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Abstract

This paper reports on a case study that examined the process of designing and evaluating a learn-
ing object to help students understand the therapeutic principles of drug administration. The chal-
lenges and issues associated with creating learning objects using interactive multimedia software
will be described. The study had two broad objectives: (1) to analyze and document the process
of designing a learning object and (2) to evaluate the outcome of applying these practices. To
achieve its purpose, this illustrative case study examined the following areas, 1) theories of learn-
ing and cognition that influence the design of learning objects; and 2) instruments that can be
used to assess the quality of the learning object and to provide designers with information for im-
proving the learning object. The results from the evaluation revealed that the learning object was
rated highly in the areas of content quality, learning goal alignment and motivation. Interaction/
usability and feedback/ adaptation were areas identified as needing improvement. The comments
and ratings obtained in the student surveys provided the basis for the learning impact study and
indicated that this learning object provides added value for the study of pharmacokinetics.
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Introduction

Shaw (2002) stated that in developing learning resources, one should begin with a genuine in-
structional problem and should strive to achieve outcomes, which are not otherwise possible.
Typically, pharmacokinetics (the therapeutic principles of drug administration) is one of the least
well understood topics in the medical curriculum due to the complex nature of the subject as well
as the methods for teaching it (Lawrence Spero, personal communication, January 23, 2003).
Currently, the primary method for teaching pharmacokinetics is via textbook with a minimum of
lecture material. These static media do not adequately represent or visualize the relationships that
exist between therapeutic principles and the parameters relating to the physical and pharmacol-
ogical properties of drugs. Printed text
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signer, and a subject matter expert was used to develop the pharmacology learning object. A
learning object is defined as, “any digital resource that can be used and re-used to achieve a spe-
cific learning outcome or outcomes” (Ally, 20044, p. 3). Macromedia’s Flash MX™ was used to
design an interactive online module to help students learn about the major therapeutic principles
of drug administration. The capabilities of ActionScript within Flash MX made it highly suitable
for the design of this learning object. It allowed for the, “control of the program in a non-linear
fashion, sophisticated interactivity, input tracking from the movie viewer, and the exchange and
manipulation of data from external sources” (http://www.macromedia.com). Using the learning
object, the student can practice the application of the principles by selecting different drugs from
the database along with a variety of patient characteristics and routes of administration. The Flash
learning object allows the students to manipulate the variables, and to see the corresponding re-
sults in a blood concentration time curve. This enables the students to develop a better under-
standing of these concepts as they are able to formulate and test hypothesis related to drug ad-
ministration. Recognizing the conditions in which the principles apply will enable the student to
predict and explain the effects of changing the variables. Demonstrations of the therapeutic prin-
ciples are also provided. The learning object contains ten basic therapeutic principles (Melmon &
Morrelli, 1972) and fifteen drugs.

Purpose of the Study

The purpose of this study was to identify the challenges and issues that instructional designers
face when designing learning objects and to evaluate the effectiveness of a learning object. The
focus of the study was on the methodology for deciding on the scope and sequence of a learning
object and on selecting the appropriate instructional strategies to achieve the desired outcomes.
The Learning Object Review Instrument (LORI), version 1.4 developed by Belfer, Nesbit and
Leacock (2002) was used to collect faculty's individual assessments of the quality of the pharma-
cology learning object and to determine areas for improvement.

Research Questions
To achieve its purpose the illustrative case study examined the following questions;

How do theories of learning and cognition influence the design of learning objects?

What instruments can be used to assess the quality of the learning object and to provide
designers with information for improving it?

This case study has the potential to make an important contribution to the practice of instructional
design by documenting the results of applying theoretical constructs to the development of an
actual learning object. The results from this research could be used to inform educators about
some of the considerations involved in designing a learning object. An examination of the process
and instruments used for evaluation could provide valuable insights about methods that could be
employed for the peer review of learning objects.

Review of Related Literature

This section includes an overview of the research and literature associated with the research ques-
tions stated in the introduction of this study. Literature that addresses learning theory and how
these principles influence the design of learning objects is described. Secondly, an investigation
of studies, which have identified instruments and processes for evaluating learning objects, is un-
dertaken.
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Learning Theory and Instructional Strategies for Learning
Objects

The behaviourist model of learning is based on Skinner's (1974) theory of stimulus and response.
He observed the conditions under which an individual responded to a stimulus and suggested that
reinforcement of a specific behaviour increased the probability that it would be repeated. This
model is often associated with the process of writing learning objectives where the desired behav-
iour is stated in observable terms in order to describe what will be accepted as evidence that
learners have acquired the knowledge and skills suggested by the goals. The learning activities
are also sequenced in order to provide the reinforcement (feedback) necessary to promote the
kind of behaviour that will lead to learning.

The broad framework of behaviourism is where the cognitivist notion of viewing knowledge as
representations was derived (Hung, 2001). The focus shifted to the internal workings of the mind
where learning was viewed as the process of manipulating these representations between short-
term, long-term and working memory (Ally, 2004b; Bannan-Ritland, Dabbagh, & Murphy,
2000). In behaviourist theory, no connection is drawn between the experience of an individual
and the abstract knowledge residing within their mind (Duffy & Cunningham, 1996). The separa-
tion of learning strategies from content is based on the assumption that the rate of development
for learners may differ, but that the process of development is similar for most people (Merrill,
1992; Smith & Ragan, 2002). The implication is that, "...different learning outcomes require dif-
ferent cognitive processes and therefore different instructional strategies™ (Bannan-Ritland et al.,
2000, p. 15).

Abdelhamid (1999) studied how different cognitive strategies could be integrated with computer-
based instruction to improve learning in medical students. His multi-dimensional learning model

combines the generation effect with the spreading activation model and the use of illustrations in
an effort to shift information from short-term memory to long-term memory. His research speci-

fies three main principles that improve understanding and retrieval of information in students.

The generation effect. A learner that generates an item is more likely to recall the information
than when it is merely read.

Spreading activation model. Stored information is more easily retrieved when it is remembered
in the context of data, which is related and interconnected. Processing one piece of information
leads to the activation of the other related items.

The use of pictures. Use of text and graphics can facilitate learning better than a verbal descrip-
tion.

In 1996, the School of Medicine and Health Science at the University of Auckland conducted a
study on the effectiveness of the multi-dimensional learning model. The results indicated a sig-
nificant increase in the academic performance of students that used the model, while no measur-
able improvement was recorded for the topics not covered by the theory (Abdelhamid, 1997, as
cited in Abdelhamid, 1999, p. 4). In addition, the learners stated that they favoured this model
over the traditional teaching methods. Abdelhamid (1999) extends the traditional cognitivist
paradigm by making the student an active participant in a process where they are required to re-
flect upon or re-construct the information in an attempt to make sense of their environment. This
signals a departure from the cognitivists’ view of experience and knowledge as separate and con-
ceptual (Hung, 2001). Instead, the focus revolves around the relationship between the context in
which learning occurs and the knowledge being acquired, and represents what constructivists re-
fer to as situated cognition. The spreading activation theory within the Multi-dimensional Learn-
ing Model (MDLM) shares similarities with Parallel Distributed Processing (PDP) theory as de-
scribed by Bannan-Ritland et al. (2000). In both theories long-term memory is viewed as a dy-
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namic network of associated knowledge with numerous connections. The associations are a com-
bination of knowledge and prior experience. To process the information is to stimulate the recall
of the related knowledge simultaneously. The learner accommodates the new information by rec-
onciling the ‘cognitive dissonance' that results from the new knowledge. Deeper processing acti-
vates more associations resulting in meaningful learning and better storage (Ally, 2004b).

Bannan-Ritland et al. (2000) advocated the application of parallel distributed processing theory
and constructivist principles to learning object systems. Students are encouraged to become the
designers and use technology to generate representations of their knowledge and to analyze the
ideas of other students. The authors go so far as to suggest that learners could tag, and manipulate
and revise objects created by others. The focus here is on the process rather than the outcome, as
in behaviourism. The role of the instructor would be to provide the process-based frameworks
and guidance for integrating the various resources and approaches. A combination of these learn-
ing theories can be used to develop web-based instructional resources (Ally 2004b; Hung 2001).

Evaluating Learning Objects

Williams (2000) stressed the importance of making evaluation an integral part of the design proc-
ess. He suggested the inclusion of formative and summative standards in order to improve the
instructional process as well as the evaluation itself. His method combined Stufflebeam's (1971)
CIPP (context, input, process, product) model with Patton's (1997) user-focused approach. Wil-
liams advocated a participant oriented model, one that would allow contributors to express their
values and rationale for their evaluation criteria in cooperation with others. Participants would,
"... learn of and acknowledge the importance of criteria associated with values held by other us-
ers with whom they are collaborating™ (Williams, 2000 p 20).

This approach was adopted by Nesbit, Belfer, and Vargo (2002) in the design of their convergent
participation model for the evaluation of learning objects. Their model proposed an evaluation
panel drawn from different stakeholder groups and a two-cycle process, whereby participants
would begin by evaluating the learning object independently and asynchronously. Subsequently,
the panel would compare and provide rationales for their evaluations and have an opportunity to
adjust their individual assessments. The two-stage cycle is facilitated by electronic communica-
tion tools and uses a Learning Object Review Instrument (LORI) developed by Belfer et al.
(2002) that specifies the rating scale and criteria of evaluation. Subsequent research on the use of
the LORI revealed that objects that were evaluated collaboratively led to greater inter-rater reli-
ability as opposed to ones evaluated independently (Vargo, Nesbit, Belfer, & Archambault,
2003). Anecdotal evidence from participants in the process also indicated that it was an excellent
way for them to increase their understanding of learning object design.

Two recent studies (Nyhof-Young, Walsh, & Stewart, 2002; Rose, 2003) have examined evalua-
tion strategies in order to determine the impact on learning for students using digital resources. In
the first study, a variety of methods were used to evaluate the extent to which and under what cir-
cumstances a functional neuroanatomy CD-ROM would facilitate learning in different groups of
medical students. The methods included; 'think aloud’ sessions, focus groups, a semi-structured
questionnaire, user session log file analysis and speed of information retrieval tests. The study
concluded that the CD-ROM significantly increased the students’ ability to retrieve accurate neu-
roanatomical information and revealed their perceptions of the characteristics of quality digital
learning resources (Nyhof-Young et al., 2002).

In 2003, Rose undertook a 'learning impact study lite' of eight learning objects submitted to the
Cooperative Learning Object Exchange (CLOE, http://cloe.on.ca). Limited data collection meth-
ods and small sample sizes were used to obtain formative data relating to the reusability and po-
tential improvements of the learning objects. A questionnaire was used to measure the learning
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impact on students from each of the institutions where the learning object originated. The surveys
used four sub-scales; Learning Value, Value added by the Learning Object, Usability of Learning
Object and Usability of technology. Additionally, self reports were used to collect the experiences
and views of instructional designers and faculty involved in the development of the learning ob-
jects. They also included their assessment regarding the re-usability of the learning objects and
the work required to revise it for their instructional purposes.

Methodology

This section provides a background to the study, the applied research design, a description of the
participants and an explanation of the data collection process and analysis. The purpose of this
study was to contribute to a better understanding of how instructional designers make decisions
about developing learning objects. The examination was expected to reveal the kinds of decisions
that instructional designers make when engaged in this type of activity. The study had two broad
objectives: to document the process of designing a learning object and to illustrate the outcome of
applying these practices. To achieve its purpose the illustrative case study examined the following
guestions:

How do theories of learning and cognition influence the design of learning objects?

What instruments can be used to assess the quality of the learning object and to provide
designers with information for improving it?

A number of research strategies were applied in order to answer these questions. Current litera-
ture on learning theory and cognition were employed to design appropriate instructional strategies
to be used with the learning object. Faculty and students were asked to participate in the evalua-
tion of the learning object using a rating instrument and survey questionnaires. Theories of learn-
ing and cognition were applied to the design of the pharmacology learning object in order to cre-
ate a student and instructor guide containing potential instructional strategies to be used with the
resource. An analysis of how these theories influenced the layout, presentation and sequencing of
information was also completed.

Three main strategies were used to assess the quality of the learning object and to collect forma-
tive data for improving the resource. Early in the design stage the instructional designer con-
ducted usability testing with a third year pharmacy student to obtain feedback on design and
navigation issues. This informal meeting was conducted as a 'think-aloud session' where the in-
structional designer recorded the reflections of the student as she interacted with the learning ob-
ject. Secondly, peer reviewers were asked to evaluate the quality of the learning object using an
established rating instrument and to provide feedback for improvement using an instructor sur-
vey. Thirdly, questionnaires were distributed to students in order to carry out a learning impact
study based on their use of the learning object.

Participants

The initial reviewer involved in the think-aloud session was selected because of her ability to
provide feedback from the perspective of being a former pharmacology student and as a current
pharmacy student (both were identified as target audiences for the learning object). Health sci-
ence faculty and students from two separate institutions participated in the formal evaluation of
the learning object. The institutions were members of the CLOE consortium and were committed
to collaborating in such activities. None of the participants were required to have experience with
learning objects or online resources. The only criterion for selection was that they indicated an
interest in potentially using the learning object for instruction or studying.
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Instruments

The Learning Object Review Instrument (LORI), version 1.4 developed by Belfer et al. (2002)
was used to collect faculty's individual assessments of the quality of the pharmacology learning
object and to ensure that a consistent evaluation criteria was used by all participants. Faculty were
asked to assess the learning object in the following areas using a five point rating scale ranging
from low to high and to provide a rationale for their score (see Table 1).

Table 1. Learning Object Review Instrument Evaluation Criteria
1. Content Quality: Veracity, accuracy, balanced presentation of ideas, and appropriate level of
detail.

2. Learning Goal Alignment: Alignment among learning goals, activities, assessments, and
learner characteristics.

3. Feedback and Adaptation: Adaptive content or feedback driven by differential learner input
or learner modeling.

4. Motivation: Ability to motivate, and stimulate the interest of an identified population of
learners.

5. Presentation Design: Design of visual and auditory information for enhanced learning and
efficient mental processing.

6. Interaction Usability: Ease of navigation, predictability of the user interface, and the quality
of the user interface help features.

7. Reusability: Ability to port between different courses or learning contexts without modifica-
tion.

8. *Value of accompanying instructor guide: ability of resource to enhance instructional
methodology.

Source: Adapted from Belfer, et al. (2002)

*(The original items in the LORI that dealt with accessibility and standards compliance were re-
placed with the category in item 8 because the participants lacked the necessary knowledge to
provide an assessment in both of those areas).

Slight modifications were made to the instructor and student surveys developed by Leeder (2003)
of the Universities' Collaboration in eLearning. These tools were used to provide faculty with an
opportunity to suggest modifications for improvement and to provide evidence that the use of the
learning object positively impacted student learning of pharmacokinetics.

The instructor survey was used to obtain specific feedback regarding revisions that were per-
ceived necessary in order to improve the quality of the learning object and to make it more reus-
able across disciplines. The following information was sought:

additional strategies that could be included in the instructional guides to enhancing the
learning of therapeutic principles,

how to improve the demonstrations of the therapeutic principles.

Questionnaires were distributed to students in order to carry out a learning impact study based on
their use of the learning object. A section for open-ended comments was included in the survey so
that students could qualify any of their ratings with a statement.
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Data Collection

The evaluation of the pharmacology learning object and the learning impact study took place over
a period of two weeks and was completed individually. The LORI was not used in combination
with the convergent participation model for the evaluation of learning objects as proposed by
Nesbit et al. (2002). The goal of using the instrument was not to increase inter-rater reliability and
the process of a collaborative evaluation would have been difficult to manage and would have
required more time of the evaluators. The website location of the learning object
(http://icarus.med.utoronto.ca/lo) along with the following electronic documents were sent via
email to aid participants in the evaluation process; description of LORI, rating sheet, instructor
and student surveys, and learning guides for instructors and students. The responses to the ques-
tions were entered into the electronic documents, re-saved and returned to the authors via email.

Data Analysis

The observations that were recorded as part of the think-aloud session were analyzed to determine
the feedback that would have the greatest impact on the design of the learning object. A quantita-
tive analysis of the LORI scoring sheets that were completed by instructors was not done as the
small number of faculty available to complete the evaluation would have produced statistically
insignificant results. Rather, their ratings and rationale for scoring were recorded on the LORI
scoring sheet to determine the categories where the learning object received its highest and lowest
ratings.

The student questionnaire items were combined into four sub-scales: Learning Value; Value
Added by the Learning Object; Usability of Learning Object; Usability of Technology (Rose,
2003). This allowed the presentation of student perceptions related to these aspects of the learning
object. The answers to the open-ended questions on the instructor and student surveys were ag-
gregated and ordered by frequency.

Results

Learning Theory

This section will demonstrate the application of learning theories to the design of the pharmacol-
ogy learning object and the instructional strategies that were prescribed as a result. As Bannan-
Ritland et al. (2000) state, "learning object systems present yet another technology-based instruc-
tional delivery environment with exciting features and attributes that can empower learner-driven
experiences and promote cognitive processing if pedagogical considerations are taken into ac-
count in their development and evolution™ (p. 1).

The following learning objectives were identified for the pharmacology learning object.

The learner will be able to list and describe the major therapeutic principles of drug ad-
ministration.

Given a demonstration of a therapeutic principle the learner will be able to identify and
replicate the relationship between the concepts (i.e. absorption, distribution, metabolism,
and excretion of drugs) that underlie the principle.

The learner will be able to identify the relevant principles that describe the magnitude and
direction of change plotted in the blood concentration time curve as well as a visual rep-
resentation of the area under the curve (AUC).
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By manipulating the patient variables, routes of administration and drug dosage the
learner will be able to correctly explain, predict and control the effect of these changes on
the patient.

Explicitly stating the learning objectives made it easier for the instructional designer to determine
the type of learning outcome the goal represented and to prescribe the necessary strategy. The
first three learning objectives above corresponded to an expository approach in which the “Basic
Principles” tab was designed to demonstrate each principle graphically. In this approach the prin-
ciples were presented and demonstrated, and then learners had an opportunity to practice applying
them.

Demonstration phase
The steps below correspond to Figure 1 of the Basic Principles Tab.

1. Inthe “Basic Principles” tab each principle is stated and then presented visually. At this point
it is useful for learners to practice stating the principle.

2. The demonstrations illustrate how these rules can be used to explain, control and predict the
effects of drug administration. The results are plotted in the “Blood Concentration Time
Curve”.

3. The description that accompanies the animation explains the ‘whys’ of the principle.

4. The demonstrations refer to concepts (absorption, distribution, metabolism, and excretion of
drugs) and terminology (physiology/ anatomy) that the learner may have previously acquired.
During this phase, learners retrieve this prior knowledge in order to understand the principles.

Basic Principles g, " Clinical Pharmacology &
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Figure 1: Basic Principles Tab



Practice phase

Krauss & Ally

Once the learners have completed viewing the demonstrations of each principle they can rehearse
identifying circumstances in which the principle is applied. The practice of retrieving this infor-
mation will help the learner to retain the information in long term memory.

1. Using the “Drug Options” tab the student can practice replicating the basic principles by se-
lecting a range of patient variables, routes of administration and drug dosages. The learner

begins by stating the principle they want to replicate.

2. As the learners experience the applications of the principles they are encouraged to focus
their attention on the direction and magnitude of change that occurs in the ‘blood concentra-
tion time curve’ (see arrow in Figure 2) or area under curve (AUC) as a result of a variable
being changed. Unless attention is given to this information it will be lost from memory.

| 4
When a drug is administered

orally, enzymes in the
digestive system such as
salivary amylase and peptic
enzymes may render it
unuseable.

Bioavailability =

Area Under Curve oral x 100
AUC infected

Continue > End Dema ™. <Back

Figure 2: Blood Concentration Time Curve

3. After sufficient practice the student will be able to identify the features of the situation that
suggest a particular principle is being applied and become proficient in correctly explaining,
predicting and controlling the effect of these changes on the patient. In order to shift the prin-
ciple that is being learned from short-term memory to long-term memory the steps that were
taken to generate the principle must be rehearsed within 30 seconds (see Figure 3).

(focus on graph)

attention rehearsal within 30s
{replicate principle)

1 1

principle

m—p =

Ldantad from Abdebamid, 1299

Figure 3: Separate Store Model
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The fourth learning objective corresponds to an inquiry approach in which the learner uses trial
and error to learn about the basic therapeutic principles. Student can randomly select a range of
patient variables, routes of administration and drug dosages and try to induce the principle that

applies to that situation.

Inquiry approach
Using the “drug options’ tab the student can randomly select a range of patient variables, routes of
administration and drug dosages and try to induce the principle, which applies to that situation.

In order to apply a principle the student engages in the following steps:

10

Determine which concepts or variables are involved. Using trial and error, the student can

randomly select a range of patient variables, routes of administration and drug dosages.
In Figure 4 the drug dosage has been increased from 10 to 20 mg (type 20 in the dose box
and click on plot). The area underneath the blue curve and above the red curve represents

the magnitude of the change caused by the increase in the dosage.

Elimination Dose (mg) “pparent
Volume of

L ————
/ ‘\\“\x_ anstan - Distribution{L/Kg)

Bt 0.0266T" 0] 49
235 )
L \““-\“‘“m PLOT § CLEAR ALL
I g
{ T £ Apparent
f { Elimination
176 | 4 Constant Dose {ma)  yolume of
| } Distribution
. 0.0289 10 49

118 | -/ H 0.0289 20 49

59 |If

o 5 10

GENDER Male

WEIGHT Average

Figure 4: Drug Dosage

Try to determine the principle that explains the relationship between the concepts that
apply to the variables you have chosen. Describe the effects that this might have on the

patient.
Recall the principle. If it is necessary the learner can return to the “Basic Principles” tab.

Determine which concept or variable has changed and the direction or magnitude of its
change (i.e. increasing dose by 10 mg). By clicking the coloured numbers, which appear
next to the charted data, the learner can review the patient variables that were selected for

that example.

Determine which concept or variable has been affected (i.e. protein binding when pheny-
toin dose is increased).

Then determine the magnitude and direction of the effect (AUC) on the affected concept
or variable.

Confirm that the value is reasonable. Practice determining whether or not the principle
has been correctly applied. Source: adapted from Smith and Ragan (1999)
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Evaluation

The goal of the design team was to produce an engaging, factually accurate, pedagogically sound,
effective and reusable learning object. Therefore, the focus of the learning object evaluation was
to obtain an indication of the quality of the resource as well as to collect formative data that could
improve its design.

Think-aloud session with student

Early in the design process an informal 'think-aloud session' was conducted with a Pharmacy stu-
dent so that the instructional designer could record the observations of the student as she inter-
acted with the learning object. As a result of this session specific changes were made to the learn-
ing object. The most notable changes are recorded below.

Student observation. It did not occur to the student that she could interact with the learning ob-
ject to change the volume of distribution and dosage to affect the blood concentration time curve.

Subsequent design change. An animation showing how to change the volume of distri-
bution and dosage to affect the blood concentration time curve was included in the dem-
onstration of a basic principle.

Student observation. What were the patient variables selected for the first plotting of the graph?

Subsequent design change. By clicking the coloured numbers, which appear next to the
charted data, the learner can review the patient variables that were selected for that ex-
ample.

Student observation. Elimination constant means little without the equation.

Subsequent design change. An equation tab was created with an explanation of the vari-
ables.

Student observation. Draw attention to changes in patient variables, routes of administration,
etc.

Subsequent design change. Text descriptions highlighted in color were included in the
demonstrations of the principles subsequent to the changes to explain what had changed
and the resulting effect.

The interview was also useful for obtaining information about some of the instructional methods
currently employed to teach pharmacokinetics. The student commented that a fairly narrow range
of principles were taught and that the structured experiments provided little opportunity for heu-
ristic approaches (unlike the learning object). She also stated that the learning object aided in the
conceptualization of principles and that it could be effectively applied to case studies where learn-
ers could discuss the effects of the drugs on the patient variables that were viewed in the blood
concentration time curve graph.

Learning Object Quality - Instructor Ratings

Each of the evaluators was assigned a code (i.e. E1). The rationale for their ratings and the corre-
sponding scores were recorded in Appendix A. The results indicate that the learning object scored
high in the categories of content quality, motivation and instructor/ student guides. It also rated
very good to high in learning goal alignment, presentation design and reusability. Interaction/ us-
ability and feedback/ adaptation received the lowest scores.

11
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Instructor survey

The instructor survey was used to obtain specific feedback regarding revisions that were per-
ceived necessary in order to improve the quality of the learning object and to make it more reus-
able across disciplines. In addition to minor comments about enhancing the labelling of legends
and the use of color there were some important suggested modifications for making the learning
object more reusable.

Will this LO be useful and effective for your own teaching and learning needs? If not, how could
it be improved?

"l believe it could be used for some applications in my teaching in immunology and mi-
crobiology, but that some additional support material might be required.”

Will this LO be reusable across disciplines? If not, how could it be made more reusable?

"Yes, it should be reusable — but this could require additional resources, depending on the
background of the audience. An extra module containing support material about the
drugs chosen would be useful for student support. This might also be useful for instruc-
tors without much background in pharmacology, especially to allow for connections to be
made between drugs that might be of interest for teaching examples in another discipline,
but were not used as specific examples in the LO — for example, cyclosporin for an im-
munology course."

Student survey

The results of the “learning impact lite’ studies provided important evaluation data related to the
students’ use of the learning object. Student Questionnaire results appear in Appendix B. These
results show that 75.7% and 77.5% of the possible responses within the Learning Value subscale
and the Value Added subscales, respectively, were in the Agree and Strongly Agree categories.
The responses for Usability of the Learning Objects and Usability of the Technology were in the
Agree and Strongly Agree categories 80.0% and 92.0% of the time, respectively.

Student comments. The responses to the following questions that expressed the most common
themes were recorded.

What did you like about this LO?

"I like the use of animations. | am a visual learner so any type of diagram is helpful, but
animations are sort of novel and made the module more interesting."

"l liked the way it was broken down into the simplest components so you could figure it
out yourself even if you still weren't sure about the material. Also, the fact that it is al-
ways there and you don't have to go out and geta CD."

"The interactive process and the use of the graphs related to drug effect on the body."
How could this LO be improved?

"Need to make output continue to relate to variables chosen by the learner. Should label
diagrams a bit better for use beyond the demos. Should be able to have 'type of drug' se-
lection as well, not just specific drugs."

"Sounds, more use of animation to support use of formulas. Narration. Glossary. Drug
dictionary to describe what it is for.”

Please use this space for any further comments you’d like to make about the LO including clarifi-
cation of any of your responses.

12



Krauss & Ally

"I would not prefer just a lecture on the topic. | feel that a lecture and a seminar using the
LO would work well together."

"The equations page was kind of useless for a basic knowledge of pharmacology. It does-
n't tell you what it's for and how it is tied in."

"l found that the LO improved understanding of pharmacokinetic principles.”

Discussion

This section will present a summary of the results for the illustrative case study. They have been
organized in the following manner. First, the theories that influenced the design of the instruc-
tional strategies will be examined. The subsequent section will look at the tools and process that
were used to evaluate the learning object and the results of the findings.

Learning Theory

Shaw (2002) and Wiley (2000) examined components of successful performance to determine
how a strategy works in relation to what is known about dynamics of learning in a particular do-
main. Smith and Ragan (1999) stated that it is important for authors writing about instructional
design to articulate the values embodied in their educational philosophy and that they be based
upon theories that have been substantiated by empirical research.

For the development of the pharmacology learning object a pragmatic approach was taken and a
combination of learning theories were used, including elements of; behaviourism, generative and
cognitive theories and constructivism. Smith and Ragan (1999) defined pragmatists as those indi-
viduals that are inclined to believe that although knowledge is attained through experience (objec-
tivist), it is personally interpreted through reason and is tentative in nature. Knowledge within a
discipline is a result of negotiation between experts that work towards a universal understanding
of experience or "truth for now". Knowledge continues to grow as a result of testing what is ac-
cepted as truth and revising it as subsequent experiences reveal new insights (constructivist).

The authors agree with a number of other writers (Ally, 2004b; Duffy & Cunningham, 1996;
Smith & Ragan, 1999) that there is limited value in asserting which theory of learning is better.
Rather, the adoption of a combination of instructional approaches was based on the belief that
different instructional conditions are necessary to effectively promote a given type of learned per-
formance. The role of the instructional designer is to prescribe an appropriate strategy and context
for learning based on the learning objectives.

The design of the learning object adopted the following behaviourist attributes. Learning goals
were explicitly stated in observable terms in order for the learners to establish whether or not they
had achieved the desired outcomes. The learning object was sequenced so that students could
progress from knowledge acquisition (using basic principles tab to view demonstrations of the
principles) to higher order domains (application of principles using the drug options tab). Feed-
back was presented to students in the form of a graph, which plotted the blood concentration time
curve, and served as feedback to indicate if the student had applied the theory correctly.

Characteristics of generative learning theory were also evident in the design of the learning ob-
ject. The learner was actively engaged and assumed primary responsibility for processing the in-
formation. The pharmacology learning object required the students to interact with the resource to
create an outcome (graph on blood concentration time curve). As a result they were more likely to
retrieve the relevant information than if they had simply read it (Houston, 1991). During the
process of gathering data using the inquiry approach the learner was required to isolate relevant
variables and form a hypothesis about the example. Students reflected on whether or not the in-
structional content being presented was consistent with previous experiences or prior knowledge

13



Study of the Design and Evaluation of a Learning Object

(basic physiology and anatomy, pharmacological concepts). Eighty percent of the students that
responded to the learning impact study agreed that the learning object encouraged them to reflect
on the material.

In order for learners to register information in their sensory systems, strategies consistent with
cognitivist and constructivist approaches were applied. Learners were able to control the pace of
the information and were directed to attend to specific information. Color was used to highlight
the explanations of principles. The plotting of results in the blood time concentration curve was
animated. As the curve was being drawn, a green arrow focused the learner's attention on the di-
rection and magnitude of change in the graph. A three step memory model was suggested in order
for the learners to transfer the information from short-term to long-term memory.

To promote deeper processing of the pharmacology principles the information was presented us-
ing the spreading activation model in which the students were able to see the relationship between
the variables involved in drug administration and the effect this had on the patient. This approach
was in direct contrast to the textbook where the principles are treated as individual concepts.
Processing the network of related information provided the students with multiple pathways for
assimilating or accommodating prior knowledge with new information and therefore makes it
personally more meaningful. The opportunity to interpret their knowledge helped them to under-
stand the context in which the different parameters operated.

A learning strategies guide for students was also included with the learning object for the follow-
ing reasons. First, a set of effective strategies was provided to help them use the learning object to
encode information so that it could be retrieved accurately. Students that receive direct instruction
in using specific strategies perform better than students that are only told about the benefits of
using certain approaches (Weinstein, 1978). This involves teaching learners the procedures of the
strategy and when and where to apply it. The strategies and process outlined in the student guide
were designed to help instructors providing this type of training.

Second, by explaining the steps involved in processing the information, the student was made
aware of how these strategies could be used to improve learning. “Metacognition is the ability of
a learner to be aware of his or her cognitive capabilities and use these capabilities to learn online”
(Ally, 2004b p. 17). Nkanginieme (1997) asserted that, “making a clinical diagnosis is the pivotal
cognitive activity of a practicing physician” (p. 1). However, this process has largely remained
within the realm of the sub-conscious. By raising this type of activity to the level of conscious-
ness (i.e. making them aware of the process by outlining them in the guide) one can be taught
how to improve performance as well as acquire new knowledge.

An instructional strategies guide for teachers was also included with the learning object in order
to identify some of the approaches that could be used in combination with the resource, thereby
making it more reusable across a number of different contexts. For example, the instructor’s
guide suggests that, students may be asked to demonstrate their knowledge of pharmacokinetics
by applying it to a case study, which has drug-related problems that occur with common disease
states. Students would be engaged in thinking critically about the causes of the problems and
could use the learning object to make decisions about the administration of drugs referenced in
the case. The case could also be designed to evoke possible misconceptions about therapeutics
that students may have developed.

Evaluation Discussion

The results from the ‘think-aloud’ session illustrated the value in conducting usability tests early
in the design process. Issues taken for granted by the designers can easily be spotted by a fresh set
of eyes viewing the learning object from the perspective of a student. Ideally it would have been
better to carry out more of the sessions, but questions about ease of use and navigation were part
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of the student questionnaire. The responses for Usability of the Learning Objects subscale were in
the Agree and Strongly Agree categories 80.0% of the time. Nielsen (2000) recommends using
five participants for usability testing and claims that once you start collecting data from a single
user, the insights gained increase by almost a third. In addition, more is learned from the first user
than subsequent evaluators.

The evaluations of the quality of the learning object completed by faculty indicate that it will be a
valuable resource for instruction. It is interesting to note that the content quality and the instruc-
tor/ student guides received the highest rating and reflects the amount of work that was done to
select the appropriate strategies for the learning object. The high ratings for motivation reinforce
the constructivist notion that activities, which engage the learner, are perceived as being more
relevant and therefore more applicable for students. The ‘very good’ rating for reusability was
somewhat surprising given the amount of modifications that were identified in order for it to be
used in other contexts. The ‘low score’ by the one evaluator in the area of feedback/ adaptation
may indicate that more direction is necessary for generating the graphs.

The quantitative measurement of the specified criteria using the five point scale provides a sys-
tematic framework to help faculty to assess the object in a more consistent manner. The clear ex-
planations and examples of the different rating levels that were laid out in the guide that accom-
panies the LORI scoring sheet increases the possibility that the evaluation will be applied more
consistently than if these items were not present. The amount of research and refinement of the
LORI carried out by Vargo et al. (2003) adds to the credibility of this instrument.

Subjectivity cannot be completely removed from the process as each evaluator might self-
consciously assign different weights to some of the categories, but it does provide assurance to
the future users of the object that it has passed a more rigorous inspection than peer reviews based
on anecdotal comments. The requirement of justifying the score for each category forces the
evaluator to reflect on the basis for their rating. It also provides the designer with useful informa-
tion about where the perceived value lies. For example in rating the instructor and student guides,
an evaluator made the following comment, “these were very clearly set out, and seem readily ap-
plicable. The philosophy of fully informing the student of the learning goals and strategies seems
excellent!”

Using the convergent participant model for evaluation of learning objects developed by Nesbit et
al. (2002) in combination with the LORI would be valuable for the evaluators as they would be
able to learn more about the process of designing learning objects by being exposed to the ration-
ales of the various assessors. It could increase the evaluators’ awareness of the weak and strong
points of the learning object. This would also increase the inter-rater reliability of the instrument
(Vargo et al., 2003).

The *“learning impact study lite’ served to reinforce the assumptions about the target audience,

and the prior knowledge required by students in order to use the learning object. The results of the
‘usability of technology’ subscale (Agree and Strongly Agree 92.0%) reflects the prevalent role
that technology plays in student learning. The 75.7% and 77.5% (Agree and Strongly Agree) re-
sponses for the Learning Value subscale and the Value Added subscale suggests that the learning
object will help students to better understand the therapeutic principles of drug administration.
Most significantly, this reinforces the design decisions about the scope and sequence of the learn-
ing object. This also supports the rationale for developing a learning object that could convey the
impact that a number of variables have on the overall effect of the drug and the achievement of
optimum therapeutic effect.
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Conclusion and Recommendations

Making design decisions about the scope and sequence of a learning object merit a lot of consid-
eration as they have significant implications for the quality of content development. These deci-
sions should be informed by the theories of learning and cognition that are believed to enhance
the process of acquiring and applying new knowledge. This position is in stark contrast to the one
advocated by a number of authors who argue that the design of digital learning resources should
be at the level of a common element in order to promote sharing with other institutions (Downes,
2000; Hamel & Ryan-Jones, 2002; Longmire, 2000; Quinn & Hobbs, 2000). The perceived affor-
dances of this approach are based on the premise that learning objects designed at the level of a
common element are more easily reused and re-purposed thereby reducing the production costs of
these kinds of resources. Downes (2000) suggests that educators should adopt a “‘Rapid Applica-
tion Design’ (RAD) methodology used by the software industry to develop high quality products
quickly. This approach views online courses as collections of re-usable subroutines and applica-
tions. Designers can select and apply these pre-defined subroutines to the creation of new instruc-
tional materials.

The problem with promoting the re-purposing of learning objects is that it runs counter to instruc-
tional design best practices. In order to develop effective learning resources, the instructional de-
signer needs to attend to the needs of the students for which the instructional challenge was iden-
tified. To reduce the pharmacology learning object to its most ‘common elements' as advocated by
Downes (2000) would have been to re-create what already existed in the textbook using another
media. Is this really what we want? The reason for developing the learning object in the first
place was the perception that the text book did not adequately represent or visualize the relation-
ships that exist between therapeutic principles and the parameters relating to the physical and
pharmacological properties of drugs. If the instructional designer attempted to take into account
the multiple contexts in which the topic was being taught in order to design a learning object as a
‘common element’ and in order to promote its reuse, the process would have yielded dramatically
different results. This would have meant de-contextualizing the learning object or stripping it of
its inherent value. Wiley (2002) acknowledges this dilemma in what he referred to as the 'reus-
ability paradox'.

"The purpose of learning objects and their reality seem to be at odds with one another. On
the one hand, the smaller designers create their learning objects, the more reusable those
objects will be. On the other hand, the smaller learning objects are, the more likely it is
that only humans will be able to assemble them into meaningful instruction. From the
traditional instruction point of view, the higher-level reusability of small objects does not
scale well to large numbers of students (i.e., it requires teachers or instructional designers
to intervene), meaning that the supposed economic advantage of reusable learning objects
has evaporated".

Although, it is getting easier to retrieve materials (using technology like Rich Site Summary) and
sharing resources (through repositories like CAREO, CLOE, MERLOT), teaching will require a
great deal of thought and effort if it is to be effective. More time should be spent on exchanging
best practices for designing and applying learning objects to instructional contexts than the con-
tent itself. The authors join Friesen (2004) in recommending that in-depth studies be undertaken
to examine the “epistemological and ideological implications” of this approach.

The systematic evaluation of learning objects must become a valued practice, the importance of
which will grow with the expansion of existing repositories. There is a need to assure educators
that they are using resources that are highly rated and represent some added value to the learner
(Boskic, 2003). Learning object repositories should not only house metadata about the pedagogi-
cal aspects of learning objects but should include the infrastructure to record summative evalua-
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tions, and information about how it is being used in instructional contexts. In addition, educating
users of learning objects about accessibility and inter-operability standards would allow these
criteria to be more widely adopted for evaluation purposes and increase the probability that they
could be re-used by a greater number of people.

The combination of the Learning Object Review Instrument (LORI) created by Belfer et al.
(2002) and the convergent participant model for evaluation of learning objects developed by
Nesbit et al. (2002) represents a marked improvement over existing evaluation practices for learn-
ing objects, such as those undertaken by MERLOT. Organizations that are looking to promote
learning object design and peer review as a scholarly activity should adopt this model to ensure
that evaluations are rigorous, consistent and well recognized.

While using the learning object, Flash MX does have the ability to track user button selection and
input from the mouse and keyboard. However, it was beyond the scope of this study. Future re-
search may want to focus on the kind of information that could be obtained from this type of
analysis. Recording the process that was used to generate a specific outcome would allow an in-
structor to provide valuable feedback to the student.
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Appendix A: Instructor Ratings for
Pharmacology Learning Object

*
* *
* *
*
* * * *
* * * * *
Low > High
1. Content Quality: Veracity, accuracy, bal-
anced presentation of ideas, and appropriate 1 2 3 4 5 NA
level of detail
Rationale:

E1 While I am not a pharmacologist and so

do not believe | should comment on the accu- X NA
racy or veracity (so have bolded NA as well

as making a numerical selection), | believe

that the overall balance of the LO and the

level of detail seem excellent.

E2 Works as an adjunct to the text. X
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2. Learning Goal Alignment: Alignment
among learning goals, activities, assessments, | 1 2 3 4 5 NA
and learner characteristics

Rationale:

E1 The LO seems to strongly reinforce the
therapeutic principles presented, and the rela-

tionships between concepts. It allows a high X

level of learner interaction.

E2 X

3. Feedback and Adaptation: Adaptive con-

tent or feedback driven by differential learner | 1 2 3 4 5 NA

input or learner modeling

Rationale:

E1 The LO does — as is stated in the descrip-
tion — expect a certain level of background
from the students — and so may be very chal-
lenging for students just undertaking the
study of pharmacology.

E2 After plotted curves several times, it’s X
impossible to go back and view the previous
curves.

4. Motivation: Ability to motivate, and
stimulate the interest or curiosity of, an iden- | 1 2 3 4 5 NA
tified population of learners

Rationale:

E1 The content seems highly relevant and
stimulating for students — especially those in
the health sciences — the clinical applicability
seems readily apparent.

E2 Able to modify the variables. X

5. Presentation Design: Design of visual and
auditory information for enhanced learning 1 2 3 4 5 NA
and efficient mental processing

Rationale:

E1 Overall the design seems very effective.

One minor comment - the text with patient X
variables at the bottom could be slightly lar-

ger.

E2 Clear visual information. It would be bet-
ter if it had auditory information. X
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6. Interaction Usability: Ease of navigation,
predictability of the user interface, and the
quality of Ul help features

Rationale:

E1 An option to clear individual plots (vs
clear all) would be useful.

E2 It took me awhile to figure out how to use
it.

7. Reusability: Ability to port between dif-
ferent courses or learning contexts without
modification

Rationale:

E1 | believe that some modification would be
required to adapt the LO to more basic
courses — especially for use at early stages —
for example, a 2nd year Pharmacology course
for nursing students. This might consist of an
extra module of information about the drugs
chosen, the principles illustrated, and poten-
tially more detailed feedback about the prin-
ciples applied.

E2 Can be use in physiology work.

8. Student/ Instructor Guides: Pedagogical
value of proposed instructional and learning
strategies.

Rationale:

E1 These were very clearly set out, and seem
readily applicable. The philosophy of fully
informing the student of the learning goals
and strategies seems excellent!

E2 Helpful and clear.
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Appendix B. Student Questionnaire Results on
University of Toronto’s Pharmacology Learning Object

Percentage of possible responses assigned to each category, within four subscales. (Ten students
responded to the questionnaire.)

% 0 0, 0, % 0

Strongly & % b Strongly "

Subscale Agree | Neutral | Disagree : N/A
Agree Disagree

1. Learning Value
(n=70) 35.7 40 18.6 1.4 1.4 1.4
2. Value Added by LOs
(n=280) 47.5 30 13.8 5.7 1.3 2.5
3. Usability of LOs
(n =40) 35.0 45.0 5.0 10.0 0.0 5.0
4. Usability of Tech
(n=50) 66.0 26.0 4.0 0.0 0.0 4.0

Note: n = the number of possible times a response category was selected for all items in a sub-
scale.
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