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Abstract 

Advances in our biological understanding and control of cognitive functioning have not been matched in the behavioral realm.   The bio-behavioral approach outlined in this paper helps to close this bio-behavioral gap by aiming for a taxonomic precision in psychology that is comparable to that in physiology.  The approach is applied to the phenomenon of group sex differences, and is illustrated by referring to three sets of recently reported findings: (a) interactive effects of nicotine and sex on the trait of cognitive style; (b) sexually dimorphic cognitive style in rats and the involvement of nitric oxide as a potential physiological mechanism and (c) sexually dimorphic phasic arousal change induced by smoking a cigarette following deprivation.

Introduction

Group sex differences in cognitive functioning have been shown in formally assessed test performance as well as more anecdotal evidence.  The more debatable issue is what accounts for these group differences?  In many cases that debate has generated undesirably high heat-to-light ratios.


Two main problems have contributed to the lack of progress in our understanding.  The first is evidenced by approaches that are politicized rather than truly investigative.  One example is the position summarized by the slogan, "sex is just a social construction":  the assumption is that all male/female differences are due to "nurture", and none to "nature" or biological factors. A concomitant indicator of political correctness is the use of the term “gender” rather than “sex” when referring to male/female differences, a practice that is required by the journals of the American Psychological Association, among others. 


Again, although some researchers have a more scientific stance and have explicitly recognized the dangers of politicization (e.g., Eagly, 1995), the lack of a disinterested approach is evidenced by those who, when they find certain tests of intellectual functioning that happen to produce group mean comparisons that favor males, argue for "closing the gender gap" by “correcting” the tests (Stumpf & Stanley, 1998).


The second problem is that accounts referring to both biological and behavioral factors employ concepts on the psychological side that are much less precise than those on the physiological side.  Whereas physiological distinctions  (e.g., the difference between the sympathetic and the parasympathetic branches of the autonomic nervous system) are clear, psychological distinctions (e.g., those between "different memory systems") are not.  Memory experts are divided as to whether memory is a single system comprising many "levels," or is a set of different systems.  Nor is it clear what is the conceptual distinction between "cognitive" and "non-cognitive" functions.  To add to the confusion, in many interdisciplinary bio-behavioral reports relating some physiological functions to "learning and memory", "cognitive" has become synonymous with "psychological".


This problem of taxonomic imprecision in psychological concepts stems from psychology's "cognitive revolution" of the 1970s.  In this "paradigm shift" (Segal and Lachman, 1972), the computer metaphor was taken into psychology, and the term "information processing" was then used to describe cognitive (and, indeed, all psychological) functioning.


Not all psychological research is conceptually imprecise, however.  In her extensive bio-behavioral examination of sex differences in Sex and Cognition, Doreen Kimura (Kimura, 1999) eschews the metaphorical, computer-eze terminology of "information processing," and employs fine taxonomical distinctions between different aspects of specific forms of cognitive abilities.  For example, within the category of mathematical ability, she distinguishes between calculational performance (at which females tend to be better than males) and more abstract reasoning (at which males tend to do better), and relates these findings to equally precisely specified physiological factors such as differing brain areas and hormonal functioning.


Our approach also rejects information-processing concepts for psychological functions, but rather than dealing with fine-grained differentiations among cognitive abilities, we have focused on two broad psychological distinctions: that between cognitive ability and cognitive style, and between two levels of cognitive function --perceptual and conceptual.  We also distinguish between cognitive and non-cognitive psychological functions in terms of whether or not they are propositional expressions to which the true/false category applies.  Hence, emotions, motives, and stimulus-response associations are non-cognitive, as they cannot be categorized as true or false. 


These distinctions are applicable to both human and nonhuman animals, and are also specifiable with the same level of operational precision that is used to make physiological distinctions.  Their use allows recognition of various sorts of sexually-dimorphic behavioral phenomena to which physiological, brain-organizational mechanisms can be related.  We suggest, moreover, that our approach not only yields testable hypotheses that can advance scientific understanding, but is relevant for applied problems (e.g., treating smoke addiction in a way that takes into account differences between the sexes). 

The approach applied to three sets of sexually-dimorphic phenomena

The examples presented here illustrate how this approach may lead to advances in scientific understanding, and to progress in biomedical applications.  Common to the sexually-dimorphic phenomena examined is that they involve qualitative rather than quantitative differences: sex of the subjects has a directionally different effect on how some other independent variable operates, rather than entailing merely a few points difference between males and females on some cognitive task.  (This focus on qualitative sexual dimorphism is preferable in behavioral studies, where it is always possible that small quantitative group differences are due to errors of measurement, or some other confounding).

Interactive effects of nicotine and sex on the traits of cognitive ability and style in humans

Smoker and non-smoker female and male students were given a verbal (whether two of three syllables presented make a meaningful word) and a spatial (whether two of three figures presented are identical) tasks in which reaction time, accuracy and the number of “no-responses” were recorded (Algan et al., 1997).  The verbal (conceptual) task was harder than the spatial (perceptual) one. 

While reaction time and accuracy are the main indices of cognitive ability, the number of no-responses reflects cognitive style.  If a cautious approach is used in problem solving, the no-response rate would be higher; this measure is also negatively related to subjective confidence or "cognitive self esteem". 


Among non-smokers, there were sex differences in ability: on the harder (and conceptual) verbal task, females were superior to males.  This result is consistent with the findings in the literature for verbal cognitive tasks. However, male smokers performed better than non-smoker males and as well as non-smoker females. This is consistent with observations of the use of centrally acting nicotinic agents, such as are currently being investigated for their therapeutic potential in the treatment of Alzheimer's disease. 


Another interesting finding of this study relates to sex differences in cognitive strategy during problem solving, and the interaction with smoking status.  Non-smoker females had a higher non-response rate than males but the non-response rate of smoker females decreased substantially in both tasks.  This is a trait of cognitive style rather than of ability. The results suggest an increased level of cognitive self esteem in women smokers.  This finding, if replicated, has implications for sex-differentiated smoke-cessation programs for the young. 

Sexually dimorphic cognitive style in rats in the water maze 

A variant of the water-maze (WM) preparation can be used to assess the effects of such variables as sex and nicotine on cognitive functioning in rats (Kanit et al., 1998).  The WM is a circular body of water from which escape is provided by swimming to a platform.  Decrease of escape latencies over trials reflects the cognitive learning of the proposition "Where the platform is".  The water is opaque, so that having the platform above and below the water's surface produces both a visible and hidden condition.  These visible and hidden conditions involve, respectively, perceptual and a conceptual levels of cognitive functioning.


The rats’ perceptual and conceptual cognitive abilities can be assessed by presenting them with 12 days (4 trials each, and each trial starting from different positions) of training, where the platform is always in the same position, sometimes visible, sometimes hidden.  A two-day "swim speed" test (rats had to swim between two platforms) before the experiments controlled for any group differences in non-cognitive abilities such as swim speed or motivation. We have consistently found no escape-latency differences as a function of sex and nicotine during the 12 interspersed perceptual and conceptual cognitive ability testing days. Group sex differences also failed to emerge during the first two "swim-speed" test days that evaluated non-cognitive group differences.


While the swim-speed test is intended to depict non-cognitive factors and the 12 days of “learning the place of the platform” to measure cognitive ability, the third phase of the study is designed to illustrate cognitive style differences. The most sensitive test of these occurs on the first trial of the 13th day, when the platform is visible and shifted from its former distal position to be very proximal to the rat.  The shift in position presents a conflict between old (now incorrect) conceptual knowledge and present (now correct) perceptual knowledge. Provided there have not been any group differences in non-cognitive factors and cognitive ability, any difference in escape latency on the shift trial can be attributed to differences in choice of cognitive style.


A dramatic sexually dimorphic effect has emerged in these WM studies in adult rats (Kanit et al., 2000a).  Females have much lower escape latencies than males on this first proximal shift trial.  Most females swim straight to the shifted visible platform that is "under their nose" and hence much closer than the previous platform location.  

This proximal perceptual style effect is eliminated if nicotine is chronically given: then nicotinized females perform as poorly as males, and search around the quadrant where the platform used to be (Kanit et al., 1998).


This sex difference is obviously not a cultural "social construct" but reflects differences in brain organization. But that is not to say that experiential factors may not be involved.  One plausible interpretation is that the readiness for parenting plays a role, given that looking after pups appears to involve a more proximal perceptual style than other activities like foraging for food.  This interpretation could be tested on two species of voles: meadow voles, the females of which are solely responsible for parenting, and prairie voles, whose males have a share in parenting. The prediction would be that the sex difference in the proximal perceptual style effect would emerge more markedly in meadow voles than in prairie voles. 


In animal studies it is possible to investigate bio-behavioral links between the observed behavioral performance on the proximal shift trial and brain biochemical mechanisms involved in cognitive functioning.  For example, we have studied the possible involvement of dopamine DA2 receptors in the observed sexually dimorphic cognitive style effect in nicotine treated rats, and found no correlation between brain DA2 receptor activity and performance in the water maze (Kanit et al., 1998).


Again, nitric oxide (NO) has been previously implicated in "learning and memory processes".  Recently, post-experimental NO assays (NO2 and NO3, stable metabolites of NO, were determined) of cortical and hippocampal areas have indicated that cortical (but not hippocampal) NO and performance on the trial where the platform was proximal to the rat's starting position are positively correlated (Kanit et al., 2000b).  In the choice between different cognitive styles, the cortex is involved, whereas the hippocampus has been clearly implicated in the literature as being involved in "place learning" or, in our terminology, conceptual cognitive learning ability.


The distinction between cognitive ability and style may have applied implications for human behavior, which may be more determined by style than by ability differences.  The finding that many women with very high mathematical ability prefer careers in the life rather than physical sciences (Kimura, 1999; Hausmaan, 2000) could be interpreted in these terms.  In teaching individuals to improve their performance in cognitive tasks, it may be more relevant to focus on appropriate cognitive styles for mastery (as in the case of the proximal shift trial in the rat WM preparation), rather than attempting to increase sheer cognitive ability.  Finally, more focus on style rather than ability may also be relevant because many real-life cognitive tasks do not require individuals to use the limits of their cognitive ability, but rather to adopt the appropriate style of cognitive functioning.  

A sexually-dimorphic reversed psychophysiolgical effect of an acute smoking manipulation on transient arousal 


The experiment described above (Algan et al., 1997) also included an acute nicotine manipulation.  Smokers were deprived for a 10-hour period, and allowed to have one cigarette during a 15-minute rest period that separated two presentations of the cognitive tasks during which psychophysiological measures of cardiovascular function (heart rate) and electrodermal activity (skin resistance level) were recorded. 

Briefly, there was a marked increase of some 15 beats per minute to an equal extent between the sexes and between the conceptual verbal and perceptual spatial tasks (for details, see Furedy et al., 1999).  However, skin resistance level, which is an index of psychological arousal of the organism as a whole, showed a relative increase in the males, but a relative decrease in the females, although only during the (conceptual) verbal task and not during the (perceptual) spatial task.  This objective measure of transient psychological arousal yielded a pattern of results that is opposite to the introspective-report or subjective measures reported in the literature, which indicates that females smoke for “relaxation” and males for “stimulation” (e.g., Spielberger, 1986).  


Both the reliability of the phenomena and our interpretation of the experimental results are subject to further investigation through studies that check on robustness as well as studies that consider alternative hypotheses to those we advance.  These further investigations should be facilitated by employing a psychological explanatory taxonomy that is not based on computer-metaphorical concepts, but rather has a level of precision comparable to that of physiological concepts.
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