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ABSTRACT 

Nursing theorist, Patricia Benner, includes exploratory learning as a component of skill 

acquisition for nurses. Research has found that, although exploratory learning has been 

thought to be beneficial, there are constraints that influence learning (Bruner, 1966, 

Reiber and Parmley, 1995, Tuovinen and Sweller, 1998.) Effken's (1997) research 

examined the use of computer simulations to teach students the fundamental principles of 

hemodynamics. Eftken and Kadar (1999, under review) have begun to examine more 

closely students' learning processes, as they learn to use the simulation. In the current 

study, secondary data analysis examined the effects of practice constraints on learning 

outcomes of 18 nursing students during the initial orientation to the computer simulation. 

The process of exploration during practice as well as its influence on performance and 

know ledge depth was studied. Pearson Product Moment correlations and t -tests were 

used to statistically verify significance. The results suggest that the structure of the 

practice influences performance outcomes. Goal oriented exploratory practice was more 

accurate and perceived to be easier. Background knowledge is beneficial in creating a 

foundation for conceptual understanding of the simulation. Constraints on the orientation 

of nurses to computer simulations are an important consideration for developing effective 

and efficient outcomes. 
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Chapter I 

Introduction 
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Computers have become part of our everyday world. They are present in grocery 

stores, malls and banks. They are certainly not unusual in American homes. Healthcare 

relies on them for administrative, financial and patient care functions. As the largest 

group of professionals in healthcare, nurses are required to use computers with greater 

frequency than ever. 

Nursing education has also felt the impact of computers. Hannah ( 1999) 

identifies three "waves," or eras, of education. The first wave preceded the written word 

and was largely a one-to one apprenticeship or tutorial model. The second wave began 

with Gutenberg's press, which changed education to a centralized process. Colleges and 

universities became the cornerstones of knowledge. Computer-based multimedia may be 

the third wave. In nursing, that wave began in 1966 with the use of computer assisted 

instruction (CAl) for teaching nursing courses (Bitzer and Bitzer, 1973). The use of 

simulated patient problems began a few years later (Harless et al, 1971). 

Many factors are driving the increased use of technology in nursing education. 

First, the knowledge explosion demands that educators provide students with new 

strategies and tools to acquire and manage information throughout their lives. Second, 

we are beginning to recognize that students have diverse learning styles that may be 

better served by computer-assisted education that can be tailored to their needs. Third, 

changes in health care have made it more difficult for faculty to ensure that students have 

all the clinical opportunities they need. Computer-based experiences can supplement 



training obtained in the clinical area and assure that all students have a common 

knowledge basis, although simulated. (Hannah, 1999). 

Computer-based instruction has many advantages. Initially used largely for drill 

and practice (e.g., calculation of drug dosages), computer-based instruction can provide 

students with immediate feedback and can assess the appropriateness of their decisions 

over time. Instruction can be modified to meet the specific needs of learners, and 

students can learn at their own pace. Newer applications have gone far beyond the text

based drill and practice applications to incorporate branching logic, interactive video, 

multimedia, elaborate real world simulations, and even virtual reality (Riley, 1996). 
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Over the past 15 years, American colleges and universities have spent about $20 

billion for the design and implementation of teaching and learning technologies 

(Reinhardt, 1995). Outcome tests have traditionally been relied on to evaluate the impact 

of these substantial financial investments. These "product" measures are valuable, but 

the processes of learning (students' problem-solving strategies, task sequencing, etc.) are 

equally important (Kizlik, 1996; Reimann and Schult, 1996; Scardamalia, 1994; Zhou 

and Whang, 1996). 

At the same time, computers can be used as a wonderful tool for assessing 

students' learning because the technology can track decisions over time and record the 

interaction as a time series of activities. Consequently, computers give instructors and 

researchers a window onto the acquisition of students' development of both perceptual

control and conceptual skills. One particular computer instructional system has been 

developed by Effken (1993; Effken, Kim and Shaw, 1997) to be used as a testbed for 
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assessing learning. This application uses a computer simulation (Guyton, 1980) to teach 

students fundamental principles of hemodynamics. Eftken's research has shown that 

students like the instructional system and develop the perceptual-control skill needed to 

correct simulated patient problems. The simulation has been tested using different 

interface designs, and those designs have been found to have different effects on the 

speed and accuracy of problem diagnosis and treatment of novices and experts alike, as 

well as on novices' conceptual understanding of hemodynamics. 

In the early stages of learning, when students are learning to navigate through the 

instructional program, exploratory activity may be primary. Exploratory learning is well 

known, but not well understood. In the primary analysis, Eftken and Kadar ( 1999, under 

review) have begun to examine more closely students' learning processes, as they learn to 

medicate patients with simulated hemodynamic problems, focusing on the role of 

exploration in practice trials. Eftken and Kadar did not, however, look at the initial 

exploration of the system that students do when they are being oriented to the application. 

In that phase, exploration focuses on how the drugs affect aspects of the "healthy" 

system. In effect, application of the drugs creates clinical problems. Eftken and Kadar 

also did not examine the particular practice patterns that students adopt, for example, 

amount of effort (Fisher & Ford, 1998) and practice systematicity (Glaser et al., 1992). 

This secondary analysis will begin to fill those gaps in the primary study by 

investigating the initial exploratory practice session and various individual constraints on 

that practice. 
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Research Questions 

The purpose of this research is to examine the relationship between practice and 

learning outcomes, thus enabling instructors to better understand the role of exploratory 

behavior. Two learning outcomes described in the literature are performance (perceptual

control skills) and depth of knowledge (conceptual skills). In this research the 

relationships between four potential constraints on practice (amount of effort, 

systematicity, learning styles and prior domain knowledge), performance (speed, 

accuracy, and improvement) and depth of knowledge (rationales for actions, references to 

the display and goals) will be investigated. 

The questions posed in this study are: 

1. What is the relationship between potential constraints on practice and the 

performance of students learning to use a computer simulation? 

a) What are the relationships between time on task (TT), extent of exploration (EE), 

learning style (LS), prior knowledge (PK) and speed, accuracy, and improvement? 

b) What are the relationships between perceived cognitive (PCW) workload and 

speed, accuracy, and improvement? 

c) What are the relationships between systematicity and speed, accuracy, and 

improvement? 

2. What is the relationship between potential constraints on practice and the depth of 

know ledge of students learning to use a computer simulation ? 

a) What are the relationships between time on task (TT), extent of exploration (EE) 

learning style (LS), prior knowledge (PK) and display reference, and rationales? 



b) What are the relationships between perceived cognitive workload (PCW) and 

display reference, rationales? 

c) What are the relationships between systematicity and display references and 

rationales? 
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d) What are the relationships between time on task (TT), extent of exploration (EE) 

learning style (LS), prior knowledge (PK) and goals? 

3. What are the relationships between the individual constraints on practice ? 

a) What are the relationships between time on task (TT), extent of exploration (EE) 

learning style (LS) and prior knowledge (PK)? 

b) What are the relationships between perceived cognitive workload (PCW) and time 

on task (TT), extent of exploration (EE) learning style (LS) and prior knowledge (PK)? 

c) What are the relationships between systematicity and time on task (TT), extent of 

exploration (EE) learning style (LS) and prior knowledge (PK)? 

4. What relationship does instructional display design have to students' practice 

characteristics (time on task. extent of exploration. perceived cognitive workload, 

systematicity, learning styles, and prior knowledge)? 

a). What are the relationships between display type and time on task (TT), extent of 

exploration (EE), learning style (LS), and prior knowledge (PK)? 

b). What are the relationships between display types and speed, accuracy, and 

improvement? 

c). What are the relationships between display type and systematicity? 

d). What are the relationships between display types and perceived cognitive 
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workload (PCW)? 

By understanding these relationships, instructors of computer simulated programs 

can design curriculum which will improve learning. Efficient and effective computer 

simulation training is beneficial to both the healthcare system and the nurse. 
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Definition of Terms 

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

Accuracy overall- The mean percent of time in each trial that the patient's atrial 
pressure, arterial pressure, venous pressure and cardiac output all were maintained 
in the target range for in simple and complex problems. 

Accuracy simple - The mean percent time in each trial that the patient's atrial 
pressure, arterial pressure, venous pressure and cardiac output all were maintained 
in the target range, simple problems only. 

Amount of learner effort - Time on task, perceived cognitive workload, and extent 
of exploration (Fisher and Ford 1998). 

Complex problem- A simulated treatment scenario that requires more than one 
drug to correct the problem. 

Computer simulation - The use of computer technology to mimic a real event. 

Conceptual learning- Learning in which meaning is abstracted from the material 
presented and participants are able to apply the principles, regardless of the 
specific physical format in which they are originally presented. 

Constraints- Relationship between or limits on behavior. Constraints remove 
degrees of freedom, (that is, possibilities for behavior). 

Depth of know ledge - Conceptual skills measured by the ability to transfer 
concrete aspects of the display to abstract physiology of the hemodynamic 
system, understanding of rationale and stated goals. 

Extent of exploration - The amount of discovery during practice as calculated by 
multiplying the number of drugs used times dosage (low, medium and high), 
times the number of key presses. 

Goals - Know ledge that is tied to the system intent or functions that need to be 
achieved. 

Improvement overall - The difference in the percentage of time atrial pressure, 
arterial pressure, venous pressure and cardiac output are in range for the first 
simple and the last three complex trials. 
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Improvement simple - The difference in the percentage of time atrial pressure, 
arterial pressure, venous pressure and cardiac output are in range for the first and 
the last 3 trials with simple problems. 

Instructional display design - The computer monitor output that is devised based 
on theoretical models for purposes of teaching students 

Learning styles - Individual preferences for verbal or visual learning as measured 
by Richardson's ( 1977) Verbalizer-Visualizer Questionnaire. 

Perceived cognitive workload - Perception of the mental cost incurred as 
measured by evaluating comments written in the Information for Continued 
Development form at the end of the trials. 

Perceptual-control learning- Learning to recognize and act on clinically 
important relationships and patterns without having to rely on concrete rules. 

Performance- Perceptual-control skills measured by speed, accuracy and 
improvement. 

Practice- The unlimited time available to the participant to explore the drug 
window and display functions. It is constrained by amount of learner effort, 
systematicity, learning styles and prior knowledge. 

Prior knowledge- Cognitive information or experience that the participant brings 
to the experimental trial. 

Rationale for actions- Understanding the reasons for the drug treatment given. 

References to the display - Describing the display actions without reference to the 
physiology underlying the display representation. 

Simple problem- A simulated treatment scenario that requires only one drug to 
correct the problem. 

Speed- The time (in seconds) to detect a problem as measured from the initiation 
of the scenario to the first key press for drug administration. 

Systematicity- The order in which drugs are selected for application during the 
practice trials. 

Time on Task - The total number of seconds that the student has practiced 
calculated from computer records. 
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Summary 

Increasingly, computers are being used to enhance education. In fact, more and 

more of our education dollars are being spent on technology. However, we actually 

know little about the impact of this investment because the technologies have evolved 

faster than our ability to evaluate them. Generally, evaluations of students' learning have 

been limited to comparing pre and posttest measures. Although these outcome measures 

are valuable, we need to know more about the students' learning processes, particularly 

the kind of exploratory learning that occurs in the early stages of learning as students 

navigate through the instructional environment. The proposed research will be guided by 

a conceptual model of the effects on learning that incorporates practice characteristics 

derived from the work of Fisher and Ford ( 1998) and Glaser et al ( 1992) into Benner's 

theory of expertise. A secondary analysis of data collected in a previous experiment will 

be done to examine the effects of practice on learning. The instructional simulation that 

provides the basis of the experiments was designed by Effken (1993) to teach students 

fundamental principles of hemodynamics. 



Chapter II 

Review of the Literature 

This chapter describes the conceptual framework for the study and summarizes 

relevant literature. 

Conceptual Framework 
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Patricia Benner's ( 1984) theory on excellence and power in clinical nursing 

provides the framework for this study. Benner analyzed observations reported by nurses 

in actual practice as they made the transition from novice to expert. Benner's model of 

nursing skill acquisition was derived from an original model developed by Hubert and 

Stuart Dreyfus ( 1980) which is based upon their study of airplane pilots and chess 

players. Dreyfus' and Dreyfus' (1980) five stages of skill acquisition have been adapted 

to nursing practice. 

Dreyfus' five levels are: novice, advanced beginner, competent, proficient, and 

expert. The novice nurse lacks practical experience and must rely on following rules and 

protocols. The advanced beginner has gained enough experience to use the rules as 

guidelines for making decisions. The competent nurse begins to interpret her decisions 

and actions as part of the treatment goals. The proficient nurse perceives situations as 

wholes rather than in terms of aspects. The expert nurse no longer relies on analytic 

principles, but instead has an intuitive grasp of each situation and can zero in on the 

problem. The rules that guided the student as a novice actually interfere with 

performance of the expert because the expert has developed more efficient conceptual 

skills. Greater efficiency reduces the nurse's cognitive load. 
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The five stages are marked by changes in three general aspects of skilled 

performance. One is a movement from reliance on abstract principles to the use of past 

concrete experience as paradigms. Experiences become paradigm cases so that the nurse 

approaches a patient care situation using past experiences as paradigms much as a 

researcher would (Benner 1984). Exp I oratory learning is one of the processes that occur 

during this time. The exploratory trial and error learning creates paradigms for nursing 

practice that are increasingly used as a basis for clinical decisions. The second general 

aspect of skilled performance is a change in the learner's perception of the situation in 

which the situation is seen less and less as a compilation of equally relevant bits, and 

more and more as a complete whole in which only certain parts are relevant. The third 

aspect of skilled performance is a passage from detached observer to involved performer. 

The performer no longer stands outside the situation but is now engaged in the situation. 

These changes are the results of improved perceptual-control skills (e.g., learning to 

recognize and act on clinically important relationships and patterns without having to rely 

on concrete rules) and deeper levels of conceptual understanding. Both performance and 

deep knowledge improve with practice and experience. Practice is required to understand 

concepts well enough to apply learned knowledge to new situations. The entire process 

of developing expertise generally is thought to require about 10 years of concentrated 

practice in a particular domain. Therefore, Benner's theory is used to look at transitions 

within that time frame. 

Benner's theory would predict that as the student moves toward expert use of the 

display models, the student would intuitively deliver simulated medications as needed. 
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The time would shorten between perception and action. As the nurse moves through the 

stages going from novice in using the mechanical functions of the computer displays to 

understanding and applying the physiology behind the display models, competency is 

developed. Learning from new situations and applying knowledge gained from 

experience moves the performer along in the acquisition of skills. Since the nurses that 

were used in this study were novices and did not have experience in hemodynamics 

monitoring, the examples given by the researcher as practice models become a learning 

paradigm for the student. However each student will bring with him/her prior knowledge 

from life experiences and education. 

Gibson's theory of perception ( 1966) was developed by studying organisms and 

their success in their environment. In this view, the information available to the perceiver 

is not seen as discrete variables but as complex patterns. In the Gibsonian view, 

individuals learn how to differentiate from the vast array of potentially available data 

elements, those patterns that are important for accomplishing their goals. Gibson's 

theory is consistent with the changes that Benner identifies in nurses' transformation 

from novice to expert, particularly in the area of acquisition of perceptual-control skills. 

These perceptual-control skills improve with practice and greater understanding of the 

concepts involved. 

Literature Review 

Computers in Student Learning 

It has been said that the very core of nursing practice is the management of 

information (Cox, Harsnyl and Dean, 1987). Nurses use computers for monitoring, 
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documentation and communication. Staff nurses comprise one of the largest groups of 

information system users, but they are not necessarily the most comfortable and 

competent (Staggers and Mills, 1994). One might assume that learning to use a computer 

is a cognitive skill that is quite devoid of perceptual-control components. However, 

recently, Kirsh (1995) showed that people rely extensively on perceptual control skills in 

a variety of cognitive tasks as well, such as playing computer games or working with 

computer models or simulations. Understanding computer interface designs and their 

interaction with humans in the environment is a challenge to not only the educator but 

the researcher as well. Kirsh's results suggest that computer learning tasks may be a 

promising way to investigate the exploratory learning of perceptual control skills (Effken 

and Kadar, in review). Nurse educators are expected to teach staff how to use computers 

with greater efficiency and comfort based on limited research available. Because of 

increasing financial and time constraints CAl has become increasingly common in 

nursing education (Baker and Carley, 1995). Increasingly, computer-assisted instruction 

utilizes computer simulations. Computer simulations are CAl programs that contain a 

model of a system or process. Computer simulations can be divided into two types; 

simulations containing conceptual models and those based on operational models (de 

Jong and van Joolingen, 1998). Conceptual models present principles, concepts, and 

facts related to the system that is being simulated. Operational models include cognitive 

and noncognitive procedures that can be applied to simulated systems. This study is 

concerned with the simulation of conceptual models. 

There are at least two different theoretical approaches that can be applied to study 
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how students learn to use a computerized instructional system. Cognitive load theory 

assumes a very limited working memory and an unlimited long-term memory (Tuovinen 

and Sweller, 1999). Cognitive load theory suggests that the extensive searching that 

learners do to discover a solution imposes extra work on the learner and therefore 

interferes with learning. Discovery or exploratory learning is contrasted to the cognitive 

theory. In discovery or exploratory learning the main task of the learner is to infer the 

characteristics of the model underlying the simulation. Although not required, a 

computer simulation is, by its very nature, well suited to support and encourage this type 

of discovery (Mayer, 1997). Practice, when applied to computer learning, produces 

systematic individual differences between learners when given the opportunity to acquire 

skill without the benefit of training regimes (Foss et al, 1989). 

Metacognition skills may also influence computer learning in children. 

Metacognition is an awareness of oneself as "an actor in his environment, that is, a 

heightened sense of the ego as an active, deliberate storer and retriever of information." 

(Flavell, 1971 ). Children are more successful and get greater satisfaction from solving 

problems when they are aware and can apply their thoughts to computer games 

(Lowenherz and Tomkyns 1999). 

Some argue that one reason simulations don't always improve learning outcomes 

is because students fail to explore the problem sufficiently (Reiber and Parmley 1995). 

Others suggest that exploratory learning is most beneficial when worked examples are 

provided (Tuovinen and Sweller 1999), which suggests the need for some instructor 

guidance or constraint on the amount or extent of exploration allowed. 
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Role of exploratory learning in practice 

Benner's theory contains exploratory learning in the advancement from novice 

towards expert. Exploratory learning was first defined by Thorndike in 1889 as "trial 

and error" learning. Thorndike's theory consists of three primary laws: (1) law of effect

responses to a situation which are followed by a rewarding state of affairs will be 

strengthened and become habitual responses to that situation, (2) law of readiness - a 

series of responses can be chained together to satisfy some goal which will result in 

annoyance if blocked, and (3) law of exercise - connections become strengthened with 

practice and weakened when practice is discontinued (Thorndike, 1914). This study will 

examine practice in exploratory learning. 

Exploratory learning (sometimes called scientific discovery, discover or inductive 

learning) has its roots in Gestalt psychology and the work of Bruner ( 1961 ). Pure 

discovery learning is rarely favored and happens when there is no structure or guidance. 

There are variations of guided discovery, all including some degree of structure to guide 

learners (Tuovinen and Sweller, 1999). Exploratory learning has been characterized as a 

self-directed form of learning in which the learner is an active agent (de Jong and van 

Joolingen, 1998). There are mixed reviews about the benefits of exploratory learning. 

Most claim that its benefits are deeper and more intuitive know ledge (Berry and 

Broadbent, 1987; Laurillard, 1992; Maor and Taylor, 1995; Swaak and de Jong, 1996). 

Charney et al ( 1990) found that exploration leads to greater competence in a more limited 

range of information. One of the study's conclusions is that showing learners a 

procedure reduces cognitive load and therefore produces faster times for reaching a 



greater number of correct solutions, which appears to contradict the fundamental 

premises of exploratory learning. Consequently, some (e.g. Bruner, 1966) believe that 

exploratory learning is not an efficient use of the learner's time. Tuovinen and Sweller 

( 1999) have found that in exploratory learning high mental effort interfered with, rather 

than, facilitated learning. They also found that if the student had no prior domain 
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know ledge then it is difficult to generate aspects of the area to explore. More recent 

theories of exploratory learning incorporate aspects of problem solving and hypothesis 

testing (Rivers and Vockell 1987, Friedler, Nachmias and Linn 1990, Klahr and Dunbar 

1993). For example, de Jong and van Joolingen ( 1998) concluded that choosing a "safe" 

hypothesis, designing inconclusive experiments, interpreting data and regulating the 

learning process are skills necessary for success in discovery learning. 

Christoffersen et al ( 1998) conducted a longitudinal study to investigate the 

relationship between the computer display design and acquisition of deep know ledge in 

learning. After learning to use multilevel industrial system computer displays, subjects 

were asked to write in a "recipe" the steps that were taken to solve a problem. These 

recipes provided considerable insight into the depth of knowledge obtained by the 

subjects. Knowledge can be postulated in several ways: 1) knowledge tied to the 

perceptual features of the display, 2) knowledge represented in the form of specific rote 

actions or rules, 3) knowledge indicating understanding of the rationale behind the 

actions taken, and 4) knowledge that is tied to the system goals or functions that need to 

be achieved. Performance may or may not be associated with deep know ledge because 

learners may not understand the justification for their actions. Christoffersen et al ( 1998) 
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found that, in addition to the display format, students' lack of motivation and/or a surface 

approach to learning can lead to shallow know ledge. 

Over one hundred years from its conception, our understanding of exploratory 

learning continues to develop. Formal practice can be a time designated for the learner to 

explore applications of structured instructions using a working example. Working 

sample problems has been shown to be a primary predictor of performance when applied 

to solving a complex problem in a new situation (Fisher and Ford 1998). Practice allows 

exploration (trial and error) to occur without the threat of damaging consequences to the 

quality of the ultimate performance. This lack of consequence is intended to provide an 

uninhibited time for the learner to explore. Although practice is thought to improve 

performance, there are potential constraints on practice that may influence learning. 

Potential constraints on practice 

The emphasis in educational research has shifted from the learner as a passive 

recipient to the learner as an active participant in the learning process (Ford and Kraiger, 

1995). Practice is one aspect of the learning process is that is composed of many factors. 

Those individual factors may also have a coercive effect on practice. Learners choose 

how much effort they will apply during practice. Fisher and Ford ( 1998) examined 

amount and type of effort related to two types of learning outcomes, declarative 

know ledge and application learning. Learner effort was defined in terms of three 

constructs: time on task, cognitive workload and mental effort. Time on task has 

typically been operationalized to demonstrate amount of effort (Dweck, 1986) but has 

been found to be contaminated by time spent thinking about things other than the task at 
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hand. In Fisher and Ford's ( 1998) research, time on task is one of the most important 

predictors of performance on knowledge outcomes. Therefore time on task has been 

separated from cognitive workload (Pass, 1992; Paas and Van Merrienboer, 1994). 

Perceived cognitive workload has been defined as the cost incurred by a person to 

achieve a given performance (Hart and Staveland, 1988). Subjects who perceived that 

they had worked hard tended to perform well on outcome tests (Fisher and Ford, 1998). 

Mental effort or the devotion of attentional resources has been shown to be related to 

learning and task performance (Kanfer and Ackerman, 1989). Fisher and Ford ( 1998) 

found that most learning choices made when working the example problems were highly 

correlated with increased learner effort. 

Successful learners use systematic planning and monitoring, whereas 

unsuccessful learners work in an unsystematic way (Lavoie and Good, 1988, Simmons 

and Lunetta, 1993). Learners have control over the systematicity used in their practice. 

Glaser et al ( 1992) reported that successful discoverers followed a plan over experiments, 

where unsuccessful ones used a more random strategy. Successful subjects were also 

ready to leave a route when it would not lead to success. 

Another potential constraint affecting learning outcomes is individual differences 

(Reyna, Brainerd, Effken, Bootzin, and Lloyd in press). Individual differences are 

traits that learners bring with them to the learning process. Motivational factors 

(Christoffersen et al 1998) and broad learning goals (Fisher and Ford, 1998) have been 

shown to influence how learners learn. Recent studies by Effken (2000) comparing 

verbal learners to visual learners have shown a relationship between learning styles and 



performance outcomes on a computer learning task. 

Research has found that, although exploratory learning has been thought to be 

beneficial, there are constraints that influence learning. Inefficient use of the learner's 

time (Bruner, 1966), failure to explore the problem sufficiently (Reiber and Parmley, 

1995), increased cognitive load (Tuovinen and Sweller, 1999) and effects of prior 

knowledge have all been found to impose constraints on practice that will influence 

learning (Tuovinen and Sweller, 1999). Goal orientation affects learning outcomes 

(Fisher and Ford, 1998), however, goal setting is a problem for subjects with low prior 

knowledge (Charney, Reder and Kusbit, 1990). 
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Exploratory learning is frequently characterized as the process of testing a 

hypothesis. Generation of a hypotheses is one of the characteristic problems that define 

successful and unsuccessful learners (Scauble, 1995, Glaser, et al1991). Three problems 

with hypothesis generation are: a) learners may not even know what a hypothesis should 

look like, b) learners may not be able to adapt their hypothesis to the data gathered, and 

c) learners may avoid hypothesis that have a high chance of being rejected (Tuovinen and 

Sweller, 1999). 

Practice constraints are also influenced by the computer displays used in the 

simulations. Effken, Kim and Shaw ( 1997) evaluated interface designs in high 

technology environments. The hemodynamic monitoring displays based on Guyton's 

( 1980) model were created to test the effects of the ecological approach to interface 

design. Two multilevel displays, the Etiological Potentials Display (EPD) and Integrated 

Balloon Display (IBD) were compared to a traditional strip-chart display (TSD). All the 
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displays show the same basic variables: arterial pressure, atrial pressure, venous pressure 

and cardiac output. In TSD the variables were discrete, in IBD they were linked and in 

EPD they were linked with the etiology for treatment integrated into the display. The 

research study examined the differential effects of the display on problem detection and 

control. The subjects selected drugs from a drug window that had six generic drug 

actions represented by a button. The choices were: increase heart strength (I-Heart), 

decrease heart strength (D-Heart), increase resistance (1-resist), decrease resistance (D

resist), increase fluid (I-fluid) and decrease fluid (D-fluid). The drugs also had dosages 

that could be selected: high, medium and low. Subjects were offered the opportunity to 

practice with the display and drug window until they felt comfortable. Performance, not 

practice, was the focus of that study. Effken et al ( 1997) concluded that instructional 

interface designs do make a difference in the problem detection and treatment of novices 

and experts alike. 

A model has been developed to integrate the concepts identified in this literature 

review and guide this secondary data analysis. In the model, practice leads to the 

development of perceptual control skills and increased depth of conceptual know ledge. 

Practice is conceived as being composed of measurable constraints: amount of effort, 

systematicity, learning styles and prior knowledge. Performance or perceptual-control 

skills are defined as speed, accuracy and improvement in drug control of the 

hemodynamic system. Depth of conceptual knowledge is defined by the students' 

description of the hemodynamic problem in terms of its physical (shallow knowledge) or 

functional (deeper know ledge) characteristics, and by their ability to provide a rationale 



for their actions and goals. In the model, computer interface designs may moderate 

practice in terms of amount of effort and systematicity and therefore have an effect on 

learning outcomes. 
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The model that will guide this secondary data analysis is presented in Figure 1. 

Instructional system 
display 
drug window 

Performance 
1. Speed 
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Practice (exploratory learning) 
1. Amount of learner effort

overall) 

2. Accuracy (simple and overall) 

Time on Task 
Perceived cognitive workload 
Extent of exploration 

2. Systematicity of exploration 
3. Learning Styles 
4. Prior knowledge 

Figure 1. Research model 

Summary 

3. Improvement (simple and 

Depth of knowledge 
1. Reference to display 
2. Rationale for actions 
3. Goals 

Benner's nursing theory places value on the exploratory learning process as the 

nurse moves from novice to expert in the acquisition of skills. Exploratory learning has 

long been highly regarded as a benefit to acquiring skills, however, recently its value has 

been questioned (Tuovinen and Sweller, 1999). This study examines exploratory 

learning in the initial practice phase as a contributor to the learning process. Exploration 

during practice can be constrained by many factors. Some of these constraints on 

practice are characteristics of the learner. The participant's learning style and prior 

know ledge are traits that create a baseline for the practice to build on. These traits are 

then moderated by the computer display itself (Effken et al, 1997). Other constraints on 

practice are the active choices that the participant makes during the exploratory practice. 
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The time spent, actual investigation of each component of the simulation, and cognitive 

workload are collectively defined as learner effort (Fisher and Ford, 1998). 

Implementation of a system of practice has been found to lead to successful learning 

(Glaser et al, 1992). Two learning outcomes, performance (Effken et al, 1997) and depth 

of knowledge (Christoffersen et al, 1998) have been found to be influenced by computer 

simulations. This secondary data analysis will look at the relationship of practice on 

simulated computer displays to the nursing student's performance and depth of 

knowledge. 



Chapter III 

Methodology 

This chapter includes descriptions of the research design, the population sample, 

human subjects' protection activities, instructional displays, procedures for 

administration and data analysis. 

Participants 
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This secondary analysis will utilize data from an experiment conducted by Effken 

to evaluate the effects of perceptually based displays on nursing students' understanding 

of hemodynamics. The sample includes eighteen participants who were nursing students 

(16 females and 2 males). All students were enrolled at the University of Arizona 

College of Nursing in 1999 and were recruited to participate voluntarily in the 

hemodynamic monitoring display experiments. Participants included pre nursing to 4th 

semester students; however, all students were novices in the use of hemodynamic 

monitoring. Participants were required to have normal or corrected-to normal vision and 

normal color vision. They were then randomly assigned to one of two display groups. 

The participants were tested individually with an experimenter present. 

Research Design 

A secondary data analysis will be conducted to examine the relationships between 

the characteristics of practice during initial instructional system exploration on the 

learning outcomes of performance and deep knowledge as students learn to use the 

hemodynamic instructional computerized displays. In the primary experiment, display 

type was controlled between subjects by random assignment to either integrated balloon 
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display (IBD) or etiological potentials display (EPD). Scenario and trial were controlled 

within subjects. Five scenarios, or problems, were presented: high resistance, low heart 

strength, low fluid, high fluid-low heart strength and high fluid-high resistance. These 

scenarios were originally developed in conjunction with clinical experts to represent 

common clinical problems (hypertension, heart failure and fluid deficit). High resistance, 

low heart strength and low fluid were characterized as "simple" problems because the 

student only had to give one drug to correct the problem. Two drugs had to be given to 

correct the more complex high fluid-low heart strength and high fluid-high resistance 

problems. Each scenario was presented six times. This resulted in a 2 (display type) x 5 

(scenario) x 6 (trial) mixed design. Because Effken's previous analysis showed that 

students' performance on the complex problems was poor, analysis will examine 

"simple" problems separately from overall performance outcome measures. 

Displays 

Guyton's computer model of hemodynamic relationships was used as the engine 

for the simulations. This model has undergone extensive clinical validation. The Guyton 

data were shown in two different visual formats, IBD and EPD. 

The Guyton data are presented using two windows: the patient simulation is 

presented in the main window and drug treatment options are presented in the other. The 

drug windows are the same in both displays. The six drug choices were: increase heart 

strength (!-Heart), decrease heart strength (D-Heart), increase resistance (1-resist), 

decrease resistance (D-resist), increase fluid (1-fluid) and decrease fluid (D-fluid). The 

drugs also had three generic dosages that could be selected: high, medium and low. The 
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drugs that increased a factor were on the left side of the drug window and those that 

decreased a factor were on the right. The participants would select a drug by placing the 

cursor on the button and clicking on the mouse as many times as needed to treat the 

patient. 

Applying Ecological Interface Designs 

The focus of the display design is a small domain of cardiovascular 

hemodynamics. The relevant variables in those designs are arterial pressure, venous 

pressure, atrial pressure and cardiac output. Most often intensive care monitors display 

these variable as separate and discrete (Figure 2a). In reality they are constrained by their 

physiological linkages in a closed system (Figure 2b). At another level of analysis the 

variables are constrained by etiological factors (contractility, fluid volume and resistance 

(Figure 2c). 
Fig. 2a Fig. 2b 

Fig. 2c 

Figure 2. Ecological Interface Design 



The display designs map onto the two models that have linked variables and constraints 

built into the models. 

Integrated balloon display 
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The integrated balloon display (IBD) shows physiological constraints on three 

pressures and cardiac output (Figure 3) attributable to their connectivity. The balloons 

expand and contract as pressures increase or decrease. The ventricle is represented by a 

bellows, which changes along the vertical dimension to capture the nature of the heart's 

forcing function on blood flow. The balloons and the bellows have green areas and red 

areas (small bar graphs) that the outline of the balloon can move through as it expands 

and contracts. The correct pressure or cardiac output is achieved when the outline is in 

the target (green) area. The goal for the student is to administer drugs until all systems 

are in the correct range. The lower part of the main window contains a reflected bar 

graph showing the overall status of the system (computed as the absolute value of the 

summed distances of the four dependent variables, that is, the three pressures and flow, 

from normal). The computer records the strength and the number of key presses per drug 

each second. The status of the three pressures and cardiac output is also recorded in 1-

second intervals. 
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Figure 3. Integrated balloon display 

Etiological potentials display 

The etiological potentials display (EPD) integrates the three pressures and cardiac 

output with their potential causes (Figure 4). This makes more information about the 

etiology of the hemodynamic problem available to the nurse for treatment. The corners 

of the four-sided object represent the three pressures and cardiac output. The object 

approximates a square when the values are normal. There are two red bars. The 

horizontal bar represents resistance and the vertical bar represents heart strength. The 

central crossing point represents the optimal value for each. A shrinking or expanding 

square shows fluid volume changes. The target size for the square is represented by the 

green areas and danger areas are black. Two versions of EPD were used in the second 

experiment; the only difference is that the width of the target indicators was increased 

from one to three pixels. For purposes of analysis, data from both versions of EPD will 

be combined. 
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Figure 4. Etiological potentials display 

Procedure 

The participants sat at a computer workstation to view the simulated 

hemodynamic interface display. Written instructions were read aloud by the 

experimenter. Those instructions explained the purpose of the experiment, gave a brief 

description of hemodynamics and then explained the display that they would be using. 

The experimenter then demonstrated the changes in the display that might be seen when 

using the simulation. The participants then were given an unlimited amount of time to 

practice manipulating the display in a static condition. When they stated they felt 

comfortable then the experimental trials were initiated. The experimenter read the 

written instructions aloud that explained the student's goal. It read, "Your goal is to 

identify when the 'patient' has a problem that should be treated, then treat it using the 
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available drugs. Successful treatment means getting your 'patients' into the normal range 

for arterial, venous and atrial pressures and cardiac output using the available drugs and 



keeping them in range." If participants completed a problem to their satisfaction, they 

could press the "NEXT" button to go on to the next trial. 
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Trials were limited to two minutes each and would automatically stop at that time. 

At the end of all of the trials, the participant was then asked to complete two written 

questionnaires. The first questionnaire asked the participant to write what steps had been 

taken to correct the last problem encountered so that someone else could solve the 

problem easily (Appendix A). The second asked for specific information regarding the 

participants' response to the hemodynamic display simulation (Appendix B). This form 

entitled Information for Continued Development asked participants to list the best and 

worst things about the display, then were asked," What, if anything, did you learn about 

hemodynamics and the drugs used to treat problems with blood pressure and flow by 

participating in the experiment?" Finally they were asked to list three words that best 

described their response to the computer display. All participants were asked to complete 

verbal and visual scales from Kirby, Moore and Schofield's (1988) modification of 

Richardson's Verbalizer-Visualizer Questionnaire ( 1977) (Appendix C) prior to practice. 

Half of the 20 items measures verbal strengths and half measures visual strengths. 

Protection of Human Subjects 

The participants read and signed a disclaimer prior to initiating the experiment. In 

the debriefing session after the experiment, participants were invited to ask questions and 

the researcher answered them. Approval to conduct this study was granted by the Human 

Subjects Committee, the Institutional Review Board of the University of Arizona. 



Confidentiality was maintained by assigning each participant a numeric identification 

code. 

Secondary Data Analysis 
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Operational measures of the variables are identified by outcome construct in 

Table 1. Practice, for purposes of this study, was defined as the unlimited time available 

to the participant to explore the drug window and display functions. It is comprised of 

amount of learner effort, systematicity, learning styles and prior knowledge. These 4 

components have been shown to be potential constraints on practice that influence 

learning. Amount of learner effort was defined as the sum of time on task, perceived 

cognitive workload and extent of exploration (Fisher and Ford, 1998). The definitions of 

each part of the construct (amount of effort) have been adapted from Fisher and Ford's 

( 1998) study on differential effects of learner effort and goal orientation on two learning 

outcomes. Fisher and Ford's study used amount of effort and type of effort to define 

learner effort. Type of effort, cognitive ability, mental workload, and off-task mental 

effort were measured with various reliability-tested instruments. In this study, the 

concepts of time on task, cognitive workload and mental effort by exploration were used 

to operationally define amount of learner effort. Time on task was quantified from 

computer records and defined as the total number of seconds that the student has 

practiced. Perceived cognitive workload was adapted from Fisher and Ford's operational 

definition of mental workload as the cost incurred by a person to achieve a given 

performance. To measure perceived cognitive workload a content analysis of student 

response indicating their perception of their cognitive effort was done. Content analysis 
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Table 1. Research Operational Measures 

Construct Concept Operational Measures 

Practice Constraints time on task The total number of seconds that the student has 

practiced before initiating trials. 

perceived cognitive Perception of the mental cost incurred as measured by 
workload 

extent of 
exploration 

systematicity 

learning styles 

evaluating perceptions written in the Information for 

Continued Development form at the end of the trials. 

The amount of discovery during practice as calculated 

by multiplying the number of drugs used times dosage 

(low, medium and high), times the number of key 

presses. 

The order and pattern in which drugs are selected for 

application during the practice trials. 

A ratio of verbalizer/visualizer scores as measured by 

Richardson's ( 1977) Verbalizer-Visualizer 

Questionnaire. 
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Table 1. Research Operational Measures - con't 

Construct 

Performance 

Concept 

speed 

accuracy (simple) 

accuracy (overall) 

improvement 
(simple) 

Operational Measures 

The time to detect a problem as measured from the 

initiation of the scenario to the first key press for drug 

administration. 

The mean percent time in each trial that the patient's 

atrial pressure, arterial pressure, venous pressure and 

cardiac output all were maintained in the target range, 

for problems requiring only 1 drug treatments. 

The mean percent of time in each trial that the patient's 

atrial pressure, arterial pressure, venous pressure and 

cardiac output all were maintained in the target range, 

for problems requiring both 1 and 2 drug treatments. 

The mean difference between the percentage of time 

atrial pressure, arterial pressure, venous pressure and 

cardiac output are in range for the first and the last 3 

trials of each problem presented for problems requiring 

1 drug treatment. 
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Table 1. Research Operational Measures - con't 

Construct 

Depth of 
Knowledge 

Concept 

references to 
display 

Operational Measures 

The number of times that display actions are mentioned 

without reference to the physiology underlying the 

display representation in the post-trial recipe. 

rationale for actions The number of times a reasons is given for the drug 

treatment in the post -trial recipe. 

goal The number of times that a system intent or objective is 

identified in the post trial recipe. 
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compared the resulting answers. In the survey, the students were asked to list the best 

and worst things about the display as well as three words that best described their 

experience using the simulation. The sample was partitioned into two groups based on 

whether their response suggested that they perceived the level of cognitive workload to 

be low or high. A 1-test compared the difference in performance and depth of knowledge 

variables means for the two groups. Extent of exploration was adapted from Fisher and 

Ford's definition of mental effort. A quantitative analysis of extent of exploration used 

computer records to determine the frequency of drugs used, dosage (low, medium and 

high) trials, and amount of movement with in the display. Thus, extent of exploration= 

number of drugs * dose * number of key presses. Dosages have been defined so that a 

medium dose administers twice as much drug as a low dose and a high dose three times 

as much drug. Consequently, corresponding numerical factors (1-3) were used to adjust 

the key presses in terms of dose to determine how much area of the workspace the learner 

covered with each drug. Systematicity was defined as the method of exploring. A 

descriptive analysis of systematicity was done from the computer records. The order of 

drugs, patterns within the drugs and patterns within the display were examined during the 

exploratory trials. Two different patterns were discovered. The sample was then 

partitioned into groups based on the pattern used. A t -test compared the differences in 

the performance and depth of knowledge variables means for the groups. Learning styles 

have several dimensions (e.g., visual-verbal, etc.). Learning styles were measured by 

subscales for verbal learning using Richardson's ( 1977) Verbalizer-Visualizer 



Questionnaire. A ratio of verbalizer scores to visualizer scores provided the basis for a 

quantitative analysis. 
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A quantitative analysis was done on the dependent variable, performance or 

perceptual-control skills using the computer records. Performance was measured in 

terms of speed, accuracy and improvement. Speed was defined as time to detect a 

problem and initiate treatment, and was calculated as the time in seconds from scenario 

onset to the first key press of a drug. Accuracy and improvement were assessed by two 

different measures. Overall accuracy was defined as the mean percentage time that the 

patient's atrial pressure, arterial pressure, venous pressure and cardiac output were 

maintained in the correct range for all trials. Simple accuracy was defined as the mean 

percentage of time the patient's pressure and cardiac output were maintained in the 

correct range for simple problems only. Overall improvement was defined as the mean 

difference in the percentage of time all four parameters were maintained in target range 

for the first three trials and the last three trials with each scenario. Preliminary analysis 

showed very little improvement in for all participants in the complex drug trials. 

Therefore improvement was examined for just the simple drug trials. Pearson Product 

correlation were used to determine the relationships of practice patterns to performance 

measures. 

A qualitative analysis was done to assess depth of knowledge or conceptual skills 

by adapting the coding system used by Christoffersen et al ( 1998). Christoffersen studied 

the effects of computer simulation designs on the acquisition of deep, or conceptual, 

knowledge. This acquisition of conceptual knowledge is accomplished when students 
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abstract from the material presented the underlying concepts and are able to discern their 

meaning, regardless of the specific physical format in which they are presented (Richter, 

1966). Christoffersen compared two different simulations, one with a traditional physical 

display and a second that added functional representations to the physical display. At 

several times during the 6-month longitudinal study the participants were asked to 

complete a "recipe." That is, the participants were asked to write down a set of 

instructions describing how they controlled the system. The content and form of the 

recipes were expected to give insight into: the extent to which each subject acquired 

knowledge over time; the extent to which each subject became sensitive to specific 

features of the process and the extent to which their knowledge was organized in a deep 

or shallow manner. Because recipes were only given at one point in time to the 

participants in this study, Christoffersen's recipe analysis will be adapted to look at only 

the level of conceptual knowledge acquired. This study used three of the Christoffersen's 

four analysis categories. References to the display descriptions are defined as knowledge 

tied to the perceptual features of the display. Rationale for actions is defined as 

indicating understanding of the reasoning for the treatment given. Goals are defined as 

know ledge that is tied to the system goals or functions that need to be achieved. A 

qualitative analysis of these measures of depth of know ledge was done using three raters. 

The raters were one professor and two graduate students involved in the 

systems/informatics option of the College of Nursing at the University of Arizona. The 

raters agreed on the definitions of identifiers in the recipes. They each analyzed a sample 

of 10 recipes twice, comparing results each time and refining the definitions. They then 
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analyzed all the recipes independently and reviewed the results together. For those cases 

where raters did not agree, agreement was reached by consensus or majority vote. A 

qualitative analysis was done by examining the terminology of the recipe to determine 

how many times the student described their actions in terms of the physical display. A 

similar analysis was done on the number of times that a rationale was given. Pearson's 

Product Moment correlations were used to determine what relationships exist between 

references to displays and rationales. Recipes were identified as either having no goals or 

at least one goal. The sample was then partitioned into two groups based on whether or 

not goals were identified. A t -test compared the means of the practice variable affecting 

the two groups. 

The influence of the display on practice was analyzed by a comparison of the 

means of the practice variables for display groups, EPD and IBD. 

There is hypothesized to be a relationship between all the constraints on practice 

and all the variables composing performance and depth of know ledge. The research 

questions served as a guide to this secondary data analysis. 

Summary 

A secondary data analysis on the combined data from a previous experiment 

conducted by Effken and colleagues was conducted to examine the relationships between 

the processes of practice and the outcomes of performance and deep know ledge as 

students learn to use the hemodynamic instructional computerized displays. The 

rationale and procedures for the original experiment were described. The plan for 



combining the data and conducting the data analysis to address each research question 

was described. 
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Chapter IV 

Results 
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The results are presented in two sections. In the first section the characteristics of 

the sample and descriptive statistics are presented. The second section presents statistical 

results and discusses each of the research questions individually. 

Statistical analysis was conducted to answer the research questions proposed in 

Chapter One. The level of statistical significance in this study was set at ,[2<0.10. The 

hypothesis that relationships between all variables exist was tested. Performance scores 

were tested for normality (Shapiro-Wilk) and equal variances (Levenne). 

Descriptive statistics were used to analyze the data in relationship to the research 

questions. The results of these analyses are presented in the following section. 

Description of the sample 

The sample was composed of 18 student nurses enrolled at the University of 

Arizona College of Nursing. All the participants were either pre-nursing or semester 1 

through 4. There were 2 males and 16 females. There were 4 pre-nursing students, 7 

first semester students, 4 second semester students, 1 third semester and 2 fourth semester 

nursing students. None of the participants was experienced in the use of monitors for 

patient care. All participants were screened for color blindness, had normal visual acuity 

(self-reported) and had a stated preference for right-handedness. 

Descriptive characteristics of practice 

Descriptive characteristics of the practice variables studied are shown in Table 2. 

The mean time on task (TT) that each participant spent on independent practice prior to 



Table 2. Descriptive Characteristics of Dependent Variables 

Outcome 

Practice 
Constraint 

Performance 

Depth of 
Knowledge 

Variable 

Time on task 
(seconds) 

Extent of 
exploration 

Learning style 

Prior 
knowledge 

Speed 
(seconds) 

Accuracy 
Overall 

Accuracy 
Simple 

Improvement 
Overall 

Improvement 
simple 

Number of 
references to 
display 

Number of 
rationales 

tven 

Mean Median 

126.28 117 

144.33 92.50 

.64 .70 

1.44 1.00 

6.55 6.17 

.61 .80 

.75 .79 

.10 .11 

.20 .07 

2.06 1.50 

1.06 1.00 

Standard 
Deviation 

80.18 

224.36 

.20 

1.25 

1.68 

.14 

.14 

.09 

.44 

2.07 

.80 
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Range 

22- 379. 

8- 1026 

.29- 1.0 

.0-4.0 

4.17- 11 

.23- .80 

.36- .90 

-.07- .24 

-.51 - .90 

.00-7.00 

.00-3.00 
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the experimental trials was 126 seconds, with a range of 22 to 379 seconds and a standard 

deviation (SD) of 80 seconds. The extent of exploration (EE) (calculated as number of 

drugs x strength x number ofkeypresses) ranged from 8 to 1026, (M = 144, SD = 224). 

When the outlier of 1026 was removed, the mean was 92, with a SD of 44. Semester of 

nursing school in which participants were enrolled was used as a proxy measure for prior 

knowledge (PK). The mean PK is between first and second semesters (1.44), with a 

range of 0 (pre-nursing) to 4 (fourth) semester. All participants were given Richardson's 

Verbalizer-Visualizer Questionnaire prior to the experimental trials to indicate their 

learning style (LS) preference. All participants had higher visualizer scores. A ratio was 

created to determine the strength of the verbalizer scores in relationship to the visualizer 

scores. The score of 1 represents the strongest relationship of verbalizer to visualizer 

score. The range was .29 to 1, with a mean (M) of .64 and a standard deviation (SD) of 

.20 

Perceived cognitive workload (PCW) was derived from comments in a survey 

administered at the end of the trial called Information for Continued Development. These 

comments are displayed in Table 3. The participant who practiced the longest (379 

seconds) wrote in the survey "more practice time needed" and the one who practiced the 

least (22 seconds) wrote that the trials were "easy." Based on those comments, the 

sample was partitioned into two groups. The high PCW group was comprised of those 

who perceived the cognitive workload to be easy (56%) and the low PCW group of those 

who perceived the cognitive workload to be something other than easy ( 44% ). 
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Table 3. Comments on "Information for Continued Development" Questionnaire judged 
to be related to Perceived Cognitive Workload by Display Group and Participant (N = 
rn 
Display Subject 

EPD 

2 

3 

5 

6 

8 

9 

11 

12 

14 

15 

17 

18 

IBD 

1 

4 

7 

10 

13 

16 

Comment 

(no comment) 

easy 

easy 

clear 

need more practice 

easy 

practice didn't help 

easy to follow 

challenging 

easy 

simple after practice 

easy 

challenging 

intriguing 

need more practice 

challenging 

educational and fun 

simple 
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Systematicity of practice was analyzed by graphing the order in which drugs were 

used (an example is shown in Fig. 5). The analysis revealed several distinct patterns 

(Table 4). Two patterns (drugs used and negation) seemed worthy of further 

investigation because of the frequency with which they appeared. Analysis showed that 

some students used all drugs during practice; others did not. Moreover, some students 

would give one member of a drug pair and then use the other member of the drug pair to 

cancel out the effects of the initial drug before trying another drug pair (negation). To 

investigate the effects of these practice patterns on performance required that the sample 

be partitioned into groups, based on each pattern. In the first partitioning, the sample 

(N=l8) was split into 2 groups, those who used all the drugs during practice (67%) and 

those who did not (33% ). In the second partitioning, the sample was similarly split into 2 

groups, those who used complete negation (39%) and those who did not (61 %). 
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Table 4. Primary practice patterns exhibited by participants shown by display 

Pattern 
Subject Number of drugs used Negation 

EPD 

2 All Complete negation 

3 All parrs 

5 All vertical 

6 All Complete negation 

8 All vertical 

9 2 Incomplete negation 

11 All Random 

12 4 Incomplete negation 

14 All Complete negation 

15 All Complete negation 

17 4 Random 

18 All Complete negation 

IBD 

1 All Random 

4 4 Incomplete negation 

7 All Complete negation 

10 5 Incomplete negation 

13 All Complete negation 

16 5 Incomplete negation 



Increase Heart 
Strength 

Increase 
Resistance 

Increase Fluid 

6L 
4L 

································· 
Decrease Heart 

Decrease Resistance 

Decrease Fluid 

Low (L) ... .... 

Medium (M) .... 
..... 

High (H) ...... 
...... 

First given -------· 
Last given .......................................... 

Figure 5. Example of analysis of drug delivery pattern. There 
are 27 key presses to deliver low doses of 6 medications in a pattern 
of negation. 

56 
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Descriptive characteristics of performance 

Performance data are displayed in Table 2. Speed (defined as the time in seconds 

from the onset of the scenario to initiation of treatment) scores ranged from 4.17 to 11 

seconds (M = 6.5 seconds, SD = 1.6). Accuracy(% of time all parameters were 

maintained within target range) and improvement (mean accuracy on the last three minus 

the first three trials) were measured for all problems (simple and complex). The 

accuracy overall scores ranged from 23% to 80%, with a mean of 60%, median of 61%, 

and SD of 14%. Accuracy on simple problems ranged from 36% to 90%, with a mean of 

75%, median of79%, and a SD of 14%. Improvement overall ranged from -7% to 24%, 

with a mean of 10%, median 11% and SD of 9%. Improvement on simple problems 

ranged from -50% to 90%, with a mean of 20%, median of 6.5% and a SD of 44%. 

Complex problems proved to be quite difficult to solve, particularly with IBD, so there 

were many failed complex trials. 

Descriptive characteristics of depth of know ledge 

Descriptive characteristics of number of references to the display and number of 

rationales were taken from the recipes written after the experimental trials were 

completed and are displayed in Table 2. The number of references to the display 

characteristics in the recipe analysis ranged from 0 to 7 (M = 2.1, SD = 2.1). The number 

of rationales students offered for what treatment they chose ranged from 0 to 4 (M = 1.2, 

SD = 1.1). Content analysis found that for further analysis the sample population (N=18) 

could be split into 2 groups, those who identified goals for treatment (78%) in their recipe 

and those who did not (22% ). These results are shown in Table 5. 



Table 5. Goals indicated on recipes by participant and display type CY es = goal 
identified, No= no goals identified) 

Subject 

EPD 

2 

3 

5 

6 

8 

9 

11 

12 

14 

15 

17 

18 

IBD 

1 

4 

7 

10 

13 

16 

Goals identified 

NO 

YES 

YES 

YES 

YES 

YES 

NO 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

NO 

NO 

YES 

58 



59 

Results Related to Research Questions 

Research Question 1 

What is the relationship between potential constraints on practice and the 

subsequent performance of students learning to use a computer simulation? The methods 

for analysis for each subquestion of this main research question are displayed in Table 6. 

The variables that comprise potential constraints on practice are time on task (TT), extent 

of exploration (EE), perceived cognitive work load (PCW), systematicity, learning style 

(LS) and prior knowledge (PK). TT, EE, LS and PK are interval data. The variables that 

represent performance are speed, two types of accuracy (overall and on simple problems 

only), and two types of improvement (on simple problems and overall). A Pearson's 

Product Moment bivariate correlation was used to assess the relationships between each 

practice and each performance score, shown in Table 7. A significant negative 

correlation between learning style and speed was obtained (r = -. 437, J.2=. 08), indicating 

that students with a higher ratio of verbalizer to visualizer scores were faster at initiating 

treatment. A negative correlation was found between time on task and accuracy on 

simple problems (r = -. 460, J.2=. 055). That is, as practice time increased subsequent 

accuracy on simple problems decreased. No other correlations between practice and 

performance variables were statistically significant. 

Analysis of the comments on the Information for Continued Development survey 

was done to determine perceived cognitive workload. The sample was split into 2 groups 

based on perceived cognitive workload. The low workload group (N =9) was composed 



Table 6. Methods of Analysis for Question 1 

1. What is the relationship between potential constraints on practice and the performance of students learning to use a computer 

simulation? 

Research Question I Primary Analysis I Results 

a) What are the relationships between I Pearson Product Moment bivariate I 1. time on task and accuracy on simple 

time on task (TT) and speed, accuracy, and I correlation -Time on task to I problems Cr = -. 460, n=. 055) 

improvement? speed, accuracy, and improvement 

b) What are the relationships between t-test 1. overall accuracy scores (!1s= .046, n<. 1 0) 

perceived cognitive (PCW) workload and group 1 -easy, simple 2. simple accuracy scores (!Is=. 003, n<. 10) 

speed, accuracy, and improvement? group 2 - challenging, needed 

more practice, practice didn't help, 

intriguing 

0'1 
0 



Table 6. - continued 
Research Question Primary Analysis Results 

c) What are the relationships between 2 sample t- test- 1. simple improvement (!1s.7= .041, Q<. 10) 

systematicity and speed, accuracy, and group 1 - complete negation 2. overall improvement (!16= .063, Q<. 1 0) 

improvement? group 2 - incomplete negation 

2 sample t- test- 1. no significant correlations 

group 1 - used all drugs 

group 2- didn't use all drugs 

d) What are the relationships between I Pearson Product Moment bivariate I 1. learning style and speed 

learning style (LS) and speed, accuracy, and I correlation -learning style to speed, I (I= -. 437, Q=. 08) 

improvement? accuracy, and improvement 

e) What are the relationships between prior I Pearson Product Moment bivarate 1. no significant correlations 

knowledge (PK) and speed, accuracy, and correlation -prior knowledge to 

improvement? speed, accuracy, and improvement. 
0\ 
.......... 
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Comparisons between Constraints on Practice and Performance 

Table 7. Correlation (r) and Significance (p) among Practice Variables and Performance 

(N= 18) 

Performance Variables 

Speed Accuracy Improvement 

Speed Overall Simple Overall Simple 

Practice 

Variables r 12. r 12. r 12. r 12. r 12. 

Time on 

Task .15 .56 -.29 .24 -.46 .06 -.13 .60 17 50 

Extent of 

exploration -.10 .71 -.21 .40 -.39 .11 .11 .67 -.33 .18 

Learning 

style -.44 .08 -.20 .44 .28 .28 -.03 .90 .05 .87 

Prior 

knowledge -.01 .97 .24 .34 .18 .48 -.23 .35 -.08 .76 
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of those participants who perceived the trials to be "easy," "simple" or "clear." The high 

workload group (N = 8) was composed of those participants who perceived the trials to 

be "challenging," "need more practice," "intriguing" or "educational." Inspection of 

Table 8 reveals that the low workload group was faster and more accurate than the high 

workload group but showed less improvement over the course of the experimental trials. 

A 2 sample student 1-test showed that these differences were statistically significant only 

for overall accuracy scores (115= .046, n<. 10) and simple accuracy scores (1ts=. 003, n.<. 

10). 

Similarly the effect of systematic practice was evaluated by partitioning the 

sample into 2 groups based on each of two identified practice patterns. The first 

partitioning was done based on the pattern of negation. The complete negation group (N 

= 7) consisted of those who used complete negation during practice. The incomplete 

negation group (N = 11) consisted of those who used a random, vertical, incomplete 

pairing or incomplete negation. Inspection of Table 9 shows that the complete negation 

group was slightly faster and improved more overall, while the incomplete negation 

group improved more on the simple trials. A 2 sample 1-test determined that there was a 

significant difference in the means of both improvement scores, simple (115.7= .041, n<. 

1 0) and overall (1t6= .063, n<. 1 0). 

The sample was also partitioned into 2 groups based on number of drugs used 

during practice. The all drugs group (N = 12) consisted of those participants who used all 

the drugs during the practice trials. The less than 6 drugs group (N = 6) consisted of all 

the participants who only used some of the drugs. Inspection of Table 10 shows the 
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Table 8. Means and Standard Deviations (SD) for 5 Performance Measures by Level of 

Perceived Cognitive Workload CPCW) CN = 17) 

Speed Accuracy Improvement 

Speed Overall Simple Overall Simple 

PCW Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Low 6.41 (2.02) .67 (.10) .83 (.07) .07 (.07) .18 (.33) 

High 6.69 ( 1.35) .55 (.15) .67 (.15) .13 (.10) .22 (.54) 
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Table 9. Means and Standard Deviations CSD) for 5 Performance Measures by 

Systematicity (N= 18) 

Speed Accuracy Improvement 

Pattern Speed Overall Simple Overall Simple 

Negation Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Complete 

6.62 (1.43) .62 (.11) .76 (.12) .14 (.06) -.03 (.25) 

Incomplete 

6.50 (1.88) .60 (.16) .74 (.15) .07 (.09) .35 (.47) 

Table 10. Means and Standard Deviations CSD) for 5 Performance Measures by 

Systematicity (N= 18) 

Speed Accuracy Improvement 

Pattern Speed Overall Simple Overall Simple 

Number of Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

drugs used 

All drugs 
used 6.38 (1.28) .61 (.10) .75 (.11) .11 (.09) .19 (.41) 

Less than 
6 drugs 6.89 (2.40) .60 (.21) .74 (.20) .08 (.09) .22 (.52) 
used 



means for all performance measures. A 2 sample !-test determined that there were no 

significant difference in the means of the four performance scores for the two groups. 

Discussion of findings related to Research Question 1 

Each performance variable (speed, accuracy, and improvement) was influenced 

by one of the constraints on practice (time on task, extent of exploration, learning styles, 

prior knowledge, perceived cognitive workload and systematicity). All the participants 

had high visual scores, but some had stronger verbal scores than others. Therefore the 

strength of their verbal scores seemed to influence how quickly they could initiate 

treatment. The higher the verbalization score the less time it took to initiate treatment. 

Visual learning may constrain practice by limiting behavior based on a predisposition of 

one's ability to interpret a display. Those visualizers who were weaker verbalizers, on 

average, took longer to initiate treatment. These results are consistent with those of 

Effken and Doyle (submitted) who found that students who are visual learners were 

quicker to initiate treatment. However, that study did not compare the strength of the 

verbal component within the visual score. As we examine the degree of verbalization 

within the visualizer score this study finds that strength in both learning styles influences 

speed as well. 

66 

One pattern of practice systematicity influenced the improvement. Negation 

(bringing back to the original starting position after trying a drug) affected improvement 

but the number of drugs used did not. The participant perhaps was able to better 

understand the action of the drug when starting from a normal patient state, unaffected by 

any other drugs. Participants used complete negation patterns with similar frequency on 



each display. However, the use of all drugs was much more prevalent on EPD. The 

effects of displays on practice constraints and outcomes are discussed in Question 4. 
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Time on task, however, influences accuracy inversely. The more time a 

participant practiced the less percentage of time that the simulated patient's pressures and 

outputs were in range (accuracy). This is statistically significant only for accuracy on the 

simple problems. Perhaps too much time spent practicing, without any structure, creates 

opportunity for too much exploration, which may increase the cognitive workload. This 

finding is consistent with the cognitive load theory (Tuovinen and Sweller, 1999). Those 

that perceived the workload as "easy" were more accurate both in simple problems and 

overall. The learners who perceived the cognitive workload to be easy initially did well 

in the trials and had little room for improvement. Perceived cognitive workload was not 

a predictor of improvement. The average accuracy on simple problems for those who 

perceived the trials to be easy was 83%. This is very high and does not provide 

opportunity for improvement, a ceiling effect. Metacognition may play an important role 

in the relationship between EPD, time on task and simple problem accuracy. When the 

participants intially percieved EPD to be easy, they practiced less and were accurate on 

the simple problems only. However, the lack of practice did not prepare them to be more 

accurate on the more complex problems. 

Research Question 2 

What is the relationship between potential constraints on practice and the depth of 

know ledge of students learning to use a computer simulation? The methods for analysis 

for each subquestion of this main research question are displayed in Table 11. 



Table 11. Methods of Analysis for Question 2 

2. What is the relationship between potential constraints on practice and the depth of know ledge of students learning to use a 

computer simulation? 

Research Question I Primary Analysis Method Results 

a) What are the relationships between time I Pearson Product Moment bivariate 1. prior knowledge and number of 

on task (TT), extent of exploration (EE), I correlation -TT, EE, LS, PK to rationales (r= .517' n=. 028). 

learning style (LS), prior knowledge (PK) display reference, rationales 

and display reference, rationales? 

b) What are the relationships between t-test 1. low group made more references to the 

perceived cognitive workload (PCW) and group1 -Low (easy, simple) display (M = 2.56) than the high group (M 

display reference, rationales and goals? group 2 - High (challenging, needed = 1.56) (not significant) 

more practice, practice didn't help, 2. low group ( 100%) listed a goal but only 

intriguing) more than half of the high group did 

(63%). 

0"1 
00 



Table 11. - continued 
Research Question Primary Analysis Method 

c) What are the relationships between 2 sample t- test-

systematicity and display references and group 1 - complete negation 

rationales? group 2 - incomplete negation 

2 sample t- test-

group 1 - used all drugs 

group 2 - didn't use all drugs 

d) What are the relationships between time 2 sample t-test-

on task (TT), extent of exploration (EE), group 1 - no goals 

learning style (LS), and prior knowledge group 2 - at least 1 goal 

(PK) and goals? 

---

1. fewer references to the display (M = 

1.71) and gave more rationales (M = 1.43) 

when using complete negation compared to 

those who used incomplete negation (M = 

2.27, 1.09, respectively) (not significant) 

1. fewer references to the display(M = 

1.92) and gave more rationales (M = 1.33) 

when using all drugs compared to those 

who used only a few drugs (M = 2.33, 1.00 

respectively) (not significant) 

1. no goal group had greater extent of 

exploration (M = 334.50) than those who 

had a goal (M = 90.00) (not significant) 

0\ 
\0 
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Depth of knowledge scores were obtained from content analysis of the recipes 

students wrote after completing the experimental trials and then quantified by counting 

the number of times display references were identified and the number of time that 

rationales were identified in recipes. A Pearson's Product Moment bivariate correlation 

was done between the practice scores (time on task, extent of exploration, learning style 

and prior knowledge) and quantified depth of knowledge scores (number of references to 

the displays and number of rationales), as shown in Table 12. No significant 

relationships were found except for that between prior knowledge and number of 

rationales (r= .517, Q=. 028). 

The sample was again split into 2 groups on the basis of perceived cognitive 

workload. Inspection of Table 13 reveals that the low PCW group made more (M = 2.56) 

references to the display than the high PCW group (M = 1.56). However at-test showed 

that the differences were not statistically significant. Inspection of Table 14 shows that 

100% of the low PCW group listed a goal but only 63% of the high PCW group did. 

To investigate practice systematicity, the sample was partitioned into 2 groups 

based on the two identified practice patterns. Inspection of Table 15 shows that the 7 

students who used complete negation made fewer (M = 1. 71) display references than 

those who used incomplete negation (M = 2.27). The complete negation group offered 

more rationales for their treatment than the incomplete negation group (Means = 1.43 and 

1.09, respectively). However, at-test showed that these differences were not statistically 

significant. Similarly, inspection of Table 16 shows that those who used all drugs made 

fewer (M = 1.92) display references than those who used fewer drugs (M = 2.33). The all 



Comparisons between Constraints on Practice and Depth of Know ledge 

Table 12. Correlation (r) and Significance (p) among Practice Variables and Depth of 

Knowledge (N= 18) 

Practice Variables 

Time on Task 

Extent of exploration 

Learning style 

Prior knowledge 

Depth of Know ledge Variables 

Display Reference 

I 

.06 .83 

-.33 .19 

.17 .51 

.24 .34 

Rationales 

I 

.34 

-.02 

-.07 

.52 

71 

.17 

.95 

.79 

.03 
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Table 13. Means and Standard Deviations CSD) for 2 Depth of Knowledge Measures by 

Level of Perceived Cognitive Workload CN = 17) 

Display Reference Rationales 

PCW Mean (SD) Mean (SD) 

Low 2.56 (1.81) 1.44 (1.24) 

High .56 (2.30) 1 (1) 

Table 14. Frequency of Goal Statements by Level of Perceived Cognitive Workload 

CN=17) 

PCW 

Low 

High 

No Goal Stated (N=3) 

0 (0%) 

3 (37%) 

Goal Stated (N=14) 

9 (100%) 

5 (63%) 
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Table 15. Means and Standard Deviation CSDs) for 2 Depth of Knowledge Measures by 

Systematicity CN= 18) 

Pattern Display Reference Rationales 

Negation Mean (SD) Mean (SD) 

Complete 1.71 (1.98) 1.43 (1.27) 

Incomplete 2.27 (2.20) 1.09 (1.04) 

Table 16. Means and Standard Deviations CSDs) for 2 Depth of Knowledge Measures by 

Systematicity (N= 18) 

Pattern Display Reference Rationales 

Number of Drugs Used Mean (SD) Mean (SD) 

All drugs used 1.92 ( 1.83) 1.33 ( 1.15) 

Less than 6 drugs used 2.33 (2.66) 1.00 (1.10) 
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drug group offered more rationales for treatment than those who did not use all the drugs 

(Means = 1.33 and 1.00 respectively). Again at-test showed that these differences were 

not statistically significant. 

The sample was partitioned into two groups based on identified goals. The no 

goal group (N =4) did not identify any goals in the recipe for treatment. The goal group 

(N = 14) identified at least one goal. Inspection of Table 17 shows that the extent of 

exploration was higher (M = 334.50) for those who did not have a goal than for those 

who did (M = 90.00). However there was great variability in the scores (SD = 461.37) of 

those who did not have a goal. However, at-test found that these differences were not 

statistically significant. 

Discussion of findings related to Research Question 2 

The only potential constraint on practice that influenced depth of know ledge was 

prior knowledge. The further along the participants were in their nursing education, the 

more rationales they gave for treatment. This supports the benefits of prior knowledge 

for understanding the concepts behind a computer simulation. It may also be the case 

that the more advanced students had better developed metacognitive skills. 

Participants that described a goal for the treatments administered perceived the 

workload of the simulation to be easier than those who did not. This suggests that when 

explaining a simulation, it may benefit learners to have the goal repeated. Goal 

orientation helps to focus and direct learning, thus making the experience easier for the 

participant. This may also suggest that when cognition is not overloaded with the effort 

to understand a display (it is easier), then the participant can use some of her remaining 



75 

Table 17. Means and Standard Deviations CSDs) for 4 Constraints on Practice by 

Number of Goals Identified (N= 18) 

Goals 

No Goals 

More than 1 

Goal 

Time on task 

Mean (SD) 

Extent of 
exploration 

Mean (SD) 

Learning 
style 

Prior 
knowledge 

Mean (SD) Mean (SD) 

122.00 (12.46) 334.50 (461.37) .66 (.32) 1.00 (1.15) 

127.50 (91.45) 90.00 (48.95) .64 (.19) 1.57 (1.28) 



cognitive effort to determine a goal. Benner's theory identifies interpretation of the 

nurses' actions as part of goals as an important step to competent skill acquisition. 

Research Question 3 
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What are the relationships between the individual potentials for constraints on 

practice? The methods for analysis for each subquestion of this main research question 

are displayed in Table 18. A Pearson's Product Moment bivariate correlation between 

each of the variables of practice, time on task, extent of exploration, learning styles and 

prior knowledge found a significant relationship only between prior knowledge and 

learning style (r =. 443, J:L=. 075) as shown in Table 19. The sample was split into two 

groups based on perceived cognitive workload. Individual constraints on practice were 

compared for low and high PCW groups. Inspection of Table 20 shows that the high 

PCW group spent considerably more time on task (M = 173) than the low PCW group (M 

= 79.56). Similarly the high group explored more area of the task space (M = 217.06) 

than the low PCW group (M = 71.61). The high PCW group was somewhat higher on 

the verbalizer dimension (M = .69) than the low group (M = .61). Fisher and Ford (1998) 

defined learner effort as time on task, cognitive workload and cognitive effort. 

Inspection of Table 20 shows that when combining time on task plus extent of 

exploration scores the means comparison was significant (16.46= .08, n<. 10). However, 

when time on task and extent of exploration were tested separately only time on task was 

significant (h.t= .033, n<. 10). To investigate the effect of systematic practice, the 

sample was partitioned into 2 groups based on two identified practice patterns. The first 

partitioning was done based on complete negation. Inspection of Table 21 shows no 



Table 18. Methods of Analysis for Question 3 

3. What are the relationships between the individual constraints on practice? 

Research Question I Primary Analysis Method Results 

a) What are the relationships between time I Pearson Product Moment 1. prior knowledge and learning style Cr =. 

on task (TT), extent of exploration (EE), I bivariate correlations -TT, EE, LS, 443, 12-=. 075) 

learning style (LS), and prior knowledge I PK 

(PK)? 

b) What are the relationships between t -test I 1. high group spent more time on task and 

perceived cognitive workload (PCW) and group 1 - Low (easy, simple) I greater extent of exploration (M = 217 .06) 

time on task (TT), extent of exploration group 2- High (challenging, needed I (M = 173) than the low group (M = 79.56, 

(EE), learning style (LS), and prior more practice, practice didn't help, I 71.61, respectively) (not significant) 

knowledge (PK)? intriguing) I 2. time on task was significant (!?.t= .033, 

n<. 10). 

-...) 
-...) 



Table 18.- continued 
Research Question I Primary Analysis Method 

c) What are the relationships between I 2 sample t- test-

systematicity and time on task (TT), extent I group 1- complete negation 

of exploration (EE), learning style (LS), and I group 2- incomplete negation 

prior knowledge (PK)? I 2 sample t- test-

group 1 - used all drugs 

group 2- didn't use all drugs 

Results 

1. no difference between means for 

negation 

2. all drug group spent greater time on task 

(M = 137.83) and greater extent of 

exploration (M = 184.63) than those who 

used fewer than 6 drugs (M = 103.17, 63.75, 

respectively) (not significant) 

........] 
00 



79 

Table 19. Correlations between the Four Individual Constraints on Practice(N= 18) 

Time on task Extent of Learning style Prior 

exploration knowledge 

Time on Task 
1.00 

Extent of 
exploration .15 1.00 

Learning style 
.20 .37 1.00 

Prior 
knowledge .18 .12 .44* 1.00 

* n < .1o 
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Table 20. Means and Standard Deviations CSDs) for 5 Constraints on Practice by 

Perceived Cognitive Workload CN= 17) 

Time on task 

PCW Mean (SD) 

Extent of 
exploration 

Mean (SD) 

Time on task and Learn style 
extent of 

exploration 

Prior 
knowledge 

Mean (SD) Mean (SD) Mean (SD) 

Low 79.56 (3.33) 71.61 (43.00) 151.17 (75.6) .60 (.19) 1.67 (1.41) 

High 173 (87.40) 217.06 (305.22) 390.06 (306.46) .69 (.22) 1.22 (1.09) 

Table 21. Means and Standard Deviations CSDs) for 4 Constraints on Practice Measures 

by Systematicity 

(N= 18) 

Time on task Extent of exploration Learn style Prior knowledge 

Negation Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Complete 112.57 (37.02) 225.43 (353.98) .61 (.23) 1.43 (1.4) 

Incomplete 135.00 (99.46) 92.73 (53.46) .66 (.20) 1.45 (1.21) 
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remarkable differences between group means. The second partitioning was done based 

on number of drugs used. Inspection of Table 22 reveals that those in the all drug group 

spent greater time on task (M = 137.83) and explored the system more extensively (M = 

184.63) than those who used fewer than 6 drugs (Means= 103.17 and 63.75 

respectively). Systematicity pattern groupings were tested using a 2 sample t-test to 

compare the means of four measures for potential constraints. However, there were no 

significant differences between the groups for either pattern, complete negation or the use 

of all drugs. 

Discussion of findings related to Research Question 3 

The relationships between the individual constraints on practice that limit 

behavior were few. Prior knowledge was shown to correlate with learning style. Those 

with higher levels of prior knowledge tended to have higher verbalization scores. All 

participants were visualizers. The visual nature of the computer simulation may be a 

predetermining factor to those who choose to volunteer to participate in this type of 

research. Higher education may strengthen verbal scores but that is not possible to 

determine from these results. The small sample size is also a confounding factor. 

Research Question 4 

What relationship does instructional display (EPD, IBD) design have to students' 

practice characteristics (time on task, extent of exploration, perceived cognitive 

workload, systematicity, learning style, prior knowledge)? The methods for analysis for 

each subquestion of this main research question are displayed in Table 23. 

The means of the variables for practice were compared using two display groups. 
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Table 22. Means and Standard Deviations CSDs) for 4 Constraints on Practice Measures 

by Systematicity CN=18) 

Time on task 

Number of Mean (SD) 

Drugs Used 

All drugs 

used 

137.83 (83.49) 

Less than 6 103.17 (74.57) 

drugs used 

Extent of exploration Learning style Prior 

knowledge 

Mean (SD) Mean (SD) Mean (SD) 

184.63 (267.77) .65 (.23) 1.33 (1.30) 

63.75 (41.47) .64 (.18) 1.67 (1.21) 



Table 23. Methods of Analysis for Question 4 

4. What relationship does instructional display (EPD, IBD) design have to students' practice characteristics (time on task, extent of 

exploration, perceived cognitive workload, systematicity, learning style, prior knowledge)? 

Research Question Primary Analysis Results 

a). What are the relationships between 2 sample t- test- 1. IBD group spent more time on task (M = 

display type and time on task (TT), extent group 1- IBD 149 .17) and demonstrated greater extent of 

of exploration (EE), learning style (LS), and I group 2- EPD exploration (M = 114.83) than the EPD 

prior knowledge (PK)? group (M = 258.58, 87.21, respectively). (not 

significant) 

2. learning style (!ls = .010, n< .10) 

b). What are the relationships between 2 sample t- test- 1. simple accuracy (!16= .011, n< .10) and 

display types and speed, accuracy, and group 1- IBD overall accuracy (!16 = .002, n< .10). 

improvement? group 2 -EPD 

c). What are the relationships between Frequency test 1. fewer IBD (33%) than EPD (42%) 

display type and systematicity? complete negation 

2. fewer IBD (50%) than EPD (75%) all drug 
00 
w 



Table 23. - continued 
Research Question Primary Analysis Method 

d). What are the relationships between Frequency tests 

display types and perceived cognitive 

workload (PCW)? 

Results 

IBD, only 1 out of 6 ( 17%) used the words 

"easy," "simple" or "clear" in their 

description, compared to 8 of 11 (73%) of 

the group that used EPD 

00 
~ 
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The IBD group (N = 6) was composed of participants who were randomly assigned the 

integrated balloon display. The EPD group (N = 12) was composed of participants who 

were randomly assigned the etiological potentials display. Inspection of Table 24 reveals 

that the IBD group spent more time on task (M = 149 .17) and demonstrated greater 

extent of exploration (M = 114.83) than the EPD group (M = 258.58, 87.21, 

respectively). However a 1-test showed that these differences were not significant. The t

test did however show that the mean learning style for the groups was significantly 

different (115 = .01 0, 12< .1 0). Of the participants who used the EPD, all had learning style 

ratios lower than the mean (M=. 64) 

The means for each of the performance variables were compared by display 

group. Inspection of Table 25 reveals that the IBD group had lower accuracy scores, 

both overall and simple. A 2 sample t-test showed that these differences were 

statistically significant for accuracy, both simple (116= .011, 12< .10) and overall (116 = 

.002, 12< .10). 

EPD was perceived as easier to use. Table 26 shows that of the group that used 

the IBD, only 1 out of 6 ( 17%) used the words "easy," "simple" or "clear" in their 

description, compared to 8 of 11 (73%) of the group that used EPD. 

Inspection of Table 27 shows that fewer IBD users (33%) than EPD users ( 42%) 

utilized a complete negation practice pattern. However, inspection of Table 28 shows 

that 50% of IBD users tried all drugs during practice compared to 7 5% of EPD users. 

Discussion of findings related to Research Question 4 

One of the reported findings of this study is a correlation of learning style with 
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Influence of Instructional Display Designs on Practice and Performance 

Table 24. Means and Standard Deviations CSDs) for 4 Constraints on Practice Measures 

by Displays (N= 18) 

Prior 

Time on task Extent of exploration Learning style knowledge 

Display Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

IBD 149.17 (56.51) 258.58 (378.74) .81 (.12) 1.50 (.55) 

EPD 114.83 (89.75) 87.21 (43.74) .55 (.19) 1.42 (1.51) 

Table 25. Means and Standard Deviations CSDs) for 5 performance Measures by 

Displays CN= 18) 

Pattern 

Display 

IBD 

EPD 

Speed Accuracy Improvement 

Speed Accuracy 
overall 

Accuracy 
simple 

Improvement 
overall 

Improvement 
simple 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

6.11 (1.20) .50 (.14) .62 (.15) .10 (.11) .12 (.61) 

6.76 (1.88) .73 (.67) .87 (.81) .10 (.08) .24 (.35) 



Table 26. Frequency of Display Type for Perceived Cognitive Workload. CN=17) 

Perceived cognitive 
workload 

Low 

High 

IBD (N=6) 

1 (17%) 

5 (83%) 

Display 

EPD (N=ll) 

8 (73%) 

3 (27%) 

87 



Table 27. Frequency of Pattern ( by Display Type CN= 18) 

Practice Pattern 

Negation 

Complete 

Incomplete 

IBD (N=6) 

2 (33%) 

4 (67%) 

Display 

EPD (N=l2) 

5 (42%) 

7 (58%) 

Table 28. Frequency of Patterns by Display Type CN= 18) 

Practice Pattern 

Number of Drugs 

Used all drugs 

Did not use all drugs 

IBD (N=6) 

3 (50%) 

3 (50%) 

Display 

EPD (N=l2) 

9 (75%) 

3 (25%) 

88 
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display. Although the displays were randomly assigned, the randomization process was 

not completely effective as a control on learning style. Display did not have any 

influence on the constraints on practice in this study. Display influenced the performance 

outcome of accuracy on simple and overall problems. This is consistent with the findings 

ofEffken, Kim and Shaw (1997). EPD users kept the pressures and output in range a 

significantly greater percentage of time, with both simple and complex problems. The 

displays were visually very different, which might be expected to affect practice patterns. 

The results showed that patterns of complete negation were used equally. However, the 

use of all drugs during practice was much greater in EPD. Most of the EPD users 

perceived the simulation to be "easy" or "simple." Because the participants found the 

display easier, it is likely that they felt more comfortable trying all the drugs. This 

finding indicates that constraints on practice are not contingent on a display, but the 

display does influence learning outcomes. Determining the intended learning outcome 

prior to choosing a display type may facilitate successful use of computer simulations. 

General Discussion 

Constraints on practice are limitations on behavior that can influence learning 

outcomes. Six constraints on practice (TT, EE, PCW, LS, PK and systematicity) were 

examined. Five of those constraints had a relationship to the outcomes of interest in this 

study. Performance outcomes were more affected than depth of knowledge. 

Extent of Exploration (EE) was the only constraint on practice that did not have a 

significant effect on performance. Initiation of treatment was fastest in the visualizer 

with a high ratio of verbal skills. Time spent on practice (TT) adversely influenced 
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simple problem accuracy when the display types were not partitioned. The less time 

spent (TT), the greater the percentage of time the arterial pressure, and atrial pressure, 

venous pressure and cardiac outcomes (accuracy) were kept in range. Display did not 

influence the amount of time spent practicing. Systematicity of practice was the most 

complicated to measure, yet seemed to have the most influence on performance 

outcomes. Two practice patterns identified were called negation and number of drugs 

used. Examining the performance results of participants who used all the drugs during 

practice determined that this pattern did not influence outcomes. However, display type 

did have an effect on the pattern used. Using all the drugs and negating each drug before 

using another had a significant effect on the participants' improvement overall. 

Participants did not improve on simple problems when using complete negation; but 

when complex problems were introduced, there was significantly more improvement 

compared to those who did not use complete negation. Interestingly, complete negation 

did not influence accuracy. Participants used a questionnaire to provide feedback about 

the displays and the experiment after completion of the simulations. Those who did well 

on the simple and overall accuracy problems perceived the cognitive workload (PCW) to 

be "easy" or "simple." Display type influenced their perception. Users perceived EPD as 

easier than IBD. 

The only constraint on practice that influenced depth of knowledge was level of 

education or prior knowledge (PK). The longer the participant was in nursing school, the 

more often rationales were given for treatment administered. 



The interrelationships between the constraints on practice were few. The less 

time spent practicing (TT), the easier the participant perceived (PCW) the simulation to 

be; or the easier the participant perceived the simulation to be, the less time spent 

practicing. Because the relationship is a correlation it is impossible to determine 

directionality. However, if the latter relationship should be the case, this might suggest 

that metacognition is guiding the student in adjusting the amount of practice time based 

on a perception of how difficult the task is. This relationship was strong enough that 

when the other variable of learner effort, extent of exploration (EE) was added, the 

inversity of the relationship remained. The relationships between learning style, 

performance and display type appears to have been confounded. 

Display type influences how many drugs the participants used during practice. 

EPD was perceived more often to be "easy," and participants were more accurate. 
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Chapter V 

Introduction 
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The purpose of this research was to examine the relationship between practice and 

learning outcomes, thus enabling instructors to better understand the role of exploratory 

behavior. Two learning outcomes identified in the literature are performance (perceptual

control skills) and depth of knowledge (conceptual skills). This chapter includes: (1) 

discussion of findings, (2) implications for nursing education and practice, (3) limitations 

of the study, ( 4) recommendations for future nursing research, ( 5) conclusions and 6) 

summary. 

Discussion of Findings 

Six potential constraints on practice were examined. Two of these potential 

constraints are learner characteristics, learning style and prior knowledge. Four occur as 

a result of the practice session; time on task, extent of exploration perceived cognitive 

workload and systematicity. All but extent of exploration were shown to have a 

relationship with outcomes. Many (Berry and Broadbent, 1987; Laurillard, 1992; Maor 

and Taylor, 1995; Swaak and de Jong, 1996) would have predicted that the extent to 

which participants explored each drug would have been more influential. Perhaps, the 

method of measurement of extent of exploration and/or the small sample size did not 

provide an accurate interpretation of that variable. Learning style, time on task, 

perceived cognitive workload and systematicity, however, influenced performance 

outcomes. Prior knowledge influenced conceptual outcomes. These results will be 

discussed using the research model shown in Figure 1. Following the model, this study 



first examined the relationships between constraints on practice and performance, and 

then depth of know ledge. Those relationships were then examined to determine if they 

were moderated by the display design. 

Practice constraints and performance 
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Learner effort. Fisher and Ford identified three measures that are part of the 

learner effort construct. This study examined three similar measures, time on task, extent 

of exploration and perceived cognitive workload. The expectation of Fisher and Ford 

( 1999) was that these measures will be related and will have differential impacts on 

learning. Time on task and perceived cognitive workload both were found to have a 

relationship to performance accuracy. Participants who perceived the simulation to be 

easier spent less time treating the patient. Fisher and Ford ( 1999) found that successful 

performance on different learning outcomes depends on how the learner chooses to 

distribute cognitive resources during learning. In this analysis the treatment was more 

accurate when it was perceived to be easier and when EPD was used. The treatment was 

also more accurate for the more simple problems when less time was spent. Perhaps the 

most unexpected relationship was the inverse relationship of time to accuracy. The 

results obtained may be due to the small sample size and the fact that EPD was in fact, 

too easy. Tuovinen and Sweller's ( 1999) research on exploratory learning and the 

cognitive workload theory may provide an explanation for these results. Their 

comparison studies found that exploration without working examples provided greater 

competency in a more limited area. The cognitive workload theory predicts that by using 

working examples, cognitive workload will be less and working memory will be free to 
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provide resources to solve the problem. The participants in this study were not given 

working examples and could choose how they wanted to explore. Those who explored 

longer were not accurate performers. It seems that the more time spent exploring without 

working examples, the greater the cognitive load, which limited successful performance. 

Those who explored for a short period of time were significantly more accurate, but on 

simple problems only. The short time of exploration provided enough learning to be 

competent in the simple problems; but when the more complex problems were 

introduced, the working memory was limited. Metacognitive knowledge may also help 

to explain the negative relationship of time spent practicing to accuracy (Flavell, 1977). 

When shown the display, participants who understood it perceived the display to be easy 

knew how much cognition would be demanded and how to meet those demands. 

However, the metacognitive strategies were sufficient for the simple problems only and 

did not supply the practice needed to succeed on the more complex displays. The 

participants who did not readily understand spent more time practicing, but it was not 

sufficient to provide the experience needed. 

Systematicity. A relationship was found between one practice pattern and 

improvement in performance. Consistent with Glaser's ( 1992) research, using a system 

for exploration provided a learning paradigm that enabled learners to improve when they 

applied what they had practiced. Non-random exploration was used by most of the 

participants in this study. Different patterns of exploration were produced, as would have 

been predicted by Foss et al ( 1989) because no real training regimes were given to 

participants. Vertical, pairing, negation and seemingly random patterns were identifiable. 
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Negation (administering each drug without the effects of any other) was the pattern that 

emerged most frequently. The majority of participants used all the drugs. Negation 

facilitated learning because the effect of the drug was more perceptible when it was 

administered from a "pure" state. Those who used a more random approach showed less 

improvement in performance. A systematic approach to practice enhanced learning and 

seemed to facilitate transfer to more complex problems. Although use of negation was 

not affected by display design, the number of drugs tried during practice was. Those who 

used EPD, perhaps because it was easier, were significantly more willing to administer 

each drug. 

Learning styles. The performance measure, speed to initiate treatment, was 

influenced by learning style. Learning styles have been shown (Effken and Doyle, 

submitted) to be influential on outcomes. Learners who are visualizers are more 

comfortable with visual displays. This study found a relationship between learning style 

and treatment initiation speed. It also found a correlation between the type of display and 

learning style. Since the assignment to display type was to be randomized, there should 

not be a relationship. This correlation may have also contributed to the effect seen in the 

relationship of learning style to performance. Because of this study's demonstrated 

relationship of prior knowledge to learning styles, it is possible that as students acquire 

more education, they develop more verbal skills. However, because the sample size was 

small, it is not possible to interpret these results. Those who are visualizers and 

verbalizers have strong learning styles in both domains and therefore may interpret the 

display and initiate treatment faster. 
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Prior knowledge. This study found no relationship between the final constraint on 

practice, prior knowledge, and performance. Similarly, exploration during practice was 

not influenced by the participant's level of education. Even though the participants 

differed in educational experience, they were all novices in computer simulated 

hemodynamics. 

Practice constraints and depth of know ledge 

Learner effort. Time on task, extent of exploration and perceived cognitive 

workload did have a relationship to goal identification. Christoffersen ( 1998) found that 

identification of goals, rationales and conceptual interpretation of displays are indicators 

of know ledge depth. Learners learn how to perceive how much effort is needed to move 

the treatment towards the goal (Effken and Kadar, 1999). Since participants perceived 

EPD to be easier and they were more accurate, less effort could be used. However, the 

results of the study suggest that the simulation was perceived to be easier when there was 

a goal. Identifying a goal serves as a focus for exploration. Since perception of cognitive 

workload was measured after the trials, it cannot be determined whether practice 

influenced the goal setting. 

Systematicity and learning style. Neither systematicity nor learning styles had a 

relationship to conceptual know ledge. The display concepts were explained briefly prior 

to the initiation of practice. The initial practice prepared the participant to perform on the 

trials. In Christoffersen's ( 1998) research, recipes that identified the participants 

perceived goals were collected six different times over six months. For students, 



understanding the concepts behind the display may require more extensive use of the 

displays. 
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Prior knowledge. A positive correlation was found between the level of education 

in nursing school and the ability to understand the rationale for treatment. Student nurses 

who have had more education have more extensive knowledge of medication effects with 

respect to physiology. This applied knowledge improves their conceptual understanding 

of the concepts shown in the display. 

Learners had several distinct practice styles. CAl can be tailored to meet 

individual needs for successful patient treatment in simulations. By examining the 

relationships of each participant's approach to solving the problems, trends emerge. Use 

of these findings in conjunction with research provides the instructor with know ledge of 

how to provide the most efficient and effective means of instruction. 

Computer assisted instruction is an educational science. As a science it shares the 

need for planning prior to initiation. This study demonstrates the need to determine, prior 

to instruction, the desired outcome. It also demonstrates the importance of structured 

practice on that desired outcome. The successful instructor must apply what is known 

about the participant's knowledge of nursing and computers to simulation learning. By 

educated design of the practice session with respect to the simulation design the 

instructor will increase successful outcomes. Learner perceptions can be a valid 

interpreter of success. The use of computer simulations in CAl is has been proposed as a 

modality to provide more efficient and effective nursing instruction; therefore, 

knowledge of these relationships will serve to optimize those outcomes. 
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Implications for Nursing 

Education 

Changes in healthcare have made it more difficult for nursing faculty to ensure 

that all students have all the same clinical experience. Computer simulations can be used 

to provide a common level of experience. However, there is limited research in the 

literature on how computer simulations affect learning outcomes. 

This study's results demonstrate the importance of preparation by the instructor. 

The previous know ledge of the learner influences outcomes. A student's learning style 

may not be available but their level of prior education, both in nursing and computers 

always is. By being aware of these constraints the instructor can predict individual 

differences in perceptual and conceptual outcomes. Novices may require greater 

structure placed on their practice so they do not become confused. Increased cognitive 

load may interfere with learning (Tuovinen and Sweller, 1999). Providing working 

examples as a basis for the exploration during practice decreases cognitive workload, 

which enables the participant to learn more. Basic scaffolding provides the structure for 

the learner to build on (Ausubel, 1982). 

This study also demonstrates the importance of determining the desired outcome 

of practice. Using the results of this study, a simulation intended to teach accuracy could 

potentially require a different type of practice than one intended to provide the foundation 

for future application. For example, to improve accuracy an instructor might provide 

students with working examples. Practice intended to provide a foundation for future 

application should focus on systematic practice. Benner's theory of skill acquisition 
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supports practice as a "building block" for competency. Fisher and Ford's (1998) study 

supports the use of a working example as primary predictor of performance when applied 

to a new situation. This would help the student use practice time efficiently, decrease 

mental effort and facilitate learning (Tuovinen and Sweller, 1999). Awareness of the 

learners educational level provide the instructor with the baseline concepts on which to 

build when educating about physiological concepts supporting the simulation. 

Finally, understanding the simulation itself is imperative for the instructor. The 

types of displays and problems to be worked combined with intended outcomes create the 

formula for the most beneficial practice. Effken et al ( 1997) demonstrated the positive 

effects of the displays on performance when compared to a traditional strip-chart display. 

This study shows that the pattern and time of practice also affects subsequent 

performance with the display. 

Although computer simulations are beneficial because the learner can be more 

autonomous, guided practice is important. This study did not provide any structure for 

the practice sessions. Instruction on the best mode of practice can help the learner to 

more efficiently achieve learning outcomes. 

Practice 

This study has shown that there are differences in simulation practice that can be 

structured to produce desired outcomes. Practice has been shown to affect different types 

of accuracy and improvement. Providing working samples during practice provides the 

basis for the initial rules. Once the nurse learns the rules, then repeated application of the 

rules helps to develop guiding principles. A goal of computer simulations is to move the 
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learner away from those rules towards application of principles. The successful 

simulation in coordination with "real life" experiences should be structured to ensure that 

process. 

Prior education and computer experiences determine whether the simulation user 

starts as a novice. Practice using the simulation can provide the experience that the nurse 

may not be able to obtain in a practical manner. Nursing has become so diversified that 

the experienced nurse may have had many years of experience that do not lead to more 

effective skills. With more and more being expected from nurses, the availability of the 

simulation experience is valuable. Learning about treatments by practicing, in a 

simulated setting, the nurse gains the knowledge to apply these to real situations. The 

simulation provides the opportunity to advance through the initial stages of skill 

acquisition without risk to the patient. 

Benner's nursing theory serves as a guide to how the results of this study can 

benefit nursing practice. As the nurse moves through the 5 levels of Dreyfus' ( 1980) 

levels of skill acquisition, practice becomes a means to gain experience. 

As the nurse moves through the stages of skill acquisition from novice to expert, 

the cognitive workload induced by mechanical functions becomes minimal and the 

advancing nurse relies on analytic principles. If practice is structured to achieve desired 

performance outcomes, then Benner predicts the experience will create paradigms, which 

lead to competency. Computer simulations allow the nurse to learn from mistakes, which 

can also create paradigms. Benner's theory also predicts that as the nurse advances, the 

rules that guided the novice will interfere with the expert's performance. The rules will 
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have become too basic and interfere with the development of intuition. By applying rules 

to the situation, the nurse is formulating goals, which create a focus. As the rules evolve 

into principles, the nursing goals evolve into patient goals. 

Limitations 

Several limitations to the study were identified. 

1. The research was conducted using two experimental simulations. Therefore 

the results may not be generalizable to other computer simulations. 

2. Variability in learners creates difficulty in determining the optimal cognitive 

workload. The unstructured exploration may have enhanced learning for 

some and been detrimental for others. 

3. There was minimal variation in learning styles. All participants were 

visualizers. None were verbalizers. The strength of the visualization scores 

varied as a subset of the visualization classification but not sufficiently to 

obtain valid results. 

4. All the participants in the study were nursing students, who use computers 

regularly. The students were novices in hemodynamics but comfortable at a 

computer terminal. The results may not be generalizable to learners who 

don't have regular use of computers. 

5. The small sample size of 18 students is a limitation of the study. The 

variability of the individual differences then has much greater impact. 

6. The great amount of variability in the extent of exploration in this small 

sample did not provide usable data for accurate analysis of this variable. 



7. The comments were taken from the student survey "Information for 

Continued Development." These were interpreted as a measure of perceived 

cognitive workload, but this interpretation may differ from the intended 

meaning. 

Recommendations for Future Research 

This study found several statistically significant results. Many comparisons 

created questions for further examination. Some of the limitations also provided a basis 

for future study. 
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1. The present study could be replicated with more participants. A larger sample 

size would validate and create more reliable measures of significance. 

2. A comparison could be made between performance outcomes of participants 

who were given structured practice and those who used exploratory practice. 

3. Depth of knowledge could be measured differently to provide more 

measurable answers. Christoffersen ( 1998) had a recipe done six times in the 

period of six months. This provided variability within the scores and a change 

over time. Since these simulation trials occur in one session, repeated recipes 

are not an option. A quantifiable tool could be developed to collect 

information immediately after the trials. 

4. Other measures for cognitive workload could be developed. An analog scale 

is one type of potential measurement tool. The analog measurement would 

them be administered several times throughout the study to determine changes 

in cognitive workload perception. Monitoring blood pressure and heart rate 



during trials might provide another measurement. Some (Peters et al 1999) 

have used evaluating immune responses to experimental stress and the effect 

of mental effort on controllability. 

5. A more diverse sample of participants could be obtained to provide greater 

variation among learning styles and prior knowledge. 
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6. Future research could monitor metacognition. The participants could be asked 

to record when they first saw the display what they thought about it and if 

they had any particular strategies in mind. Evaluation of applied computer 

know ledge would also be correlated. 

Conclusions 

Despite the exploratory nature of the study and small sample size, the results 

suggest the following conclusions. 

1. By structuring practice in such a way that the effects of one drug are cancelled 

out before going on to investigate the next drug, cognitive workload is 

decreased and learners successfully acquired skills to solve more complex 

problems. 

2. Know ledge of concepts underlying the computer simulation is not learned in a 

brief encounter; prior education gives the learner the foundation to understand 

these concepts. 

3. The participant perceives the display to be easier and also performs more 

accurately when he/she has a defined goal. 



4. By predetermining the desired learning outcome(s) of a computer simulation, 

the instructor can structure practice that will facilitate those outcomes. 

Outcomes have been shown to be influenced by different practice constraints. 

Know ledge of the discussed learning outcomes will determine ideal levels of 

systematicity, cognitive demands and time constraints on practice. 

Summary 

Eighteen nursing students volunteered for a study conducted at a state university 

in southwestern United States. After an unlimited amount of time spent practicing on 

static problems, the participants performed drug treatments on patients with 

hemodynamics that were simulated by a computer simulation. The computer recorded 

the practice sessions and the performance results. At the end of the simulation trials the 

participants were asked to record what they had done and their perceptions. 

The results were analyzed by quantitative, qualitative, and content analysis to 

determine relationships between constraints on practice, performance and depth of 

know ledge as a consequence of the simulation. The results revealed that practice 

influences performance. Individual performance outcomes however, were affected by 

different constraints on practice. The participant's perception of expended mental 

workload was reflective of a successful outcome. Time of exploration influenced 

performance, but extent of the workspace covered during exploration did not. Goals and 

rationales for treatment were influenced by practice constraints as well. 

Using computer simulations to enhance nursing requires a skilled instructor who 

is aware of the components of practice and how they affect learning outcomes. The type 
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of display can moderate success. By predetermining desired outcomes, the instructor can 

then structure practice to better facilitate learning. 
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APPENDIX A 

My Treatment Plan 

In the space below, please list the steps you took to correct the last problem you treated 
so that someone else could solve the problem easily. 



APPENDIXB 

InFORMATION for Continued Development 

Finally, please take a few minutes to tell us what you liked and disliked about the 
computer display. 

1. The best things about the computer display were: 

2. The worst things about the computer display were: 
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3. What, if anything, did you learn about hemodynamics and the drugs used to 
treat problems with blood pressure and flow by participating in the experiment? 

4. What 3 words best describe your response to the computer display? 

a) ________________________________ __ 

b) ____________________________ __ 

c) ________________________________ __ 

Thanks again for your help! 
Judith Effken, PhD, RN 
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Participant # 
Verbalizer-Visualizer Questionnaire 

Instructions. Indicate whether or not each of the following statements is true of you personally by 
placing a check mark in the box by either "True" or "False." 

1. I dislike looking words up in dictionaries. [ 1 True [ ] False 
2. The old saying "A picture ·is worth a thousand words" is certainly true 
for me. [ 1 True [ 1 False 

3. I dislike word games like crossword puzzles [ 1 True ( ] False 

4. I find maps helpful in finding my way around a new city. [ ] True [ ] False 

5. I spend little time attempting to increase my vocabulary. [ ] True [ ] False 

6. I can easily think of synonyms for words. [ ] True [ ] False 

7. I enjoy learning new words. [ ] True [ 1 False 

8. I read rather slowly. ( ] True [ J False 

9. I have always disliked jigsaw puzzles. [ ] True [ 1 False 

10. I like newspaper articles that have graphs. [ ] True [ ] False 

11. I don't like maps or diagrams in books ( ] True [ ] False 
~ 

12. I seidom use diagrams to explain things. [ ] True [ J False 
13. I have a hard time making a "mental picture" of a place that I've only 
been to a few times. [ 1 True [ 1 False 

14. When I read books with maps in them, I refer to the maps a lot. [ 1 True [ 1 False 

15. I have a hard time remembering the words to songs . . ( ] True _( 1 False 

16. I enjoy_ doing work that requires the use of words. ( ] True [ ] False 

17. I find illustrations or diagrams help me when I'm reading. [ ] True [ lFalse 

18. I prefer to read instructions about how to do something rather than [ ] True [ ] False 
have someone show me. 

19. I have better than average fluency in using words. [ 1 True [ 1 False 

20. I don't believe that anyone can think in terms of mental pictures. [ J True ( ] False 
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