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ABSTRACT

THE USE OF COMPUTER-ASSISTED INSTRUCTION TO TEACH
CALCULATION AND REGULATION OF INTRAVENOUS FLOW RATES
TO BACCALAUREATE NURSING STUDENTS

By

Donna Elliott Larson

The purpose of this study was to determine if a
computer simulation developed by this investigator could
effectively and efficiently teach the calculation and reg-
ulation of intravenous flow rates, a basic nursing skill
with both psychomotor and cognitive components. The sub-
jects were 48 basic baccalaureate nursing students enrolled
in the Nursing II course at Grand Valley State Colleges in
Allendale, Michigan, during Winter Semester, 1981.

Two questions were addressed. First, was the com-
puter simulation as effective as a laboratory simulation
(the conventional teaching methodology) for instructing
students? Second, was the computer simulation more ef-
ficient in terms of student learning-time and cost than the
laboratory simulation?

All students were provided with initial instruc-
tion on calculating and regulating intravenous flow rates.
The experimental group (N=24) practiced the skill using the

computer simulation on TRS-80 Model I microcomputers;



Donna Elliott Larson

the control group (N=24) practiced the skill using actual
intravenous equipment in the skills laboratory simulation.
Students were tested on their abilities to calcu-
late an intravenous flow rate and then to regulate an ac-
tual intravenous system so that it delivered the prescribed
fluid volume. All students were tested both immediately
following the initial treatment and ten weeks later.

Data were analyzed with analysis of covariance and
analysis of variance. The conclusions based upon the find-
ings were: (1) when scoring criteria accommodated the use
of either of two acceptable calculation methods, computer
learners were able to calculate an intravenous flow rate
and regulate an actual intravenous system as well as labo-
ratory learners; (2) computer learners were able to com-
plete significantly more practice problems in significantly
less time than laboratory learners; (3) when costs of
computer hardware and software were not included, and when
instructional and research costs were combined, the cost
per student for computer learners ($.94) was less than half
the cost per student for laboratory learners ($2.17); and
(4) when projected costs of computer hardware and software
were amortized over three years, and when instructional
costs were separated from research costs, the cost per
student for computer learners ($1.44) remained 1less than

the cost per student for laboratory learners ($2.01).
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CHAPTER I

INTRODUCTION

This chapter is organized into eight sections: (1)
identification of the problem; (2) purpose of the study;
(3) importance of the study; (4) research questions and
hypotheses; (5) definition of terms; (6) research objec~-
tive; (7) limitations of the study; and (8) organization of

the dissertation. Each section is discussed separately.

Identification of the Problem

The correct performance of basic nursing skills is
an essential component of professional nursing practice.
Nurses must perform urinary bladder catheterizationms,
change sterile dressings, irrigate wounds, suction trache-
ostomies, measure vital signs, calculate and administer
fractional medication dosages, calculate and regulate
intravenous flow rates, and so on. Obviously, the mastery
of such skills is very important to the safety and well-
being of patients. The teaching of basic nursing skills is,
therefore, a significant component of nursing education

curricula.



One of these essential nursing skills is the cal-
culation and regulation of intravenous (i.e. IV) flow
rates. Before a student nurse can safely apply this skill
to the care of patients in clinical settings, the skill
must be taught to the student, opportunity must be provided
for supervised practice, and individual student competency
must be verified. This skill is usually taught in a con-
trolled laboratory setting, often called a ''skills labora-
tory'". The skills laboratory generally contains necessary
actual equipment and supplies and serves as an environmen-
tal simulation of the clinical practice setting.

When teaching the calculation and regulation of
intravenous flow rates in a skills laboratory, a faculty
member usually presents the essential elements of the skill
and then demonstrates the skill to a large group of stu-
dents. Students then break into small groups to practice.
The faculty member circulates among the groups, supervising
individual performance, answering questions, and providing
feedback. Students practice the skill during their assigned
laboratory times and on their own, when the skills labora-
tory is not being used by other students or for other
instruction.

Such laboratory instruction is usually cumber-
some, time-consuming, and costly. Students and faculty
spend many hours in the skills laboratory; however, major

instructional problems still occur. Because faculty may be



""'spread too thin'" to be aware of individual student needs,
students may not receive needed feedback and additional
instruction. Moreover, students themselves may not even be
aware that they are performing a skill incorrectly, thus
learning something that has to be unlearned later. If a
student does require additional instruction and practice,
it is often logistically difficult to provide. Problems
with availability of faculty, skills laboratory, and stu-
dent study time, in addition to laboratory equipment costs
and set-up requirements, often make such additional needed
student instruction and practice very difficult to schedule
and provide.

This situation presents an opportunity for an
alternative instructional strategy that would enable stu-
dents to learn independently and reinforce their basic
nursing skills, without the problems inherent in the usual
skills laboratory. It appears obvious that such an alter-
native could have a significant impact on both the quality

of nursing education and health care for the public.

Purpose of the Study

Computer-assisted instruction (i.e. CAI) may pro-
vide such an alternative instructional strategy for the
teaching of selected basic nursing skills. Previous
research in health professional education has demonstrated

that computer-assisted instruction is effective and



learning-time efficient for teaching cognitive and
problem-solving skills; however, very little of this re-
search has been conducted in nursing education. Moreover,
no reports of research have been found on the use of
computer-assisted instruction for the teaching of basic
skills which have a psychomotor component, either in nurs-
ing or in other health professional education.

The purpose of this study was to determine if a
computer simulation could effectively and efficiently teach
the basic nursing skill of calculation and regulation of
intravenous flow rates. This purpose was delineated into
two questions. First, was a computer simulation as effec-
tive as a laboratory simulation for instructing students in
the calculation and regulation of intravenous flow rates?
Second, was a computer simulation more efficient in terms
of learning-time and cost than a laboratory simulation for

the teaching of this skill?

Importance of the Study

The basic nursing skill of calculating and regula-
ting intravenous flow rates has two components. The student
must first use available patient and equipment data in
performing three interrelated and sequential mathematical
calculations. These calculations determine the flow rate of
fluid to be intravenously administered to the patient. The

student must count the number of drops per minute infusing



into the patient and then adjust the equipment so that the
system actually delivers fluid into the patient at the
previously calculated rate. The skill, therefore, has both
cognitive and psychomotor aspects.

The calculation and regulation of intravenous flow
rates is an important and essential basic nursing skill;
this skill has been identified as one in which all student
nurses should be proficient prior to their graduation from
their basic educational programs (Moore & Grams, 1980;
Sweeney, Regan, O'Malley, & Hedstrom, 1980). If either the
calculation is incorrect or the regulation is inaccurate,
serious consequences can result for the patient. For exam-
ple, dehydration or overhydration can occur. Moreover, if
the intravenous fluid contains medication, as is frequently
the case, serious medication dosage errors can result.

Because this skill is important, students should be
provided with ample opportunity to learn and repeatedly
practice it. Such opportunities are currently provided on a
limited basis through costly and time-consuming laboratory
simulations. It would be an advancement for nursing educa-
tion if a computer simulation were found to be less costly
and time-consuming but equally or more effective in

teaching this basic nursing skill.



Research Questions and Hypotheses

Researchers in nursing and other health profes-
sional education have previously demonstrated the effec-
tiveness and efficiency of computer-assisted instruction
for teaching cognitive and problem-solving skills. The
purpose of this study was to determine if a computer simu-
lation could be used to effectively and efficiently teach
the calculation and regulation of intravenous flow rates, a
basic nursing skill with both cognitive and psychomotor
components.

Two general research questions needed to be
answered. First, was the computer simulation as effective
as the conventional laboratory simulation for teaching this
nursing skill? Second, when compared to the laboratory

simulation, was the computer simulation more efficient in

teaching this skill?

Research Questions

This study attempted to answer the following re-
search questions:

1) Was the computer simulation as effective as
the laboratory simulation for teaching the calculation and
regulation of intravenous flow rates? Specifically, were
students who practiced the skill with the computer simula-
tion able to calculate flow rates as correctly and regulate

actual flowing intravenous systems as accurately as



students who practiced the skill with the conventional
laboratory simulation?

2) Was the computer simulation more efficient than
the conventional laboratory simulation for teaching the
calculation and regulation of intravenous flow rates?
Specifically, did students spend less time learning the
skill with the computer simulation than with the laboratory

simulation?

Research Hypotheses

After practicing with either the computer simula-
tion or the laboratory simulation, nursing students were
tested on their ability to calculate and regulate intra-
venous flow rates. It was hypothesized that:

1) The mean flow rate calculation score for the
computer learners would be greater than that of the lab-
oratory learners on an immediate posttest.

2) The mean flow rate calculation score for the
computer learners would be greater than that of the lab-
oratory learners on a delayed posttest.

3) The mean flow rate regulation score for the
computer learners would be greater than that of the
laboratory learners on an immediate posttest.

4) The mean flow rate regulation score for the
computer learners would be greater than that of the lab-

oratory learners on a delayed posttest.



5) The mean time spent in learning would be less
for the computer learners than for the laboratory learners.

6) The mean number of learning scenarios experi-
enced by the computer learners would be greater than that

of the laboratory learners.

Definition of Terms

For the purposes of this study, the following
definitions were used:

Basic nursing skills: Essential components of

beginning-level professional nursing practice. Basic nur-
sing skills have various combinations of components: psy-
chomotor, cognitive, and affective. The basic nursing skill
focused upon in this study was the calculation and regu-
lation of intravenous flow rates, a skill which has both
psychomotor and cognitive components.

Baccalaureate nursing students: Students enrolled

in the Nursing II course at Grand Valley State Colleges,
Allendale, Michigan, during Winter Semester, 1981.

Computer simulation: The computer program, ''Cal-

culation and Regulation of Intravenous Flow', authored by
this investigator and programmed for a TRS-80 Model I
microcomputer. The program presented the student with a
randomly generated hypothetical patient intravenous fluid
calculation problem. After the student solved all segments

of the calculation problem, the computer simulated an



intravenous system with flowing fluid; a graphical repre-
sentation was presented on the video display screen. The
student, by pressing specified keys on the computer key-
board, regulated the flow of the simulated intravenous
system to correspond to the previously calculated rate.
Throughout the program, appropriate feedback and additional
instruction were provided to the student when needed.

Laboratory simulation: The skills laboratory

learning exercise wherein the student was presented with a
hypothetical patient intravenous fluid calculation problem.
After the student solved all segments of the calculation
problem, he or she then manipulated equipment on an actual
intravenous system with flowing fluid so that the flow rate
corresponded to the previously calculated rate. A nursing
faculty member circulated among small groups of four to
five students, providing feedback and additional instruc-
tion as needed. This laboratory simulation was the conven-
tional instructional strategy used in this setting for
teaching students to calculate and regulate intravenous
flow rates.

Laboratory learners: Those students who used the

skills laboratory simulation to practice the calculation
and regulation of intravenous flow rates.

Computer learners: Those students who used the

computer simulation to practice the calculation and regu-

lation of intravenous flow rates.



10

Calculation of intravenous (IV) flow rates: The

use of patient and equipment data in the application of
three interrelated and sequential mathematical formulas for
deriving: (a) the volume of fluid to be infused per hour;
(b) the volume of fluid to be infused per minute; and (c)
the number of drops to be infused per minute.

Regulation of intravenous (IV) flow rates: The

adjustment of an intravenous fluid delivery system so that
its flow rate corresponded to a prescribed rate.

Calculation score: The total score on the calcu-

lation section of the Immediate Posttest Evaluation Form or
the Delayed Posttest Evaluation Form.

Regulation score: The total score on the regula-

tion section of the Immediate Posttest Evaluation Form or
the Delayed Posttest Evaluation Form.

Immediate posttest: The assessment of student

ability to calculate and regulate intravenous flow rates
immediately following the students' experiences with either
the laboratory simulation or the computer simulation during
the regularly scheduled skills laboratory session on
calculating and regulating intravenous flow.

Delayed posttest: The assessment of student abil-

ity to calculate and regulate intravenous flow rates ten
weeks after the initial student experiences with either the

laboratory simulation or the computer simulation.



11

Number of learning scenarios: The total number of

hypothetical clinical intravenous fluid calculation and
regulation problems that a student reported he or she had
completed in either the computer simulation or laboratory
simulation. Each student was asked to record the completion
of a problem on the Student Practice Report; the Reports
were submitted to the investigator and tallied at the end

of the ten weeks.

Research Objective

In addition to the research questions previously
cited, this study also attempted to determine and compare
the cost per student using the computer simulation with the
cost per student using the conventional laboratory simula-
tion. Cost per student was defined as the average cost
needed for each student's learning experiences. Costs were
determined by purchases of consummable equipment and sup-
plies and faculty time used in setting up, dismantling, and
instructing in the intravenous calculation and regulation
portions of regularly scheduled, impromptu individual

instruction, and "open practice sessions' of the laboratory

and computer simulations.

Limitations of the Study

The findings of this study are limited to the

baccalaureate nursing students enrolled in the Winter,
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1981, Nursing II course at Grand Valley State Colleges.
These students volunteered to participate in this study.
The findings may not be generalizable beyond this group.
However, beginning level nursing students have in common
the need to learn how to correctly calculate and accurately
regulate intravenous flow rates. Therefore, the findings of
this study should be of interest to other nurse educators.

Because of the potential for cross-contamination
between treatment groups throughout the ten week duration
of this study, subjects were assigned to treatments on the
basis of intact groups. A limitation of this study, there-
fore, concerns this non-random assignment of subjects to
treatment groups. It could be argued that the findings of
this study could be attributed to characteristics of the
groups rather than to the treatment. To compensate for this
limitation, those characteristics that were believed to
potentially have the greatest influence upon the dependent
variables were identified before the study began. These
characteristics were then measured and used as covariates
during data analysis. In this way, an attempt was made to
equalize the differences between groups.

A limitation with the instruments used in this
study concerns the self-report nature of some of the data.
Whenever the source of data is self-report, there is a
potential problem with inaccuracy. Subjects may over- or

under-estimate, forget, or deliberately distort data. In
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this study, an attempt was made to counteract this limita-
tion by providing orientation sessions for subjects; self-
report data collection procedures were described, and the
importance of accurate recording of data was stressed.

A limitation concerning both the instruments and
the treatments used in this study is the fact that they
were all developed by this investigator. Therefore, the
instruments and treatments were not subject to large-scale
testing, refinement, and evaluation by outside experts.

Another limitation of this study concerns the
treatments. Prior to the treatments, all subjects were
exposed to a required programmed instruction text on math-
ematics for medication dosage calculations. The last chap-
ter of this text contained instruction on two methods for
calculating intravenous flow rates. This exposure to the
programmed text was an unplanned part of this study; it
constituted an additional treatment (in series, not in
parallel) for learning to calculate intravenous flow rates.

Because of this augmentation of the programmed
instruction on calculating intravenous flow rates, it was
impossible to determine the effect that either of the
planned treatments alone had on students' abilities to
perform the calculations (the cognitive part of the skill).
What was measured in this study regarding intravenous flow
rate calculation was actually the combination effect of the

treatment plus the programmed instruction text. However,
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because the planned treatments did represent the initial
instruction for regulating intravenous flow rates, the
effect that these planned treatments had on students'
abilities to regulate intravenous flow rates (the psycho-

motor part of the skill) was able to be determined.

Organization of the Dissertation

This dissertation is organized into five chapters.
The contents of the remaining four chapters are described.

Chapter I1 provides a review of the literature
related to the two major foci of this study: the basic
nursing skill of calculating and regulating intravenous
flow rates, and the use of computer-assisted instruction in
nursing education.

Chapter 111 presents the design, methodology, and
procedures used in this study.

Chapter IV reports and discusses the results of the
analysis of data.

Chapter V provides a summary of findings and con-
clusions. Limitations of the study and recommendations for

future research are discussed.



CHAPTER II

REVIEW OF RELATED LITERATURE

The review of related literature is organized under
two main headings, corresponding to the major themes in
this study. These major themes are: (a) calculation and re-
gulation of intravenous flow rates; and (b) computer-
assisted instruction in nursing education. A third section

provides a summary of the literature review.

Calculation and Regulation of Intravenous Flow Rates

Basic nursing skills are essential components of
professional nursing practice. A nurse must use basic
skills frequently while caring for patients, particularly
those in acute care settings. Nursing education has an
obligation to prepare nurses who are competent beginning
level practitioners. The teaching of basic nursing skills
is, therefore, an important part of any nursing education
program.

A basic nursing skill consists of at least two
parts: a psychomotor (or manipulative skill) component and

a cognitive component. Examples of basic nursing skills

15
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include such activities as medication dosage calculation
and administration, wound care, urinary bladder catheter
insertion and care, insertion and care of naso-gastric
tubes, measurement of vital signs, and calculation and
regulation of intravenous flow rates.

Moore and Grams (1980) reported the results of a
survey of Arizona hospitals conducted by the Arizona Hos-
pital Association and the Arizona Society for Nursing
Service Administrators. Nursing service administrators were
asked to submit listings of basic nursing skills which were
viewed in their hospitals as essential for newly graduated
nurses to possess. These listings were then combined to
form an inventory of essential nursing skills for new
graduates in Arizona. The inventory was organized into
three levels of basic skills. The calculation and regula-
tion of intravenous flow rates was classified as a Level I
skill (a task that newly graduated nurses were expected to
perform safely, without supervision, following routine
orientation to the hospital).

Data about the hospitals participating in the
survey were not reported, nor were the number, complete
listing, or weighting of the skills contained in the in-
ventory. Nursing educators were minimally involved with the
compilation of the inventory; therefore, the inventory of
basic nursing skills reflected the values of nursing

practitioners, not necessarily those of nursing educators.
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Sweeney, Regan, O'Malley, and Hedstrom (1980)
recently completed a study to identify those basic nursing
skills which were viewed by both nursing educators and
nursing practitioners as essential for all new baccalaure-
ate graduates. Fifteen full-time undergraduate nursing
faculty from a baccalaureate program and fifteen nursing
practitioners (head nurses and unit instructors) from a
large university-affiliated teaching hospital in Boston
were selected as subjects. The nursing faculty were ran-
domly selected. However, the nursing practitioners were
specifically chosen because of their previous experiences
with newly graduated baccalaureate nurses; the investiga-
tors believed that it was important that all nursing prac-
titioners in the study were familiar with the skill level
of newly graduated nurses.

Through the use of a modified Q-sort procedure, the
subjects categorized 291 basic nursing skills into four
categories: essential, bonus, graduate, and non-nursing.
Ninety-one skills were identified as essential for new
graduates by both faculty and practitioners. One of these
identified essential skills was the calculation and regu-
lation of intravenous flow rates. Both nursing educators
and nursing practitioners agreed that all newly graduated
baccalaureate nurses should be competent in the performance

of this and ninety other basic nursing skills.
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The large number of basic nursing skills viewed as
essential, in addition to an extensive amount of cognitive,
problem-solving, and affective aspects of learning also
considered essential, presents a problem for nursing edu-
cation. The problem is how best to manage the teaching-
learning process in such a way that the students are able
to learn the essential elements of professional practice in
the limited time available in the educational programs.

In a recent article about nurse-midwifery educa-
tion, Rhode, Kauchak, and Eggen (1980) stated that a major
educational problem was how to teach the essential basic
skills '"in a manner that is efficient in terms of faculty
teaching time, provides for maximum skill acquisition in
terms of safety and accuracy of performance in the shortest
period of time, allows the student to make the most of
limited clinical experiences, minimizes student anxiety,
and frees the student to move on to learning the complexi-
ties of management of patient care'" (p. 27). Although the
authors were speaking of graduate level nursing education,
their words are equally or more applicable to undergraduate
nursing education, where the students do not have a broad
base of professional knowledge or experience upon which to
draw.

In summary, the calculation and regulation of
intravenous flow rates is one of the many basic nursing

skills considered essential by both nursing educators and
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practitioners. A significant problem for nursing education
is the large number of essential nursing skills that stu-
dents must learn in addition to the cognitive and affective
aspects of professional nursing practice, within educa-

tional programs of limited duration.

Computer-Assisted Instruction in Nursing Education

Computer-assisted instruction is an instructional
strategy that can be used to decrease the problem of too
much to learn in too little time. Computer-assisted in-
struction has been used for the last twenty years or so in
various capacities and by various disciplines. The re-
mainder of this chapter discusses: (1) general research
findings about computer-assisted instruction; (2) specific
research findings about computer-assisted instruction in
nursing education; (3) advantages for the use of computer-
assisted instruction in nursing education; and (4) the use
of microcomputers for computer-assisted instruction. Each

topic is discussed separately; a summary is provided.

General Research Findings About CAIL

Ludwig Braun (1980) summarized research that has
been conducted concerning the effectiveness and efficiency
of computer-assited instruction in elementary and secondary
education. He stated, ''when the computer is used to aid

instruction in the elementary- and secondary-school level,
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the achievement and/or the time reduction to learn materi-
als is significantly improved" (Braun, 1980, p. 10). After
assessing studies that cut across all levels of education,
Braun concluded, 'The majority of these studies show sav-
ings in the learners' time to complete a course of study
(as much as 50% savings), greater efficiency in terms of
achievement per unit of time, improved skills, and the
provision of instruction not previously available by the
conventional method" (p. 108).

Kulik, Kulik, and Cohen (1980) used meta-analytic
techniques to integrate findings from 59 studies which
compared computer-based college teaching with conventional
college instruction. Five major outcomes described in each
of the 59 studies were compared: student achievement as
measured on a unit or final examination, the correlation
between student aptitude and achievement in college
courses, course completion, student attitudes, and time
required for instruction.

"This meta-analysis showed that for the most part
the computer has made a small but significant contribution
to the effectiveness of college teaching. In the typical
implementation, computer-based instruction raised examina-
tion scores by about three percentage points, or about
one~-quarter standard deviation. . . . The boost that
computer-based teaching gave to student achievement was

about as noticeable in high- and low-aptitude students as
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it was in average students. . . . Computer-based teaching
also had small and positive effects on attitudes of college
students toward instruction and toward the subject matter
that they were taught. . . . The most dramatic finding in
this meta-analysis, however, is related to instructional
time. In every study in which computer-based instruction
substituted for conventional teaching, the computer did its
job quickly - - - on the average in about two-thirds the
time required by conventional teaching methods'" (Kulik, et
al., pp. 537-538).

As a first step in this study, the investigators
conducted computer searches of eight bibliographic data
bases in order to compile an initial listing of over 500
titles of studies comparing computer-based instruction with
conventional instruction in college classrooms. Unfortu-
nately, the bibliographic data bases searched did not
include MEDLINE, a primary data base for health care
related literature. Therefore, this study did not include
those studies specific to the use of computer-based in-
struction in the education of health professionals. How-
ever, the investigators reported that their findings ''were
similar among 'hard' and 'soft' disciplines, in pure and
applied areas, and in life studies and other content areas.
Findings were also the same for courses at different

levels" (Kulik, et al., 1980, p. 539).
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Specific Research in the Use of CAI in Nursing Education

Although computer-assisted instruction presents
many advantages for nursing education, it has been used
very little, especially when compared to the relatively
heavy use in the education of other health professionals.
Kearsley (1976) reported that the health professions were
second only to mathematics in the number of computer-
assisted instruction programs classified in indexes between
1970 and 1976. However, a survey conducted in 1972 reported
that of 352 school of nursing and allied health responding,
only 17 were using any computer-assisted instruction. This
same survey reported that of 362 computer-assisted in-
struction programs listed for health professions education,
only 54 were categorized as nursing or allied health pro;
grams (Brigham & Kamp, 1974). Furthermore, the latest Index

to Computerized Teaching in Health Sciences listed only 32

programs designed for nursing (Kamp, 1975).

Teaching cognitive skills with CAI. Even though

the documented use of computer-assisted instruction in
nursing education is small, there has been some research on
its effectiveness in teaching cognitive skills. Bitzer,
Boudreaux, and Avner (1973) used a pretest-posttest control
group with matching experimental design to compare 22
computer-assisted instruction lessons on PLATO (Programmed
Logic for Automatic Teaching Operations) with the tradi-

tional lecture course on maternity nursing at Mercy
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Hospital School of Nursing in Urbana, Illinois. For the 22
students who participated in the study, there was no sig-
nificant difference in learning as measured by the course
final exam scores. However, the computer learners spent a
mean time of 54 hours on the PLATO lessons, whereas the
traditional learners spent a mean time of 84 hours attend-
ing classroom lectures.

Furthermore, after graduation, 687 of the computer
learners scored above average on the maternity nursing
portion of the Illinois State Board of Nursing Examination
for licensure. Unfortunately, the researchers did not
report how the graduates who had been in the traditional
learning group performed on the same exam; therefore, the
reader could not judge the relative long-term retention
effects of the computer-assisted instruction over the
traditional teaching method. Another limitation of this
study was the small sample (N = 22), drawn from a popula-
tion of unreported size.

This particular small study was only one part of a
large project at the University of Illinois, Urbana. Over
the course of seven years, more than 300 student nurses
from local diploma and associate degree programs used the
22 maternity nursing and 11 pharmacology lessons written
and taught on the University of Illinois PLATO system.

Kirchhoff and Holzemer (1979) studied 100 nursing

students at the University of Illinois, Chicago, to
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determine the learning effectiveness of a PLATO computer-
assisted instruction program on post-operative nursing
care. A modified posttest-only design was used. Students
selected whether they would be in the experimental group
(work through the PLATO program) or the control group
(where a written assignment covering the same material was
assigned). All 100 students chose to be in the experimental
group; therefore, no control group was used.

Even though the authors called their study a post-
test-only design, they administered both a pretest and
posttest to the students. The authors did not discuss their
rationale for administering a pretest in a posttest-only
design. The Kuder-Richardson reliability coefficients were
low (.37 for the pretest and .42 for the posttest). The
authors accepted these low reliability coefficients, how-
ever, because of the small number of items (N = 15) on each
test. The data were analyzed, and it was found that stu-
dents did learn the material through use of the PLATO
program.

These researchers also attempted to identify those
characteristics of students who learned the most from the
PLATO program. Through the use of multiple regression
analysis, it was determined that students who learned most
with PLATO: (a) had prior experience with PLATO; (b) had
concurrent clinical experiences with surgical patients; (c)

scored higher on '"active experimentation' on a learning
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styles inventory; and (d) indicated higher interest in
learning with computer-assisted instruction.

A study conducted by Rubinson and Robinson (1977-
1978) used a pretest-posttest control group experimental
design to compare the teaching effectiveness of four PLATO
computer-assisted instruction lessons on general first aid
with the conventional textbook-lecture format. Students
enrolled in the Standard First Aid Course at the University
of Illinois, Champaign, were randomly assigned to either
the experimental (PLATO) or the control (textbook-lecture)
group. The experimental group completed each PLATO lesson
and then met with the instructor four times each week. The
control grouplread the textbook and met with the same
instructor for 50 minute sessions, four times each week.
Alternate forms of a standardized test were used as the
pretest and posttest.

The investigators found that: (a) computer learn-
ers did as well on the posttest as the traditional learn-
ers; (b) computer learners used 6ne-ha1f the amount of
learning time as the traditional learners; and (c) the
department incurred no additional instructional costs for
the computer learners. A limitation of this study was that
the role of the instructor in .relation to both the experi-
mental and control groups was unclear. Furthermore, the
amount of time the PLATO students spent with the instructor

was not specified. Generally, the descriptions of the
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teaching-learning activities in both groups were unclear.

Huckabay, Anderson, Holm, and Lee (1979) studied
the effect of computer-assisted instruction versus
lecture-discussion on cognitive learning and transfer of
learning in 31 graduate nurse practitioner students at the
University of California, Los Angeles. A pretest-posttest
control group experimental design was used; the content
area was the clinical management of hypertensive patients.
All students received the same lecture-discussion instruc-
tion. In addition, the students in the experimental group
exﬁerienced a computer-assisted instruction program which
consisted of 15 clinical case studies. The four-hour pro-
gram provided a clinical simulation in which the student
interacted with the ''patient'" to gather data by interview
and by access to physical examination results and labora-
tory reports. The student then made a nursing diagnosis and
planned the nursing care. Feedback and additional instruc-
tion were provided when needed. The control group was as-
signed extra readings on the clinical management of hyper-
tensive patients.

All students were pretested and posttested with two
exams; one was designed to measure cognitive learning and
the other to measure transfer of learning. No significant
differences between the groups in either cognitive learning
or transfer of learning were found. However, there were

significant differences between the groups in three
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specific posttest item scores; both groups learned signi-
ficantly, but only the experimental group transferred
learning significantly on these three items.

A limitation of this study was the unaccounted for
confounding effect of the number of hypertensive patients
the students actually cared for prior to and during the
study. Additionally, some unanswered questions concerned
the nature of the assigned readings for the control group.
Were these readings equivalent in nature to the content of
the computer program? Further, did the control group
students actually complete the readings?

Valish and Boyd (1975) conducted a study to deter-
mine if three Ohio State University computer-assisted
instruction programs on medical-surgical nursing and nurs-
ing management could be used for verifying and augmenting
prior clinical knowledge of employed registered nurses. A
posttest-only control group design was used. One-hundred,
twenty-four registered nurses were randomly selected from
the nursing staff of George Washington University Medical
Center in Washington, D.C.; they were assigned to either
the experimental or the control group. The experimental
group used the three computer-assisted instruction programs
and was then posttested. The control group was posttested
only.

Posttest performance showed no significant differ-

ences between the two groups. A serious limitation of this
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study was the fact that the three computer-assisted in-
struction programs used were all designed for beginning
level basic nursing students, not graduate nurses. Further,
the posttest content did not reflect the content in the
computer-assisted instruction programs. Rather, the postest
was constructed to test "universal knowledge' about
medical-surgical nursing and nursing management.

The most recent research, conducted by Droste-
Bielak (1980), studied the effectiveness of a computer
simulation in teaching beginning interviewing techniques to
nursing students at Grand Valley State Colleges in Allen-
dale, Michigan. A posttest-only control group design was
used. Forty-five beginning level nursing students were ran-
domly assigned to either the experimental or control group.
All students received initial instruction on interviewing
techniques. The experimental group practiced interviewing
by using a computer program that simulated a patient. The
control group practiced interviewing by role-playing in
small groups in a skills laboratory setting. All students
then tape-recorded their first interview with an actual
patient. The tapes were independently rated by four judges.
Both groups collected the same amount of patient data and
with the same amount of use of correct interviewing
techniques. However, the computer learners completed their
patient interviews in significantly less time than the

role-play learners.
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A limitation in this study resulted from experi-
mental mortality. One-third of the subjects were lost to
the study because of various problems with tape recording
their actual patient interviews. Forty-seven percent of the
experimental group and eighteen percent of the control
group were lost. The missing data and experimental group
mortality raised questions about the validity of the re-
sults.

In summary, the research reported on the use of
computer-assisted instruction in nursing education has
demonstrated that computer-assisted instruction, when
compared to conventional teaching methodologies, is as
effective but more efficient in terms of learning-time.
However, all of the studies cited so far have concerned the
use of computer-assisted instruction for cognitive skill
development; there has been no mention of the use of
computer-assisted instruction in psychomotor skill develop-

ment.

Teaching psychomotor skills with CAI. Even though

there have been no reports in the literature concerning the
use of computer-assisted instruction for teaching psycho-
motor skill development in nursing, there have been a few
such reports in disciplines outside of nursing.

Mockovak (1974) and Dallman (1977) reported on the
development and use of a series of PLATO lessons to teach a

special vehicle maintenance course at Chanute Air Force



30

Base, Illinois. This was an attempt to apply computer-
assisted instruction to a curriculum oriented toward mani-
pulative skills.

A series of studies were designed to compare the
effectiveness of the PLATO lessons to the conventional
lecture-laboratory format and programmed texts. Four-
hundred, twenty-six Air Force personnel participated in the
studies. The findings indicated that the PLATO lessons were
effective and reliable. Further, they had a positive impact
on learner attitudes.

Very few details concerning the design and metho-
dologies of these studies were reported. It was difficult,
therefore, to evaluate the findings. However, the reports
did state that the effectiveness of the PLATO lessons in
teaching manipulative (psychomotor) skills was tested by
paper-and-pencil, multiple-choice examinations; actual
skill performance was not evaluated.

A further attempt to apply computer-assisted in-
struction to teaching psychomotor skills was reported by
Mockovak (1974) and Steinkerchner and Deignan (1977). They
discussed the development of a PLATO-based curriculum to
train military physician assistants at Shephard Air Force
Base, Texas. Much of the content in that curriculum con-
cerned psychomotor skill development. The reports of this
new curriculum concerned the developmental phase only; no

discussion was presented on evaluation of the effectiveness
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of the PLATO lessons for teaching psychomotor skills.

An earlier report by Yens (1969) described the
initial evaluation of a computer-based pure tone audiometer
trainer. Twenty=-four subjects of various audiology back-
grounds participated in this study at Pennsylvania State
University. After using the computer-trainer, all students
were tested on their ability to produce an accurate audio-
gram on an actual client. Sixteen of the twenty-four stu-
dents were able to produce an accurate audiogram.

Unfortunately, the report provided little informa-
tion about the specifics of the computer-trainer, the
nature of the learning activities involved for the stu-
dents, or the length of the exposure to the treatment.
However, it was clear from the report that a performance
test was used to evaluate the effectiveness of the
computer-trainer for teaching an audiometry skill.

Most recently, Buchanan (1981) reported on a PLATO
project used at United Airlines Flight Training Center in
Chicago to train flight crews in the use of the Omega
Navigation System, a computerized in-flight guidance sys-
tem. This particular project is different from the others
previously cited in that this project used traditional
teaching methodologies to present training to the learners.
The PLATO program simulated the in-flight check that would
previously have been required on the airplane. The PLATO

graphic simulations presented situations that required the
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pilot and crew to recognize a situation and then choose and
execute the correct procedure.

Buchanan reported that considerable savings of
pilot, crew, and instructor time had occurred with the use
of the PLATO program. Furthermore, the project represents
the first time that the Federal Aviation Administration
approved a computer simulation in lieu of an airplane
in-flight check. Again, very few details of the project
were provided in the report.

In summary, the literature provides only a few
reports of the use of computer-assisted instruction to
teach psychomotor skills. Moreover, the majority of these
reports have been descriptive in nature; little evaluative

research has been reported.

Advantages for the Use of CAI in Nursing Education

In addition to the often voiced general advantages
for using computer-assisted instruction in education in the
broad sense, there are a number of very specific advantages
for the use of computer-assisted instruction in nursing
education (Kuramato, 1978; Meadows, 1977; Olivieri, 1979;
Reed, 1972; Silva, 1973). Following are listed some of
these special advantages:

(a) Allows students equal learning opportunities.
Many clinical experiences are not consistently available to

all students due to scheduling problems, variations in
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patient populations, and delicate and sometimes transient
contractural agreements with clinical facilities.

(b) Allows students to learn using experiences
which are not ordinarily available. For example, a student
would be able to practice his or her therapeutic communi-
cation techniques with a computer programmed to respond as
if it were a suicidal patient.

(c) Allows students repeated practice prior to
trying techniques on actual patients. This is currently not
always possible because of constraints on time, resources,
and faculty availability.

(d) Allows students to make errors in a ''safe'
environment. For example a computer will not become gravely
ill because of a student's erroneous medication dosage
calculation.

(e) Allows students to purposely make errors in
order to validate their own abilities to problem-solve in
remedying a deteriorating patient situation. This, of
course, is ethically prohibited in an actual patient care
situation.

(f) Allows students to experiment with
hypothetical patient care situations and to purposely
manipulate variables to ''see what happens when I . . ."

This sort of experimentation is also ethically prohibited

in actual patient situations.



34

Use of Microcomputers for CAI in Nursing Education

All of the research studies cited so far used
computer-assisted instruction on terminals within time-
sharing computer systems. In fact, only one reference in
the professional literature has been found on the use of
microcomputers in nursing education.

Olivieri and Sweeney (1980) described their use of
four computer simulations on Apple II microcomputers. These
simulations were used to evaluate the entry-level clinical
expertise of nursing students at Boston College. The series
of simulations portrayed a heart attack victim as he pro-
gressed through an emergency room, cardiac care unit,
medical unit, and cardiac rehabilitation program after
discharge from the hospital. The student interacted with
the simulated patient and other members of the health care
team to collect data, make nursing diagnoses, and plan and
implement nursing care. The programs branched in response
to the student's decisions. Therefore, the complexity and
resolution of various patient problem situations developed
dependent upon the clinical decision-making expertise of
each student. This was a project description, not a report

of research findings.

Summary

Even though research on the use of computer-

assisted instruction in nursing education has been limited
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in amount and sometimes of questionable validity, the
results have paralleled those found in research related to
other disciplines. These findings indicate that computer
learners usually achieve the same level of learning as
students using conventional methods, but in significantly
less time. There are many additional advantages in using
computer-assisted instruction in nursing education.

The nursing research that has been reported to
date has investigated the use of computer-assisted in-
struction in cognitive and problem-solving skill develop-
ment; there is no mention in the literature about the use

of computer-assisted instruction in teaching psychomotor

skills in nursing. However, a few studies and projects have

been reported concerning the use of computer-assisted
instruction in teaching psychomotor skills in other disci-
plines. Finally, to date, all of the nursing research re-
ported has been conducted on large time-share computer
systems. Only one project reporting the use of micro-

computers in nursing education has been found.
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Summary

The calculation and regulation of intravenous flow
rates is viewed by both nursing educators and nursing prac-
titioners as a basic skill that is essential for inclusion
in nursing education curricula. However, the problem is
that this skill, although essential, is one of but many
skills and much knowledge deemed essential. There exists a
pressing need in nursing education to develop effective and
efficient instructional strategies so that students can
learn the essential components of professional nursing
practice in the limited time available in the educational
programs.

As with other disciplines, the research that has
been conducted in nursing education regarding the use of
computer-assisted instruction has demonstrated that it is
effective and efficient for teaching cognitive and problem-
solving skills. However, this investigator has been unable
to find results of research concerning the effectiveness or
efficiency of computer-assisted instruction for the teach-
ing of nursing skills that have psychomotor components.
Furthermore, all of the research conducted on computer-
assisted instruction in nursing education has been with
time-sharing computer systems; this investigator has been
able to find only one project report describing the use of
microcomputers for computer-assisted instruction in nursing

education.



CHAPTER I1II

METHODS AND PROCEDURES

This chapter presents a description of the methods
and procedures used in this study. The research design is
described, both in relation to the design over time and the
design over variables. The procedures are discussed within
the framework of the developmental and implementation
phases. Instrumentation and data collection are also de-

scribed, and a summary is provided.

Research Design

The research design used in this study is described

both in relation to time and variables. Each is presented

separately.

Design over Time

This study was a posttest=-only, control group
quasi-experiment. The design was similar to Campbell and
Stanley's (1963) static-group comparison; subjects were
assigned to treatment groups non-randomly, on the basis of

previously existing intact groups. Multiple observations
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and a delayed posttest constituted modifications to the
static-group comparison design of Campbell and Stanley.
Table 3.1 shows the relationships between the assignment of
subjects, the two treatments, and the measurements over
time.

As can be seen from Table 3.1, subjects were as-
signed to treatment groups on the basis of their regular
skills laboratory assignment. Students in the Monday skills
laboratory group were the experimental group and were
exposed to the computer simulation as their treatment.
Students in the Tuesday skills laboratory group were the
control group; they received the conventional skills lab-
oratory simulation as their treatment.

All subjects were posttested on their abilities to
calculate and regulate intravenous flow rates immediately
following the treatment. All subjects were tested again on
this skill ten weeks later. Measurements were also made of
the amount of time all subjects spent practicing the skill
and the number of learning scenarios they worked through
while practicing.

The design of this study posed two possible
threats to internal validity. One of these threats was the
extraneous variable of subject selection. Intact groups
(regular Monday and Tuesday skills laboratory group as-
signments) rather than random assignment of subjects were

used because of concern about the potential for
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cross-contamination. It was felt that if subjects within
groups were assigned to different treatment groups, there
was a strong possibility that subjects would "try out' the
alternate treatment at sometime during the ten weeks of the
study. Contamination of the treatment groups by interaction
between groups was a major concern. Therefore, random
assignment of the intact groups to treatments rather than
random assignment of individual subjects to treatment
groups was used.

By using intact groups rather than random assign-
ment of subjects to experimental and control groups, post-
test differences between groups might be attributed to
characteristics of the groups rather than to the treatment.
It was believed that a student's prior mathematics ability
and prior clinical experiences in caring for patients
receiving intravenous fluid therapy were the variables that
would cause the greatest potential dissimilarity between
treatment groups. Therefore, these variables were treated
as covariates to further equalize the groups.

Another possible threat to internal validity pre-
sent in this design related to history. Specifically, the
number of patients receiving intravenous fluid therapy that
a student cared for during the ten week interim between the
immediate posttest and the delayed posttest was thought to
possibly augment the treatment to affect the student's

performance on the delayed posttest. To control for this
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possible augmentation, the number of intravenous flow rate
calculations and regulations that any student perfomed
clinically while caring for patients during the period
between the immediate posttest and the delayed posttest was
recorded and treated as a covariate.

In addition to the two threats to internal validity
mentioned above, this particular design also presented a
possible threat to external validity due to the potential
influence of the immediate posttest upon the students'
performance on the delayed posttest. In other words, the
immediate posttest may have acted as a pretest for the
delayed posttest. However, with such an extended period of
time (ten weeks) between the two posttests, it was believed
unlikely that there was a significant carry-over effect of

interaction between testing and treatment.

Design over Variables

The dependent variables of this study fall into two
categories, effectiveness and efficiency. The variable
matrices are different for each; therefore, each will be
discussed separately.

Effectiveness Dependent Variables There are two

effectiveness variables: calculation and regulation of
intravenous flow rates. Each is presented in a separate

variable matrix.
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Calculation of intravenous flow rates The

independent variable in the calculation variable matrix
(see Table 3.2) is the treatment (computer simulation
versus skills laboratory simulation). The measure is re-
peated (immediate posttest and delayed posttest). Each cell
in the matrix contains the posttest intravenous calculation

scores of twenty-four students.

Table 3.2.--Intravenous flow rate calculation matrix.

Treatment Measure
Immediate Delayed
Posttest Posttest
Computer S1 S1
Simulation to to
T S Ses L L L L ... .. Sp4_ _ . .
Skills Lab S S
Simulation to 25 to 25
Xy S48 S48

Regulation of intravenous flow rates The

independent variable in the regulation variable matrix (see
Table 3.3) is the treatment (computer simulation versus
skills laboratory simulation). The measure is repeated
(immediate posttest and delayed posttest). Each cell in the
matrix contains the posttest intravenous regulation scores

of twenty-four students.
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Table 3.3.--Intravenous flow rate regulation matrix.

Treatment Measure
Immediate Delayed
Posttest Posttest
Computer Sy S1
Simulation to to
LB . .
Skills Lab S S
Simulation to 25 to 25
X, S48 S48

Efficiency Dependent Variables There are two

efficiency variables: student learning time and number of
learning scenarios. Each is presented in a separate vari-
able matrix.

Student learning time The independent

variable in the student learning time variable matrix (see
Table 3.4) is treatment group (computer simulation versus
skills laboratory simulation). The measure is repeated
(time spent during the initial treatment and cumulative
practice time spent by the end of ten weeks). Each cell in
the matrix contains the number of minutes spent in the
learning activity for the twenty-four students in each

treatment group.
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Table 3.4.--Student learning time matrix.

Treatment Measure
Initial Cumulative

......................... ) S Y S
Computer S1 S1
Simulation to to
R U S04_ ... 526 _ _ .
Skills Lab S S
Simulation to 25 to 25

Xy S48 S48

Number of learning scenarios The indepen-

dent variable in the number of learning scenarios variable
matrix (see Table 3.5) is the treatment (computer simula-
tion versus skills laboratory simulation). The measure is
repeated (number of practice problems completed during the
initial treatment and cumulative number completed by the
end of ten weeks). Each cell in the matrix contains the
number of learning scenarios students in each treatment
group reported at each reporting time (initially and at the

end of the study).
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Table 3.5.-=Number of learning scenarios matrix.

Treatment

Computer
Simulation

Skills Lab
Simulation

Research Hypotheses

Measure
Initial Cumulative
..... %81 282
S S
to 1 to 1
I So4_ _ .
S S
to 25 to 25
S48 S48

The research hypotheses previously listed in Chapter

1 are repeated here for the reader's convenience:

After practicing with either the computer simula-

tion or the laboratory simulation, nursing students were

tested on their abilities to calculate and regulate intra-

venous flow rates. It was hypothesized that:

1) The mean flow rate calculation score for the

computer learners would be greater than that of the lab-

oratory learners on an immediate posttest.

2) The mean flow rate calculation score for the

computer learners would be greater than that of the lab-

oratory learners on a delayed posttest.

3) The mean flow rate regulation score for the

computer learners would be greater than that of the lab-

oratory learners on an immediate posttest.
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4) The mean flow rate regulation score for the
computer learners would be greater than that of the lab-
oratory learners on a delayed posttest.

5) The mean time spent in learning would be less
for the computer learners than for the laboratory learners.

6) The mean number of learning scenarios experi-
enced by computer learners would be greater than that of
the laboratory learners.

Hypotheses 1, 2, 3, and 4 all pertain to the 'ef-
fectiveness' of the computer simulation when compared to
the laboratory simulation. Hypotheses 5 and 6 pertain to
the "efficiency'" of the computer simulation when compared
to the laboratory simulation. The level of significance for

all hypotheses was set at 0.05.

Research Objective

In addition to the research hypotheses, determining
and comparing the cost per student in each of the treatment
groups (computer simulation versus skills laboratory simu-
lation) was an objective of this study. Cost per student
was computed on the basis of amount of faculty time spent
in instructional activities, as well as the costs of

consumable materials.
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Summary

This study was a posttest-only control group
quasi-experiment, similar in design to Campbell and Stan-
ley's static group comparison (1963). The independent
variable was the treatment (computer simulation versus
skills laboratory simulation). The dependent variables were
the effectiveness and efficiency of the treatment. The
effectiveness variable was measured by the abilities of the
students to correctly calculate and accurately regulate
intravenous flow rates on both immediate and delayed (ten
weeks after the treatment) posttests. The efficiency vari-
able was measured by both the amount of time students spent
with the treatment and the number of times students used
the treatment. As an additional research objective, this
study also determined the relative cost per student for

each of the treatments.

Procedures

The procedures used in this study occurred in two
phases: developmental and implemental. Each phase is

discussed separately.

Developmental Phase

The developmental phase of this study consisted of
three activities: (1) developing the computer simulation;

(2) selecting and training the observers; and (3) eliciting
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faculty cooperation. Each activity is described.

Computer Program. In 1979, as part of a course on

the use of computers in education, this investigator first
developed the computer simulation, ''Calculation and Regu-
lation of Intravenous Flow'. The program was written in
BASIC and designed for use on a TRS-80 Model I, Level II
microcomputer with sixteen kilobytes of random access
memory.

The program was designed to assist beginning level
nursing students to correctly calculate and accurately
regulate intravenous flow rates. The program guides the
student through three interrelated calculations and then
culminates in the simulation of the regulation of a flowing
intravenous system.

The program randomly selects the number of hours in
which an intravenous solution of 1000 cc is to infuse into
a hypothetical patient. The student must calculate: a) the
flow per hour, and b) the flow per minute. The program then
randomly selects the ''drop factor' (number of drops per cc)
that the particular intravenous equipment will deliver. The
student must use this information to calculate the number
of drops per minute needed to administer the previously
calculated cc per minute. The program then causes a simu-
lated intravenous bottle, drip chamber, and tubing to be
displayed on the cathode ray tube (i.e. CRT). The program

causes drops to flow through the simulated intravenous drip
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chamber at a randomly selected rate. The student must
regulate the simulated intravenous drop rate to correspond
to the calculated drop rate.

If the student makes an error in any of the calcu-
lations, the program provides a prompt in the form of the
appropriate formula. If the student continues to make an
error in the same calculation, the program provides a
stronger prompt by displaying the entire calculation,
correctly worked through. If the student incorrectly regu-
lates the simulated intravenous flow, the program directs
the student to re-regulate the flow rate.

The program features graphics and real-time anima-
tion. Each hypothetical patient problem requires approxi-
mately seven minutes to complete, although time require-
ments vary according to the skill of the student.

The program was developed with four specific stu-
dent learning objectives in mind. Upon successful comple-
tion of the program, the student will be able to:

1) calculate the hourly intravenous flow rate.

2) calculate the intravenous flow rate per minute.

3) calculate the intravenous drop rate per minute.

4) regulate a simulated intravenous to deliver the

previously calculated number of drops per minute,

within plus or minus three drops.

The Abstract, Instructor's Guide, and Student Guide

for this program are all in Appendix A. Moreover, a listing
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of the program is in Appendix B, and a sample run is in

Appendix C.

Selection and Training of Observers. Three Grand

Valley State College School of Nursing faculty colleagues
of this investigator were asked to serve as observers for
this study; all agreed. The observers were all full-time
faculty who were not involved with the clinical instruction
of or assignment of grades to the students in either acute
pediatric or acute medical-surgical nursing (where there
was the greatest likelihood of caring for patients re-
ceiving intravenous fluid therapy). The observers all had
master's degrees in nursing; in addition, one observer
possessed an earned Ph.D. degree in educational psychology.
The observers represented the clinical specialty areas of
psychiatric-mental health, obstetric, and medical-surgical
nursing.

Two weeks prior to the beginning of the study, the
three observers met with this investigator for a training
session. The observers evaluated and assigned scores to
three mock student solutions to intravenous flow rate
calculation problems. The observers then evaluated and
assigned scores to three flowing intravenous systems which
had previously been regulated by this investigator to
represent intravenous fluid systems that were flowing too
fast, too slow, and accurate when compared to the pre-

scribed rate.
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There was 100% agreement between observers on the
evaluation and scoring of the calculations. Further, the
observers were within plus or minus one drop of each other
in evaluating the rates of the three flowing intravenous
systems. When comparing the actual flow rates to the pre-
scribed rates and then assigning scores based upon written
criteria, the observers were again in 1007 agreement. The
interrater reliability was, therefore, very high.

A simulation of the posttesting procedure was also
conducted during the training session. The observers made
several suggestions as to how the posttesting setting could
be improved. Because of changes in the setting that occur-
red due to the observers' suggestions, an additional brief
training session was conducted one week prior to the be-
ginning of the study. Thus, two training sessions for the
observers were conducted during the developmental phase,
one to establish interrater reliability and the other to
simulate the actual posttesting procedure.

In addition to the three observers, another full-
time Grand Valley State College nurse faculty member was
recruited to serve as proctor. The proctor's duties were
primarily to assist the students in progressing through the
posttesting situations. The proctor attended both observer
training sessions.

Written instructions were given to both the proctor

and the observers during the training sessions. These
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instructions are in Appendix D.

Faculty Cooperation. Three months prior to the

beginning of the study, during a regularly scheduled total
faculty meeting, this investigator described and discussed
the study with the School of Nursing faculty. After the
discussion, faculty stated their support of and intent to
cooperate with the study. This investigator left a written
abstract and copies of the data collection instruments on
file in the School of Nursing Office.

Additionally, one month prior to the study, this
investigator met with the faculty team responsible for
teaching the students who would be the subjects of the
study. At this meeting, the study was again briefly de-
scribed and various data collection instruments were dis-
cussed. Again, faculty stated their support of and intended
cooperation with the research.

During the course of the study, this investigator
met twice more with the faculty team to answer questions
and to further describe various data collection strategies.
At the request of this investigator, the coordinator of the
faculty team also periodically relayed messages and remin-
ders about various aspects of the study to the rest of the
teaching team.

Summary. The developmental phase of this study
began in 1979, with the initial writing of the computer

simulation, '"Calculation and Regulation of Intravenous
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Flow'". After this study was planned and approved, expert
observers and a proctor were selected and trained for the
evaluation of student performance on posttests. Faculty
support of and cooperation with the study were actively
solicited through a series of discussions during meetings
of total faculty and the teaching team. These discussions
occurred both prior to and throughout the course of the

study.

Implementation Phase

The implementation phase of this study is described
within the framework of descriptions of the subjects and
the treatments.

Subjects. The subjects in this study were forty-
eight junior level generic students in the baccalaureate
nurs ing program at Grand Valley State Colleges, a federa-
tion of small cluster colleges with a total student en-
rollment of 5000, located in a suburban-rural area near
Grand Rapids, Michigan. The students were all enrolled in
Nursing II, the second course in a four course upper divi-
sion nursing major. Nursing II is a fourteen week course
which emphasizes the care of acutely ill patients of all
ages. Students have clinical experiences caring for pa-
tients and their families in two out of three possible
acute care clinical rotations: pediatric, adult medical-

surgical, or psychiatric care. The remaining clinical
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rotation is experienced during the first half of the fol-
lowing course, Nursing III. Theoretical content includes
the impact of acute illness and hospitalization upon man
and his family throughout the life span; also focused upon
are nursing concepts such as the nursing process, communi-
cation theory, teaching-learning process, and legal-ethical
issues.

At the conclusion of a Nursing I lecture on nursing
research during Fall Semester, 1980, this investigator
spoke with students about this study. At that time, this
investigator: a) described the research project; b) veri-
fied that participation was voluntary and the findings of
the study would not affect student grades; c) asked for
volunteers to participate; and d) had students who did
volunteer sign the Student Consent Form (see Appendix E).
All but one student volunteered to participate in the
study.

Subjects were assigned to treatment groups on the
basis of their regular skills laboratory day assignment.
This investigator selected from a container one of two
slips of paper on which either Monday or Tuesday was writ-
ten. On the basis of this procedure, the Monday skills
laboratory group was assigned to the experimental (compu-
ter) group, and the Tuesday skills laboratory group was
assigned to the control (skills laboratory) treatment

group. Twenty-four students were thereby assigned to the
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experimental group, and twenty-six were assigned to the
control group (two students in the control group were later
eliminated from the study because of incomplete data).

Treatment. During the first portion of each of the

two regularly scheduled skills laboratory sessions on
calculating and regulating intravenous flow rates, students
chose identification code numbers by drawing slips of paper
from a container. Students were thereafter identified only
by their code numbers. Each student then completed and
submitted a Student Data Form (see Appendix F) which re-
quested various demographic data. A written description of
the procedures to be followed during the study was distri-
buted to each student (see Appendix G). Information on this
handout was discussed by this investigator. Particularly,
students were cautioned to stay in their assigned treatment
group until after the completion of the study.

Students were then asked to complete a Student
Practice Report (see Appendix H) whenever they practiced
the calculation and/or regulation of intravenous flow
rates. Students were instructed to record both the time
they spent and the number of learning scenarios they com-
pleted on each occasion they used either treatment. Reports
were to be submitted to this investigator immediately after
any session with either treatment. The importance of ac-

curate record-keeping for this study was stressed.
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This investigator then provided instruction to the
students on how to correctly calculate intravenous flow
rates. The calculation method presented was one of two
methods described in the last chapter of a 123 page pro-
grammed instruction text on mathematics for medication
dosage calculations (Weaver, M.E., and Koehler, V.J.

Programmed mathematics of drugs and solutions. New York:

J.B. Lippincott Company, 1979). This text had been assigned
as required reading for the students three weeks prior to
the beginning of this study. The three interrelated and
sequential mathematical formulas which constitute the
method for calculating volume per hour, volume per minute,
and drops per minute were presented. Moreover, sources of
essential patient and equipment data were also discussed.
Using a blackboard, this investigator worked through a
sample hypothetical patient intravenous flow rate calcula-
tion problem. Using actual equipment, this investigator
then demonstrated the procedure for accurately regulating
intravenous systems so that they deliver fluid at the
prescribed rate. Questions were answered about the per-
formance of the skill or the procedures to be followed in
the study. From this point on, the experimental and control
groups were treated differently.

Experimental Group. The twenty=-four stu-

dents in the experimental (computer) group were divided, on

the basis of their identification code numbers, into two
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smaller groups of twelve students each. While one group of
twelve students participated in this study for one hour,
the other twelve students remained in the skills laboratory
and observed a nurse faculty member demonstrate various
techniques for sterile dressing changes and wound irriga-
tions. At the end of one hour, the groups changed, so that
the students who had been observing the skills laboratory
demonstration now participated in the study and the stu-
dents who participated first in the study now observed the
demonstration.

When a group of twelve students participated in the
study, they walked across campus to the Microcomputer
Laboratory, a large classroom in which there were approxi-
mately twenty microcomputers, twelve of which were TRS-80
Model I microcomputers. After the students were seated in
front of the TRS-80's, they were instructed on how to 'run"
the program, which had previously been loaded into the
microcomputers.

As each student began to run the program, he or she
noted the time on a Student Practice Report. The program
presented the student with a randomly generated hypothet-
ical patient intravenous flow rate calculation problem.
Using the patient and equipment data suplied by the pro-
gram, the student worked through the problem. Appropriate

feedback and additional instruction were provided through-

out by the program, in response to the student's answers to
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the various segments of the problem.

After the student worked through all three parts of
the calculation, he or she was advised to place a watch
against the CRT. When the student indicated readiness, a
graphical representation of an intravenous system (bottle,
drip chamber, tubing) appeared on the CRT. The student saw
drops flowing from the bottle through the drip chamber and
into the tubing. The student timed the rate of flow by
placing his or her watch next to the drip chamber on the
CRT and counting the number of drops falling in one minute.
The student then adjusted the flow rate by pressing certain
keys on the keyboard so that the flow rate increased (by
pressing the '"F'" key) or decreased (by pressing the 'S"
key) .

The student continued to time and adjust the drop
rate until he or she determined that the rate corresponded
to the rate previously calculated. At that time, the stu-
dent pressed the ''C" key on the keyboard, signaling the
computer to check the accuracy of the student's regulation.
The computer compared the adjusted flow rate with the
calculated flow rate and provided feedback to the student
as to his or her accuracy of regulation. If the student
regulated the intravenous flow rate to within three drops
of the calculated rate, positive reinforcement was given.
If the student was not within three drops of the calculated

rate, negative reinforcement was given. The student was
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then directed to readjust the intravenous flow and check
the accuracy again. The student continued in the program
until the rate was accurately regulated. At this point, one
learning scenario was completed; the student recorded the
time, along with noting the completion of one learning
scenario on his or her Student Practice Report.

When the student accurately regulated the intra-
venous flow rate, the computer program asked if he or she
wished to work through another problem. If so, another
patient problem was randomly generated and presented to the
student. On the other hand, if the student did not wish
another problem, the program ended. A sample 'run'" of the
program is in Appendix C.

The student could go through the program with new
randomly generated patient problems as many times as he or
she wished, within the time constraints of thirty minutes.
The student proceeded to the posttesting area when he or
she felt ''comfortable'" with the skill or when the thirty
minutes had passed, whichever occurred first.

Control Group. On the following day, after

the same initial instruction and data collection, the
twenty-six students in the control group were divided, on
the basis of identification code numbers, into two smaller
groups of thirteen students each. While one group of thir-
teen students participated in the study, the other thirteen

students observed a nurse faculty member demonstrate
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various techniques for sterile dressing changes and wound
irrigations; the same faculty member performed the same
demonstration for both the experimental and control groups.
The groups of thirteen students exchanged at the end of one
hour.

When a group of thirteen students participated in
the study, they remained in the skills laboratory. Groups
of three to four students were directed to one of four
areas in the skills laboratory where flowing intravenous
systems (fluid filled intravenous bottles, drip chambers,
and tubing) had been previously set up. Also in each of the
four areas was a set of twelve hypothetical patient intra-
venous flow calculation problems. Each of the problems was
typed on an index card, and the solutions to the three
segments of the problem were provided on the back of the
card (see Appendix I for a sample). Each of the four in-
travenous areas in the skills laboratory contained the same
set of problem cards, and the twelve problems contained in
each set were the same as those randomly generated by the
computer program.

Each student was directed to select one of these
hypothetical patient intravenous flow calculation problems.
After selection of the problem, the student was instructed
to note the time on his or her Student Practice Report.
Using the patient and equipment data supplied on the pro-

blem card, each student worked through his or her selected
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problem. Students were encouraged to check each segment of
their calculations by comparing their answers with the
solutions on the reverse side of the problem cards. Mean-
while, this investigator circulated among the four small
groups of students, answering questions and providing
feedback either spontaneously or in direct response to
student requests.

When a student completed the calculation, he or she
moved to an intravenous system; this investigator had
previously set each intravenous system so that the fluid
was flowing at a random rate through the drip chamber and
tubing. The student timed the rate of flow by placing his
or her watch next to the drip chamber and counting the
number of drops falling in one minute. The student then
adjusted the flow rate by manipulating a thumb screw on the
tubing so that the flow rate increased or decreased. The
student continued to time and adjust the drip rate until
the rate corresponded to that previously calculated. The
student was encouraged to have this investigator check the
accuracy of the regulation and provide feedback. When the
student's regulated flow rate corresponded to the calcula-
ted flow rate, one learning scenario was completed. The
student noted the time and recorded the completion of one
scenario on his or her Student Practice Report.

The student could then select another patient

problem and proceed through the practice exercise. The
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sequence could be repeated as many times as he or she
wished, within the time constraints of the thirty minute
session. The student proceeded to the testing area when he
or she felt ''comfortable'" with the skill or when the thirty
minutes had passed, whichever occurred first.

With the exception of the student record-keeping
activities required for the study, this skills laboratory
simulation was conducted in the 'usual' manner. This par-
ticular skills laboratory simulation has been one of this
investigator's regular teaching responsibilities for the
past five years; attempts were made to make certain that
the skills laboratory simulation used in this study was an
accurate representation of the conventional instructional
methodology.

Posttesting. The testing area was on

another floor of the building in which the skills labora-
tory was located. As students entered the testing area, the
proctor gave each student a Posttest Evaluation Form (see
Appendix J); this form presented the student with a hypo-
thetical patient intravenous flow rate calculation problem.
The proctor had a large supply of twelve different patient
intravenous problems; these were the same problems that the
students used for practice, both with the computer simula-
tion and the skills laboratory simulation. The proctor
directed each student to sit at a work table and calculate

the intravenous flow rate in drops per minute, without the



63

aid of calculators, notes, texts, faculty, or peers.

When the student completed the calculation, he or
she randomly selected his or her intravenous regulation
testing station assignment by drawing a slip of paper from
a container held by the proctor. On the slip of paper was
written either '"Testing Station #1", '"Testing Station {#2",
or '"Testing Station #3'". After selecting his or her testing
station assignment, the student replaced the slip of paper
in the container so that the next student would have an
equal chance of selecting any of the three. When there was
an opening at the selected testing station, the proctor
directed the student to proceed to it and begin the intra-
venous regulation portion of the posttest.

The three intravenous regulation testing stations
were located in separate offices. These offices were
connected via a hallway to the workroom used as the calcu-
lation testing area. Each intravenous regulation testing
station contained two intravenous systems with fluid flow-
ing at random rates. A room divider separated the two
intravenous systems from each other. An observer remained
in each of the three intravenous regulation testing
stations.

As the student entered the assigned intravenous
regulation testing station, the observer directed him or
her to time and adjust one of the flowing intravenous

systems so that the actual flow rate matched the rate that



64

he or she had just calculated. When the student believed
that the intravenous system was delivering the calculated
rate, he or she indicated readiness to the observer. The
observer collected the Posttest Evaluation Form from the
student and then timed the intravenous flow rate herself
for one minute. The observer recorded this observation in
the space provided on the student's Posttest Evaluation
Form; the observer also placed her initials on the form. At
this point, the student left the testing area.

At the conclusion of each day's posttesting proce-
dure, each observer scored each student's calculations. The
observers used a scoring key (see Appendix K) in determin-
ing the correctness of each student's calculation. A score
of zero, one, two, or three was assigned to the student's
calculation, depending upon the correctness of the three
interrelated problem segments. The observers referred to

the Scoring of Calculations section of the ''Observer Scor-

ing Guide'" (see Appendix L) for criteria for the assignment
of points to the student's calculation.

Each observer then compared the student's calcula-
ted drop rate with the observer's own determination of the
actual drop rate (the flow rate that the student regulated
the intravenous system to deliver). A score of zero, one,
two, or three was assigned as the student's regulation
score. This score was dependent upon how accurately the

student was able to regulate the flowing intravenous system
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to actually deliver the calculated flow rate. The observers

referred to the Scoring of Regulation section of the 'Ob-

server Scoring Guide' (see Appendix L) for criteria for the
assignment of points to the student's intravenous flow rate
regulation.

Each observer scored each student's calculation and
regulation. Therefore, each student's calculation and
regulation was scored three times by three different ob-
servers.

Ten weeks later the students returned to the test-
ing area for a delayed posttest. One week prior to the
delayed posttest, this investigator sent each student a
letter reminding them of the posttest date (see Appendix
M); additionally, an announcement was made to the students
in class. The format for the delayed posttest was the same
as for the immediate posttest.

The observers and proctor all participated in
another brief training session one week prior to the de-
layed posttest. At the conclusion of the delayed posttest,
students were asked to complete and submit a Follow-up
Questionnaire (see Appendix N); this questionnaire was
designed to provide feedback to the investigator about the
students' perceptions concerning the computer or skills
laboratory simulations.

Interim Period. During the ten weeks

between the immediate and delayed posttests, students could
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continue to practice their skill in calculating and regu-
lating intravenous flow rates by using either the computer
simulation or the skills laboratory simulation, according
to which treatment group they were assigned. Students were
instructed to complete and submit to this investigator a
Student Practice Report each time they practiced with
either the skills laboratory or computer simulation; sup-
plies of Student Practice Reports were kept both in the
skills laboratory and in the ''computer room" in the School
of Nursing.

Students in the experimental (computer) group were
directed to practice using the TRS-80 Model I microcomputer
located in the '"computer room" in the School of Nursing.
The computer program on calculating and regulating intra-
venous flow rates was left beside this computer; in addi-
tion, a photographic display on how to load and run the
program was also adjacent to the computer. All students in
the experimental (computer) group had, in the previous
nursing course, experienced loading and running programs on
a TRS-80 microcomputer. Students in the control (skills
laboratory) group were directed to practice in the skills
laboratory, where an intravenous system remained set up;
also, a set of twelve hypothetical patient intravenous flow
rate problem cards was kept adjacent to the intravenous

system.
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Finally, all pediatric and adult medical-surgical
clinical faculty recorded the number and nature of each
student's experiences caring for patients receiving intra-
venous fluid therapy. These data were recorded on the
Clinical IV Experiences Record (see Appendix 0) and sub-
mitted to this investigator at the end of the ten weeks.

Also, faculty were asked to note the time they
spent with instructional activities related to helping
students learn to calculate and regulate intravenous flow
rates. Each faculty member was asked to record this infor-
mation on a Faculty Time Form (see Appendix P) and to
submit the form to this investigator at the end of the ten
weeks.

Summary. During the implementation phase of this
study, forty-eight Nursing II students at Grand Valley
State Colleges were assigned to either the experimental or
control group, based upon their regular skills laboratory
assignment day. Both groups received instruction in how to
calculate and regulate intravenous flow rates. The experi-
mental group used a computer simulation to practice the
skill; the control group used the conventional skills
laboratory simulation for practice. After a maximum of
thirty minutes of practice, students were posttested on
their abilities to correctly calculate and accurately
regulate flow rates on actual intravenous systems. Ten

weeks later the students were again posttested for the same



68

abilities.

During the ten week interim between the immediate
and delayed posttests, data were collected on the amount of
time students spent in practicing the skill, the number of
learning scenarios completed, the amount and nature of the
students' care for actual patients receiving intravenous
fluid therapy, and the faculty time spent in instructional
activities related to teaching students how to calculate

and regulate intravenous flow rates.

Instrumentation and Data Collection

To answer the research question of ''the effective-
ness of computer simulation when compared to skills lab-
oratory simulation', data were gathered at both the imme-
diate and delayed posttests; the Posttest Evaluation Forms
are contained in Appendix J. The face validity for these
instruments was determined by a panel of experts (three
nurse faculty, each of whom were clinical specialists in
acute care nursing). Each expert rated each instrument. All
three experts agreed that the hypothetical patient intra-
venous flow rate problems presented on the Posttest Evalu-
ation Forms accurately reflected potential clinical situa-
tions and were of the same degree of difficulty.

The criteria used for assigning scores according to
the accuracy of students' calculations and intravenous

system regulations were also judged to be valid by this
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same panel of experts. The criteria were derived from the
criteria previously used by the faculty teaching team when
evaluating student performance during skills laboratory
final examinations.

Student self-reports on amount of time spent in
practicing the skill and the number of learning scenarios
completed were recorded on Student Practice Reports (Ap-
pendix H) and then submitted to this investigator. Fur-
thermore, data concerning the amount of faculty time spent
in instructional activities related to the intravenous
learning experiences were gathered through self-reports on
the Faculty Time Form (see Appendix P). Records of purchase
orders were used to determine the costs of consummable
equipment and supplies for instruction related to the
calculation and regulation of intravenous flow rates.

Data on the potentially confounding variable of the
amount of clinical experience students had caring for
patients receiving intravenous fluid therapy during the
study were collected on the Clinical IV Experiences Record
(see Appendix 0). All five of the pediatric and adult
medical-surgical nursing faculty were trained in the use of
this form and urged to consistently record the data. The
completed forms were submitted to this investigator at the
end of the ten weeks.

Additionally, at the beginning of the study, mini-

mum demographic data were collected from the students on
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the Student Data Form (Appendix F). The information col-
lected included such items as age, sex, previous contact
with computer-assisted instruction, previous experience
caring for patients receiving intravenous fluid therapy,
and grade point average. Further, data concerning students'
scores on a mathematics for medication dosage calculation
examination administered one week prior to the beginning of
the study were gathered from student records. These data
were later analyzed to determine their relationships to the
dependent variables. The dosage calculation exam scores and
previous intravenous clinical experiences were then treated
as covariates to further equalize the treatment groups.

The data gathered through the Follow-up Question-
naire (Appendix N) were used by this investigator to re-
ceive feedback from the students as to their perceptions of
the treatment and its helpfulness.

Also collected were student scores on a series of
examinations on the content of the previously assigned
medication dosage calculation programmed instruction text.
Each student was required to achieve 1007 mastery on one of
these exams before he or she was allowed to clinically
administer medications to patients. Only three students
achieved mastery on the first examination (administered one
week prior to the start of this study). With the exception
of these three students, all other students were required

to take additional exams until they demonstrated mastery
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(100%) . All but ten students achieved mastery on the second
exam. Seven of those ten students achieved mastery on the
third exam. The three remaining students achieved mastery
on the fourth exam.

After the first exam, subsequent exams were taken
outside of scheduled class time; the School of Nursing
secretary administered the exams at the students' conven-
ience. The second exam was the only one in the series that
contained an intravenous flow rate calculation problem. The
entire series of exams is in Appendix Q.

A Post-Study Questionnaire (see Appendix R) was
administered to the students one week after the delayed
posttest. This questionnaire asked the student: (1)
whether he or she had taken the second programmed instruc-
tion math exam (the one with the intravenous flow rate
calculation problem) before or after first participating in
this study; (2) if he or she had specifically studied in
preparation for the delayed posttest and, if so, what
learning resources he or she used to study; (3) to rank the
perceived helpfulness of the programmed instruction text,
the clinical instructor(s) and whichever treatment (compu-
ter simulation or skills laboratory simulation) they ex-
perienced; and (4) which of the two methods for calculating
intravenous flow rates he or she preferred to use when

working with actual patients.
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Finally, the five acute care clinical nurse faculty
involved in the study were surveyed by this investigator
either by phone or in person to determine if any of them
expressed to students their preference for either of the
two methods for calculating intravenous flow rates.

Summary. A number of instruments were developed
for and used in this study. Posttest evaluation instruments
were developed and judged to possess face validity for
attempting to answer the research question concerning ''the
effectiveness of computer simulation when compared to
skills laboratory simulation'. Instruments for recording
student and faculty self-reports were also developed to
assist in answering the research question about ''the effi-
ciency of computer simulation when compared to skills
laboratory simulation'. Moreover, instruments were devel-
oped for collecting data about the potentially confounding
variable of prior mathematics ability and prior and con-
current experiences caring for patients receiving intra-
venous fluid therapy. Finally, data were collected from a
variety of sources to assist in analyzing the impact of a
previously assigned programmed instruction text and a prior
and concurrent series of medication dosage calculation
examinations on the students' abilities to calculate

intravenous flow rates.
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Summary

Forty-eight junior-level baccalaureate nursing
students participated in this posttest-only control group
quasi-experimental study during Winter Semester, 1981. The
research design was similar to Stanley and Campbell's
(1963) static group comparison, modified to include multi-
ple observations and a delayed posttest.

Students were assigned to one of two treatment
groups on the basis of their regular skills laboratory as-
signed day. Students in the Monday skills laboratory were
placed in the experimental (computer simulation) group,
while students in the Tuesday skills laboratory were placed
in the control (skills laboratory simulation) group. Three
weeks prior to the beginning of the study, all students
were assigned to work through a programmed instruction text
on mathematics for medication dosage calculation; the final
chapter of this text presented two methods for calculating
intravenous flow rates.

Using one of these methods, this investigator
provided further instruction to both groups on how to
calculate and regulate intravenous flow rates. Students in
the experimental group practiced the skill for a maximum of
thirty minutes using a computer simulation on TRS-80 Model
I, Level 11 microcomputers. Students in the control group
practiced the skill for a maximum of thirty minutes using a

skills laboratory simulation. Both treatments reinforced
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the same intravenous flow rate calculation method that had
earlier been presented to the students by this investiga-
tor. All students were posttested immediately after the
thirty minute treatment and again ten weeks later.

The independent variable was the treatment (compu-
ter simulation versus skills laboratory simulation). The
dependent variables fell into two categories: effectiveness
and efficiency.

Effectiveness of the treatment was determined by
measuring the students' correctness of calculation and
accuracy of regulation of intravenous flow rates. Prior
mathematics ability and prior and concurrent clinical
experiences with patients receiving intravenous fluid
therapy were used as covariates to further equalize dif-
ferences between groups. Efficiency of the treatment was
determined by the amount of time students spent in learning
the skill and the number of learning scenarios they worked
through by the conclusion of the delayed posttest, ten
weeks after the treatment with either simulation.

The research hypotheses stated that:

1) The mean flow rate calculation score for the
computer learners would be greater than that of the lab-
oratory learners on an immediate posttest.

2) The mean flow rate calculation score for the
computer learners would be greater than that of the lab-

oratory learners on a delayed posttest.
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3) The mean flow rate regulation score for the
computer learners would be greater than that of the lab-
oratory learners on an immediate posttest.

4) The mean flow rate regulation score for the
computer learners would be greater than that of the lab-
oratory learners on a delayed posttest.

5) The mean time spent in learning would be less
for the computer learners than for the laboratory learners.

6) The mean number of learning scenarios experi-
enced by the computer learners would be greater than that
of the laboratory learners.

Data were also collected to in order to achieve the
research objective of determining the cost per student for

the two treatments.



CHAPTER IV

FINDINGS AND DISCUSSION

This chapter presents a statistical analysis of the
data and discussion of the results. The chapter is
organized into two major parts; the first part reports the
findings of the study, while the second part discusses

these findings.

Findings

The findings are organized into five major
areas: (1) description of the subjects; (2) effectiveness
of the treatment; (3) efficiency of the treatment; (4)

cost; and (5) findings of special interest.

Description of Subjects

The characteristics of the forty-eight students who
participated in this study are summarized in Table 4.1. As
is evident from the table, students in the experimental and
control groups were very similar to each other. The two
groups differed substantially from one another on only one
characteristic, prior experience caring for patients

receiving intravenous fluid therapy.
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Eight computer learners reported previous
experience caring for patients receiving intravenous fluid
therapy; only one laboratory learner reported such previous
clinical intravenous experience. This is a significant
difference between the groups (chi square = 4.92;
significant at the 0.05 level). In an attempt to equalize
the differences between the groups, this variable was used
as a covariate in the analysis of the immediate posttest
intravenous regulation scores.

Table 4.1 also presents important findings related
to other subject characteristics which were used as co-
variates during data analysis. Specifically, the findings
related to numbers of clinical intravenous calculations and
regulations performed during the duration of the study and
the medication dosage examination scores are of particular
interest in this study.

The mean number of calculations of intravenous flow
rates performed clinically throughout the study was 3.25
for the computer learners and 3.38 for the laboratory
learners. This variable was used as a covariate in the
analysis of delayed posttest calculation scores.

Further, the mean number of regulations of intra-
venous flow rates performed clinically throughout the study
was 3.29 for the computer learners and 3.46 for the lab-
oratory learners. This variable was used as a covariate in

the analysis of delayed posttest regulation scores.
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Table 4.1.--Comparison of treatment groups by various
characteristics.

Characteristic Treatment Group

Computer Laboratory

Learners Learners
Age (years) 21.9 + 2.4 21.0 + 1.3
Sex 22 Female 24 Female

2 Male
Grade Point 3.270 3.185
Average + 0.412 + 0.387
Previous Computer 16 Minimum 19 Minimum
Experience 8 More 3 More
2 None

Previous IV 8 Yes 1 Yes
Experience 16 No 23 No
Potential Weeks 6.34 6.21
of IV Clinical + 2.16 + 1.91
Experience
Number of IV 2.13 2.38
Patients + 1.42 + 1.86
Cared For
Number of IV 3.25 3.38
Calculations + 2.25 + 2.35
Number of IV 3.29 3.46
Regulations + 7.06 + 5.26
Medication 83.21 81.25
Dosage Exam 1 + 10.61 + 13.30
Score
Medication 13 Before Trtmt. 11 Before Trtmt.
Dosage Exam 2 11 After Trtmt. 13 After Trtmt.

Sequence
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The mean score on the medication dosage calculation
examination adiministered one week prior to the beginning
of the study was 83.20 for the computer learners and 81.25
for the laboratory learners. This variable was used as a
covariate in the analysis of immediate posttest calculation
scores.

Summary. The computer learners and the lab-
oratory learners differed significantly from one another in
only one variable measured, the reported amount of previous
experience in caring for patients receiving intravenous
fluid therapy. The computer learners had significantly more
(at the 0.05 level) previous clinical intravenous experi-
ences then did the laboratory learners. This variable was
used as a covariate in the analysis of the immediate post-
test regulation scores.

The first medication dosage calculation examination
scores were used as a covariate in the analysis of immedi-
ate posttest calculation scores. Further, the number of
intravenous calculations and regulations preformed clin-
ically during the ten weeks of the study were used, re-
spectively, as covariates in the analysis of delayed post-

test calculation and regulation scores.

Effectiveness of Treatment

Treatment effectiveness in this study is composed of

two dependent variables: the calculation of intravenous



80

flow rate and the regulation of intravenous flow rate. Each
variable was measured twice, at the conclusion of the
treatment (the immediate posttest) and ten weeks later (the
delayed posttest). The findings related to these two vari-
ables are presented separately.

Calculation of Intravenous Flow Rate.

Hypothesis 1: The mean flow rate

calculation score for the computer learners

would be greater than that of the labor-

atory learners on an immediate posttest.

Analysis of covariance was used to analyze the
student calculation scores on the immediate posttest. The
student scores on the medication dosage calculation exam-
ination given one week prior to the treatment were used as
the covariate. As can be seen from Table 4.2, there was no
significant difference in the immediate posttest calcula-
tion scores between the computer learners and the labora-
tory learners. Therefore, Hypothesis 1 was rejected. The
null hypothesis of no difference between the groups was
accepted.

Hypothesis 2: The mean flow rate

calculation score for the computer learners

would be greater than that of the labor-

atory learners on a delayed posttest.

Analysis of covariance was again used to analyze
the student calculation scores on the delayed posttest. The
covariate used in this analysis, however, was the number of

intravenous flow rate calculations that students performed

clinically (while caring for patients) during the ten week
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Table 4.2.--ANCOVA for immediate posttest calculation

score*,
Treatment Mean Standard F Significance
Group Calculation Deviation of F

Score

Computer 2.792 0.588
Learners
------------------------------------- 0.420 0.52
Laboratory 2.625 0.875
Learners

Table 4.3.--ANCOVA for entire calculation score* on
delayed posttest.

Treatment Mean Standard F Significance
Group Calculation Deviation of F

Score
Computer 1.292 0.908
Learners *k
------------------------------------- 6.986 0.011
Laboratory 2.0 1.18
Learners

* Possible range of scores: 0 to 3.
** Significant at 0.05 level.

interim between the immediate and the delayed posttests. As
shown in Table 4.3, there was a significant difference in
the delayed posttest calculation scores between the compu-
ter learners and the laboratory learners. Therefore, on the
basis of this analysis, the null hypothesis of no differ-

ence would have to be rejected. The laboratory learners
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scored significantly higher on the calculation segment of
the delayed posttest than did the computer learners. This
finding was opposite to the direction of the research
hypothesis, however.

Upon examining the raw data, it was apparent that
on the delayed posttest some students used a calculation
method different from the one reinforced in either the
laboratory or the computer simulation. In fact, fifteen of
the twenty-four computer learners and four of the twenty-
four laboratory learners used this alternative calculation
method during the delayed posttest. Significantly more
computer learners used the alternative method (chi square =
8.71; significant at the 0.05 level).

The data were reanalyzed for the correctness of the
last part of the calculation segment of the delayed post-
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