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On the translation of some stimulus features to response force Piotr Jaœkowski1,2, Iwona Werner1 and Rolf Verleger2 1



Department of Psychophysiology, Kazimierz Wielki University of Bydgoszcz, Staffa 1, 85-867 Bydgoszcz, Poland; 2Department of Neurology, University of Luebeck, 23538 Luebeck, Germany



Abstract. RomaiguPre et al. (1993) reported an stimulus-response (S-R) experiment in which the participants had to respond to bright or dim stimuli by pressing a key strongly or weakly. Reaction time (RT) for a compatible S-R assignment (bright-strong; dim-weak) was substantially shorter than for an incompatible S-R assignment (dim-strong; bright-weak). This effect was explained as a direct translation of stimulus intensity to response force (RF). In the present study, we looked for other stimulus features that could be directly transferred to RF. We investigated stimulus size (large/small), vertical location (above/below), and brightness (bright/dim). Delays of RT for incompatible trials were found in case of brightness and size, but not location. In a second experiment, we tested whether such a direct translation might even cause changes of spontaneous RF. Without being instructed about RF, participants made simple reactions to stimuli which differed either in location, size or brightness. Indeed, stimulus size affected RF: larger stimuli were associated with stronger responses. In contrast, brightness had no effect. Thus, we replicated and extended RomaiguPre et al.’s (1993) finding. However, the direct-translation account for RF variations received only partial support from our data. The correspondence should be addressed to P. Jaœkowski, Email: [email protected] Key words: response force, S-R compatibility, arousal
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INTRODUCTION Angel (1973) was the first to show that stimulus intensity affects not only the speed but also the force of responses: independently of stimulus modality (visual, auditory or tactile), the more intense the stimuli were, the stronger were the responses. Since Angel’s study, this finding was replicated more or less successfully several times. The effect appears to be quite robust for auditory stimuli (Jaœkowski et al. 1995, Miller et al. 1991, Ulrich et al. 1998) but is rather variable for visual stimuli (Jaœkowski et al. 1995, Miller et al. 1991, Ulrich et al. 1998). This pattern of results may reflect the impact of transient arousal. Arousal is understood "as a general state of central nervous activity" (Robbins and Everitt 1995, p. 703) which is related to other constructs of energetizing performance like drive or motivation. Although the concept of arousal is unclear (Robbins and Everitt 1995) both in psychological and in neuroscientific terms, it is commonly accepted that fluctuations in arousal level are modulated by nonspecific aspects of stimulus input, like intensity and salience. In particular, it is commonly believed that more intense auditory (but not visual) stimuli induce a phasic state of higher arousal, which facilitates processing, although there is no agreement as to how general is the effect of arousal (cf. Nissen 1977, Sanders 1983). Ulrich and Mattes (1996) investigated more systematically the effect of transient arousal on response force. Transient arousal was manipulated by varying the intensity, modality, and temporal interval of a warning signal which closely preceded the imperative stimulus. Participants responded more strongly after loud than after soft warning signals. However, response force was also larger after bright than after dim warning signals although visual intensity is not considered to affect arousal. Moreover, independently of the modality of warning stimuli, this intensity effect on response force remained constant over a wide range of different foreperiods, in contrast to the notion of a decaying effect of transient arousal. Therefore, Ulrich and Mattes rejected the hypothesis that arousal mediates the effect of intensity on response force and proposed a "stimulus-response compatibility hypothesis" instead. Stimulus-response (S-R) compatibility is one of the most intensively investigated problems of cognitive psychology (e.g., Kornblum et al. 1990). Its mechanisms have been studied most commonly when stimuli and responses vary on the left-right dimension. Two



modes of functioning have been demonstrated (de Jong et al. 1994, Wascher et al. 2001): one mechanism decays over time and has its effects only when responses are "natural" (i.e., hands are not crossed) and when stimuli are easy to localize (i.e., in the visual modality). Wascher et al. (2001) identified this mechanism as intrahemispheric transfer of activation from perceptual to motor areas. The other mechanism does not decay over time and is relatively independent of any "natural" arrangement of responses and stimuli. This mechanism appears to reflect a common code (see e.g., Hommel 1996, Hommel et al. 2001, Kornblum et al. 1990, Müsseler 1999, Wascher et al. 2001) used by participants to represent the features of stimuli and responses. Thus, when referring to "S-R compatibility" to account for a non-decaying effect independent of arousal, Ulrich and Mattes (1996) obviously were specifically referring to the portion of the S-R compatibility effect that is best explained by common cognitive codes. Indeed, they suggested that "subjects code the intensity of the visual signal as weak or strong and assimilate the level of force output with the coded intensity level" (Ulrich and Mattes 1996, p. 987). In contrast, the portion of the S-R compatibility effect that is best explained by intrahemispheric spread of activation bears some resemblance to the possible effects of arousal on peak force, both decaying over time and both being related to specific features of stimulation. More generally, the introduction of the "S-R compatibility" terminology to research on response force is interesting for two reasons: it may help to explain variations of response force, as intended by Ulrich and Mattes. On the other hand, the response force perspective on S-R compatibility, if further elaborated, might also be useful in generalizing the conception of S-R compatibility which has been discussed until recently with only response speed and response errors as dependent variables. The quality of a given response, as might be reflected in parameters of force development over time, has remained unexamined. An important step in this second direction was a study by RomaiguPre, Hasbroucq, PossamaV and Seal (1993) describing an effect of compatibility between stimulus intensity and response force that was reflected in response times. In one block participants had to press strongly to bright stimuli and weakly to dim stimuli, and vice versa in the other block. Responses were faster by about 25 ms in the former than in the latter block, obviously because the mapping bright-strong, weak-dim was more compatible than the reversed mapping. In a similar vein, Grosjean



Feature-to-force translation 329 and Mordkoff (2001) instructed participants in one block to hold down a key for a long time to long stimuli and for a short time to short stimuli (compatible situation), and the reverse in the other block (incompatible). Response times were drastically longer in the incompatible situation, by about 300 ms. The results of RomaiguPre et al. (1993) were recently successfully replicated by Mattes, Leuthold and Ulrich (2002) One account of these results is by reference to a common cognitive code for stimulus and response: in the compatible case of the RomaiguPre et al. study (1993), participants might have translated the rule to press forcefully to the bright stimulus and weakly to the dim one to the common code of pressing intensively to the intensive stimulus and weakly to the weak stimulus. The notion of a common framework for perceptual and action codes dates back to Greenwald (1970) who pointed out that such an overlapping could be a quite natural effect of resemblance of stimuli and their perceivable consequences. If an observer perceives a stimulus that resembles the effects of a certain action, the code of this action is activated. This idea was developed by Prinz (1990, 1992) and was recently summarized in the theory of event coding (TEC, Hommel et al. 2001). Prinz and his coworkers reject a strict separation between perception and action assuming that they both operate on the same neural representations. In other words, if a code is activated, it is activated both for perception and for action. This leads to the prediction that if a stimulus activates some perceptual code which is also necessary to represent the response to this stimulus, the response is facilitated because this specific code is primed in advance. TEC could successfully explain RomaiguPre et al.’s (1993) finding. Indeed, assuming that stimulus intensity calls for the same mental representation as the response-force level, an increase in stimulus intensity should result in a stronger activation of the code for the level of response force. Therefore, the stronger response is facilitated. In the present experiments we tried to replicate and extend the effect observed by RomaiguPre et al. (1993) and to test Ulrich and Mattes’ (1996) hypothesis. The logic of this attempt is as follows. In Experiment 1, we investigated whether there are other stimulus features in addition to visual intensity which produce the effect observed by RomaiguPre et al. We replicated RomaiguPre et al.’s variation of visual intensity and extended it to test additional dimensions, two in the visual and one in the auditory domain. We followed the rationale used by



RomaiguPre et al.: if the instruction to press strongly to one stimulus and weakly to the other one would yield faster responses than the opposite assignment then this would be evidence for compatibility. In Experiment 2, we followed Ulrich and Mates’ reasoning: assuming that there is a RomaiguPre et al.-like S-R compatibility for a given dimension, we expected spontaneous variation of response force in the simple reaction-time task for this dimension. Thus, we again presented stimuli varying on these dimensions but requiring no choice (forceful vs. weak) responses. Rather, simple responses were required, without any instruction about force, and the question of interest was whether the variation of the stimuli would lead to "spontaneous" variation of response force.



EXPERIMENT 1 We adapted RomaiguPre et al.’s (1993) task in which subjects were to respond with two different levels of force to two different stimuli varying in their visual intensity and extended this approach to test two additional stimulus dimensions: size (large vs. small) and location (above vs. below center). If the instruction to press strongly to one stimulus and weakly to the other one would yield faster responses than the opposite assignment then this would be evidence for compatibility. To state the rationale of common coding explicitly: the question was whether participants would do the following translations, in addition to the one described in the Introduction for brightness. For size: translate the rule to press forcefully to the large stimulus and weakly to the small one, to the common code of pressing much to the large stimulus and only a little bit to the small one. For location: translate the rule to press forcefully to the upper stimulus and weakly to the lower one, to the common code of exerting higher pressure to the higher stimulus and lower pressure to the lower one. When stimulus-response mapping would be reversed, these codes would be expected to impair speeded responding. Thus response times were expected to be delayed compared to the other mapping. Method Subjects



Twelve right-handed participants (9 female and 3 male) whose ages were between 17 and 32 years
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(mean = 23, SD = 3.7), with normal or corrected-to-normal visual acuity and with normal hearing participated in the experiment. All participants were naive about the purposes of the experiment and were paid 25 DM for their participation. Stimuli



Stimuli were white shapes presented on the black background of a monitor screen driven by a PC. Their 2 luminance was 38.3 cd/m , except as noted below for the brightness condition. Each trial started with the display of a small red fixation cross in the middle of the screen, which remained there until 500 ms after participants’ response. Participants were asked to fix their gaze on the cross during a trial. The length of the period between cross presentation and the imperative stimulus was a sum of a constant interval of 700 ms and an interval sampled from an exponential distribution with a mean of 700 ms. The next trial started 1.5 s after fixation cross offset. Each session was divided into 6 blocks. Within each block the stimuli differed on one of the following features. Stimulus location. On each trial a filled rectangle (1.1° ´ 1.2°) was presented either above or below the fixation cross. The distance between the inner edge of the rectangle and the center of the fixation cross was 2.6°. Stimulus size. On each trial, a ring was displayed, concentric with the fixation cross. Line width was 1 pixel. The radius was either 2.5° or 0.7°. Stimulus brightness. On each trial, a filled rectangle (1.1° ´ 1.2°) was presented in the center of the computer 2 monitor. It was either bright (132.7 cd/m ) or dim (2.5 2 cd/m ). Force recordings



Force changes were recorded by a special isometric key with two built-in extensometers embodied in a bridge. The output signal from the bridge was sent via a 12-bit A/D converter to a 486/DX compatible computer. The signal was digitized at a rate of 200 samples/s. Procedure



Participants were seated in a comfortable armchair in a darkened and sound-proof chamber in front of the computer screen. The observation distance was 125 cm. Two response keys were mounted on the arms of the



chair and subjects were asked to respond by pressing with their dominant hand the key which was positioned on the same side. Participants were free to use index fingers or thumbs but they had to use the same finger in the entire session. Furthermore, they were told to leave their fingers on the response key during the measurements. Unlike in RomaiguPre et al.’s study (1993), the force which participants had to exert on the response key was not defined according to any preset criterion: participants were asked to generate a force which was strong or weak according to their own judgment. Each block contained 80 trials, with 40 trials of either type of stimulus (e.g., large and small) presented in an unpredictable order. For each of the three stimulus dimensions, there was one "compatible" and one "incompatible" block. In blocks with a compatible assignment, the participants’ task was to produce a strong press in response to a "strong" stimulus (above center, large, bright) and a weak press in response to a "weak" stimulus (below center, small, dim). In incompatible blocks the assignment was reversed. The order of the blocks was randomized. The session lasted for about 70 minutes. Data Analysis



Two dependent variables were measured: reaction time and peak force. Reaction time was defined as the time until the force exerted on the key became equal to 1 2 N . Peak force was the highest value of the force-time function. To evaluate the statistical significance of the results, three-way analysis of variance with three within-subjects factors was used: stimulus dimension (location, size and brightness), S-R assignment (compatible vs. incompatible) and type of required response (strong vs. weak). If necessary (in case of effects of the 3-level factor of stimulus dimension), the degrees of freedom were corrected by using Huynh-Feldt coefficients. Results Peak force



Peak force was affected by required force, being larger in trials that called for strong than for weak responses (22.8 N vs. 5.9 N, F1,11=47.6, P 
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