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CARDIOVASCULAR RESPONSES TO TIIE COMBINATION OF CAFFEINE AND 
TIIE REPEATED ACQUISillON AND PERFORMANCE PROCEDURE 

Cristin L. Sullivan, M.A. 

Western Michigan University, 1995 

The present study examined cardiovascular responses to the combination of 

caffeine (250 mg) and the repeated acquisition and performance procedure (RAPP) in 

humans. Six male subjects were tested in a within-subject, double-blind design. 

Repeated measurements of frontalis electromyogram (EMO), hand-skin temperature, 

heart rate, respiration, systolic blood pressure, and diastolic blood pressure were 

obtained during pre-drug, post-drug, acquisition, performance, and recovery periods. 

Measures of rate, percent error, and true error were obtained during the acquisition and 

performance components of the RAPP. Drug conditions (caffeine and placebo) and test 

orders (acquisition before performance and performance before acquisition) were 

pseudo- random across subjects. Individual and statistical analyses (three-way repeated 

measures ANOVAs (Drug x Period x Test Order)) were conducted. 

Caffeine alone decreased hand-skin temperature and increased systolic and 

diastolic blood pressures. RAPP alone produced little effect on physiological 

measures, with the exception of a decrease in respiration rate. The fact that there were 

no evident trends of drug and period interactions suggests that caffeine did not facilitate 

physiological alterations during RAPP. Also, caffeine did not significantly alter 

response rate, percent error, or true error during acquisition or performance tasks. 



TABLE OF CONTENTS 

LIST OF TABLES ............................................................................ IV 

LIST OF FIGURES .................................. ;; ....................................... V

CHAPTER 

I. INTRODUCTION .................................. ; .................................. 1 

Importance of Caffeine Research .. .... .. ... .. . .. .. .. .. .... .. . .. .. . .. .. .. 1 

Physiological Effects of Caffeine ........................................ 2 

Behavioral Effects of Caffeine ........................................... 5

Combination of Caffeine and Stressors ................................. 8 

Integration of RAPP and Stressor Research .......................... .11

II. METHOD ............................................................................. 12 

Subjects .................................................................... .12

Setting ...................................................................... 12 

Materials/Apparatus ...................................................... 14 

Procedures ................................................................ .14 

Dependent Variables ..................................................... 18 

Independent Variable .................................................... .18

Experimental Design ..................................................... 19 

Precautions ................................................................ 19 

Selection and Training of Experimenters ............................. .19 

Data Analysis ............................................................. .19

III. RESULTS .......................................................................... 21 

Physiological Measures .................................................. 21

Behavioral Measures ..................................................... 33 

ii 



Table of Contents--Continued 

CHAPTER 

Verbal Self-Reports ...................................................... 42 

IV. DISCUSSION ...................................................................... 43 

APPENDICES 

Primary Findings ....... ;;;; .... ;;;; ..................................... .43 

Limitations ............................ : .................................... 45 

Suggestions for Future Research ....................................... 47 

A. Protocol Clearance From the Human Subjects Institutional Review Board 49

B. Informed Consent ................................................................. 51 

C. Subject Screening Survey ......................................................... 54 

D. Caffeine Consumption History Questionnaire .................................. 56 

E. Session Recording Form .......................................................... 59 

F.  RAPP Instructions ............................................................ ! .... 61 

G. Visual Aid for RAPP Instructions ............................................... 63 

H.  Pay for Performance Form ....................................................... 67 

I. Verbal Self Reports .............................................................. 69 

J. Baseline Data ....................................................................... 71 

BIBLIOGRAPHY ............................................................................ 77 

iii 



LIST OF TABLES 

1. Descriptive Characteristics of Subjects ........................................ : ..... 13 

2. Period Descriptions ..................................................................... 17 

3. F-ratios From ANOVAs Performed on Phsyiological Measures ................. 23 

4. F-ratios From ANOV As Performed on Behavioral Measures .................... 37 

5. Verbal Self-Reports by Subjects ..................................................... 70

6. Baseline EMG Measures .............................................................. 72 

7. Baseline Hand-Skin Temperature .................................................... 72 

8. Baseline Heart Rate .................................................................... 73 

9. Baseline Respiration ................................................................... 73 

10. Baseline Systolic Blood Pressure ................................................... 74 

11. Baseline Diastolic Blood Pressure .................................................. 74 
I I 

12. Baseline RAPP Rate Per Minute .................................................... 75 

13. Baseline RAPP Percent Error ....................................................... 75 

14. Baseline RAPP True Error .......................................................... 76 

iv 



LIST OF FIGURES 

1. EMG Across Periods for Six Subjects ......... : .................................... 22 

2. Hand-Skin Temperature Across Periods for Six Subjects ....................... 25 

3. Heart Rate Across Periods for Six Subjects •....................................... 26 

4. Respiration Across Periods for Six Subjects ..................................... 28 

5. Systolic Blood Pressure Across Periods for Six Subjects ....................... 30 

6. Diastolic Blood Pressure Across Periods for Six Subjects ..................... 32 

7. Acquisition Rate Across Sessions for Six Subjects .............................. 34 

8. Acquisition Percent Error Across Sessions for Six Subjects .................... 35 

9. Acquisition True Error Across Sessions for Six Subjects ........................ 36 

10. Performance Rate Across Sessions for Six Subjects ............................. 39 

11. Performance Percent Error Across Sessions for Six Subjects .................. 40 
I 

12. Performance True Error Across Sessions for Six Subjects ..................... 41 

V 



CHAPTER I 

IN;I'RODUCTION 

Importance of Caffeine Research 

Caffeine is the most widely consumed behaviorally-active drug in the world 

(Griffiths & Woodson, 1988). In addition to being found in coffee, tea, and cocoa, the 

substance is a popular food additive (Snyder & Sklar, 1984). In fact, one estimate 

states that two million pounds of caffeine are added to food each year (Wells, 1984). 

Caffeine is also used in over-the-counter medications, such as Excedrin and Midol 

(Wells, 1984). 

Despite its evident availability the extent in which caffeine affects one's health 

is inconclusive. Several examples are provided below to illustrate divergent findings. 

First, Cole (11971) found a correlatioh between coffee drinking and bladder tumors. 

However, these findings were retracted in 1975 (Simon, Yen, & Cole, 1975). Also, 

an estimated 10, 000 deaths from cancer of the pancreas were related to caffeine. 

(MacMahon, Yen, Trichopolous, Warren, & Nardi, 1981). In addition, animal 

research found evidence linking caffeine to birth defects (FDA, 1980). Yet, other 

evidence indicated that there was no association (Linn, Schoenbaum, Monroe, Rosner, 

Stubblefield, & Ryan, 1982). Further, researchers stated that a relationship existed 

between caffeine and cardiovascular disease (e.g., Lane & Williams, 1987; Troyer & 

Markle, 1984). Other researchers rejected this notion (e.g., Graboys & Lown, 1983). 

Although the research revealed inconsistent findings, caffeine's potential harm must not 

be underestimated. 
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In addition, acute behavioral effects of low caffeine doses have varied. 

Silvennan and Griffiths (1992) reported that most studies failed to find a behavioral 

effect following the administration of caffeine, particularly with doses below 200 to 

300 mg. Also, researchers examined caffeine as a reinforcer and found inconsistent 

results. For instance, Griffiths and Woodson (1988) demonstrated caffeine 

reinforcement with 100 mg. However, this effect was only seen in 30 to (J() percent of 

the subjects. In contrast, Stem, Chait, and Johanson (1989) failed to find caffeine 

reinforcement with the same dose. Given the widesp� use of caffeine and 

inconsistent research findings, further investigations on the effects of caffeine are 

warranted. 

Physiological Effects of Caffeine 

Caffeine is absorbed into tissues following five minutes of oral administration 

(Wells, 1984). Peale blood plasma levels occur within 30 minutes. Therefore, a 

significant amount of caffeine research uses a 30 minute absorption period (e.g., 

France & Ditto, 1988; Lane & Williams, 1985, 1987). The excretion rate of 

untransformed substance is approximately one percent and the half-life of caffeine is 

between 2.5 to 4.5 hours (Wells, 1984). 

Until the early 1980s, little was known about the mechanism of action of 

caffeine. However, at that time, evidence was provided indicating that caffeine blocked 

adenosine receptors in the central and peripheral nervous systems (Julien, 1995). 

Adenosine is a neuromodulator which inhibits the release of neurotransmitters, such as 

norepinephrine, dopamine, and acetylcholine (Julien, 1995). Since adenosine acts on a 

variety of neurotransmitter systems, its actions are widespread. These actions include 

producing behavioral sedation, regulating the delivery of oxygen to cells, dilating 

cerebral and coronary blood vessels, producing bronchospasm (asthma), and regulating 
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other metabolic processes (Julien, 1995). As an adenosine antagonist, caffeine 

produces multiple changes in the central and peripheral nervous systems. For example, 

its effects on the central nervous system are noted by a reduction in fatigue and 

enhanced mental alertness (Julien, 1995). 

In doses greater than 500 mg, caffeine has noted effects on autonomic nervous 

system function (Rall, 1980). Through its indirect actions on the noradrenergic 

system, caffeine facilitates sympathetic arousal, indicated by an increase in heart rate 

and respiration (Julien, 1995). Also, caffeine acts on smooth muscles to cause 

vasodilation and bronchial dilation (Rall, 1980). At doses lower than 500 mg, heart 

rate is generally not affected or slightly decreased (Julien, 1995). 

Research on the physiological effects of low caffeine doses (200-250 mg) have 

revealed some inconsistent findings. Most studies commonly measure systolic blood 

pressure, diastolic blood pressure, and heart rate. Each measure is discussed below, 

highlighting studies which use a dose between 200 and 250 mg of caffeine. 

Blood Pressure 

Blood pressure is typically recorded using two separate measures, systolic and 

diastolic blood pressure (e.g., France & Ditto, 1988, 1992; Lane & Williams, 1985). 

In general, data collected on systolic blood pressure have been consistent. Caffeine 

was found to increase systolic blood pressure in several studies (e.g., France & Ditto, 

1992; Myers, Shapiro, McClure, & Daims, 1989; Rush, Higgins, Hughes, Bickel, & 

Wiegner, 1993). However, one study did not find a significant increase in systolic 

blood pressure upon administration of 250 mg caffeine (France & Ditto, 1988). 

Unlike the consistent findings of caffeine's effects on systolic blood pressure, 

the effects on diastolic blood pressure were conflicting. For instance, some researchers 

found an increase in diastolic blood pressure ( e.g., France & Ditto, 1992; Lane & 



Williams, 1985, 19_87). Yet, other studies found no significant change in diastolic 

blood pressure following the administration of caffeine (e.g., France & Ditto, 1988; 

MacDougall, Musante, Castillo, Acevedo, 1988; Rush et al., 1993). 

Heart Rate 

Measures on heart rate provided inconsistent findings. One study found an 

increase in heart rate (MacDougall et al., 1988), while another found a decrease in heart 

rate (France & Ditto, 1992). In addition, several researchers did not find a significant 

change in heart rate (e.g., France & Ditto, 1988; Lane & Williams, 1987; Myers et al., 

1989; Rush et al., 1993). Although these studies used the same dose of caffeine (250 

mg), a dose-dependent effect on heart rate has been found (Ray & Ksir, 1993). Doses 

less than 500 mg usually decrease heart rate, whereas doses over 500 mg commonly 

increase heart rate (Ray & Ksir, 1993). 

Additional Measures 

Aside from the measures listed above, only a few studies have examined other 

physiological variables. However, some researchers have evaluated caffeine's effects 

on forearm blood flow and finger temperature. The small number of studies that 

measured forearm blood flow exhibited conflicting results. For instance, France and 

Ditto (1992) found a decrease in forearm blood flow. Lane and Williams (1985) used 

the same dose of 250 mg caffeine, however, they did not find a significant change. A 

third study did not report findings of forearm blood flow due to technical problems 

(Lane & Williams, 1987). Finger temperature was also examined in at least one 

caffeine study. France and Ditto (1992) found a significant decrease in finger 

temperature following the administration of caffeine. 
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Behavioral Effects of Caffeine 

Many of the physiological studies listed above also examined behavioral 

measures (e.g., France & Ditto, 1992; Lane & Williams, 1987). This review focuses 

on tasks included within two areas of caffeine research. First, tests measuring 

performance are discussed. Second, tasks related to measures of learning and memory 

are reviewed. 

Perfonnance 

Performance has been measured using a plethora of tasks. Motor skills are 

frequently used to assess performance. For instance, a common test used to assess 

motor performance was tapping. With this procedure, subjects were asked to press a 

button as many times as possible within a specific period (Landrum, Meliska, & Loke, 

1988; Loke, Hinrichs, & Gloneim 1985). Also, tests observing hand steadiness and 

hand grip strength were used (Loke et al., 1985). Other researchers examined the 

effects of caffeine on performance using arithmetic problems, reading comprehension, 

anagrams, and digit cancellation tasks (Landrum et al., 1988; Lane & Williams, 1987; 

Loke, 1988, 1992; Loke et al., 1985; Smith, Rafferty, Lindgren, Smith, & Nespor, 

1991). 

Using these tasks, results were inconsistent. For instance, some researchers 

did not find a significant effect on performance (e.g., Landrum et al., 1988; Lane & 

Williams, 1987). However, Loke, Hinrichs, and Gloneim (1985) found a decrement 

in performance following the administration of caffeine. In contrast, Loke (1988) 

found an improvement in performance on difficult cancellation tasks. In addition, 

subjects in this study indicated a decrease in boredom following the administration of 

caffeine. 
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Leamin&{Memozy 

A second behavioral emphasis in caffeine research was learning and memory. 

In evaluating learning/memory, researchers have used a variety of tasks. For example, 

the Auditory-Verbal Learning Test (A VLT), Paired Associates Learning Test (PAL), 

word lists, and backward recall tasks were used. Overall, data obtained with these tests 

found no caffeine effect on learning (e.g., Loke et al, 1985; Landrum et al., 1988; 

Smith et al., 1993). Using a dose of 100 mg, Terry and Phifer (1986) indicated that 

caffeine reduced word recall performance. However;tliis effect occurred in recalling 

words from the middle to end portion of the lists. 

The experiments described above included separate tasks to measure 

perfonnance from those used to measure learning/memory. For instance, Loke, 

Hinrichs, and Gloneim (1985) examined performance using a tapping task and learning 

using a Serial Number Learning task. However, some researchers made use of one test 

which obtained measures of both learning and performance (Rush et al., 1993). This 

task, entitled the Repeated Acquisition and Performance Procedure, is discussed below. 

Re_peated Acqµisition and Perfonnance Procedure CRAPP} 

Description 

Recent studies examined the effects of caffeine on the acquisition of a new 

behavior using a repeated acquisition procedure (Rush et al., 1993; Rush, Higgins, 

Bickel, & Hughes, 1994a; Rush, Higgins, Hughes, & Bickel, 1994b). Thompson 

(1974) modified the original procedure created by Boren (1968) to examine drug 

effects. The repeated acquisition and performance procedure (RAPP) compared the 

drug effect on the acquisition of a new behavior with the effect on previously learned 

. behavior performance. The comparison was made possible with a multiple schedule of 
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reinforcement and a chain of 10 key-press responses. In the acquisition component of 

the multiple schedule, the pre-determined response sequence (10 key-presses) changed 

each session, however the sequence remained constant over a given session. In the 

performance component of the IJlUltiple schedule, the pre-determined response 

sequence was constant throughout all sessions. ·In both components, reinforcement 

was always contingent on the subject completing the appropriate response sequence. 

Using this procedure, response rate and accuracy during acquisition and 

performance was measured. After sufficient training the subject's rate and accuracy 

stabilized, providing a baseline measure to examine drug effects. These procedures 

were used to evaluate the effects of caffeine in three human studies (Rush et al., 1993, 

1994a, 1994b). In each study, subjects responded on the RAPP before and every 30 

minutes for four hours after drug administration. A brief discussion of the findings 

follow below. 

Results 

Behavioral data found with RAPP were consistent. Caffeine (250 & 500 mg) 

did not statistically affect learning•or performance measures in any study (Rush et al., 

1993, 1994a, 1994b). However, caffeine was found to offset performance 

decrements that emerged across time (Rush et al., 1993). One study also included 

physiological measurements and found an increase in blood pressure with caffeine 

administration (Rush et al., 1993). 

Limitations 

Despite consistent behavioral data, some limitations existed within the RAPP 

research. First, the three studies were conducted in the same laboratory. It would be 

beneficial to determine if identical results can be obtained given a novel setting and 
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different experimenters (Rush et al., 1993, 1994a, 1994b). Second, researchers only 

recorded heart rate and blood pressure upon completion of the RAPP task (Rush et al., 

1993). This limitation made it impossible to detennine baseline cardiovascular 

measures in the absence of RAPP or changes during the RAPP. 

Combination of Caffeine and Stressors 

Description 

Behavioral tasks, such as those identified above, have also been used as 

stressful stimuli within various caffeine studies (e.g., France & Ditto, 1992; Lane &

Williams, 1987; Lovallo, Pincomb, Sung, Everson, Passey, & Wilson, 1991). In

particular, these researchers examined cardiovascular responses when caffeine was 

combined with a particular stressful task. Procedures used within this line of research 

were composed of the following essential periods: ( a) pre-drug baseline, (b) post-drug 

baseline, (c) stressor(s), and (d) recovery. These phases are briefly described below. 

At the beginning of each session, the subject was asked to sit quietly and relax 

for a period of 5 to 10 minutes. This time was identified as pre-drug baseline. Next, 

the subject was administered either caffeine or a placebo, using double-blind 

procedures. Approximately 30 minutes later, the subject was again asked to sit quietly 

and relax for 5 to 10 minutes. This phase was identified as post-drug baseline. Upon 

completion of post-drug baseline, stressor tasks were introduced. Finally, the subject 

sat quietly and relaxed for 5 to 10 minutes during the recovery period. Using this 

methodology, physiological measures were obtained. 

Stressor Tasks 

A stressor task was defined as a task related to significant alterations in 
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physiological measures, as indicated by increased sympathetic activity (Lovallo et al., 

1991). These tasks can be broken down into three areas. First, subjects were tested to 

obtain measures of cognitive performance� Second, they were examined in terms of 

motor performance. Third, subjects were evaluated using tasks that involved a 

combination of cognitive and motor performance. Examples of each category are 

described below. 

The most common tests related to cognitive performance. Several researchers 

used arithmetic problems to test in combination with 250 mg of caffeine (e.g., France 

& Ditto, 1988, 1992; Lane & Williams, 1987; Lovallo et al., 1991; MacDougall et al., 

1988; Meyers et al., 1989). For instance, Lane and Williams (1987) used a series of 

math problems in which the subject first added the three numbers together of a three 

digit number. This sum was then added to the initial three digit number. Finally, the 

subject said the answer aloud. For example, if the number was 145, the subject would 

first add 1 + 4 + 5. This sum, equ.lll to 10, would then be added to 145. Therefore, the 

answer would be 155. Twenty dollars were given to the subject who obtained the 

highest rate of correct additions. This reward was used to create additional pressure 

during the task. 

A second type of stressor related to motor performance. Lovallo et al. (1991) 

made use of such tasks with an unsignaled visual reaction time task. Experimenters 

provided a monetary bonus for each "very rapid" (p. 237) response. Also, France and 

Ditto (1992) introduced a leg exercise based on the fact that the task is related to an 

increase in blood pressure. 

The third type of stressor involved a combination of the cognitive and motor 

performance. One example of this task was found in MacDougall et al. (1988). These 

researchers asked subjects to complete an Atari video game in which monetary 

incentives were added. 
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Results 

Using these stressors, researchers found caffeine to enhance cardiovascular 

responses. For instance, Lovallo et al. (1991) found an increase in systolic blood 

pressure during stress in the placebo condition. The systolic blood pressure (SBP) 

increased to a greater extent during the caffeine condition. These researchers concluded 

that caffeine in combination with stress produced undesirable increases in blood 

pressure. Further, Lane and Williams (1987) concluded that the interaction between 

caffeine and stress may account for the link between caffeine use and cardiovascular 

disease. 

Limitations 

One limitation related to the definition of a stressor. As previously stated, a task 

which significantly altered physiological measures, as indicated by increased 

sympathetic activity, was classified as a stressor. The researchers did not identify what 

they considered to be a significant change (Lovallo et al., 1991). Also, Lovallo et al. 

(1991) failed to identify what they considered to be an undesirable increase in blood 

pressure. This lack of clarity makes it difficult to select appropriate tasks and compare 

results across studies. 

In addition, experiments described above provided a limited selection of 

stressful stimuli. France and Ditto ( 1992) argued that different stressors produce 

different patterns of cardiovascular responses. Therefore, the degree to which the 

results found in the previous research can generalize to other stressful stimuli is 

unknown. France and Ditto (1992) suggest that additional tasks must be evaluated in 

order. to confir.m interactions that occur between caffeine and stress. 

10 



Integration of RAPP and Stressor Research 

The RAPP would be a valuable test to evaluate in combination with caffeine. 

As previously.stated, the behavioral procedures were designed to compare the drug 

effect on the acquisition of a new behavior with the effect of previously learned 

behavior performance. The present study attempted to use the RAPP, while 

considering limitations found within both RAPP and stressor research. For instance, 

the study used the methodology of Rush et al. ( 1993), adding a measure of heart rate 

during each period. Also, the study followed procedures from caffeine and stressor 

studies, using RAPP as the task. The RAPP has not been examined using the 

methodology outlined in the stressor research. In summary, the purpose of the present 

study was to: (a) examine behavioral responses to the RAPP, and (b) evaluate potential 

alterations in cardiovascular responses when caffeine was combined with RAPP. 
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CHAPTER II 

MEIHOD 

Subjects 

Six healthy males were recruited from upper level psychology courses at 

Western Michigan University. Inclusion criteria were: (a) male, (b) age between 18 to 

25, (c) history of caffeine consumption, (d) absence of learning difficulties, (e) absence 

of attention deficit hyperactivity disorder, (f) absence of family history of 

cardiovascular disease, (g) daily caffeine consumption less than 300 mg, (h) 

willingness to abstain from caffeine 24 hours prior to each test session, (i) blocxl 

pressure less than 140 mmHg (systolic) and 90 mmHg (diastolic), and (j) resting heart 

rate less than 95. The first eight criteria were assessed through self-reports 

(Appendices C & D). Caffeine consumption was determined using content amounts 

provided by Ray and Ksir (1993, p. 267). The remaining criteria, including blocxl 

pressure and heart rate, were recorded by the experimenter during an initial meeting. 

Descriptive characteristics for selected subjects are displayed in Table 1. 

Subjects were paid for their participation ($4.00/session). Performance-based 

payment was also obtained as outlined in the Procedure, Prior to the onset of this 

study, experimental procedures were approved by the university Human Subjects 

Institutional Review Board. 

Setting 

Individual sessions were conducted in a 2 x 1.6 x 1.6 meter room. Each 

subject was seated before a table containing a computer. The experimenter was located 

12 



Table 1 

Descriptive Characteristics of Subjects 

Variable Sl S2 S3 S4 

Age (years) 22 23 22 23 

Weight(kg) 68.1 87.7 65.8 89.9 

Systolic Blood Pressure (mm.Hg) 135.0 126.0 140.0 138.0 

Diastolic Blood Pressure (mm.Hg) 79.0 74.0 87.0 85.0 

Heart Rate (BPM) 69.0 68.0 69.0 68.0 

Caffeine use (mg/day) 25.4 18.4 6.9 66.7 

* S = Subject

S5 S6 

22 22 

74.9 75.8 

136.0 122.0 

87.0 79.0 

64.0 68.0 

11.0 24:0 

Group 
Mean 

22.3 

76.0 

132.5 

81.8 

67.7 

25.4 

...... 
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in an adjacent room with observation provided through a one-way mirror. 

Materials/ Apparatus 

RAPP 

Using procedures outlined in Rush et al. (1993), the RAPP was programmed in 

Hypercard 2.1 and executed on a Macintosh SE. Visual stimuli appeared on a black 

and white screen and responses were made using a standard keyboard and mouse. 

Pbysiolo�al Rerordin�s 

The subject's systolic blood pressure (SBP) and diastolic blood pressure (DBP) 

were measured using an Omron Digital Blood Pressure Monitor. The blood pressure 

apparatus was placed on the third digit of the non-dominant hand. These measurements 

were digitally displayed and recorded by the experimenter (Appendix E). 

The subject's hand-skin temperature, heart rate, respiration, and frontalis 

muscle EMG were measured using a Zenith 286 and J & J 1-220 physiological data 

acquisition system. Specifically, hand-skin temperature was measured using a 

thermister (° F) attached to the pad of the fifth digit of the non-dominant hand. Heart 

rate was measured with a surface electrcxie attached to the pad of the third digit of the 

non-dominant hand. Respiration was measured using a strain gauge. Frontalis muscle 

EMG was measured by attaching surface electrcxies to the frontalis region of the 

subject's forehead. 

Procedures 

Subjects were tested three days a week (Monday, Wednesday, and Friday) at 

the same time of day. At the beginning of each session, the experimenter asked the 
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subject two questions. First, the subject was asked how many hours of sleep he had 

the night before. Second, the subject was asked when he last consumed caffeine. The 

latter question was used to determine whether the subject had consumed caffeine within 

24 hours prior to his test session. In the event that a subject neglected to abstain from 

caffeine within the restricted time period, the session would have ended. Otherwise, 

the subject continued with his session. Following initial questions, the experimenter 

obtained the subject's resting blood pressure. Next, the experimenter attached 

electrodes, strain gauge, and thennister on to the subject At this time, the subject was 

asked to sit quietly and relax for a 10-minute habituation period. 

Procedures described above were used during both phases of the study, training 

and experimental sessions. In addition to these common events, both phases made use 

of the RAPP previously described in Rush et al. (1993). A brief description of RAPP 

follows below. 

Re_peated ACQuisition Procedure <RAPP) 

Each subject responded on a multiple schedule of repeated acquisition and 

performance of 10 response chains. During the performance component of the 

multiple schedule, "Performance" appeared in the center of the screen. Reinforcement 

delivery was contingent on pressing the keys 1 through 3 in a predetermined order 

(e.g., 1, 3, 2, 1, 2, 1, 3, 2, 1, 2). The subject's performance order remained constant 

throughout the experiment In the acquisition component, "Learning" appeared in the 

center of the screen. In contrast to the recurring sequence used in the performance 

component, a new 10-response chain was used for each session in the acquisition 

component. Both components, performance and acquisition, ended upon the 

completion of 20 trials or after five minutes elapsed, which ever occurred first. 

In both the acquisition and performance components, a correct response 
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advanced the subject to the next step in the response sequence. An incorrect response 

started a 5-second time-out, during which the computer screen turned gray and 

"Incorrect" was presented in the center of the monitor. Any response made during 

time-out had no programmed consequence. Following time-out completion, the subject 

returned to the step in which the error was made. The response chain did not reset 

When the subject completed the 10-response sequence; one point was added to the total 

number of points earned during a session. Further, the number in the center of the 

screen tumed to O to start the next sequence. For each point and trial that the subject 

completed, he earned 1 cent toward his daily earnings. Daily earnings were recorded 

by the experimenter using the document located in Appendix G. 

Trainin� Session 

Subjects were trained on the RAPP across three to four 1-hour sessions. First 

the subject was trained on the performance component Then, he was introduced! to the 

multiple schedule described above. Throughout training sessions, instructions were 

read as the subject reviewed a visual aid (Appendices F & G). Drug testing began after 

responding stabilized. 

Experimental Sessions 

Each test session consisted of six phases, outlined in Table 2. As previously 

stated, the experimenter attached the physiological recording equipment to the subject. 

At this time, a 10-minute habituation period took place. Next, the subject was asked to 

sit quietly and relax for an additional 5-minutes while pre-drug baseline measurements 

were obtained. At the end of five minutes, the experimenter obtained and recorded 

blood pressure readings. 

Next, the subject received a glass of Tang containing either 250 mg of caffeine 
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Table2 

Period Descriptions 

Period Number Period Name Time (Min) Minutes Into Session 

I Habituation 10 0-10

II Pre-Drug 5 10-15

m Post-Drug 5 45-50

N Test A 5 or 20 trials 50-55 *

V TestB 5 or 20 trials 55-60 *

VI Recovery 5 60-65 *

* Ranges of times are presented due to the fact that Tests A and B terminated following 
the completion of 20 trials or 5 minutes. 

or an equivalent amount of the placebo substance (see below), using a double-blind 

procedure. Before recording continued, 30 minutes were allowed for absorption of 

caffeine into the bloodstream. Following the caffeine absorption period, physiological 

recording resumed and the subject was asked to rest for a 5-minute post-drug baseline. 

Again, at the end of the rest period, the subject's blood pressure was recorded. This 

was followed by the acquisition and performance tasks. The order of task presentation 

was consistent for each subject, but counterbalanced across subjects. In addition, the 

experimenter recorded the subject's blood pressure at the completion of both the 

acquisition and performance tasks. 

Following the second task, the subject was again asked to rest quietly during a 

5-minute recovery baseline. Upon completion of the recovery period, final blood

pressure recordings were made, and the physiological recording terminated. Finally, 

the subject was asked if he could tell if he had caffeine, and if so, if he could detect any 
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effects. The subject's response was recorded and physiological equipment was 

removed. The subject was paid, thanked, and excused for the day (Appendix H). 

Dependent Variables 

Using the procedures outlined above, the following measures were taken: (a) 

systolic blood pressure, (b) diastolic blood pressure, (c) frontalis muscle EMG, (d) 

hand-skin temperature, (e) heart rate, (0 respiration, (g) RAPP response rate, (h) 

RAPP response accuracy, and (i) true error. True error was defined as the number of 

errors made following the completion of the first trial. True error was evaluated 

because there was no way, aside from luck, for the subject to be correct during 

acquisition as he progressed through trial one. 

The first four measures listed above were obtained during pre-drug baseline, 

post-drug baseline, acquisition, performance and recovery pericx:is. Both measures of 

blood pressure were obtained immed�ately following the six experimental pericx:is. The 

remaining three measures, response rate, accuracy, and true error were examined 

during acquisition and perfonnance periods. 

Independent Variable 

Caffeine (250 mg) or placebo ( combination of fructose and sucrose octaacetate 

NF) were administered orally in sugar-free Tang, 30 minutes prior to test session. 

Drug and placebo were pre-mixed with powdered drink such that neither the 

experimenter nor the subject were aware of the experimental condition. This pre

packaged powder was then mixed together with six ounces of water during 

experimental sessions. 
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Experimental Design 

An alternating treatments design across six subjects was used to evaluate the 

combined cardiovascular effects of caffeine and RAPP. Caffeine (250 mg) and placebo 

were administered in a pseudo-random order for each subject, such that an 

experimental condition (e.g., caffeine) did not occur for more than two consecutive 

sessions. Each subject had three caffeine sessions and three placebo sessions, totaling 

six experimental sessions. 

Precautions 

During training and experimental sessions, the experimenter carefully monitored 

the subject for negative responses to the computer program, physiological equipment, 

and/or caffeine. In the event that a subject's blood pressure exceeded 160/95 mmHg or 

if unwarranted side effects occurred (e.g., crying and restlessness), the session would 

have terminated immediately. However, in the current study such effects never 

occurred. 

Selection and Training of Experimenters 

One graduate student and two undergraduate students were recruited as 

experimenters. They received initial information regarding the intent of the study, 

however they remained blind to experimental conditions. All experimenters were 

trained to conduct the experimental procedures in a consistent manner. 

Data Analysis 

Physiological data collected during the 65-minute sessions were reduced in the 

following manner. Values of frontalis EMG, luµid-skin temperature, heart rate, and 
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respiration were averaged by the computer within one minute periods. Next, these 

recordings were averaged for each of the following periods: Pre-drug baseline, post

drug baseline, acquisition, performance, and recovery. 

An individual visual analysis was conducted using means of physiological and 

behavioral data Means were calculated from the three caffeine sessions and three 

placebo sessions. For each subject, means of physiological data were collapsed across 

three sessions, plotted across periods (pre-drug baseline, post-drug baseline, 

acquisition, performance, and recovery), and evaluated. Also, individual behavioral 

measures from the acquisition and performance periods were calculated, plotted, and 

evaluated for each session (three caffeine sessions, three placebo sessions). 

Group data were also subject to statistical analyses. A three-factor repeated 

measures analysis of variance (ANOV A) was used to evaluate differences among drug 

conditions (0 & 250 mg of caffeine), experimental periods (pre-drug baseline, post

drug baseline, acquisition, performance, and recovery), and task orders (acquisition 

before performance or performance before acquisition). Multiple comparisons were 

made using Tukey's HSD test. 
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CHAPTERID 

RESULTS 

Physiological Measures 

Frontalis EMG levels were highly variable ariioiig the six subjects (Figure 1). 

During placebo conditions, EMG levels increased at variable points during the session 

in 5 of the 6 subjects (Sl, S2, S3, S4, & S6). Two of the subjects (S2 & S4) 

exhibited a decreased EMG during the performance period while one subject (S 1) 

showed an increase during this period. One subject (S5) showed a high EMG during 

the pre-treatment baseline period but a low consistent EMG for the remainder of the 

session. 

Following caffeine administration, the first four subjects showed elevated EMG 

levels (Figure 1). Two of these subjects (S2 & S3) showed a decline in EMG during 

perfonnance and/or acquisition and an increase during the recovery period. EMG 

levels continued to rise during performance in subjects 1 and 4 but declined during 

recovery. Subjects 5 and 6 exhibited consistently low EMG levels following caffeine 

administration. 

A three-factor repeated measures ANOV A on the group means revealed no 

significant effects of caffeine, session period, or test order on EMG levels, and no 

interaction between caffeine and session period (Table 3). 
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Table 3 

F-ratios From ANOV As Performed on Physiological Measures

DrugX DrugX PeriodX 
DrugX 
PeriodX 

Drug Period Period Test Order Test Order Test Order Test Order 
Measure (1, 40) (4, 40) (4, 40) (1, 40) (1, 40) (4, 40) (4, 40) 

EMO 3.1 ;0.1 0.4 0.0 0.5 0.8 1.5 

HST 8.1* 1.2 1.7 13.4** 0.8 1.1 0.1 

HR 0.1 0.6 0.4 15.2** 0.4 0.8 0.1 

RESP 0.1 2.6* 0.4 0.1 0.2 0.1 0.1 

SBP 2.3 0.5 0.6 3.9 2.7 0.4 0.3 

DBP 12.8** 1.7 2.4 0.6 2.0 o.� 0.4 

y�ues with* are significant at p < 0.05. Values with ** are significant at P < 0.01. HST indicates hand-skin temperature. HR 
indicates bean rate, RESP indicates respiration, SBP indicates systolic blood pressure. DBP indicates diastolic blood pressure. 
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Hand-Skin Temperature 

Hand-skin temperature (HSl) data were relatively consistent during placebo 

conditions (Figure 2). For instance, three subjects (Sl, S3, & S5) exhibited stable 

HST levels over the session, while three subjects showed a slight increase (less than 10 

0F) either during baseline (S2, S6) or recovery (S4).

Following caffeine administration, changes in HST varied across subjects 

(Figure 2). For example, one subject (S2) exhibited little change in HST and three 

subjects (S 1, S5, & S6) showed a slight decrease over the session. Two subjects (S3 

& S4) had increased HST during post-drug baseline followed by a decrease during 

acquisition, performance and recovery periods. All subjects exhibited lower HSTs in 

caffeine conditions than in placebo conditions during the last three periods. 

A three-factor repeated measures ANOV A on the group means revealed 

significant drug and test order effects on HST levels (T�ble 3). The mean HST was 

significantly lower in the caffeine condition compared to the placebo condition (Table 

3). Also, subjects who received the acquisition task prior to the performance task had 

significantly higher HST levels than those who received the performance task prior to 

the acquisition task {Table 3). The statistical analysis found no significant period 

effects on HST and no interaction between caffeine and session period (Table 3). 

Heart Rate 

Heart rates were variable during both placebo and caffeine conditions (Figure 

3). For instance, in the placebo condition two subjects (S2 & S5) exhibited relatively 

consistent heart rates for the duration of the session. Two subjects (S 1 & S6) exhibited 

a significant elevation in heart rate (greater than 10 beats per minute (BPM)) during the 

acquisition period. One subject's (S3) heart rate increased during the post-treatment 
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baseline, but remained consistent thereafter, while another subject's (S6) heart rate 

decreased by approximately 6 BPM only during the performance period. 

Following caffeine administration, heart rates were also variable (Figure 3). 

For example, two subjects (S2 & S4) showed a decrease (greater than 5 BPM) in heart 

rate during the post-drug baseline period followed by an increase during acquisition. 

Yet, another subject (S 1) exhibited a gradual elevation in heart rate with an increase of 

20 BPM, followed by a decrease during the recovery period. 

A three-factor repeated measures ANOV A on the group means showed no 

significant drug or session period effects. Statistical significance was found with test 

order. Subjects who received the acquisition task prior to the performance task had 

significantly higher heart rates than those who received the performance task prior to 

the acquisition task (fable 3). Also, there was no interaction between caffeine and 

session period on heart rate. 

ReSPiration 

Respiration rates (breaths per minute (BPM)) were highly variable (Figure 4). 

For instance, in the placebo condition, subject 2 showed stable rates of respiration over 

the session, while subject 4 doubled his respiration rate over the session. Also, subject 

5 showed a decrease in respiration rate during post-drug baseline followed by an 

increase (greater than 5 BPM) during the acquisition period. Three subjects (S3, S4, 

& S6) exhibited an increase in respiration rate during the recovery period. 

Following caffeine administration, respiration rates were variable (Figure 4 ). 

For example, two subjects (S 1 & S6) showed generally consistent rates of respiration 

over the session. However, respiration rate increased at variable points during the 

session in 3 of 6 subjects. Two subjects (S2 & S3) showed a decrease in respiration 
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rate during the acquisition period while two subjects (S4 & S5) showed an increase 

during this period. 

A three-factor repeated measures ANOV A on the group means showed no 

significant drug or test order effects. However, a significant period effect was found 

(Table 3). More specifically, there was a significant difference between respiration 

levels during performance (mean= 9.17) and recovery (mean= 14.78) periods. There 

was no interaction between caffeine and session period on respiration levels. 

Blood Pressure 

Systolic blood pressure (SBP) levels were variable (Figure 5). For instance, 

during the placebo condition subject 1 showed an increase in SBP during the 

performance period followed by a decrease during the recovery period. Whereas, 

subject 5 exhibited an increase in SBP during the acquisition period followed by a 

decrease during the performance period. A lso, one subject (S4) maintained stable SBP 

levels during the first four periods, followed by a decrease in SBP during the recovery 

period. 

Following caffeine administration, SBP levels revealed variable findings 

(Figure 5). For instance, three subjects (Sl, S2, & S6) showed an increase in SBP 

(greater than 10 mmHg) during the performance period. However, two subjects (S3 &

S5) exhibited a decrease in SBP (greater than 10 mmHg) during the performance 

period. All subjects showed an increase in SBP during the post-drug baseline period. 

Specifically, three subjects (S2, S3, & S5) exhibited an increase in SBP (greater than 

10 mmHg) during the post-drug baseline period. In addition, three subjects ( Sl, S4, 

& S6) showed slight increases in SBP (less than 6 mmHg) during the post-drug 

baselme period. Four subjects (S2, S3, S4, & S6) exhibited higher SBP in caffeine 

conditions than in placebo conditions during acquisition, performance, and recovery. 
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A three-factor repeated measures ANOV A on the group means revealed no 

significant effects of caffeine , session period, or test order on SBP levels, and no 

interaction between caffeine and session period (Table 3). 

Diastolic blood pressure (DBP) levels were variable during placebo conditions 

(Figure 6). All subjects exhibited a decrease in DBP to varying degrees and at variable 

points during the session. Two subjects (S2 & S6) showed a decrease (greater than 5 

mmHg) in DBP during the acquisition period, while one subject (S4) showed an 

increase (higher than 5 mmHg) during this� hi �dirion, four subjects (Sl, S3, 

S4, & S5) exhibited a decreased DBP during the performance period while two 

subjects (S2 & S6) showed an increase during this period. 

Following caffeine administration, DBP levels were relatively consistent 

(Figure 6). For instance, all six subjects showed an increase in DBP, although at 

variable points of the session. The DBP in one subject (S 1) increased during the 

performance period while another subject (S6) exhibited a gradual increase t
1
hrough the 

acquisition period. All subjects showed an increase in DBP during the post-drug 

baseline period. Specifically, three subjects (S2, S3, & S5) exhibited an increase in 

DBP (greater than 10 mmHg) during the post-drug baseline period In addition, three 

subjects ( S1, S4, & S6) showed slight increases in DBP (less than 6 mmHg) during 

the post-drug baseline period. Five subjects (Sl, S2, S3, S4, & S6) exhibited higher 

DBP under caffeine conditions than under placebo conditions during the last four 

periods. 

A three-factor repeated measures ANOV A on the group means found a 

significant drug effect (Table 3). The group mean DBP was greater in the caffeine 

condition (mean= 77.04) compared to the mean DBP in the placebo condition (mean= 

71.40). The statistical analysis revealed no significant period or test order effects, and 

no interaction between caffeine and session period (Table 3). 
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Behavioral Measures 

Acwusition 

Behavioral measures, including individual acquisition and performance data , 

were examined for each session. Acquisition measures, including response rate, 

percent error, and true error, were variable across the three sessions in each condition. 

During the first two sessions, four subjects (S 1, S2, S3, & S4) showed a higher 

response rate during the caffeine condition compared � the placebo condition (Figure 

7). These four subjects exhibited lower response rates during the third caffeine session 

compared to the third placebo session. One subject (S6) showed a higher response rate 

during the second and third caffeine sessions compared to placebo sessions. 

Five of the subjects (Sl, S2, S3, S4, & S5) showed a lower percent error 

during the first two sessions of the caffeine condition compared to the first two 

sessions of the placebo condition (Figure 8). During the third session, these five 

subjects exhibited a higher percent error during the caffeine condition compared to the 

placebo condition. 

True error increased for three subjects (Sl, S2, & S4) by the third session of 

the caffeine condition (Figure 9). During the first two sessions, three of the subjects 

(S 1, S3, & S5) showed a lower true error during the caffeine condition compared to the 

placebo condition. Five subjects (S1, S2, S3, S4, & S5) exhibited higher true error 

levels during the third caffeine session compared to the third placebo session. 

Group means over all three sessions were subject to a two-factor repeated 

measures ANOV A (Drug x Test Order). The ANOV A on the group means revealed no 

significant effect of caffeine on acquisition rate, percent error, and true error (Table 4). 

In addition, no significant effect of test order was found on percent errors and true 

errors (Table 4). However, a significant effect of test order was found on rate (Table 
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4). The statistical analysis found no interaction between caffeine and test order on the 

three acquisition measures (fable 4). 

Table 4 

F-ratios From ANOV As Performed on Behavioral Measures

DrugX 
Test Oniel' Test Order 

Measure Drug (1, 8) (1, 8) (1, 8) 

Acquisition Rate i.d 5.6* 1.1 

% Errors 0.9 3.5 1.3 

True Errors 1.0 2.7 1.6 

Performance Rate 0.1 0.6 0.1 

% Errors 0.0 0.1 0.9 

True Errors 0.0 0.3 0.9 

Values with* are significant at p < 0.05. 

Perfonnance 

Performance measures, including response rate, percent error, and true error, 

were variable across the three sessions in each condition. Three of the subjects (S2, 

S3, & S4) showed higher response rates in the caffeine condition compared to the 

placebo condition in one of the three sessions (Figure 10). One of these subjects (S3) 

exhibited a higher response rate during the caffeine condition compared to the placebo 

condition during the third session. Also, subjects 5 and 6 showed equivalent response 

rates during the first two caffeine and first two placebo sessions. However, by the 

third session, each of their response rates were lower in the caffeine condition. 
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Percent error measures were highly variable across the six subjects (Figure 11 ). 

One subject (Sl) showed no change in percent error across the three caffeine or three 

placebo conditions. Another subject (S6) exhibited no change in percent error during 

the first two caffeine and placebo sessions. During the third session, this subject 

showed a higher percent error during the caffeine condition compared to the placebo 

condition. One subject (S3) showed a lower percent error consistently during the 

caffeine condition. One subject (S2) exhibited a higher percent error during the caffeine 

condition compared to the placebo condition on two of the three sessions. The 

remaining two subjects (S4 & S5) showed inconsistent results across the three 

sessions. 

The third measure of performance, true error, was highly variable among the 

six subjects. The first subject obtained a consistent measure of true error across the 

three sessions (Figure 12). One subject (S3) showed lower measures of true error in 

two of the caffeine sessions compared to the placebo sessions. Another subject (S2) 

exhibited higher measures of true error in two of the caffeine sessions compared to the 

placebo sessions. Two subjects (S4 & S5) showed inconsistent results across the 

three sessions. In addition, subject 6 exhibited no change in true error during the first 

two caffeine and placebo sessions. Results obtained with percent error and true error 

were identical during the perf onnance period. 

Group means over the three sessions in each condition were subject to a two

factor repeated measures ANOV A (Drug condition x Test Order). The repeated 

measures ANOV A on the group means revealed no significant effects of caffeine or test 

order on performance rate, percent errors, and true errors, and no interaction between 

caffeine and test order (Table 4). 
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Verbal Self-Reports 

In addition to the measures identified above, the subject was asked after each 

session if he could tell whether or not he had caffeine. During the first drug session, 

two subjects correctly identified the caffeine condition (S4 & S6). Four subjects (S 1, 

S2, S3, & S5) were unsure about the drug condition. During the first placebo session, 

one subject (S4) correctly identified the no-drug condition. Five subjects (S 1, S2, S3, 

S5, & S6) were unsure about the drug condition� During the final sessions, four 

subjects (S 1, S2, S3, & S4) correctly identified ihe caffeine condition and four subjects 

(S2, S3, S5, & S6) correctly identified the no-drug condition (See Appendix I for 

individual data). 
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a-IAPTERIV 

DISCUSSION 

Primary Findings 

The findings of the present experiment extend the results of previous studies by 

providing evidence that caffeine does not enhance the_pjysiological effects of the 

repeated acquisition and performance procedure (RAPP). Overall, there were no 

physiological changes with the RAPP during placebo sessions. There were some 

physiological measures affected by caffeine. For instance, caffeine increased diastolic 

blood pressure in all of the subjects at variable points within the session. However, the 

fact that there were no evident trends of drug and period interactions suggests that 

caffeine did not facilitate physiological alterations during RAPP. Two variables that 

may have affected these results were task experience and monetary incentives. 

The amount of stress involved in responding on the RAPP may have been 

reduced through task experience. Using the RAPP, subjects responded during several 

baseline sessions. In addition, the sequence of correct responses remained constant 

during the performance component for each subject Further, each subject performed 

on the RAPP during 9 to 10 sessions. Many stressor and caffeine studies used only 

two sessions per drug condition (e.g., Lane & Williams, 1985, 1987). Therefore, the 

difference in task experience may have accounted for the difference in findings. 

A second factor that may have affected low stress with RAPP was monetary 

incentives. Many caffeine studies included larger monetary incentives than those used 

in the-current study (e.g., France & Ditto, 1992; Lane & Williams, 1985, 1987; Myers 

et al., 1989). For example, France and Ditto (1992) provided $50 to the person who 
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accumulated the highest total score. The monetary incentive was added to increase the 

total amount of stress involved. In contrast, the current study paid each subject $4 per 

session plus 1 cent per point earned. Therefore, the highest amount that a subject could 

have earned was $4.40 per session. The low monetary incentive may have accounted 

for the difference in findings. Parenthetically, the pay system used in the current study 

was selected to replicate RAPP procedures in Rush et al. (1993, 1994a, 1994b). 

The present physiological findings are consistent with previous caffeine 

research. For instance, caffeine did not consistently alter heart rate in the six subjects. 

Several researchers obtained similar results using the identical dose of 250 mg of 

caffeine (France & Ditto, 1988; Lane & Williams, 1987: Myers et al., 1989; Rush et 

al., 1993). 

Results obtained on systolic blood pressure and diastolic blood pressure were 

consistent with previous research (France & Ditto, 1992; Lane & Williams, 1985, 

1987; Myers et al., 1989). Both systolic and diastolic blood pressure increased in each 

subject following the administration of caffeine. Also, the findings of hand-skin 

temperature were consistent with research conducted on finger temperature. For 

instance, the current study found a decrease in hand-skin temperature during the 

caffeine condition similar to the decrease in finger temperature found by France and 

Ditto (1992). The increased blood pressure and decreased hand-skin temperature are 

indications of sympathetic arousal. 

EMG and respiration have not been previously measured using a dose of 250 

mg of caffeine. Therefore, there were no data with which to compare the present 

results. However, the variable measures on EMG and respiration across subjects 

support previous caffeine research indicating that caffeine's physiological effects vary 

across individuals (MacDougall et al., 1988; Myers et al., 1989). 

The present behavioral findings are consistent with studies �sessing caffeine's 
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effects in humans (Rush et al., 1993, 1994a, 1994b). Following the administration of 

caffeine, there were no changes in RAPP measures. Specifically, response rate, 

percent error, and true error were not significantly altered by caffeine when the data 

were subject to group analysis. An individual analysis revealed that under caffeine 

conditions each subject exhibited higher acquisition response rates compared to placebo 

conditions in at least one instance. Five of 6 subjects exhibited lower percent error 

during the first two caffeine sessions than during the first two placebo sessions. 

During the performance period, caffeine had little effect on response rate, percent error, 

and true error on all subjects. 

In evaluating the behavioral measures, variability across sessions became 

evident. In particular, RAPP responses changed during the third session of each 

condition. This variability might be accounted for by the fact that a one week hiatus 

occurred between the third and fourth session. However, it is also plausible that 

measures obtained during the caffeine and placebo conditions would gradually merge 

together, given additional test sessions. 

Aside from results discussed above, one additional finding is worth noting. In 

the study, experimenters asked each subject if he could tell whether or not he had 

caffeine. This measure was used to determine if sufficient control existed over the 

bitter taste of caffeine. Despite the use of a bitter substance as the placebo, findings 

indicated that subjects were able to detect a difference in taste between the placebo and 

caffeine. In addition, the number of correct identifications increased over the course of 

the experiment These findings suggest the repeated exposure to each drug condition 

enhanced the accuracy of verbal self-reports. 

Limitations 

Because of the small and limited sample used in the present study, it is difficult 
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to determine the extent to which results can generalize. Several limitations existed with 

the participants. First, all of the subjects were male. The investigator excluded women 

to be consistent with prior caffeine studies. Although some researchers found no 

gender effect (e.g., MacDougall, Musante, Castillo, & Acebedo, 1988), others 

indicated that the menstrual cycles alters caffeine's effect in women (e.g., Erikson, 

Hager, Houseworth, Dungan, Petros, & Beckwith, 1985; Smith, Davidson, & Green, 

1993). The current study avoided the potential confound occurring with women's 

menstrual cycle by excluding women. As a result, findings are limited and further 

research is needed to determine whether the results can generalize to women. 

A second limitation related to the subjects' low level of caffeine use. On 

average, the subjects consumed 25.4 mg caffeine daily. One plausible reason for this 

average may relate to the abstinence request As participants, the men were asked to 

abstain from caffeine 24 hours prior to each test session. Simply by observation, the 

experimenter noted that several interested people, who admitted to consuming a large 

amount of caffeine, declined participation when they heard that they had to abstain from 

caffeine. Therefore, it is possible that only low consumers were interested in 

participating in a study that required caffeine abstinence. Due to the use of low 

caffeine users, one must generalize results to high caffeine users with caution. 

A third limitation existed with the use of the statistical analysis. The current 

study used a small number of subjects. As results were examined using both individual 

and statistical analyses, inconsistencies became evident For instance, the statistical 

analysis found no significant changes in systolic blood pressure following the 

administration of caffeine. However, an individual analysis showed an increase in 

systolic blood pressure in 6 of 6 subjects. Upon completion of the individual analysis, 

it was concluded that the small changes in the dependent variables and the small sample 

size accounted for the lack of statistical significance. 
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Suggestions for Future Research 

Based on present findings and limitations, several suggestions are made for 

future caffeine studies. First, blood pressure recordings should be measured 

continuously during each period, not after. Due to equipment limitations, the current 

study only obtained blood pressure measures at the end of each period. Second, more 

control should be held over the bitter taste of caffeine. One idea might be to administer 

caffeine using capsules, however this procedure requires a longer absorption period. A 

second idea might be to mix the caffeine within pineapple juice, as done by Lovallo et 

al. (1991). Also, quinidine has been used in research to help mask caffeine's bitter 

taste (Lane & Williams, 1985). These three possibilities should be taken into 

consideration when conducting caffeine research. 

In addition, similar studies should be conducted examining additional tasks in 

combination with caffeine. Evidence supports the relationships between stress, 

cardiovascular disease, and caffeine use (Lane & Williams, 1987). As a result, further 

research is warranted examining tasks that alter physiological measures. Also, 

additional studies should examine factors that may affect task responses, such as task 

experience and monetary incentives. For instance, a similar experiment could 

manipulate two additional experimental conditions: one with no monetary incentive and 

one with a large monetary incentive (e.g., $50 prize given to the person with the 

highest number of points). 

Future studies examining caffeine in combination with RAPP should consider 

using different subject samples. For instance, the current study used male subjects 

who consumed low amounts of caffeine. Future studies may want to use identical 

procedures with a different subject sample. It would be of interest to determine if 

results generalize to both women and/or high caffeine users. 
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Another study worthy of investigation is one that evaluates the effects of 

caffeine and the RAPP using children. Such a study would be valuable for two 

reasons. First, the experiment would determine how caffeine affects learning in 

children, as measured by the RAPP. As of this time, this has not been examined. 

Second, the findings can be contrasted with those found with adults. According to 

some researchers, it is important to compare the effects of caffeine in adults and 

children, using the same experimental paradigm (Elkins, Rapoport, 2.ahn, Buchsbaum, 

Weingartner, Kopin, Langer, & Johnson, 1981). 

In conclusion, findings of the current study are valuable to the field of caffeine 

research. The results provide original evidence showing that caffeine does not enhance 

the physiological effects of the repeated acquisition and perfonnance procedure. These 

findings are beneficial to stressor and caffeine research, as a limited selection of tasks 

have been evaluated. Finally, the behavioral data, when subject to group analyses, 

confirm findings made by Rush et al. (1993, 1994a, 1994b). However, individual 

analyses suggest that caffeine may mildly increase response rate and reduce percent 

error during acquisition of a new task. 
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Human Subjects Institutional Review Board Kalamazoo, Michigan 49008-3899 

616 387-8293 

Date: 

To: 
From: 
Re: 

WESTERN MICHIGAN UNIVERSl1Y 

April 10, 1995 
·�Sullivan, Christin L. 

/'.J �.SY"()(). . Richard Wright, Interim Chau\0l.J.V'-
HSIRB Project Number 95-03-13 
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This letter will serve as confirmation that your research project entitled "Cardiovascular responses 
to the combination of caffeine and repeated acquisition and performance procedure" has been 
approved under the full category of review by the Human Subjects Institutional Review Board. 
The conditions and duration of this approval are specified in the Policies of Western Michigan 
University. You may now begin to implement the research as described in the application. 
Please note that you must seek specific approval for any changes in this design. You must also 
seek reapproval if the project extends beyond the termination date. In addition if there are any 
unanticipated adverse or unanticipated events associated with the conduct of this research, you 
should immediately suspend the project and contact the Chair of the HSIRB for consultation. 

. . . 

I 

The Board wishes you success in the pursuit of four research goals. 

Approval Termination: 

xc: Baker, Lisa E. , PSY 

Apr 10, 1996 



AppendixB 

Informed Consent 

51 



Infonned Consent for Participation in a Research Study 

Western Michigan University, Department of Psychology 
Cardiovascular responses to the combination of caffeine and 

the Repeated Acquisition and Performance Procedure 

Lisa E. Baker- Principal Investigator 
Cristin L. Sullivan- Student Investigator 

My name is Cristin Sullivan and I am a graduate student in the Department of 
Psychology at Western Michigan University. You are being invited to participate in a 
research study that will fulfill my thesis requirements for a masters degree in Behavior 
Analysis. The purpose of this study is to investigate the cardiovascular effects when 
combining caffeine and a repeated acquisition and performance procedure. 

As a participant, you will be asked to abstain froin caffeine 24 hours prior to each 
session. In addition, we will ask you to come in for 9 to 12 different times for 60 
minutes each. During the first few sessions, you will be trained how to respond using 
the repeated acquisition and performance procedure. The remaining sessions will 
consist of experimental trials. When you first come in , we will attach some 
physiological equipment onto you (blood pressure cuff, an electrode, strain gauge, and 
thermister). After obtaining your blood pressure, you will be asked to sit quietly and 
relax for five minutes while measurements are obtained. Next you will be asked to 
drink a 6 ounce glass o Tang, which may or may not contain caffeine. In the placebo 
solution (no caffeine), a combination of fructose and sucrose octaacetate NF will be 
added to the glass of Tang. Thirty minutes later, physiological recordings will 
recommence and you will be asked to relax for another five minutes. Next, you will be 
asked to sit and relax while the remaining physiological measures are taken. The 
equipment used to perform these measurements is non-invasive and painless. Upon 
completion of the final session, the experimenter will let you know when you received 
caffeine and how you responded to it 

This research involves minimal risk to you. In half of the sessions, you will consume a 
dose of caffeine (250 mg) equivalent to drinking two to three cups of coffee all, at the 
same time. In addition, you may encounter mild stress while perfonning the computer 
tasks. In the unlikely event that you become stressed (negative responses to the 
computer program and/or caffeine), the tasks will be immediately terminated. As 
described below, you may withdraw from the study at any time if this occurs. In 
addition, experimenters will end any session in which your blood pressure exceeds 
160/95 mmHg. Also, any significant new findings affecting your risks will be reported 
to you. As in all research, there may be unforeseen risks to the participant. If an 
accidental injury occurs, appropriate emergency measures will be taken; however, no 
compensation or treatment will be made available to the subject except as otherwise 
stated in this consent from. 

You will receive monetary compensation for your participation in this study. You will 
be paid $4 for each training and experimental session. In addition, you will earn 
money dependent upon the number of points receive in the computer tasks (1 ¢ per point 
with a maximum of 40 points per session). As a participant, you may benefit from this 
study be increasing knowledge as to how you react to caffeine consumption, in terms 
of cardiovascular and learning responses. If interest warrants, we will make available a 
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program to decrease caffeine consumption at the conclusion of the investigation. 

By signing this document, you also state that you have never been told that you need to 
avoid caffeine. Your signature also states that you have no known history of 
cardiovascular disease. 

All information obtained in this study will remain strictly confidential. When the results 
are publicly presented, no one will be able to identify who you are. As a participant, a 
code number will be assigned to you and will be used to identify your data. A master 
list of names and identification numbers will be stored in a locked filing cabinet within 
the Physiological Laboratory, Western Michigan University, for a period of seven 
years. By signing this consent form, you will be giving permission for data obtained in 
this study to be presented in my thesis and in professional presentations an 
publications. 

Your participation in this study is entirely voluntary. You may withdraw from the 
study at any time, without repercussions. If you do withdraw, you will receive the 
amount of money that you have earned up to the point of withdrawal. Your 
participation in the study or your withdrawal from the study will not affect your grades 
in any of your courses. During the debriefing session at the end of the study, the 
experimenter will answer any questions and explain how your data will help us learn 
more about the cardiovascular effects of caffeine. 

If you have any questions concerning this study, you may contact Cristin Sullivan at 
375-7671. In addition Dr. Lisa Baker, the faculty advisor for the study may be
contacted at 387-4484. The participants may also contact the Chair, Human Subjects
Institutional Review Board at 387-8293 or the Vice President for Research at 387-
8298, if questions or problems arise during the course of the study.

Your signature below indicates that you understand the above information and agree to 
participate in the study. 

Participant Signature Date 

Print Participant Name 

Please keep the attached cQgy Qf this fonn for yoor recoois. 
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Subject Screenin� Survey 

Subject Number: ____ _ 

Instructions; Please complete the following questions. Infonnation that you provide 
on this form will remain completely confidential. 

1. Have you ever been diagnosed with Attention Deficit Hyperactivity Disorder
(ADHD)?

Yes No --· 

2. Have you ever been diagnosed with a learning disability?

Yes No --· 

3. Have you ever been told that you have high blood pressure?

Yes No __ . If yes, how long ago? _________ _ 

4. Have you ever taken medication for high blood pressure?

Yes No __ . If yes, what and how often? ______ _ 

5. Have you ever been told that a family member has cardiovascular disease?

Yes No --· 

6. Are you currently taldng any medications that may alter heart rate?

Yes No --· 

7. Have you ever been told that you need to avoid caffeine?

Yes No --· 

8. Have you consumed caffeine within the last six months?

Yes No __ 

9. Would you be willing to abstain from caffeine 24 hours prior to each session?

Yes No __ 

Blood Pressure Recording: Systolic ___ _ 
Heart Rate: ____ _ 

Diastolic 

55 



AppendixD 

Caffeine Consumption History Questionnaire 

56 



Caffeine Consumption History 

Subject Number: 

Instructions; Please identify the number of items you consume in a TYPICAL WEEK. 
In the event that you do not typically consume a j:>�ular item, please enter "O" in the 
space provided. Information that you provide on this form will remain completely 
confidential. 

1. How many cups of coffee are consumed?

Brewed, drip method 
Brewed, percolator 
Instant coffee, regular 
Instant coffee, freeze dried 
Decaffeinated, brewed 
Decaffeinated instant 
Expresso 

2. How many cups of tea are consumed?

Brewed, major U.S. brands 
1 Brewed, imported brands 
Instant tea 
Decaffeinated, brewed 
Decaffeinated instant 

3. How many cans of soda-pop are consumed?

Regular 

Big Red 
Canada Dry Diet Cola 
Canada Dry Jamica Cola 
Coca-Cola 
Diet Coke 
Diet Mountain Dew 
Diet Pepsi 
Diet Rite 
Dr. Pepper 
Jolt Cola 
Mello Yello 
Mountain Dew 
Mr. Pibb 
Pepsi-Cola 

Decaffeinated 
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Pepsi-Light 
RC Cola 
Shasta Cola 
Sugar-Free Mr. Pibb 
Sunkist Orange 
Tab 
Other. _____ _ 

Regular 

4. How many cups of hot chocolate are consumed?

Decaffeinated 

5. How many glasses of chocolate milk are consumed?

6. How many bars of chocolate (1oz) are consumed?

7. Are there any other foods/drinks consumed that contain chocolate? Yes No
If so, what are they?

8. How many pills/capsules are ingested?

Anacin
Caffedrine
Coryban-D
Dristan
Midol
NoDoz
Sinarest
Vivarin

9. Are there any other medications ingested that contain caffeine?
If so, what are they?

Yes No 

10. Are there any other items consumed that you know contain caffeine? Yes No
If so, please list the item and the approximate amount below.
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Session Recordin& Form 

Subject Number: _____ _ 

Day and Date of Session: ____________________ _ 

Experimenter Naine: _____________________ _ 

Drug/Placebo Mixture Number: -------,-----------

1. How many hours of sleep did the subject have last night? __ _

2. How many hours since his last caffeine consumpti9.!}?

3. How much caffeine did he consume? ________ _

4. Blood pressure recordings:

Systolic BP (mmHg) Diastolic BP (mmHg) 

Start 

Pre-Drug Baseline 

Post-Drug Baseline 

Performance Task 

Acquisition Task 

Recovery 

5. Could the subject tell if he had caffeine? Yes

6. Additional comments:

No 
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RAPP Instructions 

This task involves you pressing the three keys labeled 1, 2, and 3 in a particular 
sequence. Press only one key at a time with your preferred hand Every time you 
complete a sequence of 10 correct responses, the bottom counter advances. Your goal 
is to advance the counter as quickly as possible. 

In the center of the screen, one of 10 numbers is presented. The number O will be 
presented at the beginning of the sequence. When you make your first correct 
response, the number in the center will change from O to 1. When you make your 
second correct response, the number will change from 1 to 2, and so on until the 
sequence of 10 correct responses is completed. 

If you make an error, the number in the center jiill be criised for 5 seconds and the 
screen will become gray. Do not respond oii ilie keyitwheri the number is not shown. 
During the performance phase, the sequence of numbers will remain the same 
throughout the entire study. In the learning phase, the sequence of numbers will 
change each time you come in. You will be able to identify which phase you are in by 
oral instructions and printed words on the screen. 

When you are finished with the task, the computer screen will display "The End" and 
play music. At this time, please raise your hand to alert us that you have completed the 
exercise. Then, we will come in, save your data, and take your blood pressure. Do 
you have any questions at this time? Click the mouse when you are ready to begin. 
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Demonstration of Computer 
PrQIWWJ 

Correct Sequence: 1211322313 

Leaming 

0 

__ Total Points: 0 

• 
Learning 

1 

Total Points: 0 

2 

• 
Learning 

2 

Total Points: 0 

• 
Learning 

3 

Total Points: 0 

• 
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Leaming 

4 

Total Points: 0 

+·
Leaming 

5 __ 

Total Points: 0 

2 

+ 
Leaming 

6 

Total Points: 0 

2 

+ 
Learning 

7 

Total Points: 0 

+ 
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Leaming 

8 

_fotai Points: o

+.-.. -
Leaming 

q __ 

Total Points: 0 

+ 
Leaming 

0 

Total Points: 1 

+ 
Sequence Repeats 

The process highlighted above 
continues until 20 trials are 

complete or 5 minutes elapse. 
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Subject Perfonnance and Pu Fonn 

Subject Number: _____ _ 

Session Day and Date: _____ _ 

Total Number Correct Trials During Performance Procedure: _______ _ 

Total Number Correct Trials During Acquisition Procedure: 

Total Amount Earned: __________ _ 

Subject Signature Date 

Experimenter Name Experimenter Signature 
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Table5 

Verbal Self-Reports by Subject 

Caffeine Session Number Placebo Session Number 

1 2 3 1 2 3 

Subject 1 Unsure Correct Correct Unsure Correct Unsure 

Subject2 Unsure Correct Correct Unsure Correct Correct 

Subject 3 Unsure Correct Correct Unsure Unsure Correct 

Subject4 Correct Correct Correct Correct Unsure Unsure 

Subject 5 Unsure Correct Incorrect Unsure Incorrect Correct 

Subject 6 Correct Incorrect Incorrect Unsure Correct Correct 
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Dayl 

Subject 1 6.8 

Subject2 2.0 

Subject 3 1.3 

Subject4 1.6 

Subject5 1.0 

Subject 6 1.1 

Dayl 

Subject 1 90.0 

Subject2 81.8 

Subject 3 89.9 

Subject4 79.4 

Subject5 89.1 

Subject 6 84.8 

Table6 

Baseline EMO Measures 

Aquisition 

Day2 

4.5 

1.4 

1.5 

1.3 

0.9 

0.8 

Day3 

4.0 

2.2 
. ,. 

1.1/1.0 

1.8 

1.1 

1.0 

Table 7 

Dayl 

3�1 

Ls 

2.0 

1.3 

1.1 

0.8 

Performance 

Day2 

4.6 

2.4 

1.2 

1.3 

0.6 

1.0 

Baseline Hand-Skin Temperature (0F) 

Aquisition Performance 

Day2 Day3 Day 1 Day2 

94.9 93.5 90.1 94.2 

84.8 80.2 82.2 84.8 

77.6 94.3/94.2 89.2 77.1 

76.6 79.2 80.3 76.9 

88.4 75.8 86.1 88.3 

87.5 95.4 85.7 87.7 

72 

Day3 

6.1 

1.8 

1.7/1.3 

1.0 

0.9 

0.9 

Day3 

92.8 

82.3 

94.5/94.4 

78.5 

75.8 

96.2 
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Table 8 

Baseline Heart Rate (BPM) 

Aquisition Performance 

Dayl Day2 Day3 Dayl Day2 Day3 

Subject 1 71.3 67.9 72.7 68.3 99.9 76.8 

Subject2 76.6 78.5 73.8 76.1 76.9 73.9 

Subject 3 63.2 61.6 19.3n2.8 75.0 64.7 18.9n5.6 

Subject4 75.3 66.0 70.7 77.7 64.2 69.1 

Subject 5 78.5 85.9 76.8 80.0 87.1 79.2 

Subject 6 49.2 63.6 65.3 59.6 59.6 62.0 

Table9 

Baseline Respiration (BPM) 

Aquisition Performance 

Dayl Day2 Day3 Day 1 Day2 Day3 

Subject 1 6.1 4.9 24.8 22.4 3.8 2.5 

Subject2 2.2 3.8 2.5 17.8 19.9 13.1 

Subject 3 32.3 49.6 25.3/24.0 1.46 13.0 25.3/23.9 

Subject4 30.5 23.5 9.8 5.9 46.5 32.2 

Subject 5 7.82 16.8 26.2 3.8 37.1 0.5 

Subject6 11.0 8.4 6.4 4.0 15.4 2.4 
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Table 10 

Baseline Systolic Blood Pressure (mmHg) 

Aquisition Performance 

Dayl Day2 Day3 Dayl Day2 Day3 

Subject 1 127 139 107 127 115 103 

Subject 2 152 101 114 136 117 109 

Subject 3 139 122 134/113 149 122 134/129 

Subject4 125 111 111 120 125 107 

Subject5 149 123 149 140 142 127 

Subject 6 112 117 103 133 115 101 

I 

Table 11 

Baseline Diastolic Blood Pressure (mmHg) 

Aquisition Performance 

Day 1 Day2 Day3 Day 1 Day2 Day3 

Subject 1 71 79 61 76 73 65 

Subject 2 78 74 73 88 74 63 

Subject 3 88 73 1on2 93 73 11n5 

Subject4 79 79 65 82 75 72 

Subject 5 84 86 88 95 89 84 

Subject 6 73 79 68 82 80 70 
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Table 12 

Baseline RAPP Rate Per Minute 

Aquisition Performance 

Dayl Day2 Day3 Dayl Day2 Day3 

Subject 1 63.0 39.1 30.1 111.6 138.1 122.3 

Subject2 60.7 87.8 65.5 110.4 116.4 141.2 

Subject 3 66.5 62.6 85.5 53.7 96.3 125.6 

Subject4 65.4 69.5 59.3 106.9 83.5 121.6 

Subject5 90.8 56.6 66.4 76.0 123.8 135.8 

Subject 6 51.2 65.5 75.1 138.1 139.4 145.8 

Table 13 

Baseline RAPP Percent Error 

Aquisition Performance 

Day 1 Day2 Day3 Day 1 Day2 Day3 

Subject 1 5.2 9.5 13.6 1.0 0 0.5 

Subject 2 11.9 4.8 8.7 1.0 1.0 0.5 

Subject 3 9.5 11.9 6.1 14.5 3.8 2.4 

Subject4 7.8 6.5 9.1 1.0 2.0 0.5 

Subject 5 6.1 14.2 8.3 11.9 0.5 0 

Subject 6 7.8 4.8 6.1 0 0 0 



Day 1 

Subject 1 0 

Subject2 17 

Subject 3 8 

Subject4 8 

Subject 5 2 

Subject 6 4 

Table 14 

Baseline RAPP True Error 

Aquisition 

Day2 Day3 

9 29 

4 8 

15 6 

3 11 

25 12 

2 2 

- ------

Dayl 

1 

2 

26 

2 

19 

0 

76 

Performance 

Day2 Day3 

0 1 

2 1 

6 4 

4 1 

1 0 

0 0 
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