






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Reaction Time and Movement Time as Measures of ... - Research

Reaction time has been divided into the time to initiate a response (RT) and the time to execute the motor response (MT) in many chronometric studies of ... 

















 Télécharger le PDF 






 1MB taille
 38 téléchargements
 286 vues






 commentaire





 Report
























INTELLIGENCE



18, 289-307



(1994)



Reaction Time and Movement Time as Measures of Stimulus Evaluation and Response Processes MICHAEL



HOULIHAN



KENNETH ROBERT



CAMPBELL M.



STELMACK



University of Ottawa



Reaction time has been divided into the time to initiate a response (RT) and the time to execute the motor response (MT) in many chronometric studies of intelligence. Our purpose was to determine which cognitive processes are reflected by RT and MT. To accomplish this, the latency of the P300 wave of the event-related potential was recorded concurrently with RT and MT measures in three experiments. P3OCl latency reflects the duration of stimulus evaluation relatively independently of response processes. In the first experiment, a Stemberg memory task was employed to manipulate stimulus classification requirements. In the second, the subjects’ emphasis on either speed or accuracy of responding was examined during a task that also manipulated stimulus evaluation time. In the third experiment, a Stroop-like task was used to examine response processes. RT and P300 latency varied with manipulations of stimulus evaluation time, whereas MT varied with difficulty of motor execution. MT was also affected by stimulus classification processes. Both RT and MT were sensitive to processes involved in response bias and preparation. The possibility that the correlations of RT and MT with measures of intelligence are due to effects on a common stage of information processing cannot be rejected in the light of these results.



Investigations of the timing of mental activities have a long and extensive history in cognitive psychology. In most of these studies, reaction time has been used as a dependent variable to infer the nature of information processing. Indeed, Meyer, Irwin, Osman, and Kounios (1988) estimated that up to 40% of articles in the Journal of Experimental Psychology: Human Perception and Performance have used measures of reaction time to draw their conclusions. Reaction time has usually been defined as the time between the initiation of the stimulus and the subsequent response of the subject. Recent chronometric investigations of intelligence have divided reaction time This research was supported by grants from Natural Sciences and Engineering Research Council (NSERC) to Michael Houlihan and Kenneth Campbell and from Social Sciences and Humanities Research Council (SSHRC) to Robert M. Stelmack. Special thanks to Sarah Nauman and Marjolaine Limbos for assistance during data collection. Correspondence and requests for reprints should be sent to Kenneth Campbell, School of Psychology, University of Ottawa, Ottawa, Ontario, Canada KIN 6N5.
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into two distinct measures (Jensen & Munro, 1979). These measures have been used extensively within the so-called “Hick paradigm.” With a special apparatus introduced by Jensen, a series of lights is arranged in a semicircle on a response box. A response button is located below each light. An additional “home” button is located in the middle of the display. The subject is instructed to keep the home button depressed until the onset of a light and then to move to the appropriate response button. Two measures are derived from this task: reaction time (RT), the time from the onset of the light until the release of the home button, and movement time (MT), the time required to move from the home to the target button. RT has been found to increase proportionately with the amount of information contained in the stimulus (with the Jensen apparatus, the number of lights in the display). MT, on the other hand, is relatively unaffected by increases in the amount of information (Jensen, 1987). Precisely what processes are being measured by the RT/MT division remains an issue. RT has been claimed to be a measure of the timing of decision and response programming processes, whereas MT is thought to reflect only that time required to complete the ballistic movement of response execution (Carroll, 198 1; Jensen, 1982). Longstreth (1984, 1986) and Welford (1986) have suggested that other processes may have an effect on these measures. Regardless of the stages of information processing that are reflected by the RT and MT measures, the well-replicated significant correlations with intelligence still require explanation. The latency of the P300 wave of the human event-related potential may be helpful in determining the extent to which RT and MT covary with stimulus evaluation processes. P300 latency is an appropriate measure in the RT/MT context because it has been shown to provide a measure of stimulus classification time that is independent of response-related processes (Campbell, 1985; Donchin & Coles, 1988). A number of laboratories have recently employed P300 in the study of cognitive abilities (McGarry-Roberts, Stelmack, & Campbell, 1992; O’Donnell, Friedman, Swearer, & Drdchman, 1992; Pelosi et al. 1992). P300 can most easily be elicited in tasks in which subjects are asked to detect an infrequent or “odd” target occurring in a sequence of more frequent standard stimuli. In easy discrimination tasks, the late positive wave occurs approximately 300 ms after target presentation, hence the nomenclature P (for positive) 300. The latency of the P300 can vary from 275 to 700 ms, depending on task complexity (Donchin & Coles, 1988). P300 is often used by cognitive psychophysiologists as a complement to traditional reaction time measures. Reaction time (or RT and MT in the present schema) reflects the duration of two stages of information processing. P300 appears to be largely determined by processes related to stimulus evaluation/classification. Processes involved in response selection and execution have little effect on P300 latency. The effects of response bias on P300 latency and overall reaction time have been examined by having subjects place emphasis on either speed (at a cost to
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accuracy) or accuracy (at a cost to speed) of responding. Kutas, McCarthy, and Donchin (1977) employed an oddball task using names as stimuli. In one condition, subjects were asked to emphasize speed of responding and, in another, to emphasize accuracy. Instructions to emphasize speed or accuracy should have had little effect on stimulus classification processes, because the stimuli were identical in both conditions. Reaction time was dramatically reduced in the speed condition. P300 latency was only slightly reduced. Reaction time was, therefore, much more affected by processes affecting response bias and production than P300 latency. These results have now been replicated in other studies using different experimental tasks (Deacon & Campbell, 1991; Pfefferbaum, Ford, Johnson, Wenegret, & Kopell, 1983), affirming that P300 latency is unaffected by the speed-accuracy instructions, but reaction time is significantly altered. Further support for the independence of P300 latency and reaction time is provided by studies that manipulated stimulus evaluation processes and response requirements within the same study. McCarthy and Donchin ( 198 1, 1983) varied stimulus discriminability by presenting the word RIGHT or LEFT embedded in a matrix of letters or a matrix of #s (see also Magliero, Bashore, Coles, & Donchin, 1984). P300 latency and reaction time were longer, whereas the error rate increased when the word was embedded in the matrix of letters. This led to the interpretation that P300 latency and reaction time reflected increased difficulty in stimulus classification. Response selection requirements were manipulated by requiring a response that was either compatible or incompatible with the meaning of the word. Although reaction time was longer for incompatible responses, P300 latency was not significantly affected. Reaction time was thus influenced by both stimulus classification and response selection. P300 latency was only influenced by stimulus classification, not response requirements. Ragot (1984) assessed the relative contributions of stimulus evaluation and response processes to the variability of P300 and reaction-time latencies in a spatial compatibility task. A green or red light was displayed 10 degrees either right or left of a fixation point. The right button was pressed in response to one color light and the left button to the other color. Subjects completed this task in one condition with hands crossed and, in another, with hands uncrossed. A conflict occurred when the spatial location of the stimulus was opposite to the side of the required response (spatially incompatible). Stimulus classification time should not have varied between conditions in this study because the stimulus parameters were held constant. Substantial increases in reaction time were observed as a result of the spatial conflict, but P300 latency was only slightly affected. The effect of crossing hands, which was expected to affect response processes but not stimulus classification, resulted in longer reaction times but no change in P300 latency. This again suggests that reaction time is affected by response-production manipulations, but P300 latency is relatively unaffected. In the Hick paradigm, the increase in RT with increases in the amount of information to be processed suggests that RT is sensitive to stimulus classifica-
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tion processes. Most authors acknowledge that RT is also affected by response preparation. Variation in RT could thus be due to differences in stimulus evaluation and/or response-preparation processes. As mentioned, the interpretation of MT is also ambiguous-it could be affected by response preparation in addition to motor processes. Although it appears that MT is independent of stimulus classification processes as measured with the Jensen apparatus, Welford (1986) suggested that MT and stimulus evaluation may not necessarily be independent. The present study manipulated stimulus and response processes in different experiments. The latency of the P300 component was used as an independent measure of stimulus classification time. Because RT, like P300 latency, is thought to provide a measure of stimulus evaluation time, both should show similar changes to manipulations of stimulus evaluation processes. MT should not be altered by manipulations of stimulus evaluation time. It is not clear how manipulations affecting only response organization and execution will independently affect RT and MT. They should have little influence on P300 latency. Three experiments were conducted. Each experiment manipulated different aspects of stimulus evaluation and response processes.



EXPERIMENT



1



The first experiment used a version of the Sternberg (1966) memory task to evaluate the effects of variation in stimulus evaluation processes on RT/MT and P300 latency. In the Sternberg task, an initial set of items (in the present study, letters) is presented. The subject is asked to memorize these items. After a short delay, a single probe letter is displayed. The subject is asked to indicate if the probe letter matches one of the letters from the memory set. Several investigations of the Sternberg memory task have indicated that the latency of both traditional reaction time and P300 following the probe increase as the size of the memory set increases (Brumaghim, Klorman, Straus, Lewine, & Goldstein, 1987; Ford, Pfefferbaum, Tinklenberg, & Kopell, 1982; Comer, Spicuzza, & O’Donnell, 1976). These results have been interpreted as indicating that stimulus evaluation time increases as a function of the size of the memory set. Concurrent recording of event-related potentials (ERPs) along with RTiMT measures will therefore enable the comparison of these measures in a task that is thought to modify the duration of stimulus evaluation processes. Method Subjects. Ten university students (4 female) were paid for their participation in this study. Subjects ranged from 19 to 29 years of age (M = 22.6). All subjects had normal or corrected-to-normal vision.



Procedure. The subject was seated comfortably in a sound-attenuated chamber 1 m in front of an IBM compatible computer monitor. Stimuli appeared in
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black letters on a white background in the middle of the monitor. Subjects were asked to memorize an array of 2 to 6 letters (memory set) that was presented for 200 ms. A single probe letter appeared 900 ms after the onset of the memory set and remained on the monitor for 1,600 ms. Half of the probes matched one of the items in the memory set and the other half did not. The subject was asked to indicate if the probe matched one of the letters from the memory set. The intertrial interval was 5 s. The order of presentation was randomized with respect to the memory set size and to match and mismatch trials. The same random sequence was presented to each subject. A total of 700 trials was presented (5 set sizes with 140 trials for each set size). Subjects were given a pause every 175 trials. To familiarize subjects with the procedure, 2.5 practice trials were completed prior to the collection of experimental data. Response Measures. Response recording followed methodology set out in Jensen and Munro (1979). A distinction was made between reaction time (the time to initiate a response) and movement time (the time required to complete the response). A Logitech 3 button mouse (model C7-3F-95) was used by the subject to indicate response choice. To avoid directional signals that are normally picked up by the mouse, the mouse ball was removed. This permitted an RTiMT resolution of 1 ms. All responses were made with the index finger of the subject’s dominant hand. The mouse was held between the thumb and middle finger. The middle button of the mouse (home button) was depressed continually until a decision had been reached regarding the type of response that was required. The subject responded by releasing the middle button and then pressing the left button for a match response and depressing the right button for a mismatch response. The subject was required to return his or her index finger to the middle button upon completion of the response. To ensure that subjects complied with the instruction, a message appeared on the monitor if the subject released the home button prior to the presentation of the stimulus. Recordings. Electroencephalograms (EEGs) and electrooculograms (EOGs) were recorded using Beckman Ag/AgCl electrodes. EEG electrodes were affixed to the scalp at Fz, Cz, and Pz according to the International lo-20 system. The reference was the left mastoid. The EOG was recorded from electrodes placed on the supraorbital and infraorbital ridges of the left eye. A ground electrode was affixed to the forehead. A total of 5 12 data points was sampled in each trial, beginning 500 ms prior to the onset of the memory set and continuing for 3,000 ms following onset of the memory set (i.e., the total sweep time was 3,500 ms). Single trials were stored on disk for later off-line averaging. Trials were sorted according to type of target and response (correct or error) of the subject. Trials in which the EEG or EOG exceeded t 100 PV were eliminated from the average. Similarly, trials in which an incorrect response was made or in which the subject failed to respond were also eliminated. On average, 15.9% of trials were elimi-
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nated in this way. P300 was identified at Pz (where it was maximally recorded) as the largest positive peak between 350 and 750 ms after the onset of the probe stimulus. Results Two-way ANOVAs with repeated measures on set size (2, 3, 4, 5, 6) and probe type (match/mismatch) were conducted for MT, RT, and P300 latency. Greenhouse-Geisser corrected probabilities were computed when appropriate. Grand average ERPs across the different set sizes are illustrated in Figure 1. Mean RT, MT, and P300 latency measures for match and mismatch trials across all set sizes are displayed in Figure 2. P300 Latency. P300 latency was significantly shorter to match than mismatch probes, F( 1, 9) = 17.37, p < .01. There was also a significant effect of set size on P300 latency, F(4, 36) = 13.06, p < .Ol The significant effect of memory set size can be described by a linear trend for P300 latency with increasing set size as the set size moved from two to five items, F( 1, 9) = 3 1.03, p < .Ol. A signifi-
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Figure 2. Means for P3 latency, RT, and MT by memory set size. Solid lines represent match trials and broken lines represent mismatch trials.



cant interaction between probe type and memory set size, F(4, 36) = 3.76, p < .02 was also observed. The interaction appeared to be the result of a shorter P300 latency to mismatch trials at the larger set sizes (five or six items). For smaller set sizes (two, three, or four items), P300 latency was longer to mismatch than match trials. Reaction Time. RT was, in general, approximately 50 ms longer than P300 latency. RTs were longer following mismatch than match probes, F(l, 9) = 13.73, p < .Ol. There was a significant effect of set size for RT, F(4, 36) = 27.36, p < .Ol. RT increased linearly as set size increased, F( 1, 9) = 32.08, p < .O 1. There was also a significant interaction between probe type and set size, F(4, 36) = 5.09, p < .02. This was mostly due to the greater differences between match and mismatch probes for the larger memory set sizes. Movement Time. Unlike RT and P300 latency, MT was longer following match trials than mismatch trials, F( 1, 9) = 21.87, p < .Ol. There was also a significant effect of memory set size, F(4, 36) = 3.84, p -C .03. This was due to a small increase in MT as set size increased from two to five, F( 1, 9) = 6.83, p < .03. This increase was statistically significant, but the largest difference between any two set sizes was only I1 ms. The interaction between set size and match/mismatch trials approached significance, F( 1, 9) = 2.75, p < .07. This interaction was mainly due to the large difference between match and mismatch



296



HOULIHAN,



CAMPBELL,



AND STELMACK



trials at set size 4, F(I, 9) = 23.16, p < .Ol, than to match and mismatch differences at other set sizes. Discussion The general patterns of RT and P300 latency observed across different set sizes in the Sternberg task were remarkably similar. For set sizes up to five items, a linear increase in processing time as measured by both RT and P300 latency was observed. The increase in RT and P300 latency with set size is consistent with other studies of the Sternberg task and has been interpreted as an indication of an increase in stimulus evaluation time (Brumaghim et al., 1987; Ford et al., 1982; Gomer et al., 1976). P300 latency did not increase as the set size increased from five to six items for either match or mismatch probes. RT followed this trend for match trials. However for mismatch trials, RT continued to increase with set size. The lack of an increase in P300 latency and RT at the highest memory set size suggests that an asymptotic level of performance may have been reached, due to the time and processing constraints. It may not have been possible to process five or six items during the 700 ms interval between stimulus offset and onset of the subsequent target probe. However, the continued increase in RT for mismatches with larger set sizes does not fit this proposition. RT was consistently about 75 ms longer than P300 latency. Thus, although both P300 and RT latency may be affected by the amount of information held in short-term working memory, additional processes must have been responsible for the delay in RT. Part of this delay (perhaps 20-40 ms) could be explained by the time for neuronal transmission from the motor cortex to the hand and the subsequent lifting of the finger. The remainder is probably due to response preparation and selection processes. There was also a significant set size effect for MT. This effect was similar to that observed for RT and P300 latency. MT continued to increase with increases in target size. The magnitude of this increase was much smaller than for either RT or P3. Thus, the extent to which MT is affected by stimulus evaluation processes appears to be minimal. RT and P300 latency were longer to mismatch than match trials. Stimulus classification processes should terminate on match trials as soon as a matching item is found. However, stimulus classification for mismatch trials requires the comparison of all items in memory. Mismatch classification time should therefore be consistently longer than match. The variation of both RT and P300 latency with set size and match/mismatch probes is consistent with a model that maintains that both are a reflection of the durations of stimulus classification processes. On the other hand, MT was also affected by match/mismatch trials. MT was longer to match trials than to mismatch trials, an effect opposite to those displayed by RT and P300 latency. The match/mismatch effect on MT was most likely due to the difference in response requirements. The subject was required to hold the mouse between



RT, MT, AND P3 LATENCY



291



thumb and middle finger. The index finger was placed on the home button. The response on a match trial was made by moving the index finger away from the middle finger. A mismatch response was made by moving the index finger from the home button toward the middle finger. Several subjects indicated that the response required to a match decision was more difficult to execute than the response to a mismatch. This suggests that the source of the difference in MT between match and mismatch trial could reflect motor execution processes. It is clear from this analysis that RT and P300 latency reflect differences in stimulus evaluation time. There is an indication that MT is at least partially involved in stimulus evaluation processes, although to a much lesser extent than either RT or P3. RT was consistently longer than P300 latency, indicating that RT may also be affected by postdecisional processes.



EXPERIMENT



2



The first experiment indicated that manipulations designed to alter stimulus evaluation processes affect both P300 latency and RT and, to a lesser extent, MT. There was also an indication that both RT and MT were affected by response production/execution processes. The purpose of the second experiment was to concurrently manipulate both stimulus evaluation and response processes. Subjects were exposed to stimulus arrays that varied in ease of discriminability. This should affect stimulus evaluation time. Therefore, RT and P300 latency should be altered and MT should be relatively unaffected. Response processes were manipulated by instructing the subjects to vary their emphasis on either speed (at a cost to accuracy) or accuracy (at a cost to speed) of responding. The results of this speed-accuracy trade-off have been shown to have little effect on P300 latency but a large effect on traditional measures of reaction time (Deacon & Campbell, 199 1; Kutas et al., 1977; Pfefferbaum et al., 1983). These response bias effects are therefore expected to affect a stage of processing following stimulus classification. Method Subjects. Eight subjects (2 female) were paid for their participation in this study. Subjects ranged in age from 2 1 to 29 (M = 22.7). All subjects had normal or corrected-to-normal vision. Procedure. A single row of five arrows was displayed in the center of a computer monitor. The middle arrow pointed to either the left or the right. It was flanked by arrows that pointed in the same direction (congruent) or in the opposite direction (incongruent). The subject was requested to move her or his index finger from the home button to either the left or the right mouse button as indicated by the direction of the middle arrow. Because both congruent and incon-
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gruent responses could be made on the left or right mouse buttons, differences in MT due to the direction of the motor action were balanced. In one condition, the subject was instructed to place greater emphasis on accuracy than speed. In a second condition, the subject was instructed to place greater emphasis on the speed of responding than on accuracy. Stimuli were presented in black on a white background for 450 ms at a fixed ISI of 1,500 ms. The presentation was randomized, with stimuli occurring with equal probabilities. Each condition was completed in blocks of 400 trials. Practice trials were given before experimental data were collected. The presentation began with the accuracy condition, followed by one block of the speed condition. The order was repeated, and an additional block of the speed condition was conducted at the end. The extra block in the speed condition was to ensure that there were sufficient numbers of correct trials to permit a high signal-to-noise ratio in the ERP average. A total of 800 trials was presented in the accuracy condition and 1,200 trials in the speed condition. Behavioral response and EEG recording were identical to Experiment 1, with the following exceptions. A total of 256 data points was sampled beginning 50 ms prior to the onset of the stimulus and continuing for 1000 ms following stimulus onset (one data point every 4.1 ms). P300 was measured as the maximum positive deflection at Pz (where it was maximally recorded), occurring between 300 and 500 ms after stimulus onset. Results Two-way ANOVAs with repeated measures on stimulus type (congruentiincongruent) and response instruction (speed/accuracy) were conducted on accuracy (percent correct), P300 latency, RT, and MT. The means for RT, MT, and P300 latency are displayed in Figure 3. In the accuracy condition, the proportion of correct responses was .98 and .96 for congruent and incongruent stimuli, respectively. In the speed condition this dropped to .91 and .83, respectively. The main effect of response instruction indicated that there were more correct responses in the accuracy condition than in the speed condition, F( 1, 7) = 19.96, p < .Ol The main effect of stimulus type was due to the higher proportion of correct responses to congruent than incongruent stimuli, F( 1, 7) = 38.16, p < ,001. There was also a significant interaction, F(1, 7) = 30.44, p < ,001, between response instructions and stimulus type. This interaction can be accounted for by the lower proportion correct to the incongruent stimuli in the speed condition than to the other conditions, F( 1, 7) = 33.30, p < ,001. P300 Latency. Grand average ERPs are illustrated in Figure 4. A significant main effect of stimulus type was observed for P300 latency, F( 1, 7) = 13.66, p < .Ol . P300 latencies were longer for incongruent than for congruent stimuli.
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Reaction Time. RT was longer for incongruent stimuli than congruent stimuli, F( 1, 7) = 42.7 1, p < .OO1. RT was faster in the speed than accuracy condition, F( 1, 7) = 65.17, p < .OOl There was also a significant interaction between response instruction and stimulus type, F(1, 7) = 38.69, p < ,001. The difference in RT between congruent and incongruent stimuli was larger in the accuracy condition than in the speed condition. Movement Time. MT was longer in response to incongruent than congruent stimuli, F( 1, 7) = 42.01, p < .OOl . MT was also longer during the accuracy than the speed condition, but the difference did not reach significance, F( 1, 7) = 4.80, p < .07. The interaction between response instruction and stimulus type did not reach significance. Discussion As expected, accuracy rates were lower in the Speed than in the Accuracy condition. Accuracy rates were also higher for congruent than for incongruent stimuli, although the difference was quite small. Even though the difference in accuracy was small, there is evidence that a very small difference in accuracy can have a
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very large effect on overall RT (Meyer, Osman, Irwin, & Yantis, 1988; Pachella, 1974). In this experiment, stimulus evaluation time was predicted to be longer for incongruent, compared to congruent, stimuli. RT, MT, and P300 latency were all longer to the incongruent than the congruent stimuli. Although this effect was anticipated for P300 latency and RT, it was unexpected for MT. Therefore, MT also appears to be affected by processes related to the discriminability of the stimulus. Speed and Accuracy instructions, which are assumed to influence processes related to response production, affected RT but not P300 latency and had a small impact on MT. When speeded responses were required, RT was substantially shorter than P300 latency. RT and P3 latency were quite similar during the Accuracy condition. In Experiment 1, RT was substantially longer than P300 latency. Part of this prolongation is due to the time expended in neuronal transmission between the motor cortex and the hand. The Speed condition provides evidence that response preparation and execution may begin before stimulus discrimination has been completed. Indeed, even in the Accuracy condition, it would ap-
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pear that such response processes are also completed prior to the completion of stimulus classification. Jensen and Vernon (1986) suggested that in the Hick paradigm, with the Jensen apparatus “. response accuracy with respect to RT is virtually assured; inaccuracy of response would show up as a failure to touch the button that turns off the reaction stimulus light, thereby affecting movement time, not RT” (p. 175). However, RT in this task was affected by response instructions, but there was only a small effect on MT. It is possible that these results were due to the method employed to speed responses. Simple instructions to the subject are not always effective in reducing reaction time. The imposition of response deadlines (Meyer, Irwin, Osman, & Kounios, 1988) or feedback (Deacon & Campbell, 1991) may be more effective in altering MT. In summary, these results support the notion that both RT and P300 latency are affected by stimulus evaluation processes. They also indicate that RT is sensitive to response bias. The longer MT to incongruent than congruent stimuli suggests that it is also sensitive to stimulus evaluation processes. MT was only slightly affected by response instructions.



EXPERIMENT



3



The previous study examined both stimulus evaluation and response processes. P300 latency was affected by manipulations that affected stimulus evaluation but was not affected by manipulations of response processes. RT was affected by both stimulus evaluation and response preparation processes, whereas MT varied with stimulus evaluation manipulations and was only somewhat affected by response processes. The third experiment examines P300 latency, RT, and MT in a stimulus-response compatibility Stroop-like task. The majority of researchers agree that the locus of stimulus-response conflicts appears to be after stimulus classification has been completed (Duncan-Johnson & Kopell, 1981; MacLeod, 1991). Method Subjects. The eight university participated in Experiment 3.
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Procedure. A row of five arrows was presented in the center of a computer monitor. The row of arrows pointed either to the left or to the right. They were presented in either green or red on a white background. The green color signaled the subject to respond in a direction that was consistent with the direction of the arrow (compatible condition). The red color signaled the subject to respond in the opposite direction (incompatible condition). The four different stimuli (2 directions x 2 colors) were presented randomly, with equal probability. A total of 800
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trials was presented in two blocks of 400 trials. The timing of presentation and recording of responses and EEG were identical to the methodology described for Experiment 2. Results Data were collapsed across left and right responses. Differences in accuracy, P300 latency, RT, and MT between compatible and incompatible trials were assessed by t tests. Accuracy reached 93.6 and 94.2% correct for the compatible and incompatible trials respectively. This difference did not reach significance. RT was approximately 90 ms longer than P300 latency. RT was about 12 ms longer for incompatible than compatible trials, this difference reaching significance (t = 4.63, p < .Ol). MT was not significantly affected by the stimulus-response incompatibility (Figure 5). P300 latency (Figure 6) was 13 ms longer for the incompatible compared to compatible stimuli. Again this difference did not reach significance. Discussion P300 latency was not affected by stimulus-response compatibility. This is consistent with other studies of stimulus-response compatibility (Duncan-Johnson & Kopell, 198 1). A significant but small increase in RT was noted for incompatible trials. Stroop effects are highly dependent on the mode of responding (MacLeod, 199 1). When subjects respond by naming, effects are much larger than when they
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are asked to press a button. The small differences in RT are thus consistent with these data. RT was nevertheless approximately 90 ms longer than P300 latency. This suggests that processes occurring after stimulus classification also influence RT. Contrary to expectations, MT was not affected by stimulus-response compatibility.



GENERAL



DISCUSSION



Estimates of stimulus evaluation time using P300 latency and the division of reaction time into time to initiate movement (RT) and time required to perform the motor response (MT) were compared in three tasks. As expected, both RT and P300 latency were consistently altered with manipulations of stimulus evaluation processes (variation of memory set size in Experiment 1 and stimulus discriminability in Experiment 1). In both Experiments 1 and 3, RT was 50 to 100 ms longer than P300 latency, suggesting that RT was also influenced by processes occurring after stimulus classification had been completed. In Experiment 2, differences were much smaller in the Accuracy condition. RT can therefore be easily manipulated by simple instructions to the subject. Unfortunately, in many experiments, instructions are quite ambiguous, such as the direction to
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respond as rapidly as possible while maintaining accuracy. Depending on the subject’s interpretation of these instructions, RT can vary by as much as 100 ms! Contrary to expectations, MT was also affected by manipulations of stimulus evaluation time in Experiments 1 and 2. Nevertheless, the magnitude of the change in MT with manipulation of stimulus evaluation time in the Sternberg task was considerably less than that of RT and P300 latency. In Experiment 2 the increase in MT attributed to stimulus evaluation processes was similar to P300 and RT differences. MT is thought to reflect motor execution time. The results from the first two experiments, indicating that MT varies with demands in stimulus evaluation processes, suggest that this is overly simplistic. It is possible that movement to the target button may begin prior to the completion of stimulus evaluation. Response processes were also manipulated in these experiments. Although Experiment I was not intended as a manipulation of response processes, subjective reports indicated that the motor execution differences may have been responsible for variation in MT but not for RT or P300 latency. Experiment 2 manipulated response processing by instructing subjects to adopt a speed or accuracy response bias. This is most likely to affect processes related to response preparation and organization. MT was only slightly affected by this type of manipulation. This may indicate that MT is not sensitive to processes related to the actual preparation of a response, although it may be sensitive to the actual motor component. Overall, it seems clear that RT is affected by processes related to stimulus evaluation. There is also some support for the fact that MT varies with motor execution processes. However, both MT and RT were affected by response bias, indicating that response processes affect both measures. In addition, MT was found to vary with manipulations of stimulus evaluation processes, although to a lesser degree than RT. The description of RT and MT as measures of stimulus evaluation and motor execution, respectively, appears to be an oversimplification. Both measures vary to a greater or lesser extent with manipulations of stimulus evaluation processes, and both are affected by processes that relate to response preparation, organization, and execution. For the most part, the RT/MT distinction has been extensively explored in the Hick paradigm using the Jensen apparatus. The present series of studies employed a response apparatus, a mouse, that is different from the usual response box. The division of response time into RT and MT was, however, maintained. McGarry-Roberts et al. ( 1992) also used this recording procedure in a variety of cognitive tasks. They found RT and MT correlations with intelligence comparable to those reported with the Jensen response box. Thus, the use of the mouse does not appear to produce results different from those obtained when a response box is used. If the IQ-RT correlation is due to the speed of stimulus evaluation processes, the variation of RT with response processes reported in this paper may serve to
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weaken the IQ-RT correlation. Subjects adopting a strategy favoring accuracy display considerably longer RT than subjects adopting a strategy favoring speed. The effects of this type of response bias could serve to attenuate RT-IQ correlations if the strategies were employed by a random set of subjects. However, if the group of subjects employing this strategy differed in their level of cognitive abilities from those that did not use this strategy, it would be anticipated that the bias would inflate the RT-IQ correlation. Increase in the RT-IQ correlation due to speed/accuracy bias may also result from high-ability subjects’ being more efficient in optimizing their response speed while maintaining a lower rate of errors than low-ability subjects. Jensen and Vernon (1986) have argued that the negative correlation between RT and intelligence is not due to covariation with a response bias. If this were the case, those with lower intelligence, although having a slower RT (because of an emphasis on accuracy), should also make fewer errors. However, it should be noted that very small and perhaps nonsignificant differences in error rate can have a very marked effect on RT (Pachella, 1974). If a more general speed factor (such as nerve conduction velocity) is involved in the relation of RT and MT with intelligence, the division between stimulus evaluation processes and response organization processes may still be of significance. In this case, the magnitude of the correlation with the duration of each stage of processing should be very similar. Although it appears that both RT and MT have somewhat similar levels of correlation with intelligence (Jensen, 1987), it is uncertain if these measures represent independent measures. The correlation between MT and intelligence has been difficult to explain (Buckhalt, 1991; Buckhalt & Reeve, 1991; Buckhalt, Reeve, & Dornier, 1990). This article suggests that viewing MT as a measure of motor execution time independent of stimulus evaluation and response preparation may not be appropriate. The variation of MT with manipulations of stimulus evaluation and response processes may affect the correlation between MT and intelligence in addition to its reflection of motor execution processes. Although the correlations of RT and MT with intelligence may reflect similar overlapping processes, increases in predictive power when several reaction-time parameters are used to predict intelligence suggest that there are several sources of variation involved. To assess the true relation between either RT or MT and intelligence, the effects of stimulus evaluation time and response preparation/organization should be controlled or independently evaluated. REFERENCES Brumaghim, J.T., Klorman, R., Straw, J., Lewine, J.D., & Goldstein, M.G. (1987). Does methylphenidate affect information processing? Findings from two studies on performance and P3b latency. Psychophysiolog?; 24, 361-373. Buckhalt, J.A. (1991). Reaction time measures of processing speed: Are they yielding new information about intelligence? Personality and Individual Diferences. 12. 683-688. Buckhalt, J.A., & Reeve, T.G. (1991, July). Speed of movement and intelligence: What is the rela-
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