analyzing adaptive strategies: human 
behavioral ecology at twenty-five. Evol Anthropol 9: 51-72.

Wright R. 1994. The Moral Animal: the New Science of Evolutionary 
Psychology. Pantheon Books, New York.

(Received August 3, 2008; Accepted August 15, 2008)


