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Students learned to raise the skin temperature of their hands while performing no other task 
or one of two other tasks simUltaneously. Other tasks involved checking to see whether a pre
sented word contained the letter E or mentally adding two two-digit numbers. Only mental addi
tion interfered with biofeedback learning. These results support a cognitive information-processing 
view of biofeedback learning and not a traditional reinforcement view_ Suggestions are made 
for trainers and learners. 

In biofeedback training, an individual who is given in
formation about bodily changes (e.g., in muscle tension, 
skin temperature, heart rate) attempts to modify those 
changes. People are generally quite successful at learn
ing how to do this, and biofeedback has become a valu
able tool in the treatment of many psychosomatic disorders 
(Green & Green, 1977; Wentworth-Rohr, 1984). There 
are, however, conflicting views on how biofeedback works 
and on what the best approach in training might be. These 
views are briefly described below and tested in two sim
ple experiments. 

The reinforcement view is based on a behavioral anal
ysis of biofeedback training. Quite simply, the reason that 
individuals are able to gain some control over bodily 
changes is that they are reinforced for doing so. For ex
ample, the response of increasing blood flow to the hands 
to produce warmer hands is reinforced by the visual 
and/or auditory signal that indicates success; success is 
reinforcing. Because the response has been reiriforced, 
it will tend to be repeated. The individual need only be 
aware of a response-reinforcement contingency. In train
ing, it is thus important to provide a strong and appropri
ate reinforcement and to use techniques (e.g., a variable 
ratio schedule) that will maintain the learned response in 
the future. 

The cognitive view is based on an information-processing 
analysis of biofeedback training. In learning how to warm 
the hands, the individual tries a number of different mental 
strategies, such as rehearsing a phrase (e.g., "warmer 
hands") or focusing on an image (e.g., of hands on a 
warm stove). Rather than serve as a reinforcer, the visual 
and/or auditory signal provides information that enables 
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the learner to select the most effective mental strategy. 
Considerable cognitive effort is required. In training, it 
is thus important to suggest different strategies that others 
have found effective. 

In the following experiments, all participants were 
trained to alter the skin temperature of their hands. Such 
training has been shown to be an effective treatment for 
headache (see, e.g., Blanchard, Andrasick, Evans, Neff, 
& Appelbaum, 1985). In the first experiment, some par
ticipants raised their hand temperatures while others low
ered their hand temperatures; in the second experiment, 
all participants tried both tasks. 

So that the reinforcement and cognitive views could be 
compared, participants in each experiment were asked to 
learn while also performing another task and while not 
performing another task. These other tasks demanded dif
ferent levels of processing (see Craik & Lockhart, 1972) 
and, thus, different amounts of cognitive effort. For ex
ample, one task involved determining whether or not a 
presented word contained the letter E, a task that requires 
very little cognitive effort. The other task, which involved 
the mental addition of two two-digit numbers, required 
much more cognitive effort. If biofeedback learning also 
requires considerable cognitive effort, mental addition 
should interfere with this learning to a much greater ex
tent than would checking words for the letter E. If bio
feedback learning occurs through reinforcement, with 
little (or no) cognitive effort, neither task should produce 
much interference. 

METHOD 

Participants 
The subjects in both experiments were undergraduate students at 

Florida International University who participated to fulfill a course re
quirement and/or to earn extra credit. In the first experiment,S ran-
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domly assigned students learned to raise hand temperature while another 
5 tried to lower hand temperature. In the second experiment, 14 par
ticipants tried to raise and lower their hand temperatures. 

Materials 
For the E checking task, all words were high-frequency (Kul!era & 

Francis, 1967) and were printed on index cards for presentation. For 
the mental addition task, two randomly selected two-digit numbers were 
printed on each index card, separated by a plus sign. 

Apparatus 
All participants learned to alter hand temperature by using the Cyborg 

Biolab 21 System and received visual (Le., a moving bar on a television 
monitor) and auditory (i.e., a tone that changed pitch) feedback. A ther
mal probe was taped to the forefmger of the nondominant hand, which 
rested in the participant's lap during training. 

Procedure 
In both experiments, all participants tried to alter hand temperature 

under three different conditions. On a third of the 5-min trials, they altered 
temperature and performed no other task. On another third, they altered 
temperature while also checking presented words for the letter E and 
responded verbally (Le., "yes" or "no"). On another third, they altered 
temperature while performing mental addition and responded verbally. 

The order in which these three learning sessions were presented was 
incompletely counterbalanced across three blocks of trials for all par
ticipants in the first experiment, producing a total of nine trials (i.e., 
three for each condition, which occurred once in each of three blocks). 
In the second experiment, all received the same incomplete counter
balancing across blocks for nine trials followed by a second nine trials. 
Half received nine trials of raising temperature first followed by nine 
of lowering temperature; the other half received nine of lowering fol
lowed by nine of raising. In both experiments, baseline temperatures 
were recorded before each trial. Data consisted of the change from base
line recorded on each trial. 

RESULTS AND DISCUSSION 

Table 1 shows the mean temperature change from base
line for temperature raising under all conditions for both 
experiments. Participants were unable to significantly lower 
their temperatures from baseline in any of the conditions 
in either experiment. 

In the first experiment, participants were able to sig
nificantly raise their hand temperatures except when per
forming mental addition [F(1,16) = 4.39,p < .05]. This 
finding was replicated in the second experiment [F(I,234) 
== 5.16, p < .05]. These results support the cognitive 
information-processing view of biofeedback learning. 
When cognitive effort is directed to another demanding 

Table 1 
Mean Temperature Change for Each Condition in Eacb Experiment 

Additional Task 

None 
E Checking 
Addition 

1.08 
1.79 

.16 

Experiment 

2 

.79 

.95 
-.12 

Note-Means are reported in degrees Fahrenheit. Only means for tem
perature raising are shown. 

task, such as mental addition, no biofeedback learning 
takes place. 

These results have two important implications for bio
feedback trainers and learners. First, one must be able 
to devote cognitive effort to biofeedback and not elsewhere 
if learning is to occur. Thus, the learning environment 
should be free of distractions to aid the learner in focus
ing on the learning task. The learner should try to clear 
her/his mind from other activities while learning to per
form. In many cases, this may require the trainer to 
thoroughly relax the learner before beginning training. 

Second, successful mental strategies should be sug
gested to the learner, because this may speed the learn
ing process. Trainers should make themselves aware of 
the strategies that other clients have used successfully. In 
the present experiments, participants reported success with 
a number of imagery strategies such as picturing hands 
over a fire or in an oven. One very successful participant 
said that she imagined pushing the blood into her hands 
to make them warm. Such strategies may be good start
ing places for new learners. 
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