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CHAPTER 1

INTRODUCTION

Statement of the Problem

The body temperature is an important vital sign used to aid in
determining the state of health or illness. Changes in the functioning
of the body usually are accompanied by changes in the body tempera-
ture. Such changes are often clues to the nature of illness or to
alterations in the patient's condition.

Body temperature is defined as the balance maintained between
heat produced and heat lost. (9) The measurement of temperature by
means of a self-registering glass clinical thermometer has been rou-
tine in nursing care, usually on a two times a day basis, but oftener
for patients who are febrile. The most expedient method is that of
taking the temperature by mouth. (18) The exceptions to oral temper-
ature measurement are not discussed in this study.

Discrepancies have been found in temperatures measured by

glass clinical thermometers. (26) Some of the variation in accuracy



could be due to the instrument, some to the reading. Studies have
shown that considerable nursing service time is expended on routine
activities such as temperature taking. The length of time necessary
for a thermometer to reach the highest reading is reported in the
literature in varying amounts from one to nine minutes. (5, 22, 26)

It may be questioned whether there is a quicker and more accur-
ate means of obtaining a measurement of body heat. The electronic
thermometer has been availaBle in recent years. The manufacturers
claim, when properly used, the instrument provides accuracy, econ-
omy and safety. The Temspar Electronfc Thermometer is battery
operated and is transistorized. Some of the outstanding features
include 1) single push button operation, 2) automatic reset, 3) red
light to indicate when computed temperature is obtained, 4) self-
contained, rechargeahle battery pack, and 5) color-~coded sensors.
The temperature is numerically displayed in less than 20 seconds.
The disposable plastic probe covers eliminate handling and steriliz-
ing of the sensor (probe). {(17)

Studies comparing the use of the electronic thermometer and
the glass clinical thermometer are logical, preceding a decision to
accept the equipment. Questions arise such as:

1. How much variation exists between the temperature regis-
tered by the fast mode and the extended mode of the electronic ther-

mometer ?
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2. How much variation exists between temperatures registered
by glass clinical thermometers when the thermometer is left in the
mouth for three minutes, five minutes, and nine minutes ?

3. How much variation, if any, exists between the process in
question one and that of question two ?

4. How much variation, if any, exists when the processes are
repeated by three different persons, namely a registered nurse,
licensed practical nurse, nurses' aide, all of whom have been taught

to use the equipment.

These four questions serve as the framework within which this study

was designed.

Purpose of the Study

The purposes of this study were to find answers to the above
stated questions, accordingly it is proposed: There is no significant
differenée between the electronic thermometer readings from the
fast and extended modes, and the glass clinical thermometer at the
three, five and nine minute readings, as taken and recorded by three
different people.

The alternate hypothesis: There is a significant difference be-
tween the electronic thermometer readings from the fast and extended
modes, and the glass clinical thermometer at the three, five and nine

minute readings, as taken and recorded by three different people.



Limitations

This study was limited to data obtained by use of the electronic
thermometer and the glass clinical thermometer at three, five and
nine minute readings as taken, read, and recorded by three different
aurses on 50 patients, 28 in one 280 bed hospital and 22 in one 45 bed

nursing home., The data were collected in May 1971.

Explanation of Terms

For the purpose of this study the following terms are used:

Placement time - the length of time the glass thermometer is left
in the mouth.

Optimum temperature - the temperature within 0. 2 of a degree of
the maximum or highest temperature reached in seven to nine
minute placement time of the glass thermometer.

Eléctronic thermometer - a battery operated, transistorized instru-
ment,

Fast mode - the reading from the electronic thermometer when the
red dot appears, taking up to 20 seconds.

Extended mode - is incorporated into the electronic thermometer for

""conventional temperature taking''. (17) When the probe tip is
warmer than 90 degrees F. the machine automatically goes into
this mode. When the fast mode takes longer than 20 seconds

the temperature should be taken by the extended mode. (17)



Steps of the Study

The literature was reviewed to develop a frame of reference

regarding the glass clinical thermometer, the electronic clinical
thermometer, their accuracies and uses.

The problem was defined by a discussion of the importance and
purpose of measuring body heat. From this arose four questions
which serve as framework for the study.

It was then proposed to test the null hypothesis; there is no
significant difference between the electronic temperature readings
from the fast and extended modes, and the glass clinical thermometer
at three, five and nine minutes readings, as taken and recorded by
three different people.

The stuay was limited to data obtained by three nurses who
used an electronic clinical thermometer, and a glass clinical ther-
mometer, to take oral temperatures of 50 hospital and nursing home
patients.

Explanation was made of terms used in the study: 1) placement
time, 2) optimum temperature, 3) electronic thermometer, 4) fast
mode and 5) extended mode.

A small pilot study was done to test the equipment and process,
and to teach the licensed practical nurse and nurses' aide the use of
equipment.

Data were then collected at one 280 bed hospital and one 45 bed



nursing home.

The Temspar electronic thermometer was furnished by Parke-
Davis Company. Fifty new glass linical thermometers, all from
the same box, were obtained from the 280 bed hospital.

Permission for data collection was obtained from the Director
of Nursing Service in the hospital and Manager of the nursing home.

The process for collecting the data was explained to each patient
and consent was obtained before the data collecting began. Criteria
for patient selection were 1) not critically ill, 2) willing to participate,
and 3) capable of giving consent.

Three persons, a registered nurse, a licensed practical nurse,
and a nurses' aide visited every patient in sequence. Temperatures
were taken first with the electronic thermometer, fast and extended
modes, and then with the glass clinical thermometer read at three,
five and nine minutes. Each temperature was immediately recorded
on the form provided. (Appendix A.)

The data were analyzed by analysis of variance first on the glass
clinical thermometer for three, five and nine minute readings. Anal-
ysis of variance was done for the electronic thermometer fast and
extended modes and the glass clinical thermometer, three, five, and
nine minute readings.

The study was summarized, conclusions drawn, and recom-

mendations made for further study.



Overview of the Study

This study is presented in four chapters. Chapter I has pre-
sented a statement of the problem, purposes of the study, hypothesis,
explanation of terms and steps in the development of the study. Chap-
ter II presents a review of literature and related studies, Chapter III
reports on the study, describes data collection, analysis and inter-
pretation of the findings. Chapter IV consists of a summary, conclu-

sions and recommendations for further study.



CHAPTER 11

REVIEW OF LITERATURE

A search of the literature was made for research reports re-
garding factors which determine 1) the accuracy of the equipment used
to measure oral temperatures, 2) the different equipment which has
been used, and 3) the procedures used for determining oral body
temperature.

Factors which affect the so-called '"normal" temperature, the
time, and the methods used for taking body temperatures were identi-
fied. Most of the literature reviewed was not documented with re-
search findings, and not all of the research described the analysis
by which the conclusion was reached.

It is important to obtain accurate body temperature readings
and recordings. All patient charts include a temperature record
which should be useful data in determining the patient's health status.
Any "inaccuracy which may exist should be within known and accept-
able limits.'" (9) In most hospitals, body temperatures are routinely

taken at least twice a day by the nurses or nurses' aides. Measure -

ment of body temperature is considered to be a reliable indication of



the presence or absence of a disease and the severity of the illness.
(24)

For some time there has been evidence that the arbitrary
"mormal'' of 98.6 degrees F. is misleading. Normal body temper-
atures may range from below 98.6 degrees F. to 99.5 degrees F.
(22) "Any temperature assessment is based on determining the core
temperature of the internal body. About two-thirds of the body mass
is at this core temperature while one-third is at the shell or mean
skin temperature. ! (24) Whatever the individual's normal tempera-
ture, the fact remains that the body temperature is relied upon as an
indication of the health status of that individual. (15) From the primi-
tive era of medicine, body temperature has been used as an important
indicator of the systemic reaction to disease. (8) Since there are no
other exact measures available for nurses' assessment of body tem-
perature, it is important to improve those being used. (21)

It is assumed that the physicians are familiar with the impor-
tance of this sensitive indicator of dynamic body processes; however,
measurement of body temperature is frequently omitted in routine
office and hospital out-patient and in-patient care. (8) It may be due
to the time involved for accurate readings, or to the inconvenience
and care of the equipment. There may also be other factors involved,
but the real question is what can be done to enable clinicians to obtain

reliable measurement of body temperature in the assessment of
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patients' condition.

Several studies have indicated that rectal temperatures are
more accurate than oral temperatures. However, as Robertson
stated:

A sensor placed in the mouth of an adult is accepted
as an accurate indicator of body temperature, even
though the mouth does not maintain a constant tem-
perature. Since it is the easiest and most acceptable
method to most patients, it continues to be used re-
gardless of the inaccuracies. (20)
He further stated that:
When an adult's temperature increases over a short
interval of time it normally indicates unusual physio-
logical activity or drug therapy reactions. Usually
this increase is large (2 or 3 degrees C) and easily
detected by the least accurate sensor. (20)
However, if readings are to be considered in making clinical assess-
ments, especially in cases in which the temperature is of great sig-
nificance, they should be accurate. (9)

According to Hill, the traditional method of measuring body
temperature has been by the use of a ""mercury-in-glass' thermome-
ter. (7) Since Galileo's invention of the first thermometer or temper-
ature measuring device 400 years ago, thermometers have undergone
many changes based upon scientific testing, until the development of
our present clinical thermometer. (15) Palmer says, '""There is no

instrument of precision that is more valuable in the diagnosis and

prognosis of disease than the clinical thermometer.' (16)
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Knapp found large inaccuracies in a sample of glass thermome-
ters and the errors experienced were quite unpredictable. In any
particular thermometer the amount of error varied with the tempera-
ture. Therefore, '"unless the user exercises critical inspection of
new thermometers and sets minimal standards for acceptance, that
is 0. 25 of a degree F. maximum deviation, the thermometers will
give false information. 't He found that as the temperature increased,
the tendency for error became greater. (9)

A preliminary study was done by Purintun and Bishop, to test
the accuracy of thermometers by placing them in a water bath with
circulating water to avoid temperature gradient. Readings were
taken by two persons after two minutes. The bath temperature re-
mained at 98 degrees F. until all thermometers were read. Then
the temperature of the bath was raised to 100 degrees F. with the
same proceedings. Finally the temperature of the bath was raised
to 104. 6 degrees F. The readings were compared with a standard
control thermometer, Of 48 new thermometers, 11 or nearly 25
per cent were found to be inaccurate by more than 0. 20 of a degree
F. (19)

It is expected that thermometers will meet certain standards
when purchased. A certificate of guarantee accompanies the ther-
mometer and states that the commercial standard has been met, as

set by the government, Bureau of Standards U. S. Department of
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Commerce., The criteria for commercial standard include, among
others, tests for retreating index, separated mercury column, failure
to repeat readings, hard shakers, defects in glass and defective ink-.
ing. (18 There are some inexpensive thermometers available that
are not government certified. (19)

In a study done by DeNosaquo et al., 1000 clinical thermometers
were collected by the Food and Drug Administration throughout the
United States in the spring of 1940. Of these, 800 were found to meet
the requirements and tests specified for clinical thermometers in the
commercial standard, C-S 1-32 of the U. S. Department of Com-
merce, Bureau of Standards. By random sampling of the 800, 20
were selected for further testing. There were no defects found. (3)

In some cases thermometers have been found to be inaccurate
by as much as three degrees F. (16) There are certain variables
that influence the accuracy of a temperature measurement when taken
orally. It was found by Nichols et al., that room temperature can
-influence the placement time of the thermometer in the mouth. (14)
Drinking iced fluids can render the oral temperature '""as inaccurate
as -1.6 degrees F.' The rationale, then for not taking the tempera-
ture after iced fluids is that this amount of inaccuracy could result
in a fever state going undetected. In a study done by Woodman, Parry
and Simms, it was found that if the subject kept his mouth closed for

15 minutes prior to having the temperature taken, the optimum
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temperature was reached in three minutes and maximum at five
minutes. (26) Gum chewing and hot fluids prolong the deviation in
body temperature longer than iced drinks and smoking. Brim reported
that nurses should consider temperature taking representative of the
many everyday nursing problems for which they have the responsibility
for effective and accurate action, and about which they must learn to
think scientifically. (2)

Although there have been several papers written on the subject
of clinical thermometers, no definite basis for the time designation
used for oral clinical thermometers was identified,

In the study done by DeNosaquo, the conclusions were that three
minutes should be the minimum time interval allotted for oral clinical
thermometers to reach equilibrium in the mouths of individuals under
ordinary conditions of use. This conclusion is based on the average
time for 493 determinations to come within one-tenth of one degree
of maximum reading. Since this is an average and as the same study
showed a significant difference between sex and subjects, determined
by analysis of variance, there is an inclination to question that three
minutes is enough time to determine accurately each individual tem-
perature. (3)

Nichols in 1966 extended the research by DeNosaquo, by com-
paring oral, rectal and axillary temperatures. Subjects required

one to 12 minutes to reach their maximum oral temperature. After
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three minutes only 11 per cent had reached the maximum, in seven
minutes 53 per cent had reached the maximum, in nine minutes 86

per cent had reached the maximum and at ten minutes over 30 per

cent had reached their highest temperature. (15) It required one to

11 minutes for the subjects to reach their optimum temperature (0. 2
of a degree F. lower than maximum or highest). It was found that it
took seven minutes of optimum placement time for oral thermometers
and according to this finding the recommended placement time of three
minutes in literature and nursing texts, would not allow the reading to
attain the optimum. (15)

Nichols' findings were analyzed by computing percentages to
determine the time necessary for 90 per cent of the subjects to attain
maximum and optimum readings; the ranges and frequency distribu-
tions of temperature readings were also computed. (15) This study
showed a greater difference between rectal and oral temperatures
when oral placement time was three minutes than when optimum
placement time was used. (15)

A study was done by Nichols and Verhonick (1967) in an air-
conditioned environment to determine placement times. The analysis
was similar to that in the previous study. The researchers found that
in three minutes only 13 per cent of the subjects reached their highest
temperature, in five minutes 25 per cent, and in 11 minutes 90 per

cent had reached the maximum; thus the maximum placement time
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was 11 minutes. Optimum temperatures were reached in three
minutes by 38 per cent, and five minutes by 73 per cent. The actual
optimum placement time was then considered to be seven minutes.
Findings from this research shows that the most frequently recom-
mended placement time of three or five minutes is not sufficient for
accurate body temperatures obtained by use of the glass clinical ther-
mometer. (13)

Nichols and Verhonick (1968) decided to replicate their study
done in 1967, to see if other untested factors might enter into and
change the results of the first research. They increased their num-
ber of subjects to make the study more valid. The analysis was again
done by calculating percentages to determine the maximum and opti-
mum placement times. The range of differences and the mean differ-
ences between five minute readings and the optimum readings and also
between the three minute readings and optimum readings were calcu-
lated. The subjects required one to 12 minutes to reach their highest
readings. Two per cent reached their maximum in three minutes,

11 per cent in five minutes and 90 per cent in 11 minutes. Once again
11 minutes was considered the maximum placement time. The opti-
mum readings required one to 11 minutes. In three minutes 15 per
cent reached their optimum temperature, five minutes 43 per cent,
and in nine minutes 90 per cent. The optimum placement time in

this study was nine minutes compared to the seven minutes in the
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previous study. It was assumed that 0.2 of a degree F. below the
maximum would not affect nursing or medical decisions, so the
optimum placement time was established as best for temperature
readings., When using five minute placement time the temperature
for more than one half of the individuals was from 0.4 of a degree F.
to 1.6 degrees F., less than the highest recorded. If three minute
placement time was used, 85 per cent would be lower by 0.4 of a
degree F. to 1.6 degrees F. It was reported that if a three minute
reading was 99 degrees F., the actual (highest or maximum) reading
could be 99. 4 degrees F. to 101 degrees F. This could have clinical
significance. (14)

Robertson said that there is a need for establishing an econom-
ical and acceptable method of temperature measurement with sufficient
accuracy. Any measuring device utilized should be convenient, harm-
less, and painless. (20)

The use of electronic equipment is becoming more acceptable
in hospitals. This allows the development and use of new devices
which provide information that was unobtainable in the past. With the
emphasis on electronics today, new instruments such as electronic
thermometers and temperature alarms are increasingly being util-
ized. (20) The use of electronic monitoring has proven to be very
advantageous in intensive care units where accuracy is so important

and the oral temperature readings are as frequent as every few
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seconds. (24)

In the past, electronic thermometers have proven unsatisfactory
in the hospitals, mostly because of the aging of the units and rough
handling, which causes them to become less accurate. After two
years of use, they were in error exceeding two degrees C. (24)

In 1968, in the U. S., there were approximately 30 manufactur-
ers of electronic thermometers varying in price from $50 to $900.
(20) The electronic thermometers are being improved and are no
longer as bulky or as costly as when first made, With the invention
of the plastic sheath, which protects the probe and is completely dis-
posable, there is no need to worry about sterilization. (24)

Johnson studied the electronic thermometer used in his office.
He found that it surpassed the glass thermometer in accuracy and its
use was less time consuming. He found it to be plus or minus 0. 2
of a degree F. from the highest reading. In two years time, thousands
of temperatures were taken with the electonic unit in his office. These
reflected a higher reading than the glass clinical thermometers. (8)

Due to the less time involved in taking the temperature with
the electronic thermometer, Wilkes found it more convenient to take
temperatures routinely. Because of this, unsuspected fevers were
often detected. (24)

A study was done by Knapp to determine the degree and type of

accuracy or inaccuracy in the glass clinical thermometer and to
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compare that thermometer with the electronic clinical thermometer
(1966). He used a five gallon bath, well stirred and controlled by an
accurate amplifier /heater system, and using an accurate ASTM64C
type laboratory thermometer for a reference thermometer. Twelve
glass clinical thermometers were selected at random from a com-
munity hospital. He placed the bulbs in a cluster around the reference
bulb. Then the probes of two electronic thermometers were also
placed near the reference bulb. The amplifier /heater was set at
different temperatures, from 95 degrees F. to 105 degrees F. The
readings of all thermometers, including the reference thermometer,
were taken several times at each setting to insure that the system had
stabilized and to verify readings. The average error of the glass ther-
mometers was 0. 25 of a degree F. at the 98.6 degree setting and
maximal errors approaching 0.4 of a degree F. As the temperature
increased the average and maximal errors also increased with the
maximal approaching 0.7 of a degree F, and averages approaching
0.5 of a degree F. It was noted that the error of the electronic ther-
mometers was less than 0.1 of a degree F. for the greater portion
of the range and reached a maximum of 0. 15 of a degree F. at the
extreme. The electronic thermometers never exceeded an error of
0.15 of a degree F., The error of the electronic thermometer was
considered insignificant, over 80 per‘centxafthe range. Knapp

concluded:
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The electronic thermometer appears to be far super-
ior to the glass clinical thermometer for temperature
determination when the legibility of its scale and its
continuous monitoring capability are also taken into
consideration. Moreover, until steps are taken to
improve the consistency of the quality of glass ther-
mometers, the electronic thermometer presently
appears to offer the only solution to the problem of
accuracy of temperature determinations. When the
accuracy of temperature reading is most important,
that is when a patient is febrile, it appears that the
glass thermometer is least dependable. When the
accuracies of the two thermometers are compared
there is no doubt as to the shortcomings of the ven-
erable glass clinical thermometer. (9)

The main motivation of a hospital in purchasing electronic equip-
ment is to save time. However, conservation of time is possible only
when instruments are accepted by the staff and used efficiently.
Purchasers need to give special consideration to the 1) replacement
costs, 2) life expectancy, 3) types of probes required, 4) availability
of probes, and 5) repairs that might be needed. Many technical and
non technical aspects of clinical temperature measurements must
be considered before an item such as the glass clinical thermometer
is replaced. After further research, the electronic thermometer
may in the future enable the hospital nursing staff to obtain accurate
temperature measurements in less time than when using the glass
clinical thermometer. (20) It is only a question of time, according

to Wilkes, when the convenience, accuracy, time and cost features
of the electronic thermometer will be generally recognized and its
use widely extended, even perhaps replacing the glass clinical ther-

mometer entirely. (24)
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Summary

The literature was reviewed to ascertain factors which affect
the accuracies and inaccuracies of the glass clinical thermometer and
of the electronic thermometer. The studies of Nichols and Verhonick
reported that some of the inaccuracy is in the placement time of the
glass clinical thermometer. The studies by Knapp, and Purintun and
Rishop showed inaccuracies of the glass clinical thermometer when
tested in water baths, and not necessarily the time involved.

Advantages of time saving and greater accuracy of body temper-
ature measurement by use of the electronic thermometer were shown

in studies by Knapp, Johnson and Wilkes.



CHAPTER II1
REPORT OF THE STUDY

This study was underta“ken for the purposes of determining:
!. How much variation exists between the temperature regis-
tered by the fast mode and the extended mode of the electronic ther-
mometer,

2. How much variation exists between the temperature regis-
tered by glass clinical thermometer when the thermometer is left in
the mouth for three minutes, five minutes, and nine minutes.

3. How much variation, if any, exists between the process in
one above and that of two.

4, How much variation, if any, exists when the processes are
repeated by three different persons, namely a registered nurse, a
licensed practical nurse, and a nurses' aide, all of whom have been
taught to use the equipment.

The four purposes served as the framework withiﬁ which this

study was designed. It was hypothesized that: There is no significant

difference between the electronic thermometer readings from the fast
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and extended modes, and the glass clinical thermometer at the three,
five and nine minute readings, as taken and recorded by three different
people.

The alternate hypothesis was: There is a significant difference
between the electronic thermometer readings from the fast and ex-
tended modes and the glass clinical the rmometer of the three, five,
and nine minute readings, as taken and recorded by three different
people.

Electronic thermometers had been used on a one week trial
basis in two areas of a 280 bed general hospital. Administrative staff
were dubious of the accuracy and asked ward staff to conduct a trial
test. The temperatures of nine employees were taken four times, a
few minutes apart by the same person. Table | shows a comparison
of the readings,

Table 1. Temperature Readings of An Electronic Thermometer Used on Nine Subjects Four Times
a Few Minutes Apart by One Nurse.

Subjects Readings
1 ) 2 3 4
1 98.5 98.5 98.9 99.3
2 96.3 96.8 96.9 -97.9
3 97.6 877 97.6 98.5
4 98.9 98.9 99.0 98.7
5 98.3 98.1 97.9 98.3
6 98.3 87.7 97-2 98.1
7 97-7 97.9 98.8 97.7
8 98.7 98.9 97.7 98.0
9 98.1 97.9 97.7 98.1
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It can be noted that the repeated insertion of a thermometer led

to an increase in the final reading for participants one, two, and three,
but the final readings for participants five, seven, and nine were iden-
tical to those first obtained. There was a decrease for the other

three participants. It would take further observation to ascertain

the exact reasons for the discrepancies. This small investigation

led to the pilot study.

Pilot Study

Preliminary to the development of the study, a pilot study was
carried out. A prime purpose of the pilot study was that of ascertain-
ing if further study would be feasible. The pilot study afforded oppor-
tunity to assemble a small sample of the data that would be collected
in the main study and also teach a nurses' aide and a licensed prac-
tical nurse how to use the electronic thermometer and how to record
their readings of both types of thermometers. The data from the
pilot study were not used in the main study. See Appendix B.

The pilot study was made on seven volunteers, all well people.
The process consisted of taking the temperature first with the elec-
tronic thermometer, then with the glass clinical thermometer leaving
the instrument in place for three, five, and nine minutes. This
process was carried out on all seven volunteers by three persons in

sequence, namely a registered nurse, a licensed practical nurse,
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and a nurses' aide. During the study, it was discovered that the
extended mode with the electronic thermometer seemed to compare
more closely to the temperature taken with the glass clinical ther-
mometer, than did the fast rnode. This led to the d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>