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Abstract Doucet and Stelmack [Doucet, C., & Stelmack, R. M. (1997). Movement time di€erentiates extraverts from introverts. Personality and Individual Di€erences, 23, 775±786] report the most recent ®nding of a negative correlation between movement time and extraversion, and provide a detailed examination of the e€ect. The present study examined this association with particular emphasis on the moderating role of intelligence. To this end, 68 adult male subjects completed tests of extraversion and intelligence and a set of three reaction time tests. Although the zero-order correlation between extraversion and movement time was nonsigni®cant (but in the predicted direction), after partialling out FSIQ, the predicted signi®cant negative correlation was observed, r=ÿ0.25, P < 0.05. E€ects for reaction time were nonsigni®cant. Evidence was also found for a curvilinear e€ect whereby ambiverts are the slowest movers, extraverts are the fastest, and introverts fall in the middle. These results are interpreted as showing the importance of examining elementary motor processes in addition to higher-order psychological functions in attempting to explain individual di€erences in extraversion. # 1999 Elsevier Science Ltd. All rights reserved. Keywords: Movement time; Extraversion; Intelligence; Reaction time
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1. Introduction In many reaction time experiments, a useful distinction is made between subjects' reaction times (how quickly they lift their ®nger from a home key in response to some stimulus) and their movement times (how quickly they then move their ®nger from the home key to a response key). Doucet and Stelmack (1997) report that extraverts have faster movement time (MT) in a simple reaction time task than do introverts, but that there is no such e€ect for reaction times (RTs). Doucet and Stelmack interpreted this as indicating that extraversion involves di€erences in fundamental motor mechanisms. These e€ects are not easily understood from the perspective of the prevailing view that variation in extraversion re¯ects variation in cortical arousal (Eysenck, 1967; Stelmack, 1990). Although this is the ®rst presentation of a detailed analysis of such a result, Rammsayer (1995); Stelmack, Houlihan, and McGarryRoberts (1993) also found similar e€ects for movement time and reaction time in relation to extraversion. Rammsayer, Netter, and Vogel (1993), however, failed to ®nd evidence for MT di€erences between introverts and extraverts, but this study used a small sample. Barrett (1967) found the reverse e€ect, but this was using an impulsiveness scale rather than an actual extraversion measure, and was with only 16 subjects. The distinction between MT and RT is theoretically important. RT is presumably an indication of the time required for stimulus evaluation, response selection, response planning and the initial stage of response execution. For more di�cult choice reaction time tasks, which can involve di€erentiation between words or recollection of previous learned digit series, other higher-order cognitive processing may be required (such as semantic di€erentiation and shortor long-term memory retrieval). RT has reliably been shown to increase as task di�culty also increases, and shows regular, predictable changes in response to a variety of manipulations of both stimulus and task characteristics (Vernon, 1987). Although RT clearly involves many di€erent processes, they are almost solely central nervous system (CNS) processes. This is not so for MT. MT is simply the time from release of the home button to pressing of the target button. MT is apparently a re¯ection of motor movement, and is a€ected by such things as muscle responsivity and nerve conduction velocity. The same task di�culty manipulations that have substantial e€ects on RT, generally do not a€ect MT, suggesting that they are separable constructs. While it is tempting to attribute variation in MT to the peripheral nervous system (PNS), there is still considerable involvement of the central nervous system in guiding movements. What is important is that MT is largely determined by simple motor mechanisms, a substantial portion of which are resident in the peripheral nervous system. The importance of the distinction for extraversion comes in considering the biological basis of individual di€erences in this personality trait. Showing that extraversion is related to MT demonstrates, at the very least, that the causes of variation in extraversion share some degree of overlap with the causes of variation in MT (barring a completely spurious relation). To the extent that MT is a re¯ection of PNS processing, or at least of simple motor mechanisms, then the search for the causes of variation in extraversion must include examination of these motor mechanisms. This suggests that extraversion must be more `fundamental' and `basic'; that is, a temperament. As Doucet and Stelmack (1997) state, MT has been little studied in personality research, but it has garnered considerable attention within intelligence research. The correlations between
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RT and IQ are so well established that they may be considered psychological laws: as IQ increases, RT decreases, as does intraindividual variability of RT (Vernon, 1987). So, more intelligent individuals can process information faster and are more consistent in the time taken to complete this processing. Less discussed is the (smaller) negative correlation that exists with MT (but, see Roberts, 1997). More intelligent individuals also take less time to move from the home button to the response button on standard simple reaction time tasks. This is not so easy to reconcile with theories of intelligence that rely solely on higher mental functioning. Correlations between MT and IQ suggest that some aspects of intelligent behavior are manifest throughout the nervous system, and not just within the brain. If MT is truly re¯ecting some component of extraversion, then examining this relation with reference to the fact that IQ also correlates with MT is important. If more extraverted individuals are also more intelligent, then the MT-extraversion relation may be solely or largely due to this third variable. If, however, a negative relation (or no relation) exists between IQ and extraversion, then IQ e€ects may serve to obscure the MT-extraversion e€ect. Though only few studies have reported correlations between extraversion and MT, it seems unlikely that more researchers have not at least tested for this relation. If the failure to report these correlations is because they are generally negligible, then such an IQ e€ect may be substantial. Studies of university student populations, as used by Doucet and Stelmack (1997), Rammsayer (1995) and Stelmack et al. (1993), would be less a€ected by this because of the narrowed range of IQ Ð possibly explaining the success of these studies in demonstrating a MT±extraversion relation. This report aims to examine the MT±extraversion correlation, while also considering the role of IQ. Speci®cally, it is predicted that MT and extraversion will be negatively correlated and that this correlation will increase by partialling out IQ. Exploration of relations with other RT variables will also be undertaken to gain a fuller picture of the observed e€ects.



2. Method 2.1. Participants Subjects were 70 adult males who were part of a larger study of intelligence, brain volume and nerve conduction velocity. Subjects were volunteers from the local community and responded to advertisements placed in local newspapers. All were right-handed, and between the ages of 20 and 35 years. An extensive medical history checklist was administered to ensure that all were healthy. Re¯ecting the age group, some subjects were university students, but students did not form most of the sample. Subjects participated as sibling pairs for purposes outside the scope of this report. One subject was dropped as an outlier for being more than 2.5 standard deviations o€ the regression line between movement time and extraversion. One other outlier was removed for having a disproportionately large and misleading e€ect on the ®ndings, with this e€ect generally being to make stronger the results presented below. This subject had extremely long RTs and MTs, and was by far the lowest IQ in the sample (74), but was near the mean in extraversion. Though not statistically an outlier in terms of regression analysis, this subject was having undue e€ects on the results, and so this bias was removed.
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2.2. Procedure Testing took place across three sessions, but most of this testing was concerned with the relation between IQ and various biological measures. An extraversion test was administered as part of testing for the purposes of relating it to nerve conduction velocity (results of which are discussed in Wickett, Vernon, Brown, & Broome, in preparation). This self-rating scale was derived from the Six-Factor Personality Questionnaire (6FPQ; Jackson, Paunonen, Fraboni, & Go�n, 1996) and comprised 18 items, each of which was evaluated on a ®ve-point scale depending on the degree to which it described the subject. The total extraversion score was broken down into scores on three components: a�liation, exhibition, and dominance (each being assessed by six items). Total extraversion scores can range from 18 to 90. As the 6FPQ is new, there is little direct information on its validity and reliability. The scale is essentially the result of ®tting a six-factor solution to a combination of the Personality Research Form (Jackson, 1984) and Jackson Personality Inventory (Jackson, 1976, 1994). Only items with desirable item characteristics were retained on the 6FPQ, and so this new scale should bene®t substantially from the amalgamation of two established personality scales. Jackson et al. (1996) report that the coe�cient a reliabilities for the six factors of the 6FPQ ranged from 0.81 to 0.88 in a study of 94 undergraduate students, indicating acceptable levels of reliability for the test. Furthermore, Jackson, Ashton, and Tomes (1996) report the results of a factor analytic study of 144 undergraduates who were administered the 6FPQ and the NEO Personality Inventory Ð Revised (NEO-PI-R; Costa & McCrae, 1992). Most importantly, the extraversion scales of the 6FPQ and NEO-PI-R loaded moderately to highly on the same factor, indicating convergent validity (discriminant validity was also indicated in this study). IQ was assessed by the Multidimensional Aptitude Battery (MAB; Jackson, 1984) and scored with the use of new norms (D.N. Jackson, personal communication). The MAB is a pencil-and-paper multiple-choice format test, modelled after the Wechsler Adult Intelligence Test Ð Revised (Wechsler, 1981). It consists of two scales, Verbal and Performance, each of which is assessed by ®ve subtests. This test was administered in groups of two to six persons according to standard instructions. Verbal IQ (VIQ), performance IQ (PIQ) and full scale IQ (FSIQ) scores were recorded for each subject. Two reaction time tasks were administered, yielding three sets of RT scores. Both tasks have been used extensively in past research (see, e.g. Vernon, 1983; Vernon & Mori, 1992; Wickett & Vernon, 1994). In the ®rst task, pairs of common words that were either synonyms or antonyms were presented to subjects. The task required subjects to remove their ®nger from the home button and press `yes' if synonyms, and press `no' if antonyms (the response buttons were both 9 cm from the home button on a specially constructed response box). There were 30 items, with equal numbers of antonym and synonym pairings. All words were common, and error rates do not suggest that semantic processing was di�cult. Each item in the second RT task comprised three parts. In the ®rst part, subjects were presented with a series of digits (one to seven digits in each series) that they were to memorize, but to which they did not immediately respond. Then, a simple arithmetic equation was presented such that on half the trials the equation was true (e.g. 1 ‡ 3 ˆ 4), and on half the trials it was false (e.g. 1 ‡ 3 ˆ 5). Subjects were to respond `yes' if true and `no' if false (using
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the same response box as in the synonyms and antonyms task described above). The arithmetic equations involved either addition or subtraction, and no equation included any term of greater than one digit. After responding to the arithmetic portion, subjects were presented with a single digit. If this digit had occurred in the initial digit series, they were to respond `yes', and if it had not occurred in the initial digit series, they were to respond `no'. A total of 24 items was presented. RT scores to the arithmetic portion and to the probe portion were derived from this task. Several measures were de®ned for each task: mean RT (time from stimulus onset to release of the home button), intraindividual variation of RT (standard deviation of item RTs), mean MT (time from release of the home button to pressing of the response button), intraindividual variation of MT and the percentage of errors (percentage of items that were either answered incorrectly or had an RT that was more than three standard deviations from the subject's mean). Error items were not included in the computation of RT and MT scores. To simplify analyses, each subject's scores were standardized to a mean of zero, and a standard deviation of one (within an RT task), and then aggregation across the three RT tasks was employed to obtain composite scores. The following set of scores was used in analyses: RT, RTsd, MT, MTsd and % errors. Although correlational analyses ®t these data best, in keeping with Doucet and Stelmack (1997), ANOVAs were also conducted. Subjects were classi®ed as introverts, ambiverts, or extraverts based on distance from the mean for this sample. All subjects within2 1 standard deviation of the mean were classi®ed as ambiverts (54±70; n = 42), subjects more than 1 S.D. above the mean were classi®ed as extraverts (71±80; n = 16), and subjects more than 1 S.D. below the mean were classi®ed as introverts (46±53; n = 10). Although this disparity in cell sizes is not ideal, it does re¯ect the reality that most people fall in the middle of the range.



3. Results These results ®rst address the correlations between the experimental variables. This is then supplemented by ANOVA and ANCOVA design analyses, and ®nally by some exploratory multiple regressions. Throughout these results, RT refers to the time from the presentation of the stimulus to the removal of the ®nger from the home button, MT refers to the time from Table 1 Descriptive statistics for IQ and extraversion variables (N = 68)



A�liation Dominance Exhibition Extraversion Verbal IQ Performance IQ Full Scale IQ



Mean



Standard deviation



20.74 21.37 20.28 62.38 114.49 115.34 115.94



2.95 4.23 3.65 8.60 11.48 11.26 11.17
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the removal of the ®nger from the home button to the pressing of the response button, and RT variables is used as a generic term for the entire set of scores (including RT, MT, errors, etc.). To examine for the possibility that age was having an e€ect on relations, correlations between age and all experimental variables were computed. The only signi®cant ®nding (out of 13 correlations) was between PIQ and age (r = 0.29, P < 0.05). The correlation between MT and age was 0.00, and between extraversion and age the correlation was ÿ0.03. The low magnitude of these correlations precludes any meaningful e€ect of age on the key experimental variables, or on the relations between them. As such, age was not considered in further analyses. All signi®cance tests presented here are two-tailed. Means and standard deviations for the IQ and extraversion variables are presented for the 68 subjects in Table 1. Means for the RT tasks ranged from 810.84 to 1257.20 ms for RT, and from 224.16 to 267.08 ms for MT (the aggregated RT variable means used in these analysis are all zero). 3.1. Correlational analyses As there was indication that the three extraversion components were behaving di€erently, all subsequent analyses were conducted on component and total scores. The intercorrelations between the components were all signi®cant, but not exceptionally high: a�liation and dominance, r = 0.48; a�liation and exhibition, r = 0.51; dominance and exhibition, r = 0.36. Table 2 presents the main correlations between extraversion, IQ and RT variables. The correlations between extraversion and each of the RT variables are clearly quite small, and none is signi®cant. Extraversion was inversely related to MT as expected, r=ÿ0.17, but this failed to reach signi®cance. Additionally, lacking signi®cant e€ects, it is di�cult to determine if the extraversion components are showing real di€erences in terms of relative correlations with the RT variables. These e€ects are in stark contrast to those for IQ and the RT variables, where all correlations are signi®cant. All ®ndings are consistent with past research, but are somewhat higher than would be expected. These are aggregate scores, though, which should Table 2 Pearson correlations between RT task performance and extraversion and IQ. P < 0.05; P < 0.01; P < 0.001. N = 68. RT and RTsd refer to reaction time mean and standard deviation of responses, respectively; MT and MTsd refer to the same for movement time. The % errors variable comprises incorrectly-answered items and items where the RT was more than 3 standard deviations outside the mean for that subject. Only correctly-answered, normal-range items were used in the computation of RT and MT values



A�liation Dominance Exhibition Extraversion Verbal IQ Performance IQ Full Scale IQ



RT



RTsd



MT



MTsd



% Errors



0.03 0.00 ÿ0.11 ÿ0.04 ÿ0.51 ÿ0.62 ÿ0.61



0.03 ÿ0.04 ÿ0.08 ÿ0.04 ÿ0.53 ÿ0.63 ÿ0.63



ÿ0.08 ÿ0.16 ÿ0.15 ÿ0.17 ÿ0.33 ÿ0.26 ÿ0.32



ÿ0.03 ÿ0.16 ÿ0.18 ÿ0.17 ÿ0.32 ÿ0.28 ÿ0.33



0.20 0.08 0.11 0.16 ÿ0.32 ÿ0.47 ÿ0.42
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lead to higher correlations than would be found for individual test scores. More intelligent individuals show faster RT and MT, show less variability of RT and MT and make fewer errors. Also consistent with past research is the lack of a speed±accuracy trade-o€ for the faster responders. Based on the results shown in Table 2, it can be postulated that the strength of relations seen with IQ is masking a relation with extraversion. The extent to which this is true depends on the correlations between IQ and extraversion. Table 3 shows that extraversion and FSIQ are nonsigni®cantly negatively correlated at ÿ0.20, and that A�liation scores show a signi®cant negative correlation with FSIQ at ÿ0.35 (P < 0.01). The general trend is for subjects showing less extraversion to be more intelligent. This direction of e€ect leads to the prediction that partialling out IQ from extraversion±RT score correlations should result in an increase in their magnitude. Table 4 presents the partial correlations between the set of RT variables and extraversion with FSIQ partialled out. The magnitude of e€ects has increased substantially in the predicted direction, with MT and MTsd both showing signi®cant negative correlations with extraversion (both rs=ÿ0.25). Although not substantially di€erent, the correlations with RT and RTsd were not signi®cant (rs=ÿ0.20 and ÿ0.22, respectively). Table 4 also suggests that there is no reason to consider any one extraversion component as more consistently related to the RT variables, with all values being between ÿ0.10 and ÿ0.25 (but, the small sample size greatly reduces the power of this analysis). Error rates showed no relation with extraversion. Table 4 also presents the partial correlations between IQ and RT variables, with extraversion partialled out. Re¯ecting its lower correlations with RT variables, partialling out extraversion had smaller e€ects and the magnitudes of the correlations were little changed.



3.2. ANOVAs As a supplement to the correlational results, ANOVAs were also run with extraversion category as the independent variable. First, a MANOVA was conducted with the set of ®ve RT variables as dependents. Not surprisingly, this analysis was nonsigni®cant, Wilks' L=0.87, F(10, 122)=0.91. Although inappropriate to continue on to examine univariate e€ects, the main experimental hypothesis was independently tested. The e€ect of extraversion category on MT was marginally signi®cant, F(2, 65)=2.77, P = 0.07 (and of the ®ve univariate tests possible, this showed the strongest e€ect). Strangely, though, the e€ect was for ambiverts to be Table 3 Pearson correlations between IQ and extraversion.



A�liation Dominance Exhibition Extraversion







P < 0.01. N = 68



Verbal IQ



Performance IQ



Full Scale IQ



ÿ0.31 ÿ0.07 ÿ0.00 ÿ0.14



ÿ0.32 ÿ0.19 ÿ0.05 ÿ0.23



ÿ0.35 ÿ0.14 ÿ0.03 ÿ0.20
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Table 4 Partial correlations between RT task performance and extraversion and IQ. P < 0.05; N = 68. Refer to Table 1 or text for full variable descriptions



With FSIQ partialled out A�liation Dominance Exhibition Extraversion







P < 0.01;







P < 0.001.



RT



RTsd



MT



MTsd



% errors



ÿ0.25 ÿ0.10 ÿ0.17 ÿ0.20



ÿ0.25 ÿ0.16 ÿ0.12 ÿ0.22



ÿ0.21 ÿ0.22 ÿ0.17 ÿ0.25



ÿ0.16 ÿ0.22 ÿ0.21 ÿ0.25



0.06 0.03 0.11 0.08



ÿ0.54 ÿ0.66 ÿ0.65



ÿ0.36 ÿ0.31 ÿ0.36



ÿ0.36 ÿ0.33 ÿ0.37



ÿ0.30 ÿ0.45 ÿ0.40



With extraversion partialled out Verbal IQ ÿ0.52 Performance IQ ÿ0.65 Full Scale IQ ÿ0.63



the slowest, followed by introverts, and ®nally, extraverts showed the fastest movement times. Fig. 1 displays the means for each group (in standard deviation units) for both RT and MT.



Fig. 1. Mean RTs and MTs by extraversion category. Values are for the composite measure, expressed as standard deviation units from the mean of the sample. ANOVA and ANCOVA results for RT were nonsigni®cant; for MT: F(2, 65)=2.77, P = 0.07 and with FSIQ covaried, F(2, 64)=4.37, P < 0.05.
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Considering the role that IQ played in the correlational analyses, a MANCOVA was run covarying FSIQ. This analysis, however, also was nonsigni®cant, Wilks' L=0.79, F(10, 120)=1.48. With respect to the main experimental hypothesis, the ANCOVA for movement time was signi®cant, F(2, 64)=4.37, P < 0.05. The adjusted means for MT again show that ambiverts are the slowest (0.70), extraverts are the fastest (ÿ1.38) and introverts are in the middle (ÿ0.45). 3.3. Exploratory analyses The apparent curvilinear relation between extraversion and MT exhibited in Fig. 1 was examined with multiple regression. MT as predicted by extraversion (as a continuous variable) yields an R of 0.17, adjusted R 2=0.01, F(1, 66)=1.98, NS. Adding the quadratic component of extraversion yields a signi®cant equation, R = 0.31, adjusted R 2=0.07, F(2, 65)=3.35, P < 0.05. This increase in variance accounted for is also signi®cant: F(1, 65)=4.62, P < 0.05. To complete these analyses, the question was asked of the degree to which subjects' movement time could be predicted by knowing their FSIQ and extraversion score. Regressing MT onto FSIQ and the quadratic function of extraversion indicates that as much as 20% of MT variance can be predicted by these variables, R = 0.46, adjusted R 2=0.18, F(3, 64)=5.79, P < 0.01.



4. Discussion The main experimental hypothesis was con®rmed: extraverts have faster movement times than introverts. There are however two important caveats. The e€ect was only observed after accounting for IQ, whether as a partialled variable in a correlation analysis, or as a covaried variable in an ANCOVA. Further, evidence was found for a curvilinear e€ect, whereby introverts are faster than ambiverts, but with both groups being slower than extraverts. It is notable that reaction time did not show a signi®cant correlation with extraversion, although the direction was consistent with the movement time results and of not greatly di€erent magnitude (but with no evidence for a curvilinear e€ect). The need to account for IQ with this sample di€erentiates it from previous studies ®nding a signi®cant zero-order correlation between MT and extraversion (Stelmack et al., 1993; Rammsayer, 1995; Doucet & Stelmack, 1997). Although the lower zero-order e€ects observed in the present study may re¯ect no more than sampling ¯uctuation, it may also be relevant that the three studies here-mentioned used university student samples, while this study had a more representative sample taken from the general population. As IQ has been shown to have a suppressing e€ect on the MT±extraversion relation, the reduction in IQ variance seen in university samples may have served as nonstatistical control for its e€ects. The curvilinear relation between MT and extraversion is apparently unprecedented, with no evidence for such an e€ect seen in the ®gures provided by Doucet and Stelmack (1997). There are many possible explanations for this e€ect, and an attempt to make theoretical sense of the ®nding would bene®t from replication. Issues such as di€erent tests of extraversion, di€erent
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cut-o€ scores for group categorization, and relatively low ns in the extreme groups, raise more questions than answers. It should be noted that the pattern of results indicates that intelligence and extraversion independently correlate with MT, and so are correlating with di€erent aspects of MT. This suggests that MT may not be unitary, and so a search for subcomponents of MT may be fruitful. The ®nding that fast movers are both more extraverted and more intelligent, but that extraverts are somewhat less intelligent suggests a complicated system. It is clear from these results that understanding a temperament such as extraversion can bene®t from the examination of not just higher-order CNS processes, but also of relatively simple motor processes. Base physiological functioning may hold the key to individual di€erences in this trait, and it may in fact be easier to measure these functions in the PNS, owing to its relatively more simple organization. By identifying exactly how speed indexed by movement time is represented in the PNS, perhaps clues will be gained as to the nature of extraversion.
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