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Abstract

Seventeen undergraduates gained proficiency on a computerized version of the Stroop color-word test (Stroop, 1935).  Then they performed the test again under conditions of heightened physiological arousal.  The hypothesis that arousal would induce faster color-naming in displays of variously colored ampersands, but slower color-naming in displays of color-words printed in the "wrong" colors, was not supported.


The effect of increasing physiological arousal on


Stroop Color-word Test performance


In the Stroop color-word test (Stroop, 1935), participants are shown color-words printed in the wrong colors (e.g., "blue" in green ink), and are instructed to say the colors the words are printed in as rapidly as possible.  The task requires participants to suppress an automatic, overlearned tendency (reading the words), in favor of a less familiar action (naming the colors that words are printed in).  Virtually all participants require more time to name colors under these conditions, than in control conditions in which the stimuli are non-color words, other symbols, or simply patches of color (Dyer, 1973; Jensen & Rohwer, 1966; Rogers & Fisk, 1991).


Since the seminal work of Yerkes and Dodson (1908), a wide range of studies with animal and human subjects has established that the level of subjects' motivation, emotion, or arousal that produces optimal performance on a task, varies predictably with the nature of the task (Hall, 1966).  The optimal level of arousal for best performance is high for relatively simple or overlearned tasks; as tasks become more complex or less well practiced and learned, the optimal level of arousal decreases (Hall, 1966).  The control or baseline condition in the Stroop color-word task--naming patches of color--would seem to qualify as a task that is both simple and overlearned.  The condition requiring participants to say the color of wrongly-colored color-

words also presents a relatively simple task.  But this task requires a novel rather than an overlearned response, made more tenuous and difficult by the requirement that an overlearned response be suppressed.  High arousal should interfere with performance of such a task (Spence, 1964).


In the present experiment, participants practiced the Stroop color-word test for six trials.  Then they performed the Stroop again, this time under conditions of high physiological arousal.  I predicted that relative to their performance on the final training trial, the time participants required to name the colors of the variously colored symbols (baseline condition) would decrease, whereas the time they required to name the colors of the color-words would increase.


Method

Participants

The participants were 4 male and 13 female undergraduates enrolled in my Fall, 1993 section of a research methods in psychology course at the State University of New York, college at Oneonta.  Participants were free to decline participation without penalty.

Apparatus and Materials


Participants performed the Stroop color-word test, and timed their pulse rate using a Commodore 128 computer, operating in the 40-column C64 mode.  A 12" RGB color monitor was used.  The 

computer was located in a an approximately 6' x 6' cubicle located on the first floor of a classroom building.  The building is five stories high, with one staircase containing six flights of stairs.


Stroop color-word Program.  I wrote a Stroop color-word program for the Commodore 128 computer.  The program presented four successive displays, each containing a 5 column x 10 row matrix of stimuli.  In displays one and four, each stimulus was a set of three to six ampersands, colored red, blue, green, or yellow.  The number and color of the ampersands making up each stimulus were determined by chance.  In displays two and three, each stimulus was a color-word (red, blue, green, or yellow), appearing in the same four colors.  Both the word and the color of the word making up each stimulus, was determined by chance; thus, approximately 75% of the words appeared in the "wrong" color (i.e., "blue" appearing in green letters, "red" appearing in yellow letters, etc.).


When the participant started the program, the screen turned black and remained so for 18 seconds; then the first display appeared.  The first three displays remained on the screen until the participant pressed a key, at which time the screen went blank and the next display appeared approximately four seconds later.  The fourth display also was blanked by a key press.  It was followed by a set of statistics showing the number of seconds each display had remained on the screen.


Pulse-timing Program.  First, the program displayed instructions for participants to find their pulse, press a key, and begin counting pulse beats.  A display of blinking asterisks appeared, and remained on the screen for 20 seconds.  Then the program displayed the instruction for participants to write down the number of pulse beats that they had counted.

Procedure


Pretest.  As part of a class lecture, I introduced the Stroop color-word test to my research methods class.  I described the computer program I had written, and asked the students to do the test a minimum of six times (outside of class), with at least two hours between each testing session.  Their goal was to practice the color-word test until they no longer showed any improvement.  If more than six trials were required, they were to continue practicing until asymptote was reached.  Later, they were told, an additional procedure would be described.


The instructions for the color-word test were as follows:  participants were to go to the cubicle, seat themselves in front of the computer, load, and then run the Stroop color-word Program.  When each of the four displays appeared, they were to say aloud the colors that the stimuli appeared in (whether ampersands or color-words), as fast as they could, without making errors.  At the end of each of the six trials, they were to record the times for the two ampersand displays and the two color-word displays, and then calculate the sums of the times for each type of display.


Test.  At the first class following completion of the pretest by all participants, I introduced the primary procedure.  I told the class that I was interested in the effect of physical arousal on Stroop color-word performance.  Each student who was physically capable would be asked to do an additional trial of the color-word test immediately after he or she ran up and down six flights of stairs.  The procedure participants should follow was described as follows: (a) report to cubicle; (b) calculate and record your pulse rate (using the pulse-timing program); (c) run to a designated staircase, run up and down the six flights of stairs, and run back to the cubicle; (d) calculate and record your pulse rate; (e) do the color-word test, just as in the previous six trials; (f) calculate and record your pulse rate; and (g) submit to me the data collected during the test, along with the color-word data for the last two pretests.  Several weeks after I receive the data, I presented the results to the class.


Results


The procedure requiring participants to run up six flights of stairs was successful in increasing participants' physiological arousal.  participants' heart rates (in beats per minute) before the stair climb, immediately after the stair climb, and immediately after completing the color-word test, were M = 79.95, 122.28, and 96.36, respectively.  Paired t-tests showed that both heart rate measures taken after the stair climb were significantly higher than the baseline measure, t(16) = 7.79, p < .0001, t(16) = 4.22, p < .0007, respectively.


A 2 (baseline vs. post-stair climb color-word test) x 2 (ampersand vs. word display) repeated measures analysis of variance (ANOVA) was performed, with the number of seconds required to read a display as the dependent measure.  If the color-word test had been performed correctly, then participants should have required longer to say the colors in the color-word display than in the ampersand display.  The ANOVA revealed a significant main effect for the type of display, F(1,33) = 7.41, p < .015.  The main effect was in the predicted direction, with the color-word time (M = 73.8 sec) exceeding the ampersand time (M = 57.6 sec) by 28.1%.


The hypothesis of the experiment was that following the stair climb, participants' time to complete the ampersand display would be lower, and their time to complete the color-word display would be higher than their last training trial times.  The results of the ANOVA, however, revealed no interaction, F < 1, ns: as shown in Figure 1, the color-word and ampersand times for the last training trial (M = 74.3 sec and 57.2 sec, respectively) were virtually identical to their post-stair climb times (M = 73.0 sec and 58.0 sec, respectively).


Discussion


Contrary to expectations, increasing participants' physiological arousal did not cause a change in their Stroop color-word scores.  One reason may be that participants' physiological arousal was not elevated by the stair climbing procedure to a level sufficient to affect Stroop color-word performance.  Alternatively, the conditions of testing and the instructional set may not have been sufficient to drive participants to their maximum performance during the training trials.  participants had been alone in a small cubicle, and had to remember the initial instructions to say the colors "as fast as you can" over the course of two to three weeks.  In the absence of any social facilitation or repetition of instructions by an experimenter, they may have proceeded at a more leisurely pace--one that could be maintained in the face of the higher physiological arousal caused by the stair climbing procedure.


Another explanation for the failure of the stair climbing task to affect color-word test performance lies in the nature of the manipulation itself.  The predictor variable in research on the Yerkes-Dodson effect typically is a measure of participants' characteristic level of test anxiety (e.g., the Taylor Manifest Anxiety Scale), or a manipulation such as instructions that stress pace and deadlines, or the threat of electric shock (Hall, 1966).  Such measures and manipulations produce increases in physiological arousal; but they also produce a myriad of other cognitive and emotional effects, and it may be these effects, rather than arousal itself, that are largely responsible for the Yerkes-Dodson effect.


The above reasoning suggests that attempts to determine the factors that affect Stroop color-word performance need to deconfound physiological arousal from factors typically associated with it, like the experience of anxiety, or the cognitive rehearsal and emotional premonition of receiving a shock.  The latter factors may distract participants from effectively focusing on the task at hand, and may be the principal causes of the decrease in performance on complex tasks that occurs when participants are strongly "aroused," "driven," or "motivated."
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Figure Caption

Figure 1.  Seconds to name colors on ampersand vs. color-word displays, for baseline vs. post-stair climb trials.
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