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Abstract 
 

Computer Aided Instruction Program for MRI Physics: 

Design, Development and Evaluation 
By DIMITRIS KOUMARIANOS 

 
Objectives: The objectives of this study were to develop and evaluate an interactive 
multimedia computer based instructional package in MRI physics and to provide first year 
medical physics postgraduate students of University of Patras with an interactive means of 
self-study and self-evaluation.  

Methods: An authoring system was used to develop the courseware package. Eighteen post-
graduate medical physics students were prospectively, randomly assigned to receive 
instruction on the same topic from a textbook and an interactive computer module. 
Participants were evaluated by a multiple choice test 2 weeks before the lectures, at the end 
of the lectures and by a retention test 1 month after the end. They also completed 
questionnaires to elicit their attitudes toward the two instructional methods. Mean test scores 
of the textbook and computer groups were compared by means of analysis of variance.  

Results: The developed MRI program is a suite of 6 interactive modules designed to 
dynamically teach complex MRI concepts using media-rich animations. All modules include a 
quiz and since patterns of use by student can be recorded a Log Decryption utility and a Log 
Reader utility was also developed. The tested module demonstrated that students in the 
computer group (M=80.5, SD=9.4) scored significantly higher on their post-test when 
compared with the textbook group (M=61.3, SD=12.5, p=.003). Furthermore students in the 
computer group seem to appreciate multimedia modules more compared to textbook 
students (p=.003). There were no differences noted between method of instruction and 
learner satisfaction (p=.230). Students’ rationale for expanding the use of multimedia in 
physics education seemed to focus on issues concerning motivation, instructional capabilities 
and content value. The disadvantages reported were few, their prevalence considerably 
small, especially after the intervention and were mostly focused on technical issues and some 
difficulties in learning. 

Conclusions: Computer aided instruction is a useful and effective aid for teaching MRI 
principles to postgraduate students. The study demonstrated that the inclusion of properly 
designed multimedia modules enhance conceptual understanding far more than do traditional 
methods. 
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1. Introduction 
Interactive multimedia should be seen as a relatively new medium, allowing us to implement 
new strategies and methods of teaching and learning in new ways. The challenge is to design 
courses and learning situations which will exploit this new medium and augment the 
traditional teaching paradigms. Moreover, principles of cognitive psychology, such as self 
learning and problem based learning (Snow and Farr 1987), with progress in multimedia 
technology provide a solid foundation for the development of a computer aided teaching 
method (Alessi and Trollip 2001). In recent years the popularity of Computer Aided 
Instruction (CAI) has increased, due in part to the declining hardware and software costs, 
increased use of computers, the rise of the Internet, advancements in technology, pressures 
to economize on faculty teaching time, and the belief among instructors that CAI is as good 
as more traditional teaching formats, if not better (Lieberman et al. 2002).  

Medical physics has been mainly taught with conventional educational tools - textbooks, 
lectures, and laboratories and rich electronic media may facilitate learning and contribute to 
the professional development of students. There is a strong need for a new teaching strategy 
in Magnetic Resonance Imaging (MRI) physics because of the dynamic nature of the topic 
and the difficulties in visualizing complicated concepts. Most conventional teaching materials 
are linear and static which makes MRI physics more difficult to teach since students have 
difficulties in creating correct mental models of the dynamic concepts (Bransford et al. 2000).  

The purpose of this thesis was to develop and evaluate an interactive multimedia courseware 
in basic MRI physics, which will provide postgraduate students with an interactive means of 
self-study and self-evaluation. The developed comprehensive computer-based interactive 
courseware is a suite of six interactive teaching modules designed to integrate and 
dynamically teach complex concepts of MRI physics using animations and real-time 
simulations in a learner-centric design. Animations were designed to maximize learner 
response, reinforce knowledge acquisition, and afford rich context for learning by making 
concepts applicable to the user’s everyday practice. The goal of the MRI program was to 
augment the curriculum of Patras University postgraduate students taking a Medical Physics 
course.  

Many researchers are outspoken advocates of the potentials of enhancing learning with 
computers and multimedia technologies (Salomon et al. 1991, Pedretti et al. 1998) while 
others are concerned regarding the changes associated with bringing these technologies into 
education (Van Dusen and Worthen 1993, Cummings 1996). Therefore, “students’ 
perceptions and attitudes about technologies should be recognized and accommodated as 
educators integrate computers and multimedia technologies into students’ educational 
experience” (Pedretti et al. 1998). There is an often repeated assumption that education 
could be enhanced through the use of computers and that computer assisted learning makes 
learning more motivating, effective, and likely to be retained (Daniel 1996). However this 
assumption is potentially but by no means inevitably correct (Devitt and Palmer 1999) and 
hence the need for reliable interactive media and a scientific framework that will 
pedagogically evaluate such initiatives is of paramount importance. We must take care to 
endorse CAI technology selectively, based on evidence of value in different contexts, rather 
than viewing CAI as an educational panacea (Lieberman et al. 2002). Thus in this thesis the 
implementation and pedagogical validation of an MRI module was also undertaken using a 
rigid experimental design with scientific confirmation of its efficiency. High quality studies for 
the cognitive and affective impact of courses are essential for gauging the relative 
effectiveness of non-traditional educational methods. 

Section 2 of this thesis provides background information for this study with a general 
overview of definitions and attributes associated with interactive learning. The section 
explores the importance of understanding the principles of learning and instruction and for 
instructional multimedia, of putting the emphasis on instruction. In addition the section 
introduces the major technologies used to develop animations. 
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In section 3 the applications of these principles in the design and context of the developed 
MRI physics courseware from beginning to end is demonstrated. The general iterative design 
strategy for approaching the educational media development comprised from three phases - 
planning, design and development. However all intermediate components of the project were 
continuously evaluated and, if necessary, revised before they were incorporated into the final 
program. Over one hundred electronic pages were developed and the final application was 
organized into 6 modules in MRI basic principles, MRI hardware, spatial localization, image 
formation, imaging sequences and image quality. In addition a Quiz module was also 
developed, with the goal of evaluating the student criteria and measures the concepts that 
are contained in each module. Since patterns of use by student can be recorded a Log 
Decryption utility and a Log Reader utility was also developed.  

Section 4 describes the design of a study for the assessment of the Spatial Localization 
module from the developed computer based instructional package compared to the 
effectiveness of more traditional, textbook-based method. Eighteen postgraduate medical 
physics students were prospectively, randomly assigned to receive instruction on the same 
topic from a textbook and the interactive computer module. Participants were evaluated by a 
multiple choice test 2 weeks before the lectures, at the end of the lectures and by a retention 
test 1 month after the end. They also completed questionnaires to elicit their attitudes toward 
the two instructional methods. 

Next section (section 5) presents the study findings on factual knowledge, attitudes scores 
and feedback assessment. Section 6 discusses extensively the implications of these results 
with a review of current experience in the field of CAI applications in health education. Finally 
section 7 offers a summary of the undertaken study and discusses future directions of the 
work in this thesis. 
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2. Interactive learning 
Computer Aided Instruction (CAI) has been a term of increasing significance during the last 
decade and can also be referred to as Computer Based Instruction (CBI), Computer Aided 
Learning (CAL), or Computer Assisted Learning (CAL) (Alessi and Trollip 2001). For the pur-
pose of this thesis, we can simply define CAI as the learning procedures and environments 
facilitated through computers. However, the keyword for understanding CAI is interaction. 
Interactive technology is any technology that is capable of varying information presentation 
based on user input (Phillips 1996). Interactive systems allow learners to take greater control 
and, hence, responsibility for their own learning process. As learners discover new areas of 
interest and accomplishments, they become seekers of knowledge, not just recipients of 
instruction. In essence, interactive systems allow students to learn both a skill and an 
appreciation that will serve them throughout their lives (Alessi and Trollip 2001).  

The ability of computers to combine audio and visual data in an interactive form provides a 
powerful educational tool. Learners retain knowledge better if they see, hear, and act in the 
learning process. Research indicates learners retain 20% of what they hear, 40% of what 
they see, and 75% of what they see, hear, and do. (Bransford et al. 2000) Computer aided 
instruction supports this learning process by incorporating illustrations, animation, video, 
audio, learner interaction and control, and simulated experiences. By appropriately utilizing 
diverse information sources, it is possible to get a whole that is greater than sum of its parts. 
Multisensory and interactive CAI is a successful educational tool that involves the student as 
an active participant in the learning process.  

Developing computer assisted learning applications is a high cost, time consuming and skilled 
process. Most academics will not become developers or supporters of computer assisted 
learning unless considerable time and resources are dedicated to supporting this activity 
(Daniel 1996). Personnel who are sent on workshops designed to improve their use of 
computer assisted learning technologies complain afterwards that they still do not know 
where to start (Greenhalgh 2001). Academics in health sciences are not computer technicians 
and even endless amount of special courses and multidisciplinary meetings will not alter this 
fact. The development of computer assisted learning applications requires expertise in 
content, in pedagogy, and in technological aspects of design and delivery (Alessi and Trollip 
2001). Personnel with most to offer in the way of technical design may overlook important 
educational issues, and those who focus on content may make incorrect assumptions about 
the ability of the technology to deliver their creative ideas. A multidisciplinary, team based 
approach is likely to be the most successful model for working. 

2.1. Use of computer technology in education 
In the 1950s computer use was introduced in education nevertheless the technology was 
very expensive and difficult to use. It was not until 1981, when IBM presented the PC 
(personal computer) that the use of computers for educational purpose started to develop. As 
early as 1986, Harden predicted that computers would become an essential component in 
medical education (Harden 1986). The recent progress of communication technology and the 
wide introduction of the Internet have added a whole new dimension to CAI. Tools to gather 
information through the Internet provide great opportunities for searching literature and 
establishing fast communication with international resources. The Internet already hosts an 
increasing variety of programs and databases, making them available for effective and 
inexpensive distance learning to all kinds of health students and professionals. The explosive 
development of Information Technology has resulted in the World Federation for Medical 
Education recently formulating guidelines for the controlled and managed use of computers in 
medical education, providing recommendations not only for students, but also for staff (World 
Federation for Medical Education 1998). 

Generally, the use of computer technology in education offers new opportunities to 
communicate, new opportunities to deliver information, but also new opportunities for 
enhancing the learning process (Figure 1). From an educational point of view, the idea that 
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learning consists of absorbing knowledge transmitted by a medium (conventionally by a 
teacher) represents the traditional instructivist approach to learning (Jonassen 1991). This 
approach includes a view of knowledge as something given, waiting to be absorbed and 
stored. Computer technology is perfect for representing and transmitting predefined 
information from the instructivist view. Most computer applications in education used today 
can be assigned to this approach and these self-study systems which mainly present stored 
material are often called computer-based tutoring systems (Berger 2004). 

Nevertheless if computers are not just seen as information machines but as an extraordinary 
medium to design and create meaningful “things” the potential of new technology for 
enhancing learning becomes apparent. This shift in perspective represents a concept shift 
from an objectivist / behaviorist approach to a constructivist / cognitivist approach to learning 
(Figure 1) (Berger 2004). Learners construct new understandings through active exploration 
and reflection. Computer tools that create learning opportunities to construct one’s own 
solutions to concrete problems are often called interactive learning environments. Such 
environments function as mindtools and engage the learners in critical thinking about the 
content they are studying (Jonassen 1996). In contrast to computer-based tutoring systems, 
students do not learn from but with interactive learning environments.  

 

 

Figure 1. Types of computer assisted learning materials available (Greenhalgh 2001). 

 

The inquiry-based approach has shifted the focus of science education from traditional 
memorization of facts and concepts to inquiry-based learning in which students are actively 
engaged using both science processes and critical thinking skills as they search for answers. 
Studies have shown that inquiry-based science activities had positive effects on students’ 
cognitive development, self-confidence, science achievement, science process skills, and 
conceptual understanding of science knowledge as a whole compared with students taught 
using a traditional approach (Geban et al. 1992, Ertepinar and Geban 1996). Obvious and 
documented advantages of Computer Based Tutoring Systems (CBTSs) in comparison to 
traditional classroom teaching are (a) self-paced learning: students can progress at their own 
pace and repeat as they please; (b) increased accessibility: courses can be accessed when 
and where it creates minimal intrusion into students’ lives and when they are in the best 
possible learning state; (c) decreased costs: costs decrease in proportion to the number of 
learners using a specific program; and (d) constant quality: many students can use the same 
qualified training module (Berger 2004).  

The number of articles investigating the use of CBTSs in health education has increased 
substantially in the last few years. A common research approach in this domain involves a 
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randomized controlled trial in which a treatment group is given access to the computer-based 
training module while a control group receives traditional instructions. Tests of knowledge or 
skills and ratings regarding student satisfaction are usually administered as outcome 
measures. Hundreds of studies comparing CBTSs with conventional modes have found CBTSs 
to be either equivalent or superior to conventional instruction with regard to students’ 
learning. Niemec and Walberg (1987) found a medium effect size of .42 favoring CBTSs when 
they reviewed 551 studies comparing CBTSs with traditional methods across the whole range 
of education levels and domains. Kulik (1994) in his meta-analysis, confirmed these effect 
sizes and found that students learned more in less time with CBTSs. Critics of these reviews 
that cited various biases in the studies such as different degrees of effort used in designing 
CBTSs and the control should be taken seriously (Keane et al. 1991, Clark 1994). Clark 
(1992) argued that learning outcomes are not a function of the delivery medium, but the 
instruction itself.  

2.2. Why is animation useful? 
A multimedia courseware should make extensive use of animations to provide background 
information that will aid understanding of principles, explain dynamic processes, summarize 
major concepts and help students construct mental models with which to organize new 
knowledge (Lowe 1999). Mental modelling is the process of constructing a framework with 
which to organize new knowledge and apply that knowledge to problem solving (Park and 
Gittelman 1995). Mental models are mental representations of the most important features of 
a system, they are not complete models of the system, they can change over time and can 
contain inaccuracies (Martindale 1993). Diagrams, illustrations, and tables of data are a few 
of several ways to present information in a visual form that can help students construct 
mental models, but animation can help students overcome the visuospatial and temporal 
barriers inherent in these static depictions (Lowe 1999). 

Helping students form proper mental models is an important task for educators. For example, 
improperly constructed animations could introduce ambiguities into a student’s mental model. 
In addition, the complexity of information presented in animations for the purpose of 
facilitating the construction of mental models should be fairly basic so students are not over-
whelmed (Brisbourne et al. 2002). Animation can have an advantage over other forms of 
representation available to instructors due to its unique way of stylizing nature that can clarify 
and simplify events or break it down into understandable time segments (Halas 1976). In 
situations for which the desired result of a lesson is to focus on a broad concept instead of 
specific details, a diagrammatic representation of an event can have an advantage over 
photorealistic representations. Complex media, such as video, can sometimes have a negative 
result on student learning, because the final message is confused by the minutiae 
represented in the complex images (Lowe 1999). Animations, on the other hand, can be used 
to demonstrate basic principles while de-emphasizing unnecessary detail. By suspending 
reality through the use of animation, unique characteristics emerge that can be used to 
illustrate through the use of diagrams, assist in analyzing processes and movements, simplify 
complexities through the use of symbols, emphasize pertinent information through the use of 
color, highlight through changes in speed, stress action with sound, and even play on humour 
with cartoons (Halas 1976). These attributes make animation an excellent tool for helping 
students develop mental models of complex processes. However, to be effective, both the 
visual presentation of the animation and its organizational structure must be carefully 
constructed (see section 3.2.1). 

2.2.1. Animation technologies 
Educators should be aware of the advantages and disadvantages inherent in the various 
animation formats and those elements must be considered along with the content and visual 
appearance of the product. Three animation technologies are mainly used, animated GIFs, 
QuickTime and Flash since these tools are relatively inexpensive, can be run on desktop com-
puters, and they do not require a great deal of computer expertise to use. However an 
extensive exploration must be undertaken before choosing the right production tools for 
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creating the animations that will match the visual styles and navigational structures that have 
been decided.  

One of the earliest forms of animation are animated GIFs where the illusion of motion is 
achieved by replacing an image with a slightly different one in quick succession. The GIF file 
format uses a loss-less compression scheme, which means it does not apply a compression 
logarithm to alter the original data in an image file to save space. Instead, the file size of 
GIFs can be reduced by limiting the number of colors used within the file to less than 256 
hence GIF is not a good format choice for photographic quality images but are best suited for 
animating high contrast objects such as type or simple line illustration. Examples of animated 
GIFs used for MRI animation are available online from Hornak (Hornak 1996, Hornak 1997). 
Animated GIFs does not allow for the inclusion of sound or interactivity within an animation, 
but on the other hand one of its major advantages is that it does not require a Web browser 
plug-in. Adobe ImageReady and Macromedia Fireworks are two of the most common image 
editing tools that can be used to create animated GIFs. 

Although QuickTime is primarily considered a technology for delivering captured video clips, 
it is also good for displaying animations. MPEG, AVI, and RealPlayer are similar technologies 
to QuickTime, but the later is a format available across computer platforms. Where animated 
GIFs create the illusion of motion by quickly replacing one static image after another, 
QuickTime creates the illusion of motion by altering the image at the pixel level. QuickTime 
movies are capable of displaying millions of colors and have the ability to incorporate sound. 
Although QuickTime uses various compression schemes called codecs to minimize its file size, 
on average, QuickTime files tend to be large and take a long time to download on a slow 
Internet connection. Another disadvantage is that QuickTime software must be installed on 
the end-users computer so they can view the clip when they access the Web page. Adobe 
Premiere and Adobe After Effects are two authoring packages that have become popular for 
creating and editing QuickTime linear animations.  

Macromedia Flash abandoned the bitmap-based approach of animated GIFs and QuickTime 
and took a vector-based approach, which can significantly reduce overall file size. Figure 2 
compares a vectored and a bitmapped circle on a 30 pixel by 30 pixel grid and a 300% 
enlargement.  

 

Figure 2. A comparison of a vectored and a bitmapped circle. The top image (A) represent a 
30 pixel by 30 pixel vectored circle and a 300% enlargement. The lower image (B) represent 
a bitmapped circle on a 30 pixel by 30 pixel grid and a 300% enlargement of the same im-
age. 

 

The curve of the vectored circle is much smoother than the curve of the enlarged bitmap 
image below and although the bitmap image appears smooth at low magnification, closer 
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examination reveals the smoothed edge is created by adjusting the tone of adjacent pixels. 
In addition the array of pixels required to draw a bitmap of this circle consumes more of a 
computer’s memory than the four vector points. In a vector-based program, a circle is 
represented by only four anchor points distributed on an x-and y-axis while bitmaps, require 
an array of pixels. Thus the files produced by vector-based animation tools are much smaller, 
because they move those four points of our static circle on the x-and y-axis. When the Flash 
movie is downloaded onto a user’s computer, only a series of mathematical representations 
are delivered. The Flash plug-in deciphers this information and creates the animation on the 
fly every time the movie is played. 

Flash provides authors with the ability to scale, distort, and give objects motion in the same 
manner as Premiere or After Effects. Similar to QuickTime, Flash in older Windows versions 
requires a Web browser plug-in, but the installation is small in comparison and does not 
require the user to restart their computer or Web browser. Beyond the basic animation 
capabilities of Flash, there is an advanced feature called ActionScripting, which can help 
authors create complex interactive animations. However ActionScripting can be intimidating 
to authors unfamiliar with programming languages.  

2.3. Computer simulations in science education 
Another beneficial tool in interactive learning is Interactive Computer Based Simulation 
(ICBS). There are various definitions of the term “simulation.” For the purposes of this study, 
simulation is defined as “a simplified representation of an actual event, concept, or process 
with which the learner can interact” (Driscoll M., 2002, Web-based Training). The ICBSs 
might be one of the few educational tools, if the only one, that combines a substantial 
number of unique instructional capabilities, as a review of the science education literature 
alone will verify. Some of the unique instructional capabilities reported are: helping learners 
visualize problems and solutions (Chou 1998); tracking learners’ progress (Venezky and Osin 
1991); empowering learners by giving them responsibility over their own learning (Grayson 
1996); integrating, analyzing, and comparing data and concepts over time (Hinze 1984); 
supporting exploratory learning (Bliss and Ogborn 1989); and providing locus of control 
(Laurillard 1987). Interactive computer-based simulations can also condense the essential 
elements of a slow process so that students more effectively use the time available for 
training (Chou 1998).  

Research studies have found that college students overwhelmingly demonstrated positive 
perceptions and attitudes toward computer simulation instruction (Cavin et al. 1981, Skinner 
1988, Chou 1998). The use of computer simulations has been successful in promoting 
conceptual development and change across various science fields. Especially in physics many 
studies show that the use of ICBSs can enhance physics learning when properly integrated 
within a substantial physics curriculum emphasizing conceptual understandings (Eylon et al. 
1996, Grayson 1996, Grayson and McDermott 1996, Goldberg 1997, Van Heuvelen 1997, 
Beichner et al. 1999, Zacharia and Anderson 2003). 
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3. Design and Development of the MRI physics 
courseware 

The aim of this chapter is not to instruct in computer programming but merely to convert the 
theoretical formalism introduced in section 2 into a working CAI module, using well-
established techniques. The general iterative design strategy for approaching an educational 
media development comprises from three phases - planning, design and development (Figure 
3) (Alessi and Trollip 2001). 

Planning Design 

Development 

Figure 3. Model for design and development of an educational multimedia title. 

3.1. Planning 
The purpose at this stage of development is the investigation, understanding and definition of 
the problem under consideration. For the last 5 years the author lectured on MRI physics to 
radiographers and radiologists and from a review of the most recent textbooks and journal 
articles on the subject has prepared extensive notes on MRI physics. A careful examination of 
the desired learning goals from the Institute of Physics and Engineering in Medicine (IPEM) 
Training Scheme Prospectus for Medical Physicists and Clinical Engineers in Health Care 
(IPEM 2002) led to the organization of the content into 6 modules on basic principles, MRI 
hardware, spatial localization, image formation, imaging sequences and image quality.  

The information to be conveyed and incorporated into the courseware was based on the 10 
credit hours course in MRI physics, which medical physics students study in the postgraduate 
training program of University of Patras. Since 1990 the amount of MRI applications has 
doubled approximately every second year. This implies that health students as well as 
professionals need to manage the flow of information rationally, in order to learn how to 
undertake evidence-based decision-making for intervention in a given situation. Therefore it 
was decided early in the development process that in general, the courseware will emphasize 
conceptual physics instead of a more mathematical-based approach. The intention was to 
develop a module that would serve as a bridge between the theory of MRI and its 
implementation in commercial scanners. Therefore the use of intense mathematical formalism 
was minimized and an attempt to stress the practical aspects of MRI as it is currently used 
was undertaken. The goal was to provide a resource for postgraduate students who need 
accurate and detailed information at the right level yet don’t have the time to study an in-
depth theoretical treatise. 

3.1.1. MRI Courseware objectives 
The first step was the development of objectives for each module. After careful exploration of 
the program goals a set of learning objectives were developed which were given to my 
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supervisor who has over 15 years of experience in teaching the subject. After extensive 
revision the following courseware objectives were established. 

3.1.1.1. Basic principles module 
The content of this module should allow the student to: 

• Describe the characteristics of hydrogen that make it practical to image with MRI.  

• Explain the concept of a magnetic moment.  

• Describe the concept of precession when it occurs with magnetic nuclei.  

• Describe the relationship between resonant frequency of tissue and the strength of 
the magnetic field where the tissue is located. 

• Explain how, and under what conditions, longitudinal tissue magnetization is 
produced.  

• Explain the concept of resonance as it applies to nuclear magnetic resonance.  

• Explain what happens to the motion of a magnetic nucleus when it is flipped from the 
longitudinal to transverse direction.  

• Describe the process of "spin-spin" relaxation.  

• Explain the difference between longitudinal and transverse magnetization of tissue. 

• Explain how transverse magnetization is produced.  

• Describe the concept and significance of RF pulse flip angle.  

• Explain the general concept of relaxation, as it applies to a magnetic nucleus.  

• Describe the free induction decay process and explain what happens to the 
transverse magnetization during this time.  

• Describe the condition that causes the rapid decay of transverse magnetization 
during the free induction decay process.  

• Explain the concept of T2* and describe its general relationship to T2. 

3.1.1.2. Instrumentation and equipment module 
The content of this module should allow the student to: 

• Describe the general range of magnet field strengths used for MRI.  

• Identify the three types of magnets, with respect to the type of technology used to 
produce fields, which are used for MRI.  

• Describe advantages and limitations in using permanent magnetic technology for 
MRI.  

• Explain why certain types of magnets are classified as "resistive" and why they have 
limited applications for MRI.  

• Explain the concept of superconductivity and why it is used in MRI.  

• Sketch a cross-section of a super-conducting magnet showing the directional 
characteristics of both the internal and external magnetic field. 

• Explain the concept of homogeneity as it applies to magnetic fields used for MRI.  

• Describe the general function of the radio frequency coils.  

• Describe the general advantage and disadvantage of using the body RF coil for MR 
imaging.  
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• Describe the general advantage and disadvantage of using surface RF coils for MR 
imaging.  

• Explain the advantage of using quadrature type coils compared to single type coils for 
MR imaging.  

• Explain why it is generally necessary to have radio frequency shielding of a MR 
facility.  

• Describe a gradient in a magnetic field.  

• Identify the component of a MR system that is used to produce a gradient in the 
magnetic field.  

• Explain the functions that are performed by gradients during MR imaging procedures.  

• State the units that are used to express gradient strength and a typical gradient 
strength value for a contemporary MR system.  

• Explain what the parameters of rise time and slew rate describe about the gradient 
system.  

• Explain how eddy currents are produced and why they are undesirable.  

• Explain what the process of shimming does to a magnetic field.  

• Explain two undesirable effects associated with a magnetic field that can be reduced 
by shielding.  

• Describe the basic difference between active and passive magnetic shielding.  

• Describe the functions that are performed by the digital computer that is a 
component of a MR system. 

3.1.1.3. Spatial localization module 
The content of this module should allow the student to: 

• Describe and illustrate how a 180 degree RF pulse produces re-phasing of protons.  

• Describe how a gradient can be used to create an echo event.  

• Identify the factor that determines if a specific method is a spin-echo or a gradient-
echo method. 

• Explain and illustrate how the process of selective excitation produces slices.  

• Identify and describe the RF activity that occurs while the slice selection gradient is 
applied. 

• Describe how a gradient is used to produce phase encoding.  

• Identify and describe the RF activity that occurs while the phase encoding gradient is 
applied.  

• Explain and illustrate how a gradient is used to produce frequency encoding.  

• Describe the relationship between phase encoding and the rows of k space.  

• Identify the characteristic of the phase encoding gradient that is changed from one 
step to another during the phase encoding process.  

• Describe the order in which the three gradient actions occur during a typical imaging 
cycle. 

• Sketch diagrams showing the RF pulses used in a spin-echo cycle and show the time 
intervals, TR and TE.  
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3.1.1.4. Image formation module 
The content of this module should allow the student to: 

• Identify the mathematical process that is used for image reconstruction in MRI.  

• Explain and illustrate the concept of k space and it's general construct. 

• Explain the role of k space in the MR imaging process. 

• Describe what happens in the MR image reconstruction process.  

• Compare the acquisition and reconstruction phases with respect to number of 
protocol factors that must be considered and adjusted. 

3.1.1.5. Pulse sequences module 
The content of this module should allow the student to: 

• Identify the three basic tissue magnetic characteristics that are the sources of 
contrast in magnetic resonance images. 

• Know the approximate T1 and T2 values for common tissues and fluid.  

• Sketch graphs of longitudinal magnetization versus time for two tissues with different 
T1 values and mark the area that represents T1 contrast.  

• Sketch graphs of transverse magnetization versus time for two tissues with different 
T2 values and mark the area that represents T2 contrast.  

• Sketch graphs of the relationship between transverse magnetization and time for two 
tissues with different T2 values.  

• Explain and illustrate the relationship of the time interval, TR, to the longitudinal 
magnetization phase of the imaging cycle.  

• Explain and illustrate the relationship of the time interval, TE, to the transverse 
magnetization phase of the imaging cycle. 

• Describe the relationship of excitation and the echo event, to the time interval, TE.  

• Explain and illustrate how T1 values apply to longitudinal magnetization relaxation.  

• Describe the relationship of T2 values to the rate of transverse magnetization decay.  

• Explain and illustrate how changing the time interval, TR, affects the type of image 
contrast that will be produced. 

• Explain and illustrate how changing the time interval, TE, affects the type of image 
contrast that will be produced. 

• Explain what is meant by a weighted image, as in a T1 weighted image. 

• Describe the general steps that must be taken to adjust the contrast sensitivity of an 
image acquisition to produce an image with a specific (T1, T2, etc.) weighting.  

• Select typical values of TR and TE to be used with the spin echo method to produce: 
T1 weighted, T2 weighted and Proton density weighted images. 

• Explain the general effect of changing TE on the signal intensity and relative 
brightness of a spin-echo image.  

• Explain the general advantage of using excitation pulses with flip angles less than 
900.  

• Explain why the small angle gradient echo method generally requires a shorter 
acquisition time than a conventional spin echo method.  

• Describe the effect of excitation pulse flip angle on the level of transverse 
magnetization produced by the pulse.  
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• Describe the effect of excitation pulse flip angle on the level of longitudinal 
magnetization remaining after the pulse.  

• Describe the effect of excitation pulse flip angle on the intensity of the RF signal 
produced in each imaging cycle.  

• Describe the process of spoiling and why it is sometimes used with gradient echo 
imaging.  

• Briefly explain how the turbo spin echo method acquires images in less time than 
conventional spin echo.  

• Explain the concept of "effective TE" as used with turbo spin echo imaging.  

• Describe what events happen during on imaging cycle with turbo imaging that 
determines the value of the speed factor.  

• Describe the inversion recovery imaging method and describe the relationship 
between TI and the RF pulse time intervals in inversion recovery.  

• Sketch a diagram showing the RF pulses and time intervals, TR, TI, and TE used in 
inversion recovery.  

• Describe the basic concept of Echo Planar Imaging (EPI) and how it produces fast 
image acquisitions.  

3.1.1.6. Image quality module 
The content of this module should allow the student to: 

• Identify the major imaging issues that must be considered when selecting or 
adjusting an imaging protocol for a specific clinical procedure. 

• Describe the general effect of blurring in a magnetic resonance image.  

• Describe the relationship between the amount of blurring in a MR image and visibility 
of anatomical detail and small objects.  

• Explain the general concept of an optimized protocol.  

• Explain why adjusting protocol factors that affect voxel size must take into 
consideration both image detail and image noise.  

• Describe how voxel size is related to image acquisition time.  

• Describe how changing voxel size affects high image detail and signal-to-noise. 

• Describe the concept of image detail and why it is an important characteristic in 
medical imaging.  

• Identify and briefly explain the characteristics of a tissue that would contribute to an 
increased RF signal intensity.  

• Describe the general appearance of visual noise in a magnetic resonance image and 
it's effect on visibility.  

• Discuss the significance of image matrix size to image acquisition time.  

• Compare the frequency-encoded and the phase-encoded directions of a matrix with 
respect to image acquisition time. 

• Explain the relationship between image detail and image acquisition time and 
between image noise and image acquisition time. 
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3.2. Design 
In multimedia development is important to have from the early stages a thorough 
appreciation of all the issues that will impact the design and development of the project, as 
well as the delivery and operation of the final product. The goal of this stage of development 
was to employ a user-centric design, enrich the content beyond a digital textbook and make 
the content meaningful and relevant to engage the user. 

3.2.1. Planning 
The planning stage for approaching educational media design was given due care and 
attention to avoid creating content that will not meet the desired learning criteria. As 
discussed earlier in section 2.2, facilitating the generation of proper mental models is the 
primary goal in creating animations. Initially an outline of each learning module was created 
and content areas that can be explored using animations were identified. These content 
areas tend to be areas where students have the most difficulty understanding an important 
concept that involves a dynamic change. To determine whether or not to proceed with an 
animation three questions were considered: (a) Why is it necessary to have an animation in 
this instance? (b) What will students learn as a result? (c) What type of presentation is most 
beneficial for this animation? 

Four different types of animations were developed for the MRI courseware to assist students 
in their learning. Each of the types of animations can be referenced by either a linear or 
nonlinear navigational structure and then by the type of information contained within the 
structure (Brisbourne et al. 2002). Linear navigational structures have a clear beginning and 
end, and the content is delivered sequentially while nonlinear structures, on the other hand, 
do not have a clear beginning and end. Generally, nonlinear structures are more desirable 
because students can access the material randomly and spend as much time as they wish, 
however, linear animations are preferable for applications for which the material must be 
presented in a specific order. These types of animations are outlined below to show typical 
material that was presented in this manner.  

The first type of animation is a linear animation that helps students to learn sets of features 
that characterize a process. For example this style of animation is used to demonstrate the 
spatial characteristics of MR images (Figure 4). The animation illustrates in a successive 
fashion how a section of the patient’s body is divided first into slices, and the slices are 
divided into a matrix of voxels while each voxel is an independent RF signal source. In a 
traditional learning environment, students would normally memorize this list of characteristics 
without understanding the context and may quickly forget the substance of the lesson. 
Animations allow us to show the standard list of characteristics while demonstrating them in 
an animation. This two-sided approach helps students understand the context and retain the 
information in long-term memory (Hays 1996). 
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Figure 4. Example of a linear animation of a process: spatial characteristics of MR images. 

 

The second type of animation is also linear and illustrates a dynamic process. For example 
this style of animation is used to illustrate the process of transverse magnetization and how 
an RF pulse by lifting some protons to a higher level of energy and making the protons to 
precess in phase causes longitudinal magnetization to decrease while establishing a new 
transversal magnetization (Figure 5). In this case, the animation illustrates how a process 
changes over time much more clearly than a series of still images. Additionally buttons have 
been provided, similar to those found on a video deck, to allow students control the rate at 
which the information is studied. Students can return to the beginning, go back a step to 
review, skip over steps they may already understand or stop the animation entirely. Giving 
the user control minimizes frustration with the interface and allows them to learn at their own 
pace. 

 

 

Figure 5. Example of a linear animation of a dynamic process: the process of transverse 
magnetization. 
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The third type of animation is a nonlinear style that allows students to interact with the 
information at their own pace and in the order they choose which can improve long-term 
retention of the information. This style of animation is used for example to show the 
magnetic field gradients in the x,y and z directions (Figure 6). Students can click on a 
gradient to see how it is directed within the cylindrical magnet and how this gradient can be 
used to generate a slice in a given orientation. All of the arrows point along the bore of the 
magnet, signifying that the x, y and z gradients produce magnetic fields with the same 
orientation as the static magnetic field from the magnet. This method of animation helps 
students integrate and understand the context of the physical principles.  

 

 

Figure 6. Example of a nonlinear animation: magnetic field gradients in the x,y and z 
directions. 

 

The last type of animation is a combination of linear and nonlinear styles. Sometimes it is 
difficult to incorporate the ideas that need to be conveyed into a single style of animation and 
to accomplish the desired outcome the different animation styles are mixed. This method 
allows students to navigate through animations freely, but occasionally constrains them to a 
linear presentation for critical information or information that must be hierarchically orga-
nized. This approach has been used to show the dependence of slice thickness on a gradient 
strength and RF transmit bandwidth (Figure 7). The relation between the frequency and slice 
thickness is presented linearly while the student can explore how thinner slices are produced 
by choosing a larger gradient or a longer RF pulse. 
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Figure 7. Example of a composite animation with linear and nonlinear elements: the 
dependence of slice thickness on a gradient strength and RF transmit bandwidth. 

 

Learning involving as many senses as possible can help students retain information longer. 
Therefore a recorded narrative, compressed in MP3 format, might be incorporated in many 
animations although the inclusion of the audio increases dramatically the size of the Flash 
movie. However due to time and financial limitations the production of audio was not possible 
for this version of the program. 

3.2.2. Storyboarding  
For every animation, a series of sketched panels, called storyboard, were produced. This was 
one of the most important steps because storyboarding provides the blueprint for the entire 
animation. Storyboards illustrate key points and sequences in the animation and are an 
essential tool in the planning and development of any animation. Their purpose is to assist in 
the development of the visual style of the drawings, the major points of action, the sequence 
of events and the duration of scenes. Storyboards also help determine the right number of 
drawings required to create the animation in the production phase. These drawings 
(keyframes) depicted the fundamental changes that occured in the animation.  
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3.3. Development 
The ideal method of developing a CAI is to hire professionals that specialize in CAI 
development. A development team usually include a project manager, a content expert, an 
instructional designer, a graphic designer, an audio/visual technician and a computer 
programmer (Phillips 1996) (Figure 8).  

 

 

Figure 8. Computer-assisted instruction development team. 

 

Because of financial constraints, it was not possible to hire a professional team to assist in 
the CAI development and thus I filled all these roles. The focus for this project was largely on 
the use of existing, widely available, affordable, and readily accessible technologies which can 
be used at present to support learning. These technologies include personal computers, and 
Windows software. The courseware was to be created on an Intel Pentium M (1.69GHz) with 
512 MB DDRAM and 60GB hard disk using Windows XP Professional while the basic 
requirements for running the program were a PC with a Pentium processor, at least 256 MB 
of RAM, display size 1024x768 or greater and more than 256 colors, CD-ROM drive and 
Windows 98/Me/2000/XP. 

Since the MRI module was planned with the intention to deliver it online at a later stage, one 
of the greatest limitation considered was the final file sizes which must be kept to a minimum 
to ensure data is transmitted and displayed as efficiently as possible regardless of the end 
users computer limitations. There are three methods to deal with file size limitations: sacrifice 
quality by compressing the information, reduce the dimensions of an image on the screen, or 
reduce the number of frames per second the animation displays. Sacrificing quality may make 
the image quality so poor that students cannot decipher detailed information they may 
require. Reducing the dimensions of an animation may make the picture too small to retain 
its educational value. Reducing the frame rate may make the animation to look choppy.  

To demonstrate the technical efficiency of one file format vs. another in presenting animation 
(see section 2.2.1), we created a simple animation in QuickTime, Flash, and animated GIF 
formats each sized at 450 x 450 pixels (Figure 9). In terms of animation file size, Flash, the 
vector-based animation tool, was the clear winner. The Flash movie weighs in at a mere 5.44 
kilobytes, the animated GIF was 110 times larger and the QuickTime movie was 800 times 
larger. The comparison illustrates how much more efficient Flash can be than other format 
and it was found that Flash suited most of our requirements. 
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Figure 9. Sample animation used for comparison of the three animation file formats. The 
animated GIF had a size of 600kb, the Quick Time movie with a medium quality setting had a 
size of  4.358kb, and the Flash movie had a size of 5.44kb. 

 

Therefore the animations were created using Macromedia Flash MX 2004. For bitmap 
illustrations Adobe Photoshop CS was used and for object oriented diagrams Corel Draw 12 
was used. All simple 3D illustrations were created using Swift 3D, while for more complex 3D 
illustrations Maya 6.0 was used. All needed graphs were designed with Matlab 7.0. I selected 
the software multimedia authoring program Asymetrix Toolbook Instructor 2004 because I 
have used the program since its 4.5 version. However if I was a novice I would choose 
Macromedia Director for its multimedia and interactivity capabilities and for it superior 
integration with Flash technology. At first, I did not have the technological knowledge to use 
proficiently all these tools that were needed to accomplish such a project. Therefore a 
significant amount of study time was devoted to master all these programs. My effort was 
education driven rather than a commercial venture; thus, this project in design and 
implementation may be educationally optimal but not commercially feasible. 

3.3.1. Illustration 
Based on the storyboard of each animation (see section 3.2.2), a series of refined line 
drawings were produced. The artwork was then scanned on a flatbed scanner and imported 
into Corel Draw to be used as a template. In Corel Draw the bitmap scans were then traced 
automatically or by hand to create the vectored line art used by Flash. Special care was given 
to the number of vector points of the final vector art: having the fewest number of points 
cuts down the size of the file and makes the animation process much easier. Colors were 
chosen from the Web palette, a defined set of 216 colors that are common across all 
computer platforms.  
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3.3.2. Production 
The colored artwork was then imported into a Flash template that standardized the 
navigational features of the modules. A standardized set of navigational elements using 
consistent icons makes it easier for students to use the animations. To simplify the animation 
process the individual objects were separated out into layers (Figure 10). 

 

Figure 10. The Macromedia Flash environment for the production of the animations. 

 

Each Flash animation developed for the MRI module generally required 3 days to 2 weeks to 
produce, depending on the complexity of the animation. For the 6 modules there were finally 
produced 102 animations (Table I). 

 

Module Content Number of 
Animations 

1 Basic principles 20 

2 MRI hardware 18 

3 Spatial localization 24 

4 Image formation 15 

5 Imaging sequences 17 

6 Image quality 8 

 Total 102 

Table I. Number of animations for the modules of the developed MRI program. 

 

After the production of each animation the accompanying text was written. Writing the text 
after the storyboard has been animated, works better, because one can never account for 
things that may require alterations that differ from the storyboard (Brisbourne et al. 2002). 
As the content expert, I extensively researched the text to be used in each animation. 
Resources included reference books; journal articles; lecture notes; online sources; MRI 
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physicists, radiologists and radiographers; and conferences/workshops on MRI. Final content 
validity was assessed by my supervisor who reviewed the text for content accuracy, 
appropriate wording, and consistency and directed me to the conceptually difficult content 
areas. 

Text was also imported into the Flash movie and synchronized to specific events occurring in 
the animation. The timing was adjusted by extending certain sections of the animation and 
shortening others so that it all flows seamlessly. The final animation was exported into Flash’s 
packaged animation file format, .SWF (Shockwave Flash format). Finally the file was 
incorporated into Asymetrix ToolBook template developed for the modules (Figure 11). 
Because of the large program file, the final program was produced on a CD-ROM, and a setup 
utility was also developed. 

 

 

Figure 11. The Asymetrix Toolbook environment while specifying the hyperlink options of a 
hotworld. 

3.4. Proofing 
University staff and faculty in medicine and medical physics, and medical physics students’ 
assessed early versions of the CD-ROM. The evaluation form that was used was based on the 
tool developed by Alessi and Trollip (2001). The evaluation form for the overall assessment of 
a module was composed from sections on subject matter, interface, navigation, auxiliary 
information, pedagogy, robustness and on supplementary materials while for every page a 
separate evaluation form was used with items on content accuracy, aesthetic quality and 
animation quality. 

In the overall assessment form (see Appendix I) the section on subject ma er evaluated 
whether the subject matter matched the goals and objectives that were established (see 
section 3.1.1), whether the structure of the content was acceptable and whether the reading 
level of the module was appropriate for the target population. Other aspects that were 
evaluated included the accuracy of the content, the use of suitable language, style and 
grammar and the appropriate utilization of hot words. The section on interface assessed the 
appearance of everything that appeared on the screen and the means by which the student 
communicates with the module. This includes the aesthetic quality of every display, the text 
quality and the professional looking of the animations. Navigation refers to the manner, in 
which learners move through a module and include the consistent provision of navigation 

tt
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aids, the control of animations by the user and the availability of bookmarks. The section of 
auxiliary info mation examined the presence of objectives and conclusions, the detail level of 
directions, the presence of help, the content of the manual and the existence of glossary. 

r

t

The pedagogical attributes of a multimedia program are critical to its success and were 
evaluated thoroughly. The section evaluated whether the incorporated instructional 
methodologies were appropriate, whether the interactivity engaged learners into meaningful 
activities, whether the module motivates users to learn and whether the amount of 
information was reasonable. Furthermore the section evaluated the presence of features that 
facilitate learning, the existence of appropriate amounts of user control, and the mastery 
level that a student can achieve. Testing for robus ness included the use of the program on 
different computers with different versions of Windows and different hardware configurations. 
Finally a supplementary module with multiple choice questions on the module of MRI 
hardware was also evaluated together with the quality of provided feedbacks, the features of 
recorded data and the confidential accessibility of scores data using a Log Reader Utility. 

Additionally the evaluation form of every page (see Appendix II) enclosed items on 
whether the explanatory texts were detailed enough, whether the explanatory texts were 
easy to understand and whether the animations were detailed enough. 

The completed evaluation forms offered the most valuable information as to user 
preferences, credibility of the information, effectiveness of the product, and redesign 
strategies. All recommendations were used to improve the program. 

3.5. Implementation  
The content of the MRI application was organized into 6 modules in basic principles, MRI 
hardware, spatial localization, image formation, imaging sequences and image quality. In the 
final version all modules will include a quiz, with the goal of evaluating the student criteria 
and measure the concepts that are contained in the course. However due to time restrictions 
in this version only the quiz for the MRI hardware module is available. Since patterns of use 
by student can be recorded a Log Decryption utility and a Log Reader utility was also 
developed.  

3.5.1. Main application 
Navigation through the main application starts at the cover page by clicking on a module 
button (Figure 12).  

 

Figure 12. Cover page showing contents of the main application. Users can select the module 
of interest.  
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All modules have been organized so that background material and underlying principles are 
introduced first. Each module builds on the previous one although the knowledgeable reader 
may elect to skip some modules or subsections of each module. A certain knowledge level 
before starting the courseware is not a pre-requisite. There is a logical progression which 
manages the content as well as the instructional design. 

The module contents and the objectives are depicted as the first page of each module (Figure 
13). Each chapter and subchapter is hyperlinked and the user by clicking on one of these can 
bring up the location in the module containing the reference material. The content is 
organized in a logical structure based upon the module goals and learning objectives (see 
section 3.1.1).  

 

Figure 13. Screen showing index of contents of the spatial localization module. 

 

The content can be accessed and read in any order. Each page simultaneously displays text, 
animation and navigation buttons (Figure 14). The animation occupies the right side of the 
screen. The underlying pedagogy uses learner-centred design and motivational strategies to 
deliver an active learning atmosphere that is enjoyable and memorable for the students by 
utilizing media-rich graphics and animations. In the text there are many links to other pages 
which compliment the topic discussed. When a word is hyperlinked it is red and the user may 
click on it and go directly to that page. In animations special attention was given to 
maximizing the number of objects students could explore, while it was their responsibility to 
run the animations. As the cursor is moved over a particular area, that area is highlighted and 
labeled, a feature that is both valuable and user friendly. 
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Figure 14. Example of a module page that simultaneously displays text, animation and 
navigation buttons. 

 

Typical examples of animations used and their underlying pedagogical values were described 
in section 3.2.1. The navigation buttons appears on the lower right side of the screen and has 
one line of options: Contents, Go Back, Previous Page and Next Page. By clicking on Contents 
the student can always return to the main menu page and select another desired path of 
instruction. The user has also access to a glossary by clicking on hyperlinked links that are 
contained in each page (Figure 15). 

 

Figure 15. Glossary page. 

 

The purpose of the Basic principles module was to investigate the fundamental principles 
of MRI, the relaxation mechanisms T1 and T2 and the radio frequency pulses that produce 
the information used to create MR images. It is this chapter where 3D animations are 
necessary to describe a magnetic resonance phenomenon and precession of a magnetization 
vector in the xy-plane is a good example of this (Figure 16). The physical processes have 
been animated and explicitly show hydrogen nuclei magnetic vectors precessing, undergoing 
radio frequency excitation into the excited state with precessional coherence and decay of 
transverse magnetization due to de-excitation.  
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Figure 16. Precession of a magnetization vector in the xy-plane as portrayed in a screen of 
the Basic Principles module. 

 

The purpose of the Instrumentation and Equipment module was to describe the major 
hardware components common to all MRI systems. The module discusses the type of 
magnets typically used in commercial MRI systems, the overall application of coils as well as 
their configurations, the use of gradient coils and the role of the computer system. 

Understanding spatial localization is neither simple nor obvious and most people struggle to 
conceptualize it. The purpose of the Spatial Localization module was to facilitate the 
understanding of gradient functions for the purpose of spatial encoding including slice 
selection, frequency encoding and phase encoding. This module describes how the MR signal 
is encoded in terms of the spatial frequencies of the object using frequency and phase 
encoding gradients.  

The Image formation module introduces the concepts of Fourier transform and discusses 
the fine points of k-space. An understanding of the image formation process is particularly 
helpful for obtaining the optimum diagnostic information from an examination, creating or 
modifying new protocols and recognizing and overcoming artifacts. Also the understanding of 
the k-space is essential in understanding the more complicated newer fast scanning pulse 
sequences.  

The various tissues have different signal intensities on MR images. The differences are 
described as image contrast and MRI allows us to produce a wide range of contrasts by using 
different pulse sequences and by controlling the timing of the sequences. The purpose of the 
Pulse Sequences module was to develop an understanding of the mechanisms that are 
responsible for image contrast in MRI and how the various pulse sequence techniques 
generate a desired image. The module describes the main types of image contrast (T1 
weighted, T2 weighted, PD weighted and T2* weighted) and show how different contrasts 
are achieved with the pulse sequences of spin echo and gradient echo. In addition the 
inversion recovery pulse sequence and the fast scanning techniques of Turbo Spin Echo and 
Echo Planar Imaging are presented with descriptions and animated timing diagrams. 

One of the strengths of MRI is the versatility with which contrast can be obtained for images 
of human anatomy. However, while this ability makes MRI an adaptable tool for clinical 
diagnosis, the multi-dimensional nature of the image parameter space often confounds the 
optimal selection of acquisition parameters. The Image Quality module investigates the 
influence of the main acquisition parameters and the practical trade-offs between spatial 
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resolution, SNR and scan time. The module presents all the important parameters in MR 
imaging that the operator can control and adjust, their mechanisms and trade-offs. 

3.5.2. Quiz module 
All modules in the final version will include a quiz, with the goal of measuring the objectives 
that are contained in each module. Associated multiple choice questions will provide a means 
for student self-assessment and automatic evaluation. However due to time restrictions in 
this version only the quiz for the MRI hardware module was developed. The opening screen 
of the module (Figure 17) shows the objectives of the module, an outline of the contents and 
a link to the associated glossary. 

 

 

Figure 17. Opening screen of the Multiple Choice Questions module based on the MRI 
hardware module. 

 

Each question has its own page with usually four possible answers each accompanied by a 
button (Figure 18). The answers are randomized which means that every time they are 
presented with different order. The question is also time limited with a gauge that runs in the 
left upper corner of the screen. After the time limit set of 45 sec the question is locked and 
the student cannot interact with the question. The student attempts to answer the question 
by clicking on a button while immediate feedback is incorporated into each answer. For 
example, when a student chooses the correct answer for a multiple-choice question, the 
system displays the message “Correct.” Providing feedback to a student allows for a higher 
level of interactivity, which results in better retention. Feedback is traditionally used in 
computer-based training to provide responses or remediation to students according to how 
well they answer a question. In the upper right corner of the screen the current score of the 
student along with the current maximum possible score is also shown.  
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Figure 18. Interactive screen for student self-assessment. Feedback is always provided 
through the module.  

 

In the final page of the quiz the student is presented with the score that he/she achieved in 
the module (Figure 19). To pass the test the students should achieve at least 75% of the 
maximum total score. The student can repeat the test or can go back and check his answers 
to all questions. 

 

Figure 19. Final results page of the quiz module. 

 

The quiz module keeps track of almost everything the user does and this information is 
reported on a log file. A separate developed utility, the Log Reader, provides a convenient 
way for administrators to examine and analyze log files.  

During the development of new quizzes, the instructor can assign different point values to 
different questions. The instructor can also assign a weight to each correct answer by 
specifying a correctness factor within any question object. The instructor can subtract points 
from the student’s score for incorrect answers, and can also limit the number of times a 
student attempts to answer the question. The module provides several types of feedback that 
instructors can specify for question objects. For example, the system can play a multimedia 
clip or sound effect, display text, navigate to another page in the same module or in another 
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module or navigate to a Web address. These methods can be combined and the instructor 
can use more than one type of feedback in response to the user’s choice. 

3.5.3. Log Decryption Utility 
Patterns of use of the developed main modules or quiz modules are recorded and can be 
analysed by a separate Log Reader utility. For each module the administrator has also the 
option to encrypt the logs. Once a log is encrypted, a password is required to convert the log 
into a readable format and the files must first be decrypted with the Decrypt utility provided 
(Figure 20). 

 

 

Figure 20. Opening screen of the Log Decryption Utility. 

 

The administrator can decrypt an individual log file, only if the password used to encrypt it is 
known. The log file is decrypted and stored as a new file with the name and location 
specified. The administrator can also decrypt multiple log files if the log files share the same 
password, and if he knows the password used to encrypt them. 

3.5.4. Log Reader Utility 
For the developed courseware, when the student enters a module or a quiz module, a session 
log is started. When the student exits the module, the log is closed. The log file can be used 
to report the score to a learning management system which can maintain the student’s score 
in a database for administrators to examine later. The log file keeps a track of the following 
assessment information as a user moves through a lesson: student name, current score, total 
score, current maximum possible score, time spent working on a page, score for each 
objective, name of the question, answer selected or entered by student, actual correct 
answer for each question, value of each question, module status (pass, fail, incomplete). The 
log file can contain records from multiple sessions. When analyzing multiple sessions, and 
when the logs contains the data required to do so, the Log Reader can compute statistical 
information in the form of mean, median and standard deviation values. The two types of 
distributions used by the Log Reader are lengths of sessions and scores.  
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Figure 21. Opening screen of MRI Log Reader. 

 

Figure 21 shows the opening screen of the Log File Reader. The administrator specifies the 
log file or files to inspect. To inspect a specific log file the administrator specifies the file 
name of a log. Once a log is encrypted, the file must first be decrypted with the Decrypt 
utility. The administrator can narrow the scope of analysis to either a particular student or 
book. When the scope of analysis involves a specific book the administrator chooses the type 
of analysis he wants to perform for all the sessions that involve that book. 

3.5.4.1. Activity summary for the book 
The activity summary for a book contains the following information for each session (Figure 
22): Date and time at which the session started, Length of the session, Score if applicable (if 
N/A, it means that no scoring information was available from the log) and Student name. 

 

 

Figure 22. Activity summary for book screen. 

 

To view details for a specific session, the administrator selects a line for a particular session, 
and then clicks the Detail button for more detailed information about that session. The 
available detail views are: Session transcript, Activity summary, Question by question. The 
first option provides a narrative summary of events recorded during the session. The report 
contains a narrative transcript of the recorded events (Figure 23). 
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Figure 23. Detailed transcript of session screen. 

 

The Activity Summary option provides a brief summary, including length and score, plus the 
number of questions to which the student responded (Figure 24). This information is 
available in the log only for the Quiz modules.  

 

Figure 24. Activity summary screen. 

 

The option Question by Question provides a summary of the status of the questions in the 
book, as recorded at the end of the session (Figure 25). This information is available in the 
log only for the Quiz modules. The report contains the following information for each session: 
Whether a response was recorded (Y or N), Score points, Scoring weight of the question 
(point value given to the question), Name of the question and Students responses. 

 

Figure 25. Question summary screen. 

 

 - 39 -



3.5.4.2. Activity summary by student 
When the scope of analysis involves a specific student the administrator is allowed to analyze 
the activity that was recorded for the specified student (Figure 26).  

 

 

Figure 26. Activity summary for student screen. 

 

The activity report contains the following information for each session: Date and time at 
which the session started, Length of the session, Score if applicable (if N/A, it means that no 
scoring information was available from the log) and Book name. The available detail views 
are these previously described. 

3.5.4.3. Summary of scores by question 
This option allows the administrator to get basic information on how students responded to 
scored questions in multiple sessions (Figure 27). The Question report contains the following 
information for each question: Number of responses, Mean score and Name of the question. 
If the questions were answered randomly during the session, the number of times each 
question was asked appears after the name of the question. 

 

 

Figure 27. Summary of scores by question screen. 

 

3.5.4.4. Detailed analysis of responses question by question 
This option allows the administrator to get detailed information on how students responded 
to scored questions in multiple sessions (Figure 28). The Question report contains the 
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following information for each question: Name of the question, Number of responses for the 
question, Weight of question, lowest score for question, highest score for question, mean, 
median and standard deviation of the scores for this question, and response information. 

 

 

Figure 28. Detailed analysis of responses question by question screen. 
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4. Methods 
The goal was to develop and evaluate an interactive multimedia Computer Aided Instructional 
(CAI) program on physical principles of MRI to augment the curriculum of Patras University 
postgraduates taking a Medical Physics course. Research in this domain is important for 
several reasons. One is the scarcity of research about the use of CAI in Medical Physics. A 
second reason is the strong need for a new teaching strategy in MRI physics because of the 
dynamic nature of the topic and the difficulties in visualizing complicated concepts. Three 
decades of physics-education research demonstrated the futility of the passive-student 
lecture for enhancing the conceptual understanding of average students (Hake 1998). Most 
conventional teaching materials are linear and static which makes MRI physics more difficult 
to teach since students have difficulties in creating correct mental models of the dynamic 
concepts.  

4.1. Participants 
The developed MRI courseware was evaluated by 18 first-year medical physics 
postgraduates’ students from the Patras University School of Medicine between March 2005 
and May 2005. All students were randomly chosen to participate on the basis that they were 
scheduled to undertake an MRI physics course and all participants consented to take part. All 
students were asked to fill out a demographic information form that documented age and 
sex. In addition, each student was surveyed as to whether they had been previously learned 
MRI physics and each student was asked to rate their prior computer experience level on a 
scale of 1 (novice) to 5 (excellent). Finally information was also collected about students’ 
history of using educational multimedia titles in school or at home. Appendix III gives the 
list of demographic questions used. 

The use of Personal Identification Codes (PICs) permitted anonymous assessment exchanges 
while allowing the retrieval of papers by their owners. On the questionnaire students entered 
a two-letter and four-digit code such as NB2997, AM1360 and IP1005. In this way each 
student constructed a private, personalized identifier so that assessments can be handed in 
confidentially and subsequently retrieved. Only the student knowed his or her Personal 
Identification Code (PIC) yet, sequences of assessments can be tracked for the same 
anonymous student.  Overall, 6,760,000 possible combinations exist. The chance of two 
students generating the same PIC (assuming random distribution, Poisson statistics) doesn't 
rise appreciably above zero until about a million combinations have been used. The PIC was 
useable for the entire intervention and students were encouraged to write their PICs in their 
course notebooks for future reference.  

4.2. Study design 
A prospective, double-blind, randomized study was developed to test the hypothesis that 
students exposed to the computer module would have at the end a knowledge level similar or 
superior to that obtained with traditional textbook teaching methods in MRI physics. To 
compare computer-assisted learning with textbook learning the module on MRI spatial 
encoding was chosen because of the dynamic nature of the topic which was well tailored to 
multimedia development. Major objectives covered by this module are given in section 
3.1.1.3 while the module consisted of about 20 pages with interspersed interactions and 
animations. 

For an objective evaluation of students' knowledge, multiple choice questions on MRI spatial 
encoding were obtained from published review guides on MRI physics (Kaut and Faulkner 
1995, Meacham 1995, Bushong 1996, Wheeler and Withers 1996). Thirty multiple choice 
questions were chosen by an instructor blinded to the actual contents of the lecture and CAI 
program. All questions were written to have a single best answer. Content validity of these 
questions was assessed by another faculty member who reviewed the text for content 
accuracy, appropriate wording and consistency and discarded 5 questions. Appendix IV 
gives the list of questions used. 
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To check the prior knowledge of participants these 25 multiple choice questions were 
administered as a pre-test to all 18 students in a classroom setting, before the beginning of 
the MRI course. One month later, after the end of all traditional MRI lectures, the students 
were divided by stratified random sampling into two groups matched on age since this 
characteristic has been associated with unfavourable attitudes or performance with 
computers (Lang 1995). Sex has also been associated however our population included only 
one female. 

Each student was unaware into which educational group he/she would be placed until he/she 
arrived at the study/testing site. Computer group included 9 students who were exposed to 
the multimedia module on MRI spatial encoding for 60 minutes through individual surfing on 
personal computers. Nine computers were allocated for student use for this program, located 
in a quiet, spacious computer laboratory. One student didn’t show up in the allocated time, 
therefore the computer group finally consisted from 8 students. The module was available on 
these computers only for the test period and was then made unavailable. Textbook group 
with 9 students spent 60 minutes with their course textbook chapter (Mihalopoulou and 
Panayiotakis 2001) which dealt with MRI spatial encoding in a nearby quite classroom.  

All students were observed by the author for the 60 minutes block of study time. Both groups 
were asked to spend their time as effectively as possible. The prepared 25 multiple choice 
questions (post-test) were completed by students in both groups immediately after their 60 
minutes block of study time; they were given 30 min to complete the post-test, which was 
similar in content to the pre-test, but the sequence of the questions and the order of the 
response choices were rearranged. A retention test was also administered 1 month after the 
post-test of the same 25 questions with both the sequence of questions and the order of 
response choices rearranged. 

Random 
assignment 

Pre-test, 
pre-

interview 

60 min 
CAI 

Post-test, 
post-

interview

Retention 
test 

Pre-test, 
pre-

interview 

60 min 
Textbook 

Post-test, 
post-

interview

Retention 
test 

Random 
assignment 

 

Figure 29. Experimental and control conditions and data collection process. In the 
experimental condition CAI for 60 min was used, and in the control condition 60 min textbook 
study time were used.The pre-test, post-test and retention test were the same for both 
conditions. Pre-and post-interviews followed the same protocol and were used to assess 
students’ beliefs and attitudes.  

4.3. Attitudinal questionnaire 
In addition all students completed anonymously questionnaires ranking their attitudes on 
teaching methodology. In this study ‘‘attitude’’ is defined as a mental concept that depicts 
favourable or unfavourable feelings toward an instructional strategy (Shrigley et al. 1988). 
The questionnaire was completed twice by each participant – immediately after the 
administration of the pre-test (pre-questionnaire) and immediately after the administration of 
the post-test (post-questionnaire) (Figure 29). The allowed time for each questionnaire was 
about 60 minutes. The construction of the questionnaire items followed techniques and 
procedures published in attitudinal studies (Weinburgh and Engelhard 1994, Zacharia 2003) 
and consisted of two parts focused on attitude and belief. Appendix V gives the list of the 
questions used in the questionnaire. 

The first part of the questionnaire (Table II) focused on measuring students’ attitudes toward 
MRI physics (2 items), use of CAI (12 items) and use of combinations of lectures and CAI (5 
items). The items asked students to respond on a 5-point Likert-based rating scale ranging 
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from 1 to 5, with 1=Strongly disagree, 2=Disagree, 3=Neutral, 4=Agree and 5=Strongly 
agree.  

Scale Definition 

Measures positive attitude toward MRI physics.  Two-items MRI 
physics scale 1. I enjoy MRI physics courses (q1) 

 2. I have good feelings toward MRI physics (q2) 

Twelve-items 
CAI scale 

Measures positive attitude toward use of CAI in educational 
experiences.  

 1. MRI physics courses should be taught using multimedia 
programs (q3) 

 2. Educational multimedia programs are valuable tools (q4) 

 3. I like taking courses that have multimedia programs as a major 
part of the course (q5) 

 4. I do not like MRI physics multimedia programs (q6, higher 
scores in this item represent lower scores on scale) 

 5. Multimedia programs can replace lectures (q7) 

 6. Multimedia programs can replace textbooks (q8) 

 7. I enjoy taking a MRI physics multimedia program (q9) 

 8. A multimedia program allows me to study a subject matter 
more efficiently (q10) 

 9. I prefer studying a subject by means of multimedia programs 
instead of textbook lectures (q11) 

 10. I approve the use of multimedia programs in other topics of my 
studies (q12) 

 11. I would like to use multimedia programs further, in a free 
session or at home (q13) 

 12. I would prefer using multimedia programs together with other 
students (q14) 

Measures positive attitude toward use of combinations of lectures and 
CAI in educational experiences. 

Five-items 
Lectures & CAI 
combinations 
scale 1. MRI physics courses should be taught using combinations of 

lectures and multimedia programs (q15) 

 2. The combination of lectures and multimedia programs is a 
valuable tool (q16) 

 3. I would like to take some physics courses that have 
combinations of lectures and multimedia programs as a major part of 
the course (q17) 

 4. The multimedia programs form a useful complement to the 
textbook and the lectures (q18) 

 5. I would like the lecturer to use multimedia modules as 
illustrations during lectures (q19) 

Table II. Scales used on measuring students’ attitudes toward MRI physics, use of CAI and 
use of combinations of lectures and CAI. In all questions participants responded on a 5-point 
Likert-based rating scale ranging from 1 to 5, with 1=Strongly disagree, 2=Disagree, 
3=Neutral, 4=Agree and 5=Strongly agree. 

 - 44 -



 

The second part of the questionnaire (Table III) included 10 open-ended questions aiming to 
identify students’ beliefs on instructional methods. Specifically, the questions focused on 
content value (4 items) and on curriculum integration (4 items). In addition, students during 
post-interview answered one question on expressed enjoyment of learning with the assigned 
learning method and students in the computer group were asked to make comments on the 
software program (2 items). 

 

Scale Definition 

Four-items on 
content value 

To identify students’ beliefs about the advantages or disadvantages 
the use of CAI and lecture/CAI combinations brings into the learning 
environment 

 1. Are there any advantages that use of multimedia programs 
brings into the student learning? 

 2. Are there any disadvantages that use of multimedia programs 
brings into the student learning? 

 3. Are there any advantages that the combined use of lectures 
and multimedia programs brings into student learning? 

 4. Are there any disadvantages that the combined use of 
lectures and multimedia programs brings into student 
learning? 

Four-items on 
curriculum 
integration 

To identify students’ beliefs about the implementation of CAI into the 
learning environment. 

 1. In what way can multimedia programs be used to enrich and 
enhance student learning?  

 2. How should multimedia programs be used in the curriculum 
(educational programme)?  

 3. What is the best implementation method of multimedia 
programs? 

 4. In what way do multimedia programs change your 
interactions with your schoolmates and your instructor? 

Two-items on 
improvements  

To identify students’ beliefs about any necessary improvements on the 
computer module. 

 1. Which additional features would you like to see? 

 2. What kind of problems did you experience with the 
courseware module? 

Table III. List of open-ended questions of the interview protocol used on students’ beliefs on 
instructional methods and for the formative evaluation of the developed courseware. 

 

The items of the interview protocol were reviewed by a panel of experts (2 MRI physics 
educators) for content and construct validity. The reliability of the scales was determined with 
Cronbach’s alpha method. 
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4.4. Data analysis  
Data analysis was done to test for differences in test and attitudes scores between the 
textbook and computer learning groups. Data were analyzed by using SPSS for Windows v.13 
(SPSS Inc, Chicago). Significance levels were set at .05. 

An independent samples t test was conducted to test for differences in the pre-test and post-
test scores and performance on the post- and retention tests between the learning groups. 
The statistical significance of instructional effects was also calculated by analysis of variance 
(ANOVA). Correlation coefficients were calculated to detect associations between answers to 
the questions and students normalized gains. To determine differences over time, the means 
of students’ attitudes before the study were compared with the corresponding means of their 
attitudes after the study. Students were designated as having a positive or negative attitude 
toward MRI physics and/ or the use of CAI and/or the use of a combination of lectures and 
CAI based on the value of the answers they gave for these items. The open-ended questions 
of the pre-and post-questionnaire were qualitatively analyzed. The data from each question 
were content coded to categorize the responses and prevalence was calculated for each 
code.  
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5. Results 

5.1. Demographic data 
Of the 18 medical physics students, 17 (94.4%) were male and 1 (5.6%) was female. The 
mean age was 26.3 years (range 22 to 35, SD =3.4) (Table IV). When comparing textbook 
and computer students, mean age for textbook group was 26.0 years (range 22 to 33, SD 
=3.2), while the computer group mean age was 26.5 years (range 22 to 35, SD =3.8).  

 

 Both groups 

(n=18) 

Textbook group 

(n=9) 

Computer group 

(n=9) 

Sex 1F/17M 1F/8M 9M 

Age 26.3±3.4 26.0±3.2 26.5±3.8 

Prior computer experience 3.5±0.8 3.4±1.0 3.6±0.5 

Exposure to CAI 2.8±2.4 3.3±3.3 2.2±0.8 

Table IV. Demographic data presented as mean±SD. Prior computer experience and 
exposure to CAI, were measured on a scale of 1 (lowest) to 5 (highest). 

 

The mean prior computer experience was 3.5±0.8 when measured on a scale of 1 (lowest) to 
5 (highest). Half of the students (50%) graded their computer skills as average to excellent 
(Figure 30). Students rated themselves as novice to average in regard to computer skills in 2 
(11.1%) of cases, as having average computer skills in 6 (33.3%), and as having excellent 
computer skills in 1 (5.6%) case. Thus, computer literacy among students was satisfactory. 
However, surprisingly 7 (38.9%) of the students had never used multimedia programs as part 
of an educational experience, either at home or at school, over the years (Figure 31). When 
comparing textbook and computer students mean prior computer experience was similar 
(3.4±1.0 vs. 3.6±0.5 respectively) while exposure to CAI was higher for the textbook group 
(3.3±3.3 vs. 2.2±0.8). 

 

Figure 30. Percentage of students (n=18) with prior computer experience. 

 - 47 -



 

Figure 31.  Percentage of students (n=18) with exposure to CAI either at home or at school. 

 

Eight (44.4%) of the students had previous instruction in MRI physics in their prior education, 
including 5 (55.6%) of textbook group students and 3 (33.3%) of computer group students.  

5.2. Factual knowledge assessment  
The pre-test, post-test and retention test scores, were tested using the Komogorov-Smirnov 
one sample test and found to be normally distributed (Table V). 
 

  Score on pre-
test (%) 

Score on 
post-test (%) 

Score on 
retention test (%) 

N 18 17 17 
Normal 
Parameters(a,b) 

Mean 36,67 70,35 49,65 

  Std. Deviation 16,132 14,633 14,769 
Most Extreme 
Differences 

Absolute ,196 ,121 ,178 

  Positive ,196 ,113 ,178 
  Negative -,129 -,121 -,119 
Kolmogorov-Smirnov Z ,831 ,498 ,735 
Asymp. Sig. (2-tailed) ,494 ,965 ,652 

Table V. One-Sample Kolmogorov-Smirnov Test results for normal distribution. The large 
significance values indicate that the distributions of score points do not differ significantly 
from normal. 

5.2.1. Reliability analysis 
The values for the reliability of the post- and retention tests were evaluated using the split-
half Spearman-Brown correlation coefficient, and was found to be 0.76 and 0.84, 
respectively, each indicating satisfactory reliability.  

5.2.2. Average improvement 
Average scores on the pre-, post-, and retention tests are shown in Table VI. The overall 
percentage of correct answers increased from 36.7% on the pretest to 70.3% on the posttest 
(an average improvement of 33.7%), and then decreased to 49.6% on the retention test 
administered 1 month after completion of the MRI course (an average worsening of 20.7%). 
The class average normalized gain g (Hake 1998) was 0.53 as calculated by the equation 

(Post-test average – Pre-test average) 
(100- Pre-test average) 
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There was greater variability in the answers on the pre- and retention test than on the post-
test.  

 

 
Score on 

pre-test (%) 
Score on 

post-test (%) 
Score on retention 

test (%) 

N Valid 18 17 17 

  Missing 0 1 1 

Mean 36,67 70,35 49,65 

Std. Deviation 16,132 14,633 14,769 

Percentiles 25 28,00 58,00 38,00 

  50 34,00 72,00 44,00 

  75 41,00 84,00 58,00 

Table VI. Averaged test scores on pre-test, post-test and retention test. The test scores were 
measured on a scale 0 to 100%. 

 

Figure 32 shows the distribution of correct responses by students on the pre-, post-, and 
retention tests. 
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Figure 32. Distribution of correct responses by students on the pre-, post-, and retention 
tests derived from 5 percentiles. The top and bottom of each box represent the 75th and 
25th percentile, respectively. The middle 50% of students’ scores are represented within the 
box, with the line representing the median. The thickness of each of the boxes represents the 
degree of homo- or heterogeneity of the performance of the middle 50% of the class.  

5.2.3. Correct responses 
On the pre-test the 75 percentile score was 41% (Table VI) and therefore the percentage of 
correct answers given before the lecture was somehow greater than would be expected if the 
students had chosen the answers randomly. This indicates that, a number of students 
entered the study with some knowledge of the subject matter.  
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Question 
number Pretest Posttest Retention 

 False % True %  
Not 

Answ. 
%  

False % True %  
Not 

Answ.
%  

False % True %  
Not 

Answ. 
%  

Q1 55,6 44,4  17,6 82,4  11,8 88,2  

Q2 77,8 22,2  17,6 82,4  47,1 52,9  

Q3 72,2 27,8  70,6 29,4  70,6 29,4  

Q4 77,8 22,2  17,6 82,4  47,1 52,9  

Q5 33,3 61,1 5,6 41,2 58,8  23,5 76,5  

Q6 55,6 44,4  23,5 76,5  58,8 41,2  

Q7 38,9 61,1  5,9 94,1  17,6 82,4  

Q8 38,9 61,1  5,9 94,1  11,8 88,2  

Q9 38,9 55,6 5,6  100,0   100,0  

Q10 77,8 22,2  47,1 52,9  82,4 17,6  

Q11 66,7 22,2 11,
1 35,3 64,7  64,7 35,3  

Q12 55,6 38,9 5,6 29,4 70,6  58,8 41,2  

Q13 66,7 22,2 11,
1 29,4 70,6  64,7 35,3  

Q14 44,4 55,6   100,0  17,6 82,4  

Q15 88,9 11,1  52,9 47,1  76,5 23,5  

Q16 83,3 5,6 11,
1 52,9 47,1  76,5 23,5  

Q17 61,1 38,9  17,6 82,4  35,3 64,7  

Q18 77,8 22,2  17,6 82,4  58,8 41,2  

Q19 72,2 27,8  52,9 47,1  82,4 17,6  

Q20 55,6 44,4  29,4 64,7 5,9 47,1 52,9  

Q21 55,6 44,4  17,6 76,5 5,9 64,7 35,3  

Q22 61,1 38,9  29,4 70,6  52,9 47,1  

Q23 72,2 27,8  47,1 52,9  88,2 11,8  

Q24 38,9 61,1  29,4 70,6  17,6 82,4  

Q25 66,7 33,3  41,2 58,8  82,4 17,6  

Table VII. Percentage of false answers, correct answers and not answered questions on the 
pre-, post-, and retention tests. 

 

Some questions, also, were answered correctly by more students than was expected from the 
probability prediction: 6 out of 25 questions (q5, q7, q8, q9, q14 and q24, see Appendix IV) 
were answered correctly by more than half of the students on the pre-test (Table VIII). For 
example 61.1% of the students answered correctly a question related to the frequency 
encoding gradient that is energized during signal acquisition (q7). The previously acquired 
knowledge most likely affected the higher than predicted correct response rates.  
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In 11 out of 25 questions on the post-test over 75% of the students chose the correct 
answers, while in contrast, the percentage of correct post-test answers in 4 questions was 
below 50%. 

5.2.4. t-test 
An independent-samples t test was conducted to compare between-group test scores 
(Table VIII). There was no significant difference between the two groups’ pretest scores (the 
t-test for unequal variances yielded t(11.9)=-1.25, p=.236, however, there were significant 
differences found between the learning groups in regard to the posttest scores, t(14.6)=-
3.60, p=.003. The computer group students scored significantly higher on their posttest 
(M=80.5, SD=9.4) when compared with the textbook group (M=61.3, SD=12.5). 
Nevertheless, the change between the post-test and pre-test scores in the textbook and 
computer groups were not statistically significant, t(12.3)=-1.28, p=.224.  

At 4 weeks later, the retention test scores of both groups appeared to decrease non-
significantly compared with the post-test scores, t(14.1)=.641, p=.53. However, the decrease 
in score between the post-test and retention test showed a statistically significant difference 
between the textbook group and computer group, t(11.5)=-2.7, p=.02. 

 

 Learning Group N Mean Std. 
Deviation 

p 

Score on pre-test (%) Textbook group 9 32,00 10,198 

  Computer group 9 41,33 20,000 
.236 

Score on post-test (%) Textbook group 9 61,33 12,490 

  Computer group 8 80,50 9,426 
.003* 

Pre/post Score change Textbook group 9 29,33 11,136 

  Computer group 8 38,00 16,000 
.224 

Score on retention test (%) Textbook group 9 41,78 9,404 
  Computer group 8 58,50 15,109 

.020* 

Post/Retention Score 
change Textbook group 9 -19,56 7,333 

  Computer group 8 -22,00 8,281 
.532 

Table VIII. Mean and standard deviation of test scores, of score change and p values for 
comparisons between textbook and computer groups. * Significant differences. 

 

Figure 33 shows the distributions of the two groups. 
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Figure 33. Test performance for textbook and computer groups on pre-, post- and retention 
test. 

5.2.5. MANOVA 
The data can also be analyzed using analysis of variance (ANOVA). The advantage of the 
independent-samples t test procedure over ANOVA is that the t test procedure calculates a t 
test that does not require the population variances to be equal. On the other hand η2 (eta 
square), an effect size statistic is calculated using ANOVA. A one-way multivariate ANOVA 
was conducted to determine the effect of the two types of learning methods on the 3 test 
scores and the 2 change of score between them (Table IX).  Significant differences were not 
found among the two learning groups on the dependent measures, Wilks's Λ = .53, F (3,13) 
= 3.83, p=.036. The multivariate η2 based on Wilks's Λ was quite strong .47 indicating that 
47% of multivariate variance of the dependent variables is associated with the learning group 
factor. 
 

Effect Value F Hypothesis 
df 

Error 
df Sig. Partial Eta 

Squared 

Intercept Pillai's Trace 
,980 212,156(a) 3,000 13,000 ,000 ,980 

  Wilks' Lambda 
,020 212,156(a) 3,000 13,000 ,000 ,980 

GROUP Pillai's Trace 
,469 3,835(a) 3,000 13,000 ,036 ,469 

  Wilks' Lambda 
,531 3,835(a) 3,000 13,000 ,036 ,469 

a  Exact statistic 

Table IX. The results of the one-way MANOVA. 

 

ANOVA on each dependent variable were conducted as follow up tests to the MANOVA 
(Table X). The ANOVA was nonsignificant on the pre-test, F (1,15) = 1.78, p=.202, η2= .10, 
on the Pre/post Score change, F (1,15)= 1.71, p=.210, η2=.10 and on the Post/Retention 
Score change, F (1,15)= 0.417, p=.528, η2=.03. The ANOVA on the post-test score was 
significant, F (1,15) = 12.50, p=.003 and the strength of relationship between the learning 
group and the post-test score, as assessed by η2, was very strong, with the learning group 
factor accounting for 45% of the variance in the dependent variable. The ANOVA on the 
retention-test score was also significant, F (1,15) = 7.70, p=.014 and the learning group 
factor accounted for 10% of the variance in the dependent variable. 
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Source Dependent Variable 
Type III 
Sum of 
Squares 

df Mean Square F Sig. 
Partial 

Eta 
Squared 

GROUP Score on pre-test (%) 
466,941 1 466,941 1,780 ,202 ,106 

  Score on post-test 
(%) 1555,882 1 1555,882 12,480 ,003 ,454 

  Score on retention 
test (%) 1184,327 1 1184,327 7,705 ,014 ,339 

  Pre/post Score 
change 318,118 1 318,118 1,714 ,210 ,103 

  Post/Retention Score 
change 25,307 1 25,307 ,417 ,528 ,027 

Error Score on pre-test (%) 
3934,000 15 262,267    

  Score on post-test 
(%) 1870,000 15 124,667    

  Score on retention 
test (%) 2305,556 15 153,704    

  Pre/post Score 
change 2784,000 15 185,600    

  Post/Retention Score 
change 910,222 15 60,681    

Total Score on pre-test (%) 
27600,000 17     

  Score on post-test 
(%) 87568,000 17     

  Score on retention 
test (%) 45392,000 17     

  Pre/post Score 
change 22080,000 17     

  Post/Retention Score 
change 8224,000 17     

Corrected 
Total 

Score on pre-test (%) 
4400,941 16     

  Score on post-test 
(%) 3425,882 16     

  Score on retention 
test (%) 3489,882 16     

  Pre/post Score 
change 3102,118 16     

  Post/Retention Score 
change 935,529 16     

Table X. The results of the univariate ANOVA. 

5.2.6. ANCOVA 
To evaluate whether one group learned more than the other, an analysis of covariance 
(ANCOVA) model was conducted thereby correcting for each student's individual baseline 
level of knowledge. Textbook and computer posttest scores were used as the within-subjects 
variables. Between-subjects factors included in the model were as follows: group (textbook or 
computer), previous MRI experience (yes or no), previous multimedia use (yes or no), and 
expressed satisfaction with the assigned instruction group (yes or neutral). Pretest scores 
were used as covariates.  

Before conducting ANCOVA, a preliminary analysis evaluating the homogeneity-of-slopes 
assumption (Table XI) indicated that the relationship between the covariate and the 
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dependent variable did not differ significantly as a function of the independent variable, 
F(1,13) = 0.82, p = .38. 

 
Source Type III Sum 

of Squares 
df Mean 

Square 
F Sig. Partial Eta 

Squared 

Corrected Model 2212,399(a) 3 737,466 7,900 ,003 ,646 
Intercept 5657,892 1 5657,892 60,613 ,000 ,823 
GROUP 351,937 1 351,937 3,770 ,074 ,225 
PRESCORE 611,248 1 611,248 6,548 ,024 ,335 
GROUP * PRESCORE 76,928 1 76,928 ,824 ,380 ,060 
Error 1213,484 13 93,345    
Total 87568,000 17     
Corrected Total 3425,882 16     

Table XI. Results of the test of homogeneity of slopes with dependent variable the post-test 
score. a  R Squared = ,646 (Adjusted R Squared = ,564) 

 

Table XII shows the interaction effects between learning group and the between-subjects 
independent variables.  

 

Source Sum of 
Squares df Mean 

Square F p 
Partial 

Eta 
Squared 

Within-subjects factor 4438,946 1 4438,946 48,887 ,000 ,859 
Learning group 504,252 1 504,252 5,553 ,046 ,410 
Exposure to CAI 168,404 1 168,404 1,855 ,210 ,188 
Satisfaction 106,423 1 106,423 1,172 ,311 ,128 
Pretest score 44,268 1 44,268 ,488 ,505 ,057 
Previous MRI experience 4,727 1 4,727 ,052 ,825 ,006 
Error (within subjects) 726,399 8 90,800      

Table XII. Interaction effects between learning format and student characteristics. Dependent 
Variable: Score on post-test (%). 

 

The ANCOVA was significant, F(1,8)=5.55, p=.046. The strength of relationship between the 
posttest score and the dependent variables was very strong, as assessed by a partial η2, with 
the learning group factor accounting for 41% of the variance of the dependent variable, 
holding constant the pretest scores. There were no significant interaction effects attributable 
to students’ use of multimedia (P< .210), expressed satisfaction (p<.311) and previous MRI 
experience (p<.825). The computer group has the largest adjusted mean (M=80.52) and the 
textbook group has the smallest adjusted mean (M=64.15) (Table XIII). 
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Learning Group Mean Std. Error 95% Confidence Interval 

      Lower Bound Upper Bound 

Textbook group 64,149a,b 3,393 56,324 71,974 
Computer group 80,517a,b 4,086 71,094 89,940 

Table XIII. Posttest scores for textbook versus computer group (results of the one-way 
ANCOVA). Dependent Variable: Score on post-test. a  Covariates appearing in the model are 
evaluated at the following values: Score on pre-test (%) = 36,94. b  Based on modified 
population marginal mean. 

5.2.7. Correlations 
Each students normalized gain g was calculated by the equation 

 (Post-test average – Pre-test average)  
(100- Pre-test average) 

and correlations coefficients were calculated between individual student g’s and pretest 
scores. The correlation between the student g and pretest scores was not significant, 
r(15)=-.047, p=.86, suggesting that the instruction was at about the right level for students 
who have an average prior knowledge of the subject as judged by the pretest score. A 
significant positive correlation would suggest that the instruction tends to favour students 
who have more prior knowledge of the subject as judged by the pretest score; while a 
significant negative correlation would suggest that the instruction favours students who have 
less prior knowledge of the subject as judged by the pretest score. 

5.3. Attitudes scores assessment 
The items pertaining to students’ attitudes in the questionnaire asked students to respond on 
a 5-point Likert-based rating scale ranging from 1 to 5, with 5 being the maximum (‘‘strongly 
agree’’), 3 being neutral, and 1 being the minimum (‘‘strongly disagree’’). Question 6 has 
been phrased negatively to control for response bias and the scoring was reversed before 
beginning calculations. 

5.3.1. Reliability analysis 
Two internal consistency estimates of reliability were computed for the pre-test CAI 
scale and for the CAI & Lecture scale: a split-half coefficient expressed as a Spearman-Brown 
correlation and coefficient alpha. For the split half coefficient the scale was split into two 
halves, with the odd-numbered items into the first half and the even-numbered items into the 
second half. For the 12 items CAI scale the split-half Spearman-Brown correlation coefficient 
was .88 and the coefficient alpha was .90, indicating satisfactory reliability. For the 5 items 
CAI & Lecture scale the split-half Spearman-Brown unequal-length correlation coefficient was 
.89 and the coefficient alpha was .78, indicating adequate reliability. However for the two 
items pre-test MRI physics scale the coefficient alpha was relatively low .65. 

5.3.2. Item analysis 
Item analysis was conducted on the 12 items hypothesized to access CAI preference (Table 
XIV). Initially, each of the 12 items was correlated with the total CAI score (with the item 
removed). All the correlations were greater than .33 except for the item “I would prefer using 
multimedia programs together with other students (q14)” (r = .20). The item differed in 
content from the other 11 items in that it measured students’ inclination toward cooperative 
learning.  
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Table XIV. The results of the item analysis. 

 

Based on these results the item was eliminated from the scale. Coefficient alpha for the 
revised CAI scale was .91. 

5.3.3. Summary of attitudes 
The means of students’ attitudes before and after the study on the three scales for both 
groups and for the two groups separately are presented in Table XV. 

 
Learning 

Group  MRI Physics Scale CAI Scale Lectures&CAI Scale 

  Pre Post Pre Post Pre Post 

Textbook 
group 

Mean 3,2222 3,6111 3,2727 3,2727 3,8444 4,0222 

  Std.Deviation ,79495 ,82074 ,76736 ,71148 ,82327 ,85700 
  N 9 9 9 9 9 9 
Computer 
group 

Mean 3,1111 3,7500 3,6162 4,1932 4,2667 4,5500 

  Std.Deviation ,99303 ,59761 ,64247 ,19092 ,50990 ,53184 
  N 9 8 9 8 9 8 
Total Mean 3,1667 3,6765 3,4444 3,7059 4,0556 4,2706 
  Std.Deviation ,87447 ,70581 ,70892 ,70236 ,69893 ,75147 
  N 18 17 18 17 18 17 

Table XV. Mean scores of the three attitudes scales. 

 

For both groups (the whole class)  students’ attitudes toward MRI physics were neutral from 
the outset (M=3.17, SD=.87) and became slightly positive (M=3.68, SD=.70) after the study 
(Figure 34). Students’ attitudes toward the use of CAI before the study were slightly positive 
(M=3.44, SD=.71) and after the end of the study their attitudes increased (M=3.71, 
SD=.70). Students’ attitudes toward the use of lecture/CAI combination before the study 
were highly positive (M=4.06, SD=.70) and increased slightly over time (M=4.27, SD=.75).  
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Figure 34. Boxplots of pre- and post-interview for the three scales: MRI Physics scale (scale 
1), CAI scale (scale 2) and Lectures & CAI scale (scale 3). 

 

Students were designated as having a positive or negative attitude toward the items of the 
post-interview based on the value of the answers they gave on these items. If the score of a 
participant’s answers on a scale was below 2, or 3, or above 3, he or she was considered to 
have negative, neutral, or positive attitude, respectively. All students’ responses to the 20 
questions of the post-questionnaire are summarized in Table XVI. 
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Item Negative Neutral Positive 

1. MRI enjoyment  5 (29,4%) 12 (70,6%) 

2. MRI feelings 1 (5,9%) 7 (41,2%) 9 (52,9%) 

3. CAI use in MRI 1 (5,9%) 3 (17,6%) 13 (76,5%) 

4. CAI are valuable tools 2 (11,8%)  15 (88,2%) 

5. CAI as major part of a course 1 (5,9%) 5 (29,4%) 11 (64,7%) 

6. I like MRI CAI (*NEG)  4 (23,5%) 13 (76,5%) 

7. CAI can replace lectures 10 (58,8%) 4 (23,5%) 3 (17,6%) 

8. CAI can replace textbooks 12 (70,6%) 4 (23,5%) 1 (5,9%) 

9. CAI enjoyment  4 (23,5%) 13 (76,5%) 

10. CAI allows a more efficient study 3 (17,6%) 2 (11,8%) 12 (70,6%) 

11. CAI preference 6 (35,3%) 5 (29,4%) 6 (35,3%) 

12. CAI use  3 (17,6%) 14 (82,4%) 

13. CAI in home  1 (5,9%) 16 (94,1%) 

14. CAI co-op  4 (23,5%) 13 (76,5%) 

15. Use of CAI&Lectures 1 (5,9%)  16 (94,1%) 

16. CAI&Lectures are valuable tools 1 (5,9%)  16 (94,1%) 

17. CAI&Lectures major part of a course 2 (11,8%) 5 (29,4%) 10 (58,8%) 

18. CAI as a complement 1 (5,9%) 1 (5,9%) 15 (88,2%) 

19. CAI use in lectures  3 (17,6%) 14 (82,4%) 

20. Satisfaction  5 (29,4%) 12 (70,6%) 

Table XVI. Students’ responses of both groups to the 20 questions of the post-questionnaire. 
Data are presented as counts for each rating among the 17 students. All ratings were on a 5-
point scale, where 1 indicates the lowest/weakest expression of the rated quality. 

5.3.4. Both groups attitude scales 
To determine differences over time, the means of students’ attitudes before the study were 
compared with the corresponding means of their attitudes after the study. A paired-
samples t test was conducted to evaluate whether the mean differences between the pre- 
and post-interview scales for both learning groups were significant different from zero. The 
results indicated that the MRI Physics scale differed significantly before and after 
intervention, t(16)=2.58, p=.020 (Table XVII) while the test was non-significant for the CAI 
scale and for the Lectures & CAI scale.  
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Paired Differences 
Pair 

Mean Std. 
Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

t df Sig. (2-
tailed) 

    Lower Upper    

MRI Physics Scale 
(post) - MRI Physics 

Scale (pre) 
,4412 ,70450 ,17087 ,0790 ,8034 2,582 16 ,020 

CAI Scale (post) - 
CAI Scale (pre) ,2674 ,53443 ,12962 -,0074 ,5422 2,063 16 ,056 

Lectures&CAI Scale 
(post) – Lectures & 

CAI Scale (pre) 
,2000 ,60415 ,14653 -,1106 ,5106 1,365 16 ,191 

Table XVII. Results of the paired-samples t test. 

 

Using the method of Zacharia (2003) students were designated as having a positive or 
negative attitude toward MRI physics, the use of CAI and the use of a combination of lectures 
and CAI based on the value of the answers they gave for these items. If the mean score of a 
participant’s answers on a scale was below 2.67, or between 2.68 and 3.32, or above 3.33, 
he or she was considered to have negative, neutral, or positive attitude, respectively (Table 
XVIII).  

 
Negative Neutral Positive  

Count % Count % Count % 

MRI Physics Scale (pre) 4 22,2% 6 33,3% 8 44,4% 

MRI Physics Scale (post) 1 5,9% 4 23,5% 12 70,6% 

CAI Scale (pre) 3 16,7% 4 22,2% 11 61,1% 

CAI Scale (post) 2 11,8% 3 17,6% 12 70,6% 

Lectures&CAI Scale (pre) 1 5,6% 2 11,1% 15 83,3% 

Lectures&CAI Scale (post) 1 5,9%   16 94,1% 

Table XVIII. Pre- and post intervention attitudes of students on the 3 scales. 

 

Students’ attitudes toward all 3 scales after the study showed less negative and neutral 
attitudes and more positive attitudes.  
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5.3.5. Students as separate groups 
A one-way multivariate ANOVA was conducted to determine the effect of the two types 
of learning methods on their attitudes toward CAI, in terms of the 3 post-interview scales 
(Table XIX). Significant differences were found among the two learning groups on the 
dependent measures, Wilks's Λ = .47, F (3,13) = 4.84, p=.018. The multivariate η2 based on 
Wilks's Λ was quite strong .53 indicating that 53% of multivariate variance of the dependent 
variables is associated with the learning group factor. 

 

Effect  Value F Hypothesis 
df 

Error 
df Sig. 

Partial 
Eta 

Squared 
Intercept Pillai's Trace ,989 389,925(a) 3,000 13,000 ,000 ,989 
  Wilks' Lambda ,011 389,925(a) 3,000 13,000 ,000 ,989 
  Hotelling's Trace 89,983 389,925(a) 3,000 13,000 ,000 ,989 
  Roy's Largest Root 89,983 389,925(a) 3,000 13,000 ,000 ,989 
GROUP Pillai's Trace ,528 4,841(a) 3,000 13,000 ,018 ,528 
  Wilks' Lambda ,472 4,841(a) 3,000 13,000 ,018 ,528 
  Hotelling's Trace 1,117 4,841(a) 3,000 13,000 ,018 ,528 
  Roy's Largest Root 1,117 4,841(a) 3,000 13,000 ,018 ,528 

Table XIX. The results of the one-way MANOVA. a  Exact statistic. 
 

ANOVA on each dependent variable were conducted as follow up tests to the MANOVA 
(Table XX). The ANOVA was nonsignificant on the MRI physics scale, F (1,15) = .15, p=.70, 
η2= .010, and on the Lectures & CAI scale, F (1,15)= 2.25, p=.15, η2=.13. The ANOVA on 
the CAI scale was significant, F (1,15) = 12.50, p=.003 and the strength of relationship 
between the learning group and the CAI scale, as assessed by η2, was very strong, with the 
learning group factor accounting for 45% of the variance in the dependent variable. 
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Source Dependent Variable Type III 
Sum of 
Squares 

df Mean 
Square 

F Sig. Partial 
Eta 

Squared 
Corrected 
Model 

MRI Physics Scale 
(post) 

,082(a) 1 ,082 ,155 ,699 ,010 

  CAI Scale (post) 3,588(b) 1 3,588 12,503 ,003 ,455 

  Lectures&CAI Scale 
(post) 

1,180(c) 1 1,180 2,253 ,154 ,131 

Intercept MRI Physics Scale 
(post) 

229,493 1 229,493 436,361 ,000 ,967 

  CAI Scale (post) 236,074 1 236,074 822,606 ,000 ,982 

  Lectures&CAI Scale 
(post) 

311,222 1 311,222 594,271 ,000 ,975 

GROUP MRI Physics Scale 
(post) 

,082 1 ,082 ,155 ,699 ,010 

  CAI Scale (post) 3,588 1 3,588 12,503 ,003 ,455 

  Lectures&CAI Scale 
(post) 

1,180 1 1,180 2,253 ,154 ,131 

Error MRI Physics Scale 
(post) 

7,889 15 ,526      

  CAI Scale (post) 4,305 15 ,287      

  Lectures&CAI Scale 
(post) 

7,856 15 ,524      

Total MRI Physics Scale 
(post) 

237,750 17       

  CAI Scale (post) 241,364 17       

  Lectures&CAI Scale 
(post) 

319,080 17       

Corrected 
Total 

MRI Physics Scale 
(post) 

7,971 16       

  CAI Scale (post) 7,893 16       

  Lectures&CAI Scale 
(post) 

9,035 16       

Table XX. The results of the univariate ANOVA. a  R Squared = ,010 (Adjusted R Squared = -
,056), b  R Squared = ,455 (Adjusted R Squared = ,418), c  R Squared = ,131 (Adjusted R 
Squared = ,073). 

 

Students’ responses to the 19 questions of the post-questionnaire for the two groups are 
summarized in Table XXI. When comparing students as separate groups (textbook versus 
computer) using one-way ANOVA significant differences were founded for 6 out of 19 
questions - these questions were Q3, Q5, Q7, Q9, Q10 and Q12 (see Appendix V). 
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 Item Total (n=17) Textbook 
group (n=9) 

Computer 
group (n=8) p 

  Mean Std. 
Dev. Mean Std. 

Dev. Mean Std. 
Dev  

1.  MRI enjoyment 3,88 ,70 3,78 ,67 4,00 ,76 ,529 

2.  MRI feelings 3,47 ,87 3,44 1,13 3,50 ,53 ,901 

3.  CAI use in MRI 4,12 ,93 3,56 ,88 4,75 ,46 ,004* 

4.  CAI programs are valuable tools 4,29 ,99 3,89 1,17 4,75 ,46 ,070 

5.  CAI as a major part of a course 3,71 ,99 3,22 1,09 4,25 ,46 ,026* 

6.  I like MRI CAI (*NEG) 4,35 ,86 4,00 1,00 4,75 ,46 ,071 

7.  CAI can replace lectures 2,35 1,06 1,89 1,05 2,87 ,83 ,050* 

8.  CAI can replace textbooks 2,06 ,90 1,78 ,97 2,38 ,74 ,180 

9.  CAI enjoyment 4,12 ,78 3,67 ,71 4,63 ,52 ,007* 

10.  CAI allows a more efficient study 4,00 1,17 3,33 1,22 4,75 ,46 ,008* 

11.  CAI preference 3,00 1,06 2,56 1,24 3,50 ,53 ,064 

12.  CAI use 4,35 ,79 3,89 ,78 4,88 ,35 ,005* 

13.  CAI in home 4,41 ,62 4,22 ,67 4,63 ,52 ,189 

14.  CAI co-op 4,12 ,78 4,33 ,71 3,88 ,83 ,239 

15.  Use of CAI+Lectures 4,41 1,00 4,11 1,27 4,75 ,46 ,199 

16.  CAI+Lectures are valuable tools 4,47 1,01 4,22 1,30 4,75 ,46 ,295 

17.  CAI+Lectures as a major part of a 
course 3,76 1,35 3,33 1,58 4,25 ,89 ,169 

18.  CAI as a complement 4,35 ,86 4,11 1,05 4,63 ,52 ,231 

19.  CAI use in lectures 4,35 ,79 4,33 ,87 4,38 ,74 ,917 

Table XXI. Students’ responses to the 19 questions of the post-questionnaire for the two 
groups and significant differences in questions responses between groups. All ratings were on 
a 5-point scale, where 1 indicated the lowest ⁄ weakest expression of the rated quality. 
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5.4. Feedback assessment 

5.4.1. Student satisfaction 
A one way between groups ANOVA was conducted to explore the impact of learning 
group on satisfaction level in regard to their method of instruction (Table XXII). There were 
no differences noted between the methods of instruction and learner satisfaction, 
F(1,15)=1.56, P =0.230. The textbook learning group (mean score =3.78, SD=.97) was 
equally satisfied with their method of instruction in comparison to the computer group (mean 
score = 4.25, SD=.46, p = 0.230).  

 

 Sum of 
Squares df Mean Square F Sig. 

Between Groups ,944 1 ,944 1,564 ,230 

Within Groups 9,056 15 ,604     

Total 10,000 16      

Table XXII. The results of the univariate ANOVA. 

5.4.2. Content value 
Each student offered feedback that included positive and negative comments for textbook 
and/or computer learning. The advantages (Table XXIII) seemed to focus on issues 
concerning motivation, instructional capabilities and content value while the disadvantages 
reported (Table XXIV) were few, their prevalence considerably small, especially after the 
intervention and were mostly focused on technical issues and some difficulties in learning.  
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Prevalence (%) 
Advantages 

Pre(n=18) Post(n=17)

Interactive nature promotes 
concentration, learning and motivation; 
students are motivated and challenged; 
challenges the student to participate 
more actively 

9  (50%) 15 (88.2%) 

Gives the opportunity to manipulate all 
variables associated with a phenomenon 4 (22.2%) 11 (64.7%) 

Brings a sense of exploration and 
surprise to the learning process 4 (22.2%) 9    (53%) 

Motivation 

Fun to use 3 (16.6%) 7 (41.2%) 

Self-paced learning 10 (55.5%) 16 (94.1%) 

Immediate feedback; allows self-
assessment 8 (44.4%) 15 (88.2%) 

Combined with lectures is the most 
effective tool in a learning environment 6 (33.3%) 14 (82.3%) 

Lesson tailored to educational level of 
student; lesson can be repeated as 
often as the user wishes without the 
computer ‘getting tired’ 

7 (38.8%) 13 (76.5%) 

Offer electronic features, eg, tests, 
grades etc 7 (38.8%) 13 (76.5%) 

Provides training when other alternative 
approaches are not available; available 
for use at home 

5 (27.7%) 12 (70.6%) 

Alleviates ‘performance anxiety’; the 
computer is not judgmental,  student 
can learn from his mistakes without 
embarrassment 

3 (16.6%) 8 (47.1%) 

Constant quality but human teacher can 
be variable 3 (16.6%) 6 (35.3%) 

Relieves instructor of necessity of 
presenting repetitious lectures, saves 
time for the instructor  

4 (22.2%) 5 (29.4%) 

Instructional 
capabilities 

Provides maximum use of learning time 5 (27.7%) 2 (11.8%) 

Animation helps learners understand 
concepts and procedures better than 
other static instructional tool 

10 (55.5%) 14 (82.3%) 

Changing parameters often leads to 
greater insights 3 (16.6%) 11 (64.7%) 

Content 
value 

Brings a clarity of presentation  4 (23.5%) 

Table XXIII. Advantages and their prevalence attributed to the use of CAI.  
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Prevalence (%) 
Disadvantages Pre 

(n=18) 
Post 

(n=17) 

Difficult development and implementation; 
requires substantial time and money 

7 
(38.8%) 

3 
(17.6%) 

Demands special conditions 4 
(22.2%) 

6 
(35.3%) 

Staff needs to be trained 4 
(22.2%) 

5 
(29.4%) 

Technical 
issues 

Demands familiarity with the medium; it is 
computer based 

3 
(16.6%) 

3 
(17.6%) 

Student is not able to ask questions 11 
(61.1%) 

7 
(41.2%) 

Absence of the ‘human factor’ 8 
(44.4%) 

6 
(35.3%) 

Time consuming to use  6 
(33.3%) 

4 
(23.5%) 

Problems  
in learning 

Is less effective in a learning environment 
compared to lectures 

6 
(33.3%) 

2 
(11.8%) 

Table XXIV. Disadvantages and their prevalence attributed to the use of CAI.  

5.4.3. Curriculum integration 
On the open-ended questions on how multimedia programs can be used in the curriculum 
(educational programme) and on what is the best implementation method of multimedia 
programs, most students thought that CAI should be implemented into the classroom and 
integrated with the lecture.  
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5.4.4. Features of the module 
Students in the CAI group thought that the best feature of the module was its usefulness in 
learning with constructive educational content, good quality animations, interactive graphics 
and ease of use, along with the ability to move around in the program (Table XXV). The 
worst feature mentioned was the lack of sound in the animations. For the interactive MRI 
multimedia module students suggested interesting additional features like those regarding 
quick questions through the material and links to websites with more material. 

 

Usefulness in 
learning 

Excellent animations – helped me visualize difficult principles 

Easy to use with nice graphics 

Well organized with very useful material 

The presented material is really exciting and is a valuable additional 
resource 

I like the interactive approach. It made the concepts easier to 
understand 

I like those features that allow the user to change parameters and 
see what happens 

Very impressive and useful in that it makes studying interesting and 
fun 

I like the interactive approach. It made the concepts easier to 
understand 

Great program! I really enjoyed the graphics and I felt that it made 
learning the material much more enjoyable 

I really like the animations. I think they are definitely more 
interesting than the textbook and visually, it helps to see principles 
in action 

Excellent source for students 

The module was overall a really great resource. It was a great 
interactive way to reinforce what I already had learned from the 
lectures and I think it really helped me better understand 

Visual simulation clarified many topics 

Improvements 

 

A CD or an online version 

Sound to the animations 

More quizzes, more practice questions, more quick questions 
throughout the material, more quizzes along the ways and not just 
at the end 

More advanced/clinical material 

Links to websites with more material 

More summaries at the end of each unit 

More interactive segments where you can set the conditions and see 
what happens 

Ability to print pages 

Table XXV. Features and suggested improvements to the developed module. 
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6. Discussion 
MR imaging has become an essential diagnostic tool, and clinical scientists must undergo 
extensive training before they are able to confidently employ this imaging modality. The MR 
process is complex and requires understanding at two levels. At the physical level the 
professional must understand proton precession, resonant excitation and de-excitation 
processes. At the imaging level the interplay between intrinsic tissue characteristics (T1, T2, 
PD) and extrinsic acquisition parameters (TR, TE, etc.) gives rise to a puzzling range of 
possible combinations with dramatically different tissue-contrast images. Eventually, the 
professional must be capable of determining the required acquisition setting to generate an 
image that displays optimal lesion detection. It is well documented that students in 
introductory MRI physics have considerable difficulties with understanding these fundamental 
concepts of Magnetic Resonance (Hornak 1999) while a number of studies show that the use 
of interactive-engagement computer activities in physics education is highly effective (Redish 
and Risley 1990). In this study we considered whether computer modules, when based on 
results of education research and designed following principles from models of cognition and 
learning (Redish 1994) can successfully teach basic physics concepts to students in an 
introductory MRI physics class. The purpose of this thesis was to develop and evaluate an 
interactive multimedia courseware in MRI physics, which will provide postgraduate students 
with an interactive means of self-study and self-evaluation. The developed computer-based 
interactive courseware is a suite of six interactive teaching modules designed to integrate and 
dynamically teach complex concepts of MRI physics using animations and real-time 
simulations in a learner-centric design. Animations were designed to maximize learner 
response, reinforce knowledge acquisition, and afford rich context for learning by making 
concepts applicable to the user’s everyday practice. The courseware makes extensive use of 
animations to provide background information that aids in understanding physical principles, 
explain dynamic processes, summarize major concepts and help students construct mental 
models with which to organize new knowledge (Lowe 1999). In the undertaken study, we 
evaluated the instructional efficacy and acceptability of one of these modules, of the MRI 
Spatial encoding module, when used by postgraduate medical physics students. 

6.1. Demographic data 
If interactive multimedia is to form an integral part of any curriculum, it is essential that 
students are computer literate and preferably at similar levels in order for them to derive 
maximum benefit from this resource. Nowadays however students are from diverse cultural, 
socioeconomic and educational backgrounds, where the more financially secure students, 
usually have a higher level of computer literacy, generally having access to computers and 
the Internet at home. In this study, 1 out of 10 students believed that he/she was not 
sufficiently computer literate to be able to make the most of the computer. In such instances, 
it may be necessary for faculties to provide support for the less computer literate (and hence 
educationally disadvantaged), in order to provide all students with an equal opportunity of 
accessing valuable resource material (Crowe et al. 1998). Computer confidence is important 
in the degree of utilization of this resource by students (Osman and Muir 1994). Novice 
computer users have special needs since their fear is an important element in their attempt 
to use the technology - fear of destroying data, fear of hurting the machine, fear of seeming 
stupid in comparison to others (Bencze and Hodson 1999). As computers are more integrated 
into the primary education, the level of literacy amongst students will undoubtedly improve.  

6.2. Factual knowledge assessment 
Although a computerized Quiz module was developed (see section 3.5.2) to provide equal 
opportunities between the two learning groups, the test in this study was administered in 
traditional paper format. Only a few studies have been carried out in the field of computer-
assisted test/examination in the field of health science. One study regarding time-
consumption in examination using computers showed that computer-assisted test required 
the same amount of time as traditional multiple-choice examination (Tseng et al. 1998). Even 
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those students who didn’t have any computer experience preferred computer-assisted test to 
traditional paper and pen tests. Yet some psychological tests and exams show that computer-
assisted test can have negative effects on the results of those not familiar with computers 
(MacLachan 1986). 

The two learning groups displayed no statistically significant difference in pretest scores 
(p=.236) which implies that the baseline level of knowledge regarding MRI physics among 
the students was similar. However, the computer group students scored significantly higher 
on their posttest when compared with the textbook group (p=.003). Completing the pre-test 
probably improved post-test scores, however, this effect is probably the same for both 
groups. In an effort to minimize this pre-test effect, the pre-test and post-test were given 
four weeks apart.  

The somehow low mean score of the posttest (M=70.35) can be probably attributed to the 
small course credit that was given for posttest performance, since it seems that giving course 
credit motivates students to take the test more seriously and thereby demonstrate more 
adequately their understanding. Students want to achieve as good assessments and grades 
as possible. Because of this, students are usually strategic and use different kinds of learning 
approaches to different courses, often in sophisticated ways. Depending on the examination 
form, students employ different learning styles and when the time for examination is 
approaching, students often pass from a deeper understanding of the content to a pure 
memorising mode (Chambers 1992).  

Students in the computer group gained better test scores than those in the textbook group a 
finding that seems to agree with the results of previous studies (see section 6.5). There are 
several potential explanations for the observed better improvement in test scores in the 
computer group. Firstly strategic students may have rushed through their familiar textbook, 
missing important material that lowered their post-test score. Secondly this may be attributed 
to the self-paced nature of the computer instruction where students were encouraged to take 
the most efficient path to content mastery, skipping areas of strength while investing more 
time in areas of weakness. Finally, it seems that  exploratory learning is particularly important 
because it encourages meaningful incorporation of information into the learners’ cognitive 
structure and the domain at hand may be learned in a better or deeper way. The interactive 
multimedia module engaged computer group students in multi-sensory learning and when all 
senses are stimulated, learning is most effective and the student more interested. Even small 
changes in how the information is presented can lead to major alterations in learning 
outcomes (Harden and Smythe 1994). Research results show that if an image is initially blur-
ry, and then becomes clear, it is remembered much better than if it is presented clearly for 
the same amount of time. This could mean that if an image were to be drawn instead of 
being instantly presented, learners might remember it better. It has also been shown that 
learners have an ability to remember animations well (MacLachan 1986).  

When a topic is presented in a book, all the learning material is presented linearly, frequently 
together with a subsequent solution to the topic. This principle is also frequently used in 
lectures: usually the student gets the solution without any interaction with the teacher or 
content. Traditional book and lecture teaching represents a one-way communication with the 
student. Neither of these resources often stimulates the student. This implies that there is 
limited possibility for interaction with the resources. CAI, on the other hand, stimulates the 
student to interactive learning by providing the possibility for interaction with the media, at a 
personally chosen level. For instance, many of the animations demand that the student ask 
for relevant information about the current situation in order to be able to continue. 

Given a difference in educational effectiveness between computer and textbook learning, it 
would be helpful to know whether this effect is more pronounced for certain subgroups of 
students, as such knowledge might facilitate triage of students into appropriate learning envi-
ronments. We therefore looked for covariance between students’ posttest scores and a 
variety of independent variables, including previous MRI experience, previous multimedia use 
and subjective satisfaction with the assigned instruction group. No statistically significant 
interaction effects were found and therefore, our study does not provide any evidence to 
support the hypotheses that (a) students with previous MRI experience learn any better or 
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worse from computers versus textbooks, (b) students with previous multimedia use differ 
from students without multimedia use in how well they learn from computers versus tutorials, 
or (c) students who subjectively prefer computers learn any better from them than from 
textbooks, or students who specifically dislike computers learn any less from them than from 
textbooks.  

Because ANCOVA, considers each individual subject as his/her own control, pre-existing 
differences in the knowledge base have little effect on the test score improvements in our 
study. We didn’t check for the different training of our postgraduate students and some 
differences possibly can be attributed by differences in educational background or experience 
gained with respect to their prior studies. Lack of prior grades of students did not allow us 
also to check whether students who do not excel under traditional learning approaches, score 
higher using multimedia programs. In exploring how the different learning conditions affected 
students with different achievement levels, Qayumi et al. (2004) found that lower achieving 
students in terms of their overall performance at medical school, learned significantly more 
when supported by an interactive, multimedia learning environment while high scoring 
students performed equally well under all study conditions. Cravener (1999) also found that 
students with learning difficulties significantly improve their learning using CAI compared to 
stronger students. 

In 11 out of 25 questions on the post-test over 75% of the students chose the correct 
answers (Table VII), while in contrast, the percentage of correct post-test answers in 4 
questions was below 50%, maybe suggesting some deficiencies in instruction. For example, 
only 47.1% of the students identified the relation between peak amplitude and slice thickness 
(q15) and this might indicate that instruction related to the subject requires more detailed 
tutoring and explanation. The very low score of q3 (29.4%) must be probably attributed to 
the crabbed style of the question. 

6.2.1. Retention test 
The study was created specifically to test the immediate short-term educational impact of CAI 
and it was not designed to test the possible differences in the long-term educational impact 
or retention of material. A decline in the students’ recollection of information over time was 
expected, since it is reasonable to assume that students forget information at similar rates or 
that students with lower initial scores would forget at a greater rate than would those with 
higher initial scores. The overall decline must be tempered with the fact that the students had 
no opportunity to prepare specifically for the retention test (Sisson et al. 1992). 

The decrease in score between the post-test and retention test showed a statistically 
significant difference between the textbook group and CAI group (Table VIII). Though the 
computer group gained a higher post-test score, they seemed to lose their perceived recall 
much more than the textbook group. All students scored lower on the retention test than on 
the posttest, nevertheless a forecast of knowledge retention has some unreliability: for 
example, one student who scored 76% on the posttest scored only 40% on the retention 
test. The conclusions regarding long-term retention rates in this study are limited from the 
short time horizon of the study (Erkonen et al. 1994, D'Alessandro et al. 1997). 
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Figure 35. Correlation between the percentage of correct responses by students on the 
retention test and posttest.  

6.3. Attitudes Scores Assessment 
The MRI physics scale differed significantly before and after the MRI course (p=.020) and the 
majority of students responded that they enjoy MRI physics courses (70.6%, Table XVI: Q1) 
and that they have good feelings toward MRI physics (52.9%, Table XVI: Q2).  

Students agreed that MRI physics courses should be taught using multimedia programs 
(76.5%, Table XVI: Q3) while 41.2% of the students were neutral and only 1 student (5.9%) 
was negative. About 76.5% responded that they enjoy taking a MRI physics multimedia 
program (Table XVI: Q6 and Q9).  

The great majority of students found the educational multimedia programs to be a valuable 
teaching tool (88.2%, Table XVI: Q4) and most of the students responded that they like 
taking courses that have multimedia programs as a major part of the course (64.7%, Table 
XVI: Q5). Even students who have low computer skills adapt easily to CAI software. About 
70.6% found that a multimedia program allows a student to study a subject matter more 
efficiently (Table XVI: Q10). About 82.4% of students approved the use of multimedia 
programs in other topics of their studies (Table XVI: Q12) and 94.1% would like to use these 
programs at home (Table XVI: Q13), or together with other students (76.5%, Table XVI: 
Q14). 

Most students expressed doubts concerning replacement of lectures (Table XVI: Q7) and 
textbooks (Table XVI: Q8) by means of courseware modules. Students didn’t agree that 
multimedia programs can replace lectures since 58.8% were negative (Table XVI: Q7) , 
23.5% was neutral and 17.6% were positive. Students also didn’t agree that multimedia 
programs can replace textbooks since 70.6% were negative (Table XVI: Q8) , 23.5% was 
neutral and only 1 student (5.9%) was positive. This is not surprising, since it is in line with 
the results of many exploratory studies (Elen and Lowyck 1998) and could be explained 
through the traditional settings to which students have accustomed themselves. They are 
used to attending traditional lectures and have adapted themselves to this specific context. 
Students feel that common interventions in traditional settings which they know best and are 
not afraid of, are the most efficient. Additionally, they understand that using mediated 
interaction will force them to change what they are used to and that, in particular, is an 
aspect they really dislike. Students were equally divided with the statement that they prefer 
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studying a subject by means of multimedia programs instead of lectures based on textbooks 
(35.3%, Table XVI: Q11) whilst 29.4% of students were neutral. Almost all of the students 
agreed that the combination of lectures and multimedia programs is a valuable tool (94.1%, 
Table XVI: Q16) and that multimedia programs form a useful complement to the textbook 
and the lectures (88.2%, Table XVI: Q18)  and believed that MRI physics courses should be 
taught using combinations of lectures and multimedia programs (94.1%, Table XVI: Q15).  

The comparison between pre- and post-questionnaire scale scores revealed non-significant 
small changes in students’ attitudes toward the use of CAI and toward the use of a 
combination of a CAI and lecture. Overall, someone can argue that the interest of the 
students regarding the CAI use in education intensified as the study proceeded. In fact, their 
responses in the post-questioner suggested that they embraced the use of these tools within 
an educational experience. Finally, these results do not indicate that the students preferred 
one of the tools (lectures or CAI) over another; on the contrary, it shows unanimous support 
of the combination of a textbook and a CAI. However computer students seem to appreciate 
the CAI module significantly more compared to textbook students (p=.003). This can possibly 
be explained by their exposure to the intervention. Computer group students differed 
significantly from the textbook group in that they were more satisfied with taking a MRI 
physics multimedia program (Q9, p=.007) and with taking courses that have multimedia 
programs as a major part of the course (Q5, p=.026), found that MRI physics courses should 
be taught using multimedia programs (Q3, p=.004), found that multimedia programs allowed 
them to study a subject more efficiently (Q10, p=.008), agreed more that multimedia 
programs can replace lectures (Q7, p=.050) and approved more the use of multimedia 
programs in other topics of their studies (Q12, p=.005). 

6.4. Feedback Assessment 
Student perceptions of the value of particular software in their learning and understanding 
provide important feedback for educators and designers. There have, however, been 
criticisms of many of the comparisons made between CAI and traditional teaching resources 
because they are based on questionnaires and on student opinions i.e., lack ‘objective’ 
evidence (Alexander and Weiss 1998). Comparison between the effectiveness of CAI and 
other forms of teaching or learning is difficult since each case needs to be evaluated in terms 
of the specific application and the original objectives and learning outcomes of the task at 
hand. Others have, on the other hand, found students as the ultimate users of the software, 
to be a valuable resource in efforts to improve the use of computers in education (MacLachan 
1986). However until universally acceptable guidelines are developed, student evaluation will 
continue to be a guide for measuring CAI effectiveness.  

6.4.1. Student satisfaction 
In this study there were no differences between the method of instruction and learner 
satisfaction. Although student satisfaction is important in motivating student work, and 
presumably therefore student success, the link between satisfaction and learning is highly 
indirect. Indeed, strategic students whose primary goal is a good grade may find higher 
satisfaction in a course that produces a good grade without improved learning, since 
improved learning often requires time and painful effort. We do not expect this measure to 
correlate well with functional understanding. 

6.4.2. Content value 
By and large, students’ rationale for continuing or expanding the use of CAI in physics 
education was based on four attributes: motivation, unique instructional capabilities, support 
of content knowledge acquisition, and new operational or functional capabilities that other 
tools cannot offer. A close examination of students’ beliefs and attitudes before the study 
revealed that 6 students (33.3%) believed that lecture was the most effective tool to be used 
within a learning environment although their attitudes toward the use of CAI were found to 
be positive. Examination of students’ beliefs and attitudes after the study revealed that 14 
students (82.3%) believed that CAI had numerous advantages to offer in an educational 
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experience, and they designated the lecture/CAI combination as the most effective (had to 
offer more advantages) tool of the two to be used within a learning environment. Overall, 
students’ responses expressed belief in the instructional effectiveness of CAI and lecture/CAI 
combination. Students’ dispositions toward CAI appeared to be slightly positive before the 
study and favourable after the study. Data indicate that students in this study appeared to 
attribute more advantages than disadvantages to the use of CAI and lecture/CAI combination 
both before and after the study. The prevalence of each advantage increased over time, 
whereas the prevalence of most disadvantages decreased over time. This difference can be 
attributed to students’ unfamiliarity with CAI. 

Most of the students after the intervention believed that CAI provides an effective way of 
learning, and 15 students (88.2%) found that the interactive nature of a CAI module 
promotes concentration, learning and motivation and challenges the student to participate 
more actively. The student is able either to follow a given path or to design his individual 
path within the learning material, according to his own learning objectives. Fifteen students 
(88.2%) held that the immediate interaction/feedback provides constant, highly effective 
reinforcement of concepts and content. Indeed research on expert performance shows that 
to become an expert about eight years of “deliberate practice” are required (Aly et al. 2004). 
It can be assumed that this also applies to medical physicists. “Deliberate practice” does not 
just mean trying over and over again, but practice should be accompanied by systematic and 
immediate feedback. To provide trainees with feedback, experts must look over the novices’ 
shoulders one-on-one. Even if a sufficient number of experts were available, immediate and 
intense feedback for an extended period of time would be too expensive. An economical way 
of training with intense feedback would be the use of computers as experts for providing 
feedback.  

Thirteen of the students (76.5%) appreciated the fact that the computer content caters to 
their individual preferences with the rhythm and sequence of learning they choose. This is a 
fundamental difference between the traditional didactic process and computer assisted 
learning since the latter need not be linear and the content can be examined in any order or 
accessed as needed. The flexibility of CAI programs allows also instructors to use the 
modules in a variety of ways and to tailor the depth of instruction to specific course learning 
objectives. The non-linear approach of using the interactive multimedia package can 
accommodate students' diverse learning styles, experiences, and knowledge bases. The 
learning styles or strategies a student employs depend upon the subject material and the 
perceived educational benefits gained from accessing particular resources. In providing 
access to a wide range of resource material, students are given the flexibility to tailor their 
needs based on their perceived learning requirements. 

Six students (35.3%) also noted that a potential strength of CAI lies in its standardized 
presentation, which provides opportunities to test instructional effectiveness and to correct 
detected weaknesses, thereby systematically improving the quality of the instruction. By 
examining post-test results we identified sections in the module that did not convey 
information as well as intended. 

Five students (29.4%) held also that multimedia technology allows the educator to save time 
(in the long term) since it enables the presentation of new texts, illustrations and audio. 
These elements can be changed, added or deleted instantly, which is impossible in a no 
digital environment. Without a doubt instructional multimedia programs may be a cost-
effective way of conveying new knowledge, especially when shortage of academic staff is 
becoming an issue. This approach may provide a flexible means of learning, and can free 
staff-student contact time while still providing the student with an effective teaching medium. 
Although lectures are demanding of teachers' time and frequently supplemented with other 
resources, care should be taken not to use instructional multimedia programs exclusively. The 
multimedia courseware package should be seen as complementary to other contact teaching 
more suited to clinical skills and attitudes (Devitt and Palmer 1998). 

Most of the disadvantages that were noted by the students focused on technical issues that 
CAI development and implementation requires substantial time and money, that CAI 
demands special conditions (for example limited availability of workstations may cause poor 
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access to learning) and the staff needs to be trained. The most common comment among 7  
students (41.2%) was that while in a lecture students receive specific answers to all of their 
own questions, the computer module can give answers only to programmed questions and 
they may be left with unanswered questions. In addition 6 students (35.3%) noted the lack 
of human interactions benefits while using CAI since there is not any live person for 
discussion, the teacher is not present, there is no reinforcement from a teacher and students 
cannot benefit from hearing other students’ questions and answers. 

6.4.3. Curriculum integration 
Students expressed concerns that CAI could interfere with the traditional student-teacher 
encounter and relationship. The main reason for this may be that CAI should not be treated 
as a replacement for the traditional methods of teaching or for the teacher him or herself. 
Almost all students believed that computers could enrich the learning environment by 
expanding the student’s control over his or her self-learning and could provide a better 
learning environment but only as a supplement to traditional methods of learning. 

Advances in technology and software, together with a heightened appreciation of self-
directed learning, have fostered interest among instructors in the development of computer-
assisted multimedia instruction programs, which are interactive, self-paced and self-directed. 
As new authoring tools became available at a low cost, an increasing number of institutions 
and individuals are now involved in design and production of CAI applications. This has 
increased both the variety and the quality of CAI applications. In the near future, students 
will have access to an enormous number of applications, which will also push the quality 
criteria and demands of the users even further. The Internet can now serve as a universal 
database of CAI, which is available to a global audience, in many cases free of charge. The 
only visible obstacles to utilising this media will be the still insufficient computer skills of 
students and professionals and the lack of research evidence concerning several 
methodological implications of CAI. Decisions to introduce computer assisted learning into a 
curriculum are generally justified by one or more of the following arguments  (Greenhalgh 
2001, Seabra et al. 2004): 

• It is particularly suited to subjects that are visually intensive, detail oriented, and 
difficult to conceptualise, such as complex physical processes or radiographic images. 
Furthermore, simulation may reduce the need to use humans or expensive 
equipment in learning. 

• It is convenient and flexible because it may require fewer face to face lectures and 
seminars and place fewer geographical and temporal constraints on staff and 
students.  

• Due to the relative decrease in the number of instructors of whom many are shifting 
to research, and to the decrease in time available to faculty members involved in 
teaching, clinical work load or performing research. 

• Each learner can progress at his or her preferred pace, can repeat, interrupt, and 
resume at will, which may have particular advantages for weaker students. 

• The costs of personal computers are continuing to fall, and they are increasingly used 
at home and work. Once an application has been set up, the cost of offering it to 
additional students is relatively small. 

• The quality of information technology may be used to discriminate between schools.  

• Networks are widely available and Internet is becoming part of many people’s daily 
lives linking people into big learning communities. 

Although many educators believe that the learner–educator interaction is a vital component 
of the teaching and learning processes, for others, however, computer technology is a far 
more powerful educational experience than merely a supplement (Peck and Dorricott 1994). 
In the words of Harden and Smythe (1994) perceptions towards computing as an integral, 
mainstream education tool require a paradigm shift and should not be viewed as “just a way 
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to squeeze technological tools between the existing bricks of yesterday’s educational 
practices”. Harrison (1993) are of the opinion that it is only when CAI is seen as a daily, 
mainstream educational activity, and not just an additional or optional learning opportunity, 
that computers will receive the place they deserve in medical education. With such opposing 
views as to the level of integration of information technology and CAI into the curriculum, 
each institution will have to determine the role (and affordability) of CAI in its programme. 
Ultimately, the level of provision of resources will depend on the overall objectives of the 
teaching/learning programme, and the level of endorsement and support the institution is 
willing to provide, which may be influenced by financial and human resource constraints. 
While students may want computers as part of their education, these technological tools will 
only be as valuable as the applicability of the software, the level of faculty endorsement, the 
training provided and the ongoing support offered to students and staff (Cummings 1996, 
Lumpe et al. 2000). These are important points that each faculty needs to consider in 
reviewing its curriculum in the light of changing global education trends. 

Introducing interactive learning technology has many difficulties because it involves new 
ideas and new ways of working into institutions that are resistant to change (Hamilton et al. 
1999). Essential steps include creating readiness for change, energising commitment, 
developing opinionated support, managing the transition, and sustaining momentum (Thorne 
1999). Hence, the vision of a course that is fully integrated, stand alone, and based entirely 
on an expensive sophisticated technology is unlikely to become the model for the typical 
course of the future (Elton 1999).  

Indeed computer-based learning approaches include a somewhat threatening aspect for 
teachers: Computer technology has the potential of making the physical presence of human 
teachers superfluous to a varying extent. However as many studies in CAI show computers 
cannot replace, for example, human supervisors, but can disengage trainers from recurring 
tasks—tasks that can be automated with the computer. By embedding computer applications 
into training programs, trainers could have more resources for individualized and interesting 
teaching tasks. 

Initiatives to develop computer based materials usually begin as distinct processes which 
inevitably limits their impact and their expansion and continuation. Ad hoc innovations in 
computer assisted learning, frequently fade away when the individuals associated with them 
move on to other activities (Daniel 1996). Many schools are discovering the prohibitive cost of 
producing high quality computer assisted learning materials. Consequently difficulties range 
from enormous financial cost to organizational apathy and there must be an academic 
organisational structure to shape a coherent support to the rapid increase in CAI. CAI 
products are most likely to be used by academics if they are easily customised, capable of 
being modified, upgraded, and integrated with traditional teaching material. Mechanisms to 
allow exchange of skills, resources, and ideas between institutions must be put in place and 
universities must become part of wider networks that use CAI in their instruction.  

The development of CAI programs is an educational and technological endeavor requiring a 
long-term commitment. I have found the commitment rewarding and beneficial and I believe 
other educators will also. The successful completion of the CAI reinforced my commitment to 
pursue new teaching methods to help students master the course content. Overall, it is 
hoped that this effort will provide an example for those seeking to develop an CAI program 
and to identify factors that ultimately could improve a university curriculum. By using some of 
the methods described, anyone with a brief introduction to animation software can create 
valuable learning objects that can help students to learn better. Familiarity with software, 
however, is not enough to build effective courseware that assist students in constructing solid 
mental models. Educators should carefully consider their pedagogical approach, the 
appropriate visual presentation and an effective navigational structure before attempting to 
create an interactive module.  

Instructional formats are chosen not only to result in maximal educational benefit but also to 
accommodate scheduling and availability of teaching faculty and limitations in financial 
resources (Glenn 1996). Our study did not include a cost-effectiveness analysis, but im-
portant factors to consider would include the substantial costs of CAI development and 
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implementation and any potential efficiency savings from decreased faculty teaching time 
(Lieberman et al. 2002). The cost of hardware and software, often prove to be an important 
barrier to CAI materials. The amount of training needed to become comfortable with 
specialised software packages is often underestimated and instructors and students may 
spend significant time to manage the technology. Few students learn all the essential 
technical skills at the outset of the course and most often they learn a feature of the software 
when they actually need to use that feature. Hardware costs are falling but the most 
expensive costs are in developing new pedagogic approaches, preparing teaching materials, 
training teachers and students, facility costs and network management. Science teachers 
influence what students are taught and how they are taught, and thus are considered one of 
the primary factors that affect students’ achievement, attitudes, motivation, perceptions of 
science, and so forth (Daniel 1996). Reform proposals recommend comprehensive changes in 
science teaching and urge science teachers to meet content and pedagogy goals. However, 
any significant changes in practice that are needed will be difficult to attain if science 
teachers’ are not appropriately trained. 

6.4.4. Features of the module 
Despite the low CAI endorsement during students’ undergraduate studies, their exposure to 
this study’s experimental treatment was enough to convince them about the effectiveness of 
CAI as a learning tool. CAI appeared to offer students the individual attention they needed, 
answer their questions, and guide them in their interpretation of concepts. CAI created an 
active learning environment in that students were motivated and challenged.  

Student comments and criticisms for the developed CAI module raise the important issue of 
software design. Clearly, from this study, the message from students is that software must be 
fun, enjoyable, interactive and stimulating. An electronic textbook is of little value. The 
software must offer something in addition to what can be accessed from lectures, textbooks, 
and other traditional resources. There is a need for electronic learning tools to enhance 
existing teaching pedagogy and offer alternative learning situations. An educationally sound 
interactive MRI module must help a student learn MRI physics and enjoy it in the process. 

6.5. CAI in health education 
References to CAI appeared in the general medical literature in the 1970s and in the 
radiologic literature in 1982 (Renfrew et al. 1982). Over the last 20 years, diagnostic 
radiology has developed a broad literature on CAI development and its educational 
effectiveness and computer-based learning has proved generally to be as good or better than 
traditional methods (Hunter 1984, Jacoby et al. 1984, Aronberg et al. 1985, Tessler 1989, 
Goldberg et al. 1990, Hennessey et al. 1990, Apicella et al. 1991, Chew and Smirniotopoulos 
1993, Pellicano et al. 1993, Chew and Stiles 1994, Erkonen et al. 1994, Chew and Lanier 
1995, Chew and Smirniotopoulos 1995, Jaffe and Lynch 1995, Frank 1996, D'Alessandro et al. 
1997, Wenzel and Gotfredsen 1997, Garlatti and Sharples 1998, Devitt and Palmer 1999, 
Medina et al. 2000, Maleck et al. 2001, Lieberman et al. 2002, Durfee et al. 2003). In the 
older studies students considered CAI to offer an advantage and be time-saving in compari-
son to traditional education while in recent studies students were significantly more positive 
and used computers more for learning purposes than they did earlier. Generally it seems that 
references from the 80s show that CAI is as good as traditional education, while later 
references indicate that CAI is better than traditional education. This could reflect the fact 
that computers have lately become better in graphics, usability, multimedia etc.  

Although theoretically computer technologies can provide a rich environment for active 
learning, the effectiveness and cost effectiveness of computer assisted learning in higher 
education settings have yet to be shown consistently (Greenhalgh 2001). Most of the 
published studies on the use of computer assisted learning in medical education have serious 
methodological problems (Kulik and Kulik 1991).  
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Trial (country) Aim of study 
No of 

participants 
completing 

study 
Study groups Outcome 

measure Result 

(Lyon et al. 1991) 
(Germany) 

To compare a CAL 
programme with a lecture 
in teaching management of 
radial fracture 

150 (a) Multimedia CAL 
package with video clips 
and detailed clinical 
information (b) Lecture 

Various 
measures of 
student 
satisfaction 

CAL group rated the 
learning experience 15%-
20% better than lecture 
group 

(Clark 1992) 
(Brazil) 

To compare a CAL 
programme with standard 
lecture in teaching prostate 
cancer at the 
undergraduate level 

60 (a) Multimedia CAL 
package 
(b) Lecture 

Performance on 
25 multiple 
choice 
assessment plus 
satisfaction 

Test performance in groups 
was similar (60% vs 62% 
correct answers, p >0.05). 

(Schwartz and 
Griffin 1993) 
(USA) 

To compare CAL with 
classroom methods for 
teaching basic surgical 
knowledge and skills 

82 (a) CAL programme on 
how to tie a two handed 
surgical knot plus 
practice board (b) 
Lecture and 
personalised feedback 
plus practice board 

Knowledge of 
how to tie the 
knot and practical 
skill (recorded on 
video) 

No differences between 
groups in knowledge but 
CAL group significantly 
lower in practical skill 

(Hilger et al. 
1996) (UK) 

To compare CAL plus 
classroom teaching with 
classroom teaching alone 
in urology 

26 (a) Classroom teaching 
of urological topics 
(b) Classroom teaching 
plus CAL package 

Performance on 
multiple choice 
assessment 

Classroom plus CAL group 
performed significantly 
better than classroom alone 
group 

(Weverling et al. 
1996) (USA) 

To compare didactic 
teaching with video and an 
interactive CAL programme 
for teaching a basic 
surgical skill 

69 (a) Didactic tutorial  
(b) Videotape 
(c) Multimedia CAL 
programme 

Performance on 
MCQ and in 
objective 
structured clinical 
evaluation 
assessments 

Didactic group scored 
significantly higher on 
MCQs. Videotape and CAL 
groups had significantly 
better technical skills. CAL 
group's skills were better 
sustained at one month 

(D'Alessandro et 
al. 1997)  (USA) 

To compare a CAL 
programme with traditional 
methods in teaching 
management of epistaxis 

58 (a) Pre instruction test  
(b) CAL programme 
(c) Small group seminar 

Performance on 
written and 
practical 
assessment 

No significant difference 
between groups 

(Elves et al. 
1997) (Australia) 

To compare different CAL 
methods with classroom 
teaching in anatomy 
teaching 

90 (a) CAL (didactic) (b) 
CAL (problem based) (c) 
CAL (free text response)  
(d) Face to face teaching 

Performance on 
written 
assessment 

Students in CAL (didactic) 
group performed 
significantly better than the 
other three groups 

(Kallinowski et al. 
1997) (USA) 

To compare a CAL 
programme with no 
instruction in teaching 
management of strep 
pharyngitis 

77 (a) CAL instruction 
programme on strep 
pharyngitis 
(b) No intervention 

Performance on 
MCQ 
assessment 

CAL group scored 
significantly higher in post 
intervention assessment 

(Mehta et al. 
1998) (Australia) 

To compare a CAL 
programme with text based 
study in teaching 
management of anaemia 
and chest pain 

328 (a) Interactive 
“intelligent” CAL 
programme using text, 
hypertext, images, and 
critiquing theory 
(b) Printed text materials 

Performance on 
higher 
order(problem 
solving) MCQ 
tests 

Large, thorough study 
designed to address 
methodological criticisms of 
previous research. No 
differences in performance 
between groups but CAL 
group took 43% less time to 
achieve same level of 
competence 

(Rogers et al. 
1998) (USA) 

To compare CAL alone 
with CAL plus classroom 
methods in oncology 
teaching 

105 (a) Multimedia CAL 
oncology programme 
alone 
(b) CAL programme with 
classroom teaching 

Performance on 
written 
assessment plus 
satisfaction 

“No major differences” 
between groups on 
oncology knowledge. 75% 
felt CAL an important 
educational resource, but 
only 1% felt it could replace 
classroom teaching. Main 
dissatisfaction was with 
speed of downloading 
multimedia images 

(Devitt and 
Palmer 1999) 
(USA) 

To compare a CAL 
textbook with lecture, 
printed textbook, and no 
textbook as a supplement 
to the paediatric course 

83 (a) Multimedia textbook 
(b) Supplementary 
lectures 
(c) Printed textbook 
(d) “Control group” 

Performance on 
written 
assessment at 
end of placement 
and one year 
later 

Multimedia textbook group 
performed significantly 
better than other groups in 
end of firm assessment but 
this difference was not 
sustained at one year. 

(Summers et al. 
1999) (Australia) 

To compare three types of 
computer based 
performance feedback in 
making diagnoses 

75 (a) Instructional CAL 
package without 
feedback (b) CAL with 
simulated patient cases 
and outcome feedback 
(c) CAL with simulated 
patient cases and 
Bayesian feedback 
(d) CAL with simulated 
patient cases and 
Bayesian plus rules 
feedback  (e) Delphic 
instruction and Bayesian 
plus rules feedback 

Performance on 
MCQs and 
diagnostic 
accuracy in 
structured 
assessment  

Students in instructional 
CAL group improved more 
on MCQs. Those using CAL 
with simulated patient cases 
plus feedback improved 
more on diagnostic 
accuracy. No difference 
between different methods 
of feedback 

(Seabra et al. 
2004) 
(Netherlands) 

To assess the value of a 
CAL programme with 
simulated patients as a 
supplement to classroom 
teaching in neurology 

103 (a) Standard clinical 
neurology course with 
ward and classroom 
teaching (b) Additional 
optional access to CAL 
programme with 20 
simulated patients during 
the 5 week neurology 
attachment 

Performance in 
both problem 
solving 
assessment and 
a knowledge test 

CAL group performed 
significantly better in the 
problem solving exercise 
but not in the knowledge 
exercise 

Table XXVI. Published randomised controlled trials of computer assisted learning (CAL) 
methods in undergraduate medical education. 
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Table XXVI shows some representative published randomised controlled trials in medical 
education that were founded in Medline using the search "Education, Medical"[MeSH] AND 
"Randomized Controlled Trial"[Publication Type] AND ("computer based" or "computer 
assisted"). 

Most published studies on the use of computer assisted learning in medical education have 
positive outcomes (Kulik 1994) a finding that is consistent with meta-analyses of computer 
assisted learning in non-medical education (Carr et al. 1999). We were not able to find 
published studies in medical physics that compared computer-based learning with traditional 
methods, such as textbooks. One of the first books on MRI using computer animations was 
produced in 1985 and it was written in Pascal for use on Microsoft DOS platforms (Browne et 
al. 1989). This book was finally delivered as web-based hypertext book in 1996 (Hornak 
1996) and since then has very impressive usage statistics (Hornak 1999). 

The primary objection to early studies is their failure to control for differing informational 
content, educational methods, or presentation styles when comparing instructional formats 
(Clark 1992). Most studies present lack of statistical power, potential contamination between 
intervention and control groups, attrition of the sample and only a small number of them are 
prospective randomised studies with objective, predefined outcome criteria. For example, to 
compare a CAI module with a lecture, one would have to ensure that both interventions 
presented the same information (eg, the same cases), the same methods (eg, asking 
questions, giving feedback), and the same style before concluding that any observed differ-
ences in educational outcomes were attributable solely to the choice of instructional format 
(Lieberman et al. 2002). Then again, it is indeed difficult to compare the effectiveness of CAI 
with more traditional teaching formats since almost all controlled studies are often subject to 
an important methodological limitation: if the CAI and “control” modules differ with respect to 
authors, content, or even style, then true comparison of teaching formats is invalid 
(Lieberman et al. 2002). To overcome this methodological limitation to a certain extent CAI 
was considered in this study as a supplementary format to the lecture and textbook. In a 
comparison of a CAI and an interactive tutorial in which both the CAI module and tutorial 
were designed, produced, and taught by the same teacher in the same style, using the same 
cases, images, and explanations, the tutorial was marginally but significantly more effective 
at teaching factual knowledge (Zandveliet and Farragher 1997). 

Jelovsek and Adebonojo (1993) carried out a meta-analysis of 254 controlled studies, finding 
that CAI usually had a positive effect on students. Their scores increased by an average of 
0.30 standard deviations, which was coupled with a small but positive change in students’ 
attitudes and a substantial reduction in the amount of time required for instruction. Clark 
(1992) examined 49 “clinical” trials comparing CAI with conventional methods of learning and 
the results were:  

• In performance terms, CAI was as good as conventional learning in 98% of the trials.  
• CAI showed an improvement between pre-test and post-test scores over 

conventional methods in 61% of the studies.  
• Generally learners with CAI took about the same amount of time to achieve a better 

overall performance, though a small number of studies indicated that more time was 
taken to achieve a better performance (because of motivation).  

• CAI required much less time to achieve the same performance.  

Clearly, the effectiveness of computer-based tools has to be demonstrated. Technology does 
not take care of education, and it is not a “magic box” that guarantees better learning 
(Greenhalgh 2001). The findings of this study do reinforce the results of previous evaluation 
studies where students express their preference and enthusiasm of using such computer-
based educational material. The findings extend the widening body of evidence, which 
indicates that CAI is as effective as standard textbook in health education.  
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7. Conclusions 
Asking students to learn the dynamic principles of magnetic resonance from static diagrams 
in textbooks written for more advanced students is inappropriate. The use of animations 
brings students quickly up to speed on the principles of magnetic resonance so they can 
appreciate their research experience. This kind of integrated process is necessary to generate 
instruction that ensures that future generations of medical physicists will have the knowledge 
for appropriate interventions in MRI departments and the motivation to apply what they have 
learned. The developed MRI courseware is a suite of interactive teaching media designed to 
integrate and dynamically teach complex concepts using media-rich animations and real-time 
simulations in MRI physics. The developed software package was found to be a user-friendly 
way for postgraduates to understand the MRI physics principles more easily. The program 
provided the students with an interactive means of self-study and self-evaluation. It was 
generally liked by students as a teaching method and they almost unanimously applaud the 
use of similar courseware packages in other branches of their studies. The expectations are 
that CAI will find a place along with postgraduate courses, textbooks and lectures to help 
students to fulfil their needs in understanding the curriculum more easily.  

Evaluation proved that the interactive teaching approach of the MRI module was one of the 
most significant features in helping the student learn the material and enjoy the learning 
process. The integration of MRI module into the curriculum proved successful, but can be 
improved by better integration with the course, and by structuring courseware content to 
follow lecture content. These developments are only just a start and much more work is 
needed to improve and evaluate the new methods in the educational system. The University 
of the Future may be one that can successfully offer a flexible menu of both face to face and 
self study modules from which individual students can select to meet their own unique 
requirements. The importance of this study is that it was developed using a rigid 
experimental design with scientific confirmation of its efficiency. However it is appropriate to 
point out that there are factors other than attitudes rankings and test scores to take into 
account when comparing computer-based learning with textbook learning. For example, to 
run a software package requires access to relatively expensive equipment and computers for 
the most part, are not as portable as textbooks. Our study must be interpreted within the 
context of our experimental design since we must take care to endorse CAI technology 
selectively, based on evidence of value in different contexts, rather than viewing CAI as an 
educational panacea.  

Each generation of new technology creates opportunities and challenges for education. This 
potential needs to be fully realized, not just because computer technology is here and is 
growing but because computer-based approaches could be favourable from the perspective 
of pedagogic principles, educational psychology, or research related to expert performance. 
Education must embrace instructional multimedia programs as a method of learning provided 
that they are based on a didactic and guided approach. Further research is certainly needed 
on the underlying instructional design that induces a cognitive process when using CAI in 
health physics education. CAI may supplement and reinforce more traditional learning and 
has the potential to help students develop skills and knowledge. Students, consider CAI 
stimulating and motivating and easily adapt to CAI even if their computer literacy is low.  

The four fundamental requirements for adopting any new teaching method, technology or 
strategy are rapid and easy development, less expense, greater ease of delivery and im-
proved pedagogical results (Ericsson et al. 1993). Using the developed multimedia module or 
the conventional textbook, postgraduate students gained the targeted knowledge, 
understanding, and application of the subjects covered by the course. The improved post-test 
score of the computer group after course completion concurs with previous studies, where 
participants improved using CAI and reported definite knowledge gain (Kulik 1994).  

An effective physics instruction must encourage the kind of learning that promotes positive 
attitudes. Such learning occurs when physics teaching focuses on creating classroom 
interactive learning to facilitate student self-direction in constructing physical science 
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understandings. According to study’s participants, CAI can be used to provide such interactive 
learning, and therefore, physics curriculum and instruction, at least at the postgraduate level, 
should include them. In addition, educators also should be encouraged to use CAI in their 
own teaching and classroom because it appears from the data of this study that is worth 
trying. The use of CAI may enhance education and provide learning opportunities that cannot 
be taught by traditional strategies. Basic precepts of cognitive science suggest the importance 
of interactive engagement for all physics students (Redish 1994), and CAI as an interactive 
engagement has been shown to motivate challenging exploration with unique instructional 
capabilities and a highly effective approach to physics learning (Venezky and Osin 1991). CAI 
use in physics helps learners visualize problems and solutions, and provides the environment 
and within it the concrete experiences necessary for the development of insight about 
abstract concepts. Researchers have documented that college students’ attitudes became 
positive toward physics after they experience computer assisted instruction (Chou 1998, 
Zacharia and Anderson 2003) and CAI is an ideal tool for fostering conceptual change across 
the physics curriculum (Van Heuvelen 1997, Beichner et al. 1999, Tao and Gunstone 1999, 
Zacharia and Anderson 2003).  

The strength of the developed MRI module also includes scalability, and content 
customization. The MRI courseware can also have a much broader use - continuing education 
(radiographers, physicians, etc.); delivery to underprivileged institutions; ‘refresher’ resource 
for review; keeping up-to-date with current content. The ability to track and monitor students 
as they progress through their course is also a major advantage of an electronic course and 
will become an essential part of education training. 

Computer-assisted instruction has gained wide acceptance as a teaching method. The 
efficacy of CAI, however, remains controversial. This study provides evidence that properly 
designed CAI can be superior to traditional textbook learning and animations have proved 
very successful in improving comprehension of the MR imaging process. Student scores 
increased and this was coupled with a small but positive change in students’ attitudes. The 
majority of the students found the educational multimedia programs to be a valuable 
teaching tool and an enormous asset to the class. Students agreed that the computer module 
allowed them to study the subject matter more efficiently. However, the majority of the 
students disagreed with the statement that programs such as this one are suitable for 
replacing instructors.  

While the difference between textbook and computer group performance was statistically 
significant, it is not necessarily pedagogically meaningful and it is unclear whether the 
discrepancy in knowledge gained would translate into a meaningful difference in clinical skills. 
Still the following question remains to be addressed: How robust and functional is the 
improved knowledge? Does a significant improvement in multiple choice questions imply that 
the students can use these concepts in other contexts such as problem solving? Redish et al. 
(1996) argue that computer modules can be effective in helping students build conceptual 
understanding but do not provide a complete solution to the problem of building a robust and 
functional knowledge for many students and that multiple choice tests are qualitavely 
indicative of the direction of change, but cannot be used to determine the extent of robust 
and functional knowledge developed by the class. Indeed multiple choice tests can be difficult 
to interpret. They have a tendency to overestimate the student's learning since they can 
sometimes be answered correctly by means of incorrect reasoning (Sandin 1985) or by 
"triggered" responses that fail to represent functional understanding. A student may be able 
to recall an item of knowledge in response to a narrow range of triggers but be unable to 
recall and apply it in a wide range of appropriate circumstances. On the other hand the use of 
proper distractors in multiple choice questions, challenges students' understanding and 
students who get the correct answer despite this challenge are likely to have a good 
understanding of the topic in question. We expect therefore that our approach does give 
some indication of the robustness of a student's possession of and confidence in a correct 
answer. Probably a most effective approach might be to measure student learning in more 
complex problems. 
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7.1. Future work 
In this regard future work would include the expansion of the effort into three directions – 
the expansion of the modules to more advanced subjects, the development of an MRI virtual 
environment and the deployment of the course as an online training course. 

The developed MRI module covers only part of a full course that is suitable for medical 
physicists. The following competency listings (Table XXVII) are taken from the Institute of 
Physics and Engineering in Medicine (IPEM) Training Scheme Prospectus for Medical 
Physicists and Clinical Engineers in Health Care and could be taken as a guide to the breadth 
of scientific application that should be achieved. A full MRI course suitable for a M.Sc. 
Syllabus for Medical Physicists as proposed by the Institute of Physics and Engineering in 
Medicine (IPEM 2002) must include sections on (1) Principles, (2) Relaxation mechanisms, (3) 
Pulse sequences – image generation, (4) Scanner technology and artefacts, (5) Contrast 
media, (6) Spectroscopy, (7) Clinical applications, (8) Safety and (9) Quality Assurance. The 
developed MRI module covers only the first four sections and part of the ninth section of a 
complete MRI course.  

Future work must also include the construction of an MRI simulator that will provide realistic 
images for arbitrary pulse sequences. The program can implement a problem-based approach 
as didactic background which will encourage deep processing and elaboration and will 
simulate future practice situations. Two fundamentally different approaches to simulating 
magnetic resonance MR imaging sequences have been described in the literature: namely, 
the k-space formalism (Petersson et al. 1993) and time-domain isochromat summation 
(Shkarin and Spencer 1997). Matlab can be used to model the Carr-Purcell-Bloch equations 
applied to an anthropomorphic phantom showing normal and pathological anatomy. This will 
enable a simulated MR image to be produced for any possible combination of intrinsic and 
extrinsic factors and can be used to determine optimal acquisition parameters to demonstrate 
a specific disease. Animations can also be produced that will show the changes in tissue 
contrast, as acquisition settings are altered. Simulation of MRI sequences allows their 
characteristics to be determined in advance of their implementation on heavily used scanners, 
and can also serve as a teaching aid. A virtual MRI could be used as a safe training 
environment for all training scenarios as the trainee can make errors without detrimental 
consequences to the equipment, learner, and the public. This will augment learning with 
authentic practice opportunities that enhance the learner’s ability to construct and apply 
knowledge (Haag et al. 1999). Simulators are available all the time and can provide a 
structured curriculum that can be standardized, repeated, and optimized to the learner’s 
needs. Skills can be assessed objectively and repeatedly. Simulations have the additional 
advantage that the student is required to inquire into the event presented, to alter values of 
variables, to initiate processes, to probe conditions, and to observe the results of these 
actions. Tao and Gunstone (1999) argued that students can interpret the underlying scientific 
conceptions of the program, compare them with their own conceptions, formulate and test 
hypotheses, and reconcile any discrepancy between their ideas and the observations in the 
simulation. This particular combination of instructional capabilities encompasses the elements 
of conceptual change strategies as described by current theory; it requires students to 
critically examine their science concepts and judge their value in the light of a specific 
purpose using a given criteria (Posner et al. 1982). 
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  The Trainee shall be able to: 

MR 1.1 Demonstrate an understanding of the basic role of the major 
components of an MR system;  

MR 1.2 Select appropriate RF coils and positioning for MRI of test 
phantoms or subjects;  

MR 1.3 Use MRI equipment to obtain images of test objects;  

MR 1.4 Select appropriate imaging protocols and/or parameters to 
produce T1, T2 and proton density weighted images using spin 
echo and gradient echo pulse sequences;  

MR 1.5 Demonstrate familiarity with the more advanced imaging 
sequences and techniques in use at the training centre e.g. fast 
spin-echo fast gradient-echo, echo-planar imaging;  

MR 1.6 Demonstrate an understanding of motion-artefact reduction 
strategies such as cardiac and respiratory gating and breath-hold 
imaging;  

Use of 
Equipment 

MR 1.7 Demonstrate a broad awareness of the range of commercially 
available MR systems, particularly with regard to field strength 
and clinical applicability;  

MR 2.1 Demonstrate familiarity with normal and pathological images 
obtained in common applications using simple pulse sequences;  

MR 2.2 Demonstrate understanding of the role of imaging parameters in 
determining image contrast and the underlying effect of varying 
these parameters for spin-echo and gradient-echo sequences;  

Clinical 
Applications 

MR 2.3 Demonstrate familiarity with two or more specialist techniques in 
use at the training centre e.g. MR angiography, MR spectroscopy, 
diffusion-weighted imaging, perfusion-weighted imaging, fMRI;  

MR 3.1 Perform routine test procedures for image quality indices such as 
signal-to-noise ratio, uniformity and distortion;  

MR 3.2 Be aware of the principle instrumental factors affecting image 
quality;  

MR 3.3 Be aware of the principle sources of image artefacts in MRI and of 
methods for their reduction;  

MR 3.4 Be aware of the potential biophysical and practical hazards of MR 
equipment, including hazards arising from cryogens and in 
relation to fire protection and other emergency services;  

MR 3.5 Be aware of the main provisions national and international 
guidelines on safety standards in MRI;  

MR 3.6 Appreciate the differing safety implications of MR systems of 
different field strengths and/or designs;  

Quality 
Assurance 
and Safety 

MR 3.7 Demonstrate familiarity with the concept of the MR controlled 
area and with the administrative controls required to ensure 
safety in relation to this area.  

Table XXVII. Institute of Physics and Engineering in Medicine (IPEM) Competency Listing for 
Grade A MRI.  
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The developed MRI module was initially designed for local use as part of the traditional 
curriculum. However as both technology and educational experience mature, the real 
potential of these programs unfolds in distance learning. It is important to remark that 
although interactive distance programs are accessed from different places, they are directed 
by the same educational principles. For instance an MRI simulation can be accessed through 
a CD-ROM in the university lab supplementing the local curriculum, and the same application 
can be available on the web as part of a distance learning course. In both cases, the learning 
principles and methodological implications are identical, as long as the interaction remains 
between the user and the content. Therefore the study of an application even if in a local 
environment, is directly applicable to the use of CAI in distance learning, where the future of 
the medium undoubtedly lies. Online teaching material in health sciences is slowly being 
developed, but most sites are merely digital textbooks. The Internet already hosts an 
increasing variety of programs and databases, making them available for effective and 
inexpensive distance learning to all kinds of health students and professionals. From on-line 
tutorials and tests to case studies, simulations and interactive patients, the ever-increasing 
number of available CAI applications on Internet has already shaped the future of the 
medium in health physics education. The present MRI module with little modification can be 
used for the development of a rich online training course that can be utilized for collaborative 
learning using synchronous (video-conferencing) and asynchronous (chat systems, interactive 
tools) communication. A centralized interactive online training system would offer the 
convenience of learning the material when time permits each student. Housing a tutorial 
online would provide anytime anywhere access to the training material using a computer with 
an Internet browser. Since the application is modular, it can also be scaled and customized 
for different targets groups in terms of appropriateness and level of depth. 
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Appendix I: Overall Assessment Evaluation Form 
 

Program:   Version:  1.00 

Module:    

Reviewer: Date:  

 

ITEM ACCEPT
ABLE 

NEEDS 
WORK COMMENTS 

Subject matter    

Matches goals & objectives    

Content structure    

Content accuracy    

Reading level    

Language, style, grammar    

Use of Hot words    

Interface    

Aesthetic quality    

Text quality, spacing    

Animation quality    

Navigation    

Navigation aids    

User control of animations    

Consistency    

Bookmarking    
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Auxiliary information    

Objectives    

Conclusions    

Directions    

Help    

Manual    

Use of Glossary    

Pedagogy    

Appropriate methodology    

Interactivity    

Motivation    

Amount of information    

Use of learning strategies    

User control    

Mastery level achieved    

Robustness    

For user actions    

On different Windows 
versions    

Supplementary materials    

Questions    

Quality of feedbacks    

Records and data    

Security and accessibility    
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Appendix II: Evaluation Form of a Module Page 
 

Program:   Version:  1.00 

Module:  Page:  

Reviewer: Date:  

 

ITEM ACCEPT
ABLE 

NEEDS 
WORK COMMENTS 

Content accuracy    

Language, style, grammar    

 

 

 

Use of Hot words    

 

 

Aesthetic quality    

 

 

Animation quality    

 

 

User control of animation    

 

 

Reading level    
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Appendix III: Demographic Data Questionnaire 
 

Questionnaire on the educational value of MRI Physics 
multimedia computer programs 

 
Dear postgraduate student, 

On the basis that you are scheduled to take a course on Magnetic Resonance Imaging (MRI) 
you are kindly requested to participate in a study that will evaluate a developed interactive 
multimedia program in MRI physics. Please take a few minutes to complete the attached 
questionnaire. The information you provide will be used to help me improve the content of 
the program and evaluate the quality of the multimedia program. 

Thank you in advance for your interest and participation in this study.  

The use of Personal Identification Codes (PICs) permits anonymous assessmen  
exchanges while allowing the retrieval of papers by their owners. Please enter a two-
letter and four-digit code. Sample workable PICs are DJ2083, MM1285, OS5304, and 
ZW9927 but canned combinations such as AA0000 or ZZ9999 should be avoided. Please 
write your PIC in your cou se notebook for future reference when your assessments will 
be again requested     

t

r
.

Please write your Personal Identification Code PIC _ _  _ _ _ _ (2-letter and 4-digit code) 

1. How old are you? _____________ 

2. What is your gender? (Circle one): 

• Male 

• Female   

3. Have you previously learned MRI physics (eg during your undergraduate courses, by 
experience etc)? 

• Yes 

• No 

4. Please rate your computer experience level utilizing the following scale: 

 

 

• Number from scale ________ 

5. Have you used a multimedia program as part of an educational experience, either at 
home or at school, over the years? (Circle all that apply) 

• Yes at school 

• Yes at home 

• No 
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Appendix IV: Test on MRI Spatial Encoding 
 

Please write your previous Personal Identification Code PIC _ _  _ _ _ _ (2-letter and 4-digit 
code). 

 

1. If a transverse slice is produced with a superconducting imager the ___ gradient is 
the slice selection gradient 

A. X 

B. Y 

C. XY 

D. Z 

 

2. Thinner transverse slices can be produced using 

A. weaker XY gradient currents 1. A,B, and C 

B. stronger XY gradient currents 2. A and C 

C. weaker Z gradient currents 3. B and D 

D. stronger Z gradient currents 4. D 

 

3. If the Z gradient is the slice selection gradient, the X and Y gradients determine 
______ within the slice 

A. rows and columns 

B. phase and frequency 

C. intensity and polarity 

D. character and location 

 

4. Magnetic field gradients serve two principle purposes: 

A. slice selection and pixel location within a slice 

B. pixel location within a slice and pixel intensity 

C. pixel intensity and pixel character 

D. pixel character and slice selection 

 

5. In order to excite spins in a given slice of tissue the RF pulse must 

A. be turned on for a longer time 

B. be repeatedly energized 

C. match the Larmor frequency at Bo 

D. match the Larmor frequency at Bo plus G 
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6. The effect of the phase encoding gradient on the phase of spins along a column is: 

A. none 

B. to increase the phase perpendicular to the gradient 

C. to decrease the phase perpendicular to the gradient 

D. to impress a phase shift along the gradient 

 

7. The frequency encoding gradient is 

A. pulsed at the same time as the phase encoding gradient 

B. energized during RF excitation 

C. energized during signal acquisition 

D. energized following signal acquisition 

 

8. The selection of a slice of tissue for imaging requires 

A. the absence of a magnetic field gradient 

B. a magnetic field gradient plus RF excitation 

C. RF excitation and MR signal acquisition 

D. magnetic field gradient and MR signal acquisition 

 

9. Spins in an oblique slice in a superconducting imager are selectively excited when the 

A. X gradient is energized 

B. Y gradient is energized 

C. Z gradient is energized 

D. X,Y and Z gradients are energized 

 

10. Which of the following RF pulses should produce the thinnest slice in a 1T imager? 

A. 42 plus minus 0.1 MHz 

B. 42 plus minus 0.5 MHz 

C. 63 plus minus 0.1 MHz 

D. 63 plus minus 0.5 MHz 

 

11. For a transverse image acquired with a superconducting MR imager, columns are 
localized by ___ and rows by __ 

A. X axis frequency encoding gradient, Y axis phase encoding gradient 

B. X axis phase encoding gradient, Y axis frequency encoding gradient 

C. Y axis frequency encoding gradient, X axis phase encoding gradient 

D. Y axis phase encoding gradient, X axis frequency encoding gradient 
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12. While the phase encoding gradient is pulsed with different amplitude for each signal 
acquisition the frequency encoding gradient is: 

A. pulsed with different amplitude also 1. A, B and C 

B. pulsed with the same amplitude 2. A and C 

C. on during the RF pulse 3. B and D 

D. on during signal acquisition 4. D 

13. Slice thickness is determined by 

A. RF pulse flip angle 1. A, B and C 

B. RF pulse bandwidth 2. A and C 

C. magnetic field intensity 3. B and D 

D. magnetic field gradient slope 4. D 

 

14. The slice of tissue imaged in MRI can be made thinner by increasing the 

A. number of signal acquisitions 

B. RF pulse flip angle 

C. bandwidth of the RF pulse 

D. slope of the magnetic field gradient 

 

15. Which of the following magnetic field gradients should result in the thinnest slice? 

A. 5   mT/m 

B. 10 mT/m 

C. 15 mT/s 

D. 20 mT/s 

16. The effect of the phase encoding gradient on the frequency of a column of spins is: 

A. none  

B. to increase the frequency with increasing gradient 

C. to decrease the frequency with increasing gradient 

D. to reverse the frequency 

17. When the amplitude of the phase encoding gradient increases, the amount of phase 
shift along the gradient 

A. increases 

B. decreases 

C. stays the same 

 

18. The gradient that varies in amplitude with each TR is 

A. the phase encoding gradient 

B. the frequency encoding gradient 

C. the slice selecting gradient 

D. A and B 
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19. Which letter in the pulse sequence 
represents the frequency encoding gradient? 

A. A 

B. B 

C. C 

D. D 

20. Which letter in the pulse sequence 
represents a multiple pulsed phase encoding 
gradient? 

A. A 

B. B 

C. C 

D. D 

21. Which letter in the pulse sequence 
represents the read gradient? 

A. A 

B. B 

C. C 

D. D 

22. Slice thickness for a given magnetic field strength is a function of: 

A. gradient slope 1. A only 

B. transmit bandwidth 2. B only 

C. sample rate 3. A and B only 

 4. A,B, and C 

23. During the pulse sequence the slice select gradient is turned on during which of the 
following processes? 

A. 900 RF pulse 1. A only 

B. 1800 RF pulse 2. A and B only 

C. gradient reversal 3. A,B and C 

 4. B and C only 

24. The gradient that is turned on just before the 1800 rephasing pulse is known as the 

A. Slice selection gradient 

B. Phase encoding gradient 

C. Frequency encoding gradient 

25. When the phase encoding gradient is activated, steep slopes produce what type of 
signal amplitude? 

A. High 

B. Low 

C. Medium 
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Appendix V: Attitudinal Questionnaire 
 

Utilizing the following scale, write the number which best indicates your feedback 
to each of the following statements. 

 

 

 

  Number from 
scale 

1. I enjoy Magnetic Resonance Imaging (MRI) physics courses ____________ 

2. I have good feelings toward MRI physics ____________ 

3. MRI physics courses should be taught using multimedia programs ____________ 

4. Educational multimedia programs are valuable tools ____________ 

5. I like taking courses that have multimedia programs as a major part of the 
course 

____________ 

6. I do not like MRI physics multimedia programs ____________ 

7. Multimedia programs can replace lectures ____________ 

8. Multimedia programs can replace textbooks  ____________ 

9. I enjoy taking a MRI physics multimedia program ____________ 

10. A multimedia program allows me to study a subject matter more efficiently  ____________ 

11. I prefer studying a subject by means of multimedia programs instead of 
textbook lectures 

____________ 

12. I approve the use of multimedia programs in other topics of my studies ____________ 

13. I would like to use multimedia programs further, in a free session or at 
home  

____________ 

14. I would prefer using multimedia programs together with other students  ____________ 

15. MRI physics courses should be taught using combinations of lectures and 
multimedia programs 

____________ 

16. The combination of lectures and multimedia programs is a valuable tool ____________ 

17. I would like to take some physics courses that have combinations of lectures 
and multimedia programs as a major part of the course 

____________ 

18. The multimedia programs form a useful complement to the textbook and 
the lectures  

____________ 

19. I would like the lecturer to use multimedia modules as illustrations during 
lectures  

____________ 

20. I am very satisfied with the instruction group (Textbook or Computer group) 
I have been randomized in this study 

____________ 
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1. Are there any advantages that use of multimedia programs brings into student 
learning? 

 

 

 

 

 

2. Are there any disadvantages that use of multimedia programs brings into 
student learning? 

 

 

 

 

 

3. Are there any advantages that the combined use of lectures and multimedia 
programs brings into student learning? 

 

 

 

 

 

4. Are there any disadvantages that the combined use of lectures and multimedia 
programs brings into student learning? 

 

 

 

 

 

5. In what way can multimedia programs be used to enrich and enhance student 
learning?  
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6. How does satisfaction with multimedia programs compare with traditional 
textbook learning? 

 

 

 

 

 

7. How should multimedia programs be used in the curriculum (educational 
programme)?  

 

 

 

 

 

8. What is the best implementation method of multimedia programs?  

 

 

 

 

 

9. In what way do multimedia programs change your interactions with your 
schoolmates and your instructor? 

 

 

 

 

 

Again, thank you for taking time from your busy day to complete this survey. 
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