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Abstract

Medication administration is an important task and responsibility of registered nurses. Un-
fortunately, medication errors are an internationally significant reason for injury and death
in patients. The most common type of error is related to calculations, e.g. ”wrong dose”.
The overarching aim of this master thesis was therefore to develop and explore a learning
system that increases nursing students’ ability to gain knowledge and understanding in
medication calculations.

Adaptive learning technology offers improvements over traditional, static learning
technology by tailoring the learning environment to each individual learner instead of pro-
viding the same educational material, presentation and navigation to all learners in a one
size fits all model. This thesis aimed to develop and explore how individual learner’s state
of knowledge and learning needs could be modelled and used to adapt learning resources
and exercises in an adaptive learning system in medication calculation.

An adaptive learning system was designed and developed where exercises were adapted
to each learner’s state of knowledge, meaning that the exercises were adjusted to an ap-
propriate level of difficulty relative to the learner’s current state of knowledge. As the
learner’s skill in calculations increased so did the difficulty of the exercises. The learning
system also adapted the exercises based on the learner’s current learning needs, e.g. to
practice on exercises in a category the learner has low knowledge of, to repeat an exercise
that the learner recently answered incorrectly, or to repeat an exercise from category that
the learner already has mastered in order to maintain that knowledge.

An evaluation was performed to test how health care practitioners; nursing students,
nursing teachers and registered nurses experienced the adaptivity of the learning system.
They experienced that the adaptive learning system adapted the difficulty of the exercises
to an appropriate level, they got support and guidance on exercises they found difficult
and challenging, and the exercises were repeated at a reasonable interval so that in a short
time they had the opportunity to correct any errors or that they got training on tasks they
had previously mastered a while ago. Overall the users reported that the adaptive learning
system in this project would be a useful learning resource when learning and maintaining
medication calculation skills.
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Sammendrag

Medisinadministrasjon er en viktig oppgave og ansvar for sykepleiere. Dessverre er me-
disineringsfeil en internasjonalt viktig årsak til skade og død hos pasienter. Den vanligste
typen feil er relatert til medikamentregning, f.eks. ”feil dose”. Det overordnede målet
med denne masteroppgaven var derfor å utvikle og utforske et læringssystem som øker
sykepleiers evne til å tilegne seg kunnskap og forståelse i medikamentregning.

Adaptiv læringsteknologi tilbyr forbedringer i forhold til tradisjonell statisk læringste-
knologi ved å skreddersy læringsmiljøet til hver enkelt student, i stedet for å gi alle stu-
denter det samme pedagogisk materiale, presentasjon og navigasjon i en ”one size fits all”
modell. Denne oppgaven hadde til formål å utvikle og undersøke hvordan den enkelte
students kunnskapstilstand og læringsbehov kunne modelleres og brukes til å tilpasse
læringsressurser og oppgaver i et adaptivt læringssystem i medikamentregning.

Et adaptivt læringssystem ble designet og utviklet der oppgavene var tilpasset hver stu-
dents kunnskapstilstand, noe som innebar at øvelsene ble tilpasset til et passende vanske-
lighetsnivå i forhold til studentens nåværende kunnskapstilstand. Etter hvert som studen-
tens ferdigheter i medikamentregning økte, økte også vanskelighetsgraden på oppgavene.
Læringssystemet tilpasset også oppgavene basert på studentens læringsbehov, f.eks. å øve
på oppgaver i en kategori som studenten har lav kunnskap om, å gjenta en oppgave som
studenten nylig har svart feil på, eller å gjenta en øvelse fra kategori som studenten allerede
har mestret for å opprettholde denne kunnskapen.

En evaluering ble utført for å teste hvordan helsepersonell; sykepleierstudenter, syke-
pleierlærere og sykepleiere opplevde læringssystemets tilpasningsevne. De opplevde at
det adaptive læringssystemet tilpasset treningsoppgaver til et passende vanskelighetsnivå,
de fikk støtte og veiledning om øvelser de fant vanskelige og utfordrende, og øvelsene ble
gjentatt med et rimelig tidsintervall, slik at de på kort tid hadde mulighet til å rette opp
eventuelle feil, eller at de fikk trening på oppgaver de tidligere hadde mestret. Brukerne
rapporterte at det adaptive læringssystemet i dette prosjektet vil være en nyttig læringsres-
surs når de skal lære og opprettholde ferdigheter innen medikamentregning.
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Chapter 1
Introduction

Medication administration is an important task and responsibility of registered nurses
(Stolic, 2014). Unfortunately, medication errors are an internationally significant reason
for injury and death in patients (Williams and Davis, 2016). Medication errors are the most
prevalent nursing error recorded worldwide (Brindley, 2017). The most common type of
error is related to calculations, e.g. ”wrong dose” (Björkstén et al., 2016). Medication
calculation skills are a main learning objective in nursing education to prepare students for
the real world of practice at registration (Coyne et al., 2013; National Curriculum Regu-
lations for Nursing Programs, 2008). Nursing students mainly have difficulty with basic
math principles (Bagnasco et al., 2016). The absence of learning systems that increase
nursing students’ ability to learn medication calculations is a concern. Specific learning
interventions are needed to improve nursing students’ basic math skills and medication
calculations to ensure that they become safe practitioners in the clinical setting (Park and
Kim, 2018; Sulosaari et al., 2015).

1.1 The Overarching Aim of the Master Thesis
Considering the importance of proficiency in medication calculations in nursing, the issue
clearly requires development of a learning system that enhances and ensures nursing stu-
dents’ ability to learn calculations. Therefore, the overarching aim of the master thesis was
to develop and explore a learning system that increases nursing students’ and registered
nurses’ ability to gain knowledge and understanding in medication calculations. The con-
tribution of the master thesis was development of an adaptive learning system, facilitating
learning of calculations based on the individual’s state of knowledge and learning needs.

1.2 Outline of the Master Thesis
This master thesis is organized in nine main chapters. In this introduction chapter, the
theme, overarching aim, and contribution to the thesis are described. Chapter two presents
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Chapter 1. Introduction

the background of this thesis. Research on medication calculation skills in nursing, as
well as digital learning systems developed to facilitate learning in this demanding skill
are presented. In chapter three, theoretical perspectives that frame this master thesis are
presented. Learning perspectives embedded in cognitivism and a sociocultural learning
perspective will be presented. Chapter four presents adaptive learning technology, which
is an approach to learning that adapts learning resources to the individual’s state of knowl-
edge and specific learning needs. In this chapter there will be given some examples to show
how the adaptive learning technology can be related to medication calculation. Chapter
five proposes a design for an adaptive learning system in medication calculation. The de-
sign includes methods for how to achieve different adaptation effects, as well as how to
model the domain of medication calculation and the users’ state of knowledge. Chapter
six presents the implementation of the adaptive learning system developed, which includes
descriptions of technology choices, technical documentation, and an overview of the learn-
ing application. Chapter seven summarizes an evaluation performed via a survey. Chapter
eight is a discussion related to the feedback given from users (described in the evalua-
tion). Chapter nine presents a conclusion including suggestions for further work, as well
as limitations and strengths of the adaptive learning system developed.
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Chapter 2
Background

Proficiency in medication administration is highlighted as important to ensure medical
treatment, well-being for the patient, and patient safety (Simonsen et al., 2014; Stolic,
2014). Calculation skills are central parts of medication administration, meaning to know
how to calculate required dosages of medication accurately (Council, 2010). For example
in a hectic hospital environment, e.g. calculation of doses of tablets and solutions, and
intravenous fluid rates, are demanding tasks which is performed several times per day
(Pirinen et al., 2015). This requires that registered nurses are proficient in calculations to
avoid adverse medication events.

Many registered nurses, as well as nursing students, however, lack proficiency in
calculation skills (Fleming et al., 2014; McMullan et al., 2011; Oldridge et al., 2004;
Özyazıcıoğlu et al., 2018; Simonsen et al., 2014; Wright, 2007). Many of the injuries
occurring in health institutions, such as hospitals, are related to medication errors in regis-
tered nurses, and a particularly concern is dosages that are incorrectly calculated (Fleming
et al., 2014; McMullan et al., 2011; Wright, 2007). Patients were potentially exposed to
harm because of nurses incorrect administration of medication (Calabrese et al., 2001;
Fleming et al., 2014). For example, of the 132 medication errors found in the study by
Calabrese et al. (2001), 26 errors were deemed potentially life-threatening. The most
common type of error was wrong infusion rate with 40.1% errors. Incorrect medication
administration also has large economic consequences for health institutions, such as hos-
pitals. Globally, the cost associated with medication errors, has been estimated to be at
almost 1% of the total global health expenditure (WHO, 2017).

Improving medication calculation skills in nursing students and registered nurses is a
prerequisite for ensuring patient treatment and safety (Wright, 2005). In the medication
calculation course in the academic setting, both nationally and internationally, nursing stu-
dents learn how to use basic math principles such as addition, subtraction, multiplication,
fractions, percent and the unit system to calculate the doses of medication that should be
administered to patients . Following completion of the lectures in medication calculation,
testing is a requirement of nursing students (Council, 2010; National Curriculum Regu-
lations for Nursing Programs, 2008). Both nationally and internationally the requirement

3



Chapter 2. Background

for students is to achieve a 100% score on a calculation test or exam. It is documented
that both nursing students and registered nurses are struggling in mastering the medication
calculation test (McMullan et al., 2011; Sneck et al., 2016). It is also reported that students
tend to have challenges in performing calculation skills during their clinical placement pe-
riods (Manno, 2006). Manno (2006) stated that errors were documented in many students’
calculation performances even when they were under supervision from registered nurses.

Over the years, several learning tools have been developed to assist students in learn-
ing medication calculations. The most common of these are textbooks, aiming to provide
students with theoretical and practical knowledge in calculation skills, e.g. Olsen (2014).
Additionally, other learning tools, such as audio files, pictures, animations, text, simple
tests and digital learning systems have been developed to facilitate students’ ability to
learn calculations (Mordt et al., 2011; McMullan et al., 2011; Sherriff et al., 2012; Stolic,
2014). Digital learning systems seem to be a popular approach to facilitate learning. Mordt
et al. (2011), who in a Norwegian context developed a digital learning system for medi-
cation calculation, The Medication Game, found the game to be an important supplement
to textbooks and lectures. Nursing students, evaluated The Medication Game to be fun,
as well as it engaged the students in solving calculation tasks. The authors, however, con-
cluded that The Medication Game did not significantly improve the students’ test results
in calculations (Foss et al., 2014). McMullan et al. (2011) who compared an e-package
with traditional hand-out learning support, found that students who received the e-learning
package were more able to perform calculations than those students using the handouts.
The software had an instructional design of simple-to-complex sequence, meaning that the
students should avoid cognitive overload by learning simple calculations before the more
complex calculations. The authors, however, recommended that a random database for
the medication calculation questions could be created to enhance students’ ability to learn
(McMullan et al., 2011). More recently, Park and Kim (2018) concluded on the effective-
ness of a smartphone-based dosage calculation training app on nursing students’ ability
to learn medication calculations. The study results revealed that the smartphone-based
calculation training app improved calculation skills, but only for nursing students with
higher prior knowledge. The smartphone-based training program had inadequate effect on
knowledge building on nursing students with lower prior knowledge Park and Kim (2018).

A closer reading of the articles (Mordt et al., 2011; Park and Kim, 2018; McMullan
et al., 2011) showed that the digital learning systems developed did not take into con-
sideration the individual student’s state of knowledge and learning needs. Park and Kim
(2018), in particular, recommended that a learning system should be developed for learn-
ers with lower prior knowledge. This demonstrates the recognized need for a learning
system in medication calculations that adapts learning resources to the individual’s state
of knowledge and specific learning needs.

4



Chapter 3
Theoretical Perspectives

This chapter presents a theoretical positioning that frames learning of medication calcu-
lation, and two theoretical perspectives; cognitivism and sociocultural, are drawn upon in
this master thesis. These theoretical perspectives promotes an understanding of decisions
that have to be taken when an adaptive learning system in medication calculations should
be developed. Cognitivism, concerned with the individual as a learner, emphasizes the im-
portance of avoiding cognitive overload, and that new knowledge should build on previous
acquired knowledge. A sociocultural perspective in learning, concerned with contextual
conditions influencing learning, emphasizes that feedback and support should be given
from a more proficient other, involving that the learners’s state of knowledge, learning
needs, as well as the expected learning outcome should be taken into consideration when
feedback is given.

3.1 Learning
Learning is a complex phenomenon, where there is no general common understanding
of how learning should be defined (Ertmer and Newby, 2013). Learning can be roughly
defined as a change in thoughts and actions as a result of the addition of new knowledge
to existing knowledge, or that existing knowledge is corrected by new or other knowledge
(Gross, 2015).

5



Chapter 3. Theoretical Perspectives

3.2 A Cognitive Perspective on Learning
A cognitive learning perspective is based on the fact that learning is construction and
reconstruction of knowledge. Learning takes place on the basis of the individual’s curiosity
and desire to learn, which can be seen as an inner motivation for learning. The acquisition
of knowledge is an active process by the learner in which all new information is cognitively
interpreted, assessed, and structured before it is added to previous knowledge (Piaget,
1985). To integrate new knowledge into existing knowledge is what Piaget (1985) called
assimilation. He also claims that all new knowledge is acquired on the basis of existing
knowledge. By acquiring knowledge, new cognitive schemas are formed, which includes
the organization of information and knowledge into memory as a result of mental activity
such as thinking, consciousness, organization, and understanding (Ertmer and Newby,
2013).

When new information conflicts with previously formed cognitive schema, cognitive
conflicts or disequilibrium occurs. The cognitive conflict is the impetus for individual
learners to obtain cognitive harmony or equilibrium, and thereby to make new cognitive
schema. The disequilibrium is thus the impetus in the individual’s learning process. The
process of creating new cognitive schema is called accomodation (Piaget, 1985). The in-
formation acquired by the individual is processed in a short-term memory, then transferred
to long-term memory so it will not be forgotten. Gradually increasing difficulty is empha-
sized to enhance learning, meaning that complex ideas are taught at a simplified level
before they are revisited at a more complex level (Bruner, 2006). The theories of assimila-
tion and accommodation show that the learner is an active participant in the construction of
knowledge and understanding. Based on the cognitive activity that occurs during learning
(Piaget, 1985), his theories are defined as cognitive constructivism.

3.3 A Sociocultural Perspective on Learning
In a sociocultural learning perspective, rather than considering knowledge as something
to be gained individually, learning is understood as being socially constructed (Vygot-
sky, 1978). Vygotsky (1978) developed the concept of the zone of proximal development
(ZPD). He argued that ZPD was the difference between what a learner could do indepen-
dently and what she or he was able to do only with support, hints or guidance from a
more knowledgeable ”other”. Support was developed on the basis of the notion of ZPD,
and is understood as the help from a more proficient other that allows the learner to work
within the ZPD, and then removed when support is no longer needed. In the ZPD, learn-
ers’ should have the opportunity to participate in social interaction, and progress towards
a more central participation, the next step in development (Vygotsky, 1978). Vygotsky
(1978) stated that the social interaction between learners is often mediated through the use
of physical and intellectual artifacts; tools for learning, and communication is a central
component.
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Chapter 4
Adaptive Learning Technology

Adaptive learning systems are learning systems that ”attempt to be different for different
students” (Brusilovsky and Peylo, 2003). They tailor the learning environment to each
individual learner instead of providing the same educational material, presentation and
navigation to all learners in a one size fits all model (Abdo and Noureldien, 2016). Adap-
tive learning systems adapt key functions such as content presentation or workflow based
on how students interact with content presented by the system (Murray and Pérez, 2015).

The design of an adaptive learning system will depend many on different elements,
such as the area of the domain, what kind of information should be adapted and who the
target user base is. However, there are three common components that are present in most
adaptive learning system, the domain model, the user model and the adaptation model
(Abdo and Noureldien, 2016; Murray and Pérez, 2015). The flow of data between these
components is displayed in figure 4.1.
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Figure 4.1: Common components in an Adaptive Learning System.

4.1 Domain Model

The domain model represents the material to be instructed. This includes domain-related
elements of knowledge (often called learning objects), as well as the associated structure
or interdependencies of those elements. In essence, the domain model is a knowledge map
of what is to be taught (Shute and Torreano, 2003). Examples of learning objects can be
text, images, audio, video, exercises, tests and even games.

In order for the adaptive system to decide which learning objects should be presented
next, the learning objects need to be structured in some kind of semantic network. Au-
thors can do this by providing additional metadata about each learning object, such as the
relationships between objects. In medication calculation, for example, the domain can be
divided into different categories (see 5.2.1), and these categories can be ordered such that
the introductory categories are taught before the advanced categories.

4.2 User Model

The user model is a representation of information about an individual user. This infor-
mation is essential for an adaptive system to provide the adaptation effect, i.e. to behave
differently for different users (Brusilovsky and Millán, 2007). To create and maintain
an up-to-date user model, adaptive systems collects data for the user model from various
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sources that may include implicitly observing user interaction and explicitly requesting di-
rect input from the user. For example, an adaptive learning system could store results from
exercises and tests that the user has completed. This process is known as user modeling
(Brusilovsky and Millán, 2007).

Different users have different knowledge, goals, background, interests, and individual
traits. This information is stored in the user model, and is continuously updated as the user
performs different actions in the system. Data in the user model enables the adaptation
model to recommend new learning objects that are personalized to each user. What kind
of information that is stored in the user model largely depends on which adaptation effects
the system has to deliver. For example, in an exercise drilling application in medication
calculation, the results of previously solved exercises by the user can be used to determine
the difficulty of the next exercise the user have to solve.

4.2.1 Knowledge Modelling

Knowledge is one of the most important features that are being modeled in educational
adaptive learning systems. Most systems include knowledge as a feature in the user model,
and sometimes it is the only feature that is modeled (Brusilovsky and Millán, 2007). The
user’s knowledge can change over time, it increases when the user is learning, and it de-
creases as the user is forgetting already acquired knowledge. This means that the adaptive
system has to recognize these changes and update the user model accordingly. For ex-
ample, in medication calculation the state of knowledge is updated whenever the user
performs a calculation in order to reflect the change of knowledge.

4.2.2 The Scalar Model

The simplest form of a user knowledge model is the scalar model, which estimates the level
of user domain knowledge by a single value on some scale – quantitative (for example,
a number ranging from 0 to 5) or qualitative (for example, good, average, poor, none)
(Brusilovsky and Millán, 2007). The knowledge value is typically produced by user self-
evaluation or objective testing.

Even though knowledge modeling with a single scalar value produces a simplistic
model, it can be effective in systems where the size of the domain is very small. However,
the accuracy of this method decreases as the size of the domain increases. For example, in
a learning application in medication calculation, a user might be an expert in calculating
infusion rates, but a novice in calculating dilutions. The scalar method effectively averages
the knowledge of the domain. For this reason the scalar method is not sufficient in larger
domains such as medication calculation, however the scalar model is useful as a foundation
in more complex models.

When the scalar method is not sufficient enough, a structural model, such as the over-
lay model which builds upon and expands the scalar model, can be used instead. The
overlay model assumes that the body of domain knowledge can be divided into certain
independent fragments. The overlay model attempts to represent different fragments of
user knowledge independently. Each of these fragments, which now represents a smaller
part of the domain, can be modelled using the scalar model. For example, in the con-
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text of medication calculation, the domain can be divided into different categories, e.g.
measurement conversion, infusion, dilution, mixtures, etc.

4.2.3 The Overlay Model

One form of a structural knowledge model is an overlay model. The purpose of the overlay
model is to represent an individual user’s knowledge as a subset of the domain model,
which reflects the expert-level knowledge of the subject. For each fragment of domain
knowledge, an overlay model stores some estimation of the user’s knowledge level of this
fragment. This estimation can be either a boolean value, true if the user has sufficient
knowledge of the fragment, false otherwise, or a scalar value. The scalar value can be a
qualitative measure (good-average-poor) or a quantitative measure such as the probability
that the user knows the concept (Brusilovsky and Millán, 2007).

The overlay model is a big improvement over the scalar model as it can more accu-
rately model complex domains. For example, in the learning application in medication
calculation, knowledge of infusion rates and knowledge of dilutions can be seen as two
distinct fragments that can be modeled independently. The difference between the scalar
model and the overlay model is illustrated in figure 4.2.

Figure 4.2: Scalar Model and Overlay Model.

Figure 4.2 shows that the scalar model only contains one measurement of knowledge
for the entire domain, while the overlay model can measure knowledge in different frag-
ments of the domain independently. Each of these fragments, which is a smaller part of the
domain, can be modelled using the scalar model. Thus, an overlay model is a collection
of scalar models.

4.3 Adaptation Model
The role of the adaptation model is to decide which learning objects to display next, and
how to display them (Murray and Pérez, 2015). The model makes these decisions based
on the current user model in a way such that the learning objects are adapted to the user’s
needs. For example, if a student has poor knowledge about a topic, the adaptation model
may decide to show introductory level information about that topic. For a more experi-
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enced student, the model may show more details and more in-depth information about that
topic.

In the context of medication calculation, it can be useful adapt presentation of learning
objects based on how they skilled they are in different categories of medication calcula-
tion. Two methods that are often used in adaptive hypermedia systems, which can also
be useful in an adaptive learning system in medication calculation, are content adapta-
tion and link adaptation (Brusilovsky, 1996, 2016). Content adaptation is concerned with
how learning objects are presented, and link adaptation is concerned with how the user
navigates between them.

In addition to the methods for adaptive presentation of learning objects, spaced repeti-
tion is a method that improves retention of acquired knowledge (Kang, 2016), which can
be useful in any learning system.

4.3.1 Content Adaptation
The content adaptation method is concerned with how learning objects are presented to
the user (Brusilovsky, 2016). Various content adaptation methods can be applied to the
learning objects in order to tailor them to the user’s needs. Some examples of content
adaptation techniques that can be useful in a learning system in medication calculation
are:

Conditional Text - a technique that divides the page into several chunks (Brusilovsky,
1996). Each chunk is associated with one or several conditions which are evaluated based
on data in the user model. Only the chunks where the conditions evaluates to true will
be visible on the page (Kubeš, 2007). One example of conditional text, in the context of
medication calculation, is to hide guidance on how to solve an exercise if the user already
is at an expert level of knowledge.

Page Fragments - a technique that adaptively generates documents (Brusilovsky,
1996). Every document is an empty frame that is divided into sections. Each section
can be populated by different learning objects, for example text, images, examples and
links to other documents. Rules are used to decide which learning objects the different
sections should contain. Which learning objects that are selected and how they are priori-
tized are unique to each user, thus every document is adapted to the user’s needs (Kubeš,
2007).

4.3.2 Link Adaptation
In a space of many learning objects and activities, users can easily get lost or overwhelmed
by all the content that exists in the system. The goal of link adaptation is to guide the
user through the content in the domain model (Brusilovsky, 2016). Navigation support
helps the user to choose the best path from the current learning object to the next object.
Links are adapted to the user according to the current user model. Some examples of link
adaptation techniques that can be useful in learning system in medication calculation are:

Link Hiding - a technique that adaptively hides links that are currently not relevant
for the user (Brusilovsky, 1996; Kubeš, 2007). Hiding irrelevant links can help prevent
the user from becoming overwhelmed or cognitive overloaded. Links can be hidden in
different ways: Disabling - a disabled link looks like a normal link but it is not active (can
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not be clicked). Visual cues can be used to indicate that the link is disabled, for example
by changing its color or add a special hover effect. Hiding - the link is present and active,
but visually it looks like a normal word. Removal - the link is completely removed from
the page.

Direct Guidance - a technique that provides a “next”-link that guides the user to the
next learning object. The next learning object is adaptively selected according to data in
the user model (Kubeš, 2007). For example, in an exercise drilling application after the
user has solved an exercise, a ”next”-link can take the user to the next appropriate exercise.

Adaptive Navigation Maps - a personal overview of progress and available resources
(Brusilovsky, 1996). The goal of an navigation map is to show the user where he is, where
he has been and where he can go next. The map can be adapted for the user by using one
or more link adaptation techniques, for example by using link hiding to disable links that
the user can not visit yet (Kubeš, 2007).

4.3.3 Spaced Repetition
The timing or arrangement of practice affects learning. Practice is more effective when
spaced out over time, instead of massed or grouped together, as it enhances memory, prob-
lem solving, and transfer of learning to new contexts. (Kang, 2016). An adaptive learning
system can offer strategies for spacing out repetition based the learner’s earlier actions.
For example, in an exercise drilling application, an exercise can be repeated at some in-
terval, where the time between each interval is determined by how the user has previously
answered that exercise. The Leitner System is a spaced repetition strategy that can be used
for repeating learning items at increasingly larger time intervals (Edge et al., 2012).

The Leitner System

In the 1940’s, Sebastian Leitner devised a 5-step process, using index cards divided into
5 boxes. Flash cards are moved from the initial box (daily review) to the next if they are
remembered, if not they are moved back to the first box. The process of moving cards is
displayed in figure 4.3. Each subsequent box has a longer time lag before having its cards
reviewed. Being able to remember a card in the final compartment (reviewed only after
a lengthy interval) allows it to exit the system, with the assumption that is now stored in
long-term memory (Godwin-Jones, 2010). The advantage of this approach is that more
difficult items (i.e. items that are answered incorrectly) are reviewed more often (Edge
et al., 2012).

12



4.3 Adaptation Model

Figure 4.3: The Leitner System.

Figure 4.3 shows that correctly answered cards are advanced to the next, less frequent
box, while incorrectly answered cards return to the first box.

In the context of medication calculation, the Leitner System can be used to space
out repetition of different types of calculations. If the user performs a certain type of
calculation correctly every time, the time interval of repetition for that type of calculation
increases as the calculation moves to subsequent boxes. If the user performs a certain type
of calculation incorrectly, that type of calculation will be put back in the first box, which
means that it will be repeated shortly.
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Chapter 5
Design of an Adaptive Learning
System in Medication Calculation

In this chapter a design for an adaptive learning system in medication calculation, which
aims to enhance health care providers ability to learn medication calculation skills, will
be proposed. The goal of the adaptive learning system is to provide efficient training and
learning of medication calculation skills by adapting learning resources to each individual
learner’s current state of knowledge and learning needs. This chapter will first describe
how the domain model, the user model and the adaptation model are connected to each
other in a system description. Then descriptions will be given on how each model can be
implemented in an adaptive learning system in medication calculation.

5.1 System Description
The adaptive learning system is a platform that provides learners with exercises they can
use to practice their medication calculation skills. The learning system adapts exercises
to each learner’s current state of knowledge, meaning that the exercises should be at an
appropriate level of difficulty relative to the learner’s current knowledge. As the learner’s
skill increases so should the difficulty of the exercises. The learning system also adapts
the exercises based on the learner’s current learning needs. Learning needs could be, for
example, to practice on exercises in a category the learner has lower knowledge of, to re-
peat an exercises that the learner recently answered incorrectly, or to repeat an exercise
from a category that the learner already has mastered in order to maintain that knowledge.
Ultimately, the adaptive learning system’s primary functions are; to decide which cate-
gory should be practiced on next, select an exercise from that category, and to adjust that
exercise to an appropriate level of difficulty.

Two different kinds of users exists; content managers and learners. The content man-
ager’s job is to manage learning resources. This is done through a separate content man-
agement system. The learners practice their medication calculation skills through the
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learning application, which is available as a web application and mobile applications for
the Android and iOS operating systems. The flow of data from the content management
system to the learning application through the adaptation components is displayed in figure
5.1.

Figure 5.1: Overview of the adaptive learning system.

5.2 Domain Model

The domain model consists of different domain specific resources, such as categories,
exercises templates and medication information, that are created by content managers.
These resources are, together with data from the user model, used by the adaptation model
to generate exercises that are adapted to the user’s current learning situation.
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5.2.1 Categories
The domain is divided into six different categories; measurement conversion, tablets, dilu-
tions, infusions, mixtures and injectable medication. Every category have of a collection
of exercise templates which are used to generate exercises that are specific to the given
category. Each category, except measurement conversion, starts out being locked, which
means that the user can not access exercises in those categories until they are unlocked.
The categories require certain progress in other categories before they are unlocked. When
a new category is unlocked the user gains access to exercises in that category. This is done
to make sure that the user has acquired the prerequisite knowledge required to be able to
perform calculations in the new category. The progression system is further explained in
5.3.

Categories have four different properties; name, order, support text, and level require-
ments.

Name

The name is the name of the category, for example tablets, dilutions, infusions or mixtures.

Order

The order is an integer that is used to decide the ordering of the categories when displayed
in the clients. Categories with lower order are displayed before categories with higher
order.

Support Text

The support text is guidance for how exercises can be solved. It can contain text, lists,
tables, links to websites and images.

Level Requirements

Categories are locked until their level requirements are met. A level requirement specifies
specific level in another category that needs to be achieved. For example, the category
mixtures can require that the user has achieved at least level 7 in the category measurement
conversion before mixtures are unlocked. A category can have multiple requirements.

5.2.2 Exercise Templates
In order to help the content managers create exercises more quickly than creating each
exercise manually, an exercise template system is proposed. Instead of specifying specific
values in a exercise, the manager can instead specify valid ranges for the values. When
an exercise is created for a user, random values within the ranges are then selected and
inserted into the exercise template. For example in an exercise about administering a
medication to a child, the dose has to be calculated based on the child’s weight. Instead of
specifying a specific weight, e.g. 15.5 kg, a range could be used instead, e.g. [10.0, 25.0].
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When a user is to solve an exercise generated by this template, a random number between
10.0 and 25.0 would be selected as the child’s weight.

These exercise templates are stored in the domain model and are used by the adaptation
engine to generate exercises with random values. This means that many variations of an
exercises can be created from the same exercise template. The user can thus get practice on
the same type of exercise many times until he understands and remembers the procedure
of how to calculate the correct answer. An additional side effect of using random values is
that, since hundreds (or even thousands) of different variations of the same exercises can
be generated, it is not practical to just remember the correct answer, the user has to learn
the correct calculation procedure.

Exercise template is the most complex type of resource in the domain model as it
contains many properties and a template system.

Name

The name of the exercise template is only used by the content managers to more easily be
able to distinguish between different exercise templates.

Category

Exercise templates belong to a specific category. The category can be selected from a
dropdown menu of all available categories.

Medication

Exercise templates can be specified to contain a type of medication, e.g. tablets. If an
exercise template is set to contain a medication, different properties for medications are
made available to be used in the exercise text, exercise question, formula and multiple
choice alternatives.

Exercise Text

The exercise text provides the user with all the information about the exercise that is
needed to perform the calculation. For example, ”Physician orders 500 mg of ibuprofen
for a patient, and you have 250 mg tablets on hand.”.

Exercise Question

The exercise question tells the user what they should calculate. For example, building on
the example from Exercise Text, ”How many tablets will you administer?”.

Formula

The formula specifies how the correct answer to the exercise is computed. This formula is
used to verify whether the user provides correct or incorrect answers.
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Difficulty

Some exercises are easier to solve than others. Difficulty of an exercise template is an
integer that indicates how hard the exercise is to solve. Higher difficulty means harder to
solve.

Support Text

The support text is guidance for how an exercise that is generated by the template can
be solved. It can contain text, lists, tables, links to websites and images. Usually the
procedure of how to perform the calculation is explained in the support text.

Tablet Data

Tablet data becomes available if tablets is selected as the medication type for the exercise
template. The tablet data are different properties of tablets that can be used in exercise
text, exercise question, formula and multiple choice alternatives.

Custom Data

Custom data is similar to tablet data, except that the content manager can create custom
data properties. Custom data consist of a name, which can be referred to in input fields that
support template data, start and end of range, which creates the range in which a random
value can be picked, and the number of decimals that the randomly picked value should
contain.

Multiple Choice Alternatives

Multiple choice alternatives are created in the same way as the formula. One alternative
should be identical to the formula (which would be the correct answer), while the other
alternatives should differ from the correct answer.

Input Fields with Support for Template Data

The exercise text, exercise question, formula and multiple choice alternatives have support
for template data. Template data is just a placeholder that later are replaced with real
data. That real data is often a random value that is selected from a range, but it can
also be a string such as name of tablet or unit of measurement. Template data is a key-
value pair where the key is used as a placeholder in the input field and the value is what
the placeholder will be replaced with. Placeholders are words that are surrounded with
”{{}}”, for example ”{{Name}}”. A complete example of this can also be seen in figure
6.3.

5.2.3 Medication Information
To further improve the exercise template system information about various medications are
also stored in the domain model. This information, such as name, valid dose limits, unit
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of measurement and available medication strengths, can also be used as parameters in the
exercise template in addition to the value ranges previously mentioned. Similarly to the
value ranges, ranges can also be specified for the various properties of the medications,
allowing the system to generate multiple variations of the same medication. Instead of
specifying a specific medication and values that are valid for that medication, the content
manager can instead specify that certain properties of the medication should be used in the
exercise template. When an exercise is generated from the template, a random medication
is then selected and values for that specific medication are randomly picked within the
valid ranges and inserted into the exercise. For example if the content manager is creating
an exercise about calculating the number of tablets of a medication that should be admin-
istered to a patient, he could then specify to use medication name, medication strength,
and a valid dose for the medication without specifying any specific values. When the ex-
ercise is generated a random medication is selected and its name, medication strength and
dose measurements are inserted into the template. The medication strength is randomly
selected from a list of available strengths, and the dose measurement is randomly selected
from a valid range for that medication. A more comprehensive example can be found in
6.2.1.

When adding a new medication to the domain model that medication can be used
to generate new versions of all exercise templates that contain randomized medication
properties. Thus, if there exist many exercises that use randomized medication properties
in the domain model, then new variations of these exercises are made available every time
a new medication is created in the domain model. Similarly, if there are many medications
available in the domain model, then whenever a new exercise template that use randomized
medication properties is created it can use all the already available medications in the
domain model to generate different versions of that newly created exercise template. In
addition, since information about the medications is specified as ranges of values that can
be randomly selected, many variations for each exercise using the same medication can
also be generated. Consequently, as content managers create resources such as exercise
templates and medication information, the number of possible variation of exercise grows
exponentially related to the number of resources created, which is a very efficient way of
limiting the amount of time required of human resources to create a large varied database
of exercises.

Different types of medications have different types of properties. In this master thesis
only tablets have been implemented. However, the concept is the same for other kind of
medications. Tablets have six different properties; name, unit of measurement, maximum
amount in one dose, list of available strengths, maximum amount that can be administered
during a day and a boolean if the tablet can be split.

When populating the database with medication information, the information should be
validated using a trusted database for medication data, for example Felleskatalogen AS
(s.a.). Felleskatalogen AS (s.a.) is a large database of information about medications that
is used by health care professionals; doctors and nurses in Norway.

Name

The name is the name of the tablet, for example Levaxin, Paracetamol or Isoptin.
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Unit of Measurement

The active ingredient is measured in a unit of measurement. Common units are µg, mg
and g.

Maximum Amount in One Dose

The recommended maximum amount of the active ingredient that can be taken in one dose.

List of Available Strengths

Tablets are often produced in different variations of strengths.

Maximum Amount During a Day

The recommended maximum amount of the active ingredient that can be taken during 24
hours.

Tablet Can Be Split

Some tablets are splittable, meaning that they can be divided into two or four pieces.

5.3 User Model
The user model aims to accurately reflect how skilled the user is in the different cate-
gories of medication calculation. The user model is therefore an overlay model where
the domain of medication calculation is divided into different categories (Brusilovsky and
Millán, 2007). Knowledge of each category is modelled using the scalar model, where the
users can progress from level 1 to level 10 (Brusilovsky and Millán, 2007).

When users solve exercises in a category their progresses are tracked using a level
system. Progress in each category starts at level 1, and it increases as the user performs
calculations and gains knowledge. In order to progress from one level to the next the
user has to obtain a certain number of ”stars” at the current level. Stars are gained when
answering exercises correctly and lost when answering exercises incorrectly, thus the user
has to answer more exercises correctly than incorrectly in order to progress further. Table
5.1 shows an example of how knowledge of a user is represented in the user model.
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Category Level Number of stars
Measurement conversion 8 1
Tablets 6 0
Dilutions 5 2
Infusions 2 2
Mixtures 1 0
Injectable medication 1 0

Table 5.1: Knowledge representation in the user model.

In the first few levels of a category one correct answer would reward you one star.
However, as the user progresses further to higher levels each correct answer only rewards
a fraction of a star. The higher the level the user is at, the more exercises must be answered
correctly in order to ”build up” a whole star. If an exercise is answered incorrectly the user
will lose all star fractions collected in the star that is currently being built up. This means
that the users have to answer multiple exercises currently in a row in a category in order
to build up a whole star. If an exercise is answered correctly when all stars at the current
level are completely built up, the user will advance to the next level. How many stars are
needed at each level, and how many correct answers that must be answered in a row in
order to build up a star at each level is displayed in table 5.2.

Level Number of stars Correct answers in a row
1 3 1
2 3 1
3 3 1
4 3 2
5 3 2
6 3 3
7 3 4
8 4 4
9 4 5
10 5 5

Table 5.2: Number of stars and correct answers in a row needed to build a star at each level.

Table 5.2 shows that, for example, on level 5 the user has to build up 3 stars in order to
progress to the next level. In order to build up a star the user has to answer 2 exercises cor-
rectly in a row. The number of required stars and the number of required correct answers
in a row decides how fast the progression is at each level, therefore the progression in the
earlier levels is faster than in the later levels. The progression through levels is further
visualized in section 6.4.4 and section 6.4.5.

If a user answers 3 or 4 exercises correctly in a row he will receive a bonus point (star
fraction) whenever he answers an exercise correctly. If he answers 5 or more exercises
correctly in a row he will receive two bonus points. This will help users who are at a
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higher knowledge level than what is reflected in the user model to progress to a more
appropriate level faster.

5.4 Adaptation Model
The adaptation model in this adaptive learning system is responsible for generating exer-
cises for users based on their current state of knowledge and learning needs. The adap-
tation model does this in three steps; first select the category, then select the exercise
template, lastly decide the difficulty of the exercise.

5.4.1 Category Selection
The first step in generating an exercise for a user is to select which category the user should
practice on next. Which category should be selected is decided by a probability model that
is based on the users current progress in the different categories. Categories where the user
has progressed the furthest has the least probability of being selected. Thus, categories
where the user has made the least progress is more likely to be selected. This probability
model will ensure that the user spends the majority of his time practicing on categories
he is least knowledgeable about, but still sometimes practice on categories he is more
knowledgeable about in order to maintain that knowledge. Categories that are locked have
zero probability of being selected. Unlocked categories are each given a probability factor
equal to

x = maxLevel − currentLevel + 2

probabilityFactor = x ∗ log(x) (5.1)

where maxLevel is the maximum possible level (set to 10 in this project) and currentLevel
is the current level the user has progressed to in that category. All probability factors from
level 1 to level 10 are listed in table 5.3.

Level x = maxLevel − currentLevel + 2 probabilityFactor = x ∗ log(x)
1 11 26.38
2 10 23.03
3 9 19.78
4 8 16.64
5 7 13.62
6 6 10.75
7 5 8.05
8 4 5.55
9 3 3.30
10 2 1.39

Table 5.3: Probability factors for each level.
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After all probability factors are calculated for all unlocked categories they are added
together to create a sum of all probability factors,

sum =
∑

probabilityFactor(category) (5.2)

where probabilityFactor(category) is the probability factor for a given category. The
probability that a given category is selected is then

p(category) =
probabilityFactor(category)

sum
(5.3)

For example, if a user has unlocked three categories, CatA at level 9, CatB at level 6 and
CatC at level 2, the probability factor will then be 3.30 for CatA, 10.75 for CatB and 23.03
for CatC. The sum of probability factors is 37.08. The probability for each category being
selected next is displayed in table 5.4.

Category Level Probability factor Probability of being selected
CatA 9 3.30 8.9%
CatB 6 10.75 29.0%
CatC 2 23.03 62.1%

Table 5.4: Probability for each category to be selected next.

5.4.2 Exercise Template Selection
After the category is selected, the next step of generating an exercise is to select which
exercise template of that category should be used. The selection itself is very simple. All
unlocked exercise templates are ordered in a priority queue, so the process of selecting the
next exercise template is just to select the template that is first in the queue. The complex-
ity, however, lies in how the exercise templates are enqueued. All exercise templates in
the queue are given a priority, the first item in the queue is the one with the lowest priority
value, the last item in the queue is the one with the highest priority value. When enqueuing
an exercise template to the queue a priority value must be determined, which will decide
the exercise template’s position in the queue. The aim is to give exercise templates that
the user has proven good knowledge of a high priority value, so that there is a longer
time until those exercise templates are repeated again. And on the other hand, exercise
templates that the user has proven poor or no knowledge of should be given a low prior-
ity value, so that there is a shorter time until those exercise templates are repeated. As the
user repeatedly answers exercises generated from the same exercise template correctly, the
time between repetitions of that exercise template should increase between every interval,
which is exactly how the Leitner System (Godwin-Jones, 2010) provides spaced repeti-
tion. The algorithm developed for determining the priority value is inspired by the Leitner
System (Godwin-Jones, 2010), which will increase the interval between repetitions as long
as the user keeps answering the same exercise correctly, or decrease the interval between
repetitions if the user answers the exercise incorrectly.
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Similarly to the Leitner System (Godwin-Jones, 2010) exercise templates are placed
in buckets. The buckets are numbered 1, 2, 3, 4... etc. Exercise templates in buckets with
lower numbers are repeated more frequently than the exercise templates in the buckets with
higher numbers. The calculation of the priority value for an exercise template depends
on how many exercises are solved in the given category, and which bucket that exercise
template was previously in. If the user answers an exercise incorrectly, the corresponding
exercise template is always put back in the first bucket. This means that the incorrectly
answered exercise will be repeated soon, which gives the user a chance to correct his error.
If the user answers an exercise correctly, the corresponding exercise template is put in the
next bucket, i.e. the previous bucket number plus one. After the bucket number is decided
the priority value is calculated using the following formula,

priorityV alue = exerciseCount+ 10 ∗ 2(bucketNumber−1) (5.4)

where exerciseCount is the number of exercises the user has previously solved in the
given category and bucketNumber is the number of the bucket the exercise template is
put in. The priority value increases exponentially as the bucket number increases. This
seems to work well for the limited size of exercise templates available in the learning
system developed for this master thesis, however, this function can be tweaked if this
strategy turns out to be too aggressive on a larger database of exercise templates.

The exerciseCount’s function is to move all items in the queue closer to the front every
time the user answers an exercise. This is done to ensure that items that are far back in
the queue are gradually moved to the front so that they eventually will be selected. An
alternative method would be to decrement all priority values of the exising items in the
queue every time the user answers an exercise, however, this is not technically practical
as every item in the queue must be updated in the database. By using the exerciseCount
to increase the priority value of all new items that are enqueued the existing items in the
queue do not need to be updated. Nevertheless, the effect is still the same.

5.4.3 Exercise Difficulty

After the exercise template has been selected it is time to generate an actual exercise from
that template. Exercises can be generated in four different levels of difficulty. From easiest
to hardest these are: with support and multiple choice, with support and no choices, no
support and multiple choices, and no support and no choices. The levels of difficulty
are visualized in table 5.5. Support is text and images that guides the users on how to
answer the specific exercise they are currently trying to solve. On exercises with support
the user can view these guidelines in order to help them solve the exercise. If support
is not available on the exercise they have to solve it by themselves. On exercises with
multiple choice the user are presented with multiple possible answers where one of them
is correct. The user can then select one answer and submit the exercise. If there is no
choices available the users have to input the answers themselves in an input field.
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Difficulty (1 - easy, 4 - hard) With support With multiple choice
1 YES YES
2 YES NO
3 NO YES
4 NO NO

Table 5.5: Levels of difficulties.

Which level of difficulty an exercise is created with depends on the current progress
the user has in the given category, and how the user answered that same corresponding
exercise template last time if he has answered an exercise of that template before. If the
user has answered an exercise of that template before, the level of difficulty on the next
exercise will depend on the result of the last exercise. If the user answered the previous
exercise correctly the next exercise will be at one level of difficulty harder, if the answer
was incorrect the exercise will be at one level of difficulty easier. If the user has not
answered an exercise of that template before, the difficulty will depend on his current
level in the given category. The lower the level he is at, the easier the exercise will be
generated. On some levels of progress, multiple different difficulty levels can be assigned
to an exercise. If that is the case a random level of those difficulties will be selected.
The settings for which level of difficulty are available at different levels of progression is
displayed in table 5.6.

Level in category Possible difficulties
1 support and multiple choice
2 support and multiple choice, support and no choice
3 support and no choice, no support and multiple choice
4 support and no choice, no support and multiple choice
5 support and no choice, no support and multiple choice
6 support and no choice, no support and multiple choice,

no support and no choice
7 no support and multiple choice, no support and no choice
8 no support and multiple choice, no support and no choice
9 no support and multiple choice, no support and no choice
10 no support and no choice

Table 5.6: Possible levels of difficulties for each level of progress.

As displayed in table 5.6, when users first starts solving exercises in a new category
they are supplied with both support on how to solve the exercise and multiple choices. As
they progress further these aids are gradually removed until, at the last level, they get no
support and no choices.
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Chapter 6
Implementation of the Adaptive
Learning System

An adaptive learning system in medication calculation has been developed where learners
can practice their medication calculation skills and content managers can manage learning
resources.

The learners can access the learning application through a web app, Android app or an
iOS app. The web app is available through web browser, e.g. Chrome, Safari, Firefox, etc.,
and it is optimized for use for devices with large screens, such as computers and laptops.
The Android and iOS app are available for smaller devices, i.e. smartphones and tablets.

A separate application, the content management system, has been developed for the
content managers where they can manage resources in the domain model. This application
is only available as a web app.

The content management system and the learning applications communicate with a
common application server through a JSON HTTP API. It is on the server that the domain
model and user models are stored, and it is also where the adaptation methods are executed.
A high level architecture of the learning system is displayed in figure 6.1.
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Figure 6.1: High level architecture for the adaptive learning system.

6.1 Technology Choices

Different programming languages, frameworks and libraries have been used to develop the
different applications which comprise the adaptive learning system.

6.1.1 Application Server - JSON API

The C# programming language with the ASP.NET Core framework have been used to
develop the application server. ASP.NET Core is a cross-platform, high-performance,
open-source framework for building modern, cloud-based, Internet-connected applications
(Introduction to ASP.NET Core, s.a.). This framework has built in methods that supports
rapid development of HTTP APIs. For data persistence the MySQL database was chosen
as it is free to use and integrates well with the ASP.NET Core framework.
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6.1.2 Web App

The web apps for both the learning application and the content management system have
been developed using standard web technologies (i.e. HTML, CSS and Javascript) and
the Vue framework. Vue is a framework for developing user interfaces, and in particular
single-page applications, i.e. a web page with a single page where instead of navigating to
different pages the content of the single page is swapped out using Javascript. A single-
page application is a good fit as a client for the learning applications, as the application is
highly interactive and not so much concerned with browsing multiple documents.

In addition to the Vue framework the Vuetify component library was used to create
the user interface. The Vuetify library contains pre-built components (e.g. buttons, form
elements, animations, etc.) for the Vue framework, which follows the Material Design
guidelines (Material Design, s.a.).

6.1.3 Android and iOS Apps

The Dart programming language with the Flutter framework was used to create both the
Android app and the iOS app. Flutter is Google’s mobile app SDK (Software Development
Kit) for crafting high-quality native interfaces on iOS and Android (Flutter, s.a.). The
framework is cross-platform, meaning that the same code can be used to compile both the
Android app and the iOS app, which essentially cuts development time in half compared
to developing a separate native app for both platforms.

The Flutter framework comes with pre-built material design components, which are
visually similar to the components from the Vuetify library in the web app. Using material
design components in both the web app and mobile apps makes the user interface look and
feel very similar.

6.2 Application Server
The application server contains all the persisted data and all the business logic which
comprise the adaptive learning system. This is where the domain model, user model and
adaptation model are defined and stored. The application server exposes resources and
functions through a JSON API. Clients can request or persist resources by sending HTTP
requests to specified routes. For example, by sending a HTTP request to /api/exercise the
server would respond with an exercise object that belongs to the currently logged in user.

When the server receives a HTTP request it might have to execute some logic before it
can generate a response. The controller is responsible for executing this logic. When the
request is first received at the server, the router will route that request, based on the URI
path, e.g. ”/api/users”, to the controller that is responsible for handling requests to that
specific path. The controller can then call on different services, units of business logic,
to execute the logic needed in order to generate a response. For example, when a user
requests a new exercise on ”api/exercise” the request is routed to the controller responsible
for generating exercises. The controller can then call on the ”Adaptation Engine” to create
a new exercise that is adapted to the currently logged in user. The ”Adaptation Engine”
service can in turn call on other services, or fetch data from the database, in order to
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execute its logic and generate a new exercise. Finally the controller can respond back to
the client with the newly generated exercise as a JSON object.

The data flow on the server is illustrated in figure 6.2, and it usually looks like this:

1. The server receives a HTTP request.

2. The request is routed, based on the route (path), to the corresponding controller.

3. The controller calls on different services in order to execute business logic.

4. The controller produces a JSON response which is returned back to the client.

Figure 6.2: Application Server Architecture.

6.2.1 Exercise Generation
One of the primary functions of the application server is generate exercises that are adapted
to the user’s current state of knowledge and learning needs. Exercises are generated from
exercise templates in multiple steps:

1. Category selection

2. Exercise template selection

3. Exercise difficulty selection

4. Medication randomization
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5. Template rendering

A comprehensive example will be used to illustrate the entire exercise generation pro-
cess. The user’s state of knowledge in this example is displayed in table 6.1. The ”mea-
surement conversion”, ”tablets” and ”dilutions” categories are unlocked while the other
categories are locked. This user requests a new exercise, so the process of generating the
exercise starts on the application server. The first step is selecting the category for the
exercise.

Category Level Number of stars
Measurement conversion 8 2
Tablets 3 1
Dilutions 5 0
Infusions 1 0
Mixtures 1 0
Injectable medication 1 0

Table 6.1: Knowledge representation in the user model.

Category Selection

The probability of each category being selected is calculated by using formula 5.3. The
probability of each category being selected in this example is displayed in table 6.2. In
this example the Adaptation Engine service was used to select the next category, and it
returned the tablets category. The next step is then to select an exercise template from the
tablets category.

Category Level Probability of being selected
Measurement conversion 8 14%
Tablets 3 51%
Dilutions 5 35%
Infusions 1 0%
Mixtures 1 0%
Injectable medication 1 0%

Table 6.2: Probability of each category being selected.

Exercise Template Selection

All exercise templates in the tablets category have a priority value which is specific for
the user in this example. These priority values were calculated using formula 5.4. In this
example, the Question Queue services was used to select the exercise template with the
lowest priority. The Exercise template is displayed in figure 6.3. The next step is to decide
the level of difficulty for this exercise.
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Figure 6.3: Exercise template.

Exercise Difficulty Selection

The user has not answered exercises that was generated from this template before, and
therefore from table 5.6 we can see that the possible difficulties for this exercise are ”sup-
port and no choice” or ”no support and choice”. The ”no support and choice” difficulty
was randomly selected by the Adaptation Engine service, which means that the exercise
does not have any support text, but it will have multiple choice options.

32



6.2 Application Server

Medication Randomization

The exercise template in this example uses information about medications. A specific
type of medication must therefore be randomly selected among all the medications in the
domain model. The Glucophage tablet was chosen in this example, and its properties are
displayed in table 6.3.

Property Value(s)
Maximum amount in one dose 1000 mg
Maximum amount during 24 hours 2550 mg
Different tablet strengths available 500mg, 850mg, 1000mg
Unit mg

Table 6.3: Properties of the Glucophage tablet.

From the properties of the Glucophage tablet a medication object with specific val-
ues are created. The specific values will be randomly selected within the limits of the
properties in table 6.3. The specific values of the medication object is displayed in table
6.4.

Property Value(s)
Name Glucophage
Unit mg
Strength 500
DailyTotalDosage 2000

Table 6.4: Specific values of the medication object.

The Medication Randomizer service was used to both randomly select the medication
and to randomize its properties. The specific values of the medication are now available to
use in the template system.

Template Rendering

The last step of the exercise generation is to use the Exercise Template Engine service to
replace all the placeholders in the exercise template with the specific values mentioned
above.

The exercise text in the template is: ”{{Name}} tabletter finnes i styrke {{Strength}}
{{Unit}}/tbl. Dette skal administeres i døgndosen {{DailyTotalDosage}} {{Unit}}.”
The result exercise text is: ”Glucophage tabletter finnes i styrke 500 mg/tbl. Dette skal
administeres i døgndosen 2000 mg”.

The exercise question in the template is ”Hvor mange tabletter skal pasienten ha?”. Since
it does not contain any placeholder the result exercise question is the same.
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The formula in the template is: ”{{DailyTotalDosage}}/{{Strength}}”.
The result formula is: ”2000/500”.

The alternatives in the template are:

1. ”{{DailyTotalDosage}}/{{Strength}}”

2. ”{{DailyTotalDosage}}/{{Strength}}+1”

3. ”{{DailyTotalDosage}}/{{Strength}}+2”

4. ”{{DailyTotalDosage}}/{{Strength}}+3”

The result alternatives are:

1. ”2000/500”

2. ”2000/500+1”

3. ”2000/500+2”

4. ”2000/500+3”

Finally, The Exercise Template Engine will use the Calculator service to calculate the
values for the formula and the alternatives. The final value for the formula will then be 4,
which is the correct answer in this exercise, and the alternatives will be 4, 5, 6 and 7. The
final exercise is displayed in figure 6.4.

Figure 6.4: The final rendered exercise.
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6.3 Content Management System

Resources, such as categories, medication information and exercise templates, in the do-
main model are created and maintained by content managers. A content management sys-
tem was developed where content managers can manage resources via a web application.
Only users with admin rights have access the content management system.

6.3.1 Categories

Categories have four different properties; name, order, support text, and level require-
ments. A screenshot from the content management system on how to manage a category
is displayed in figure 6.5.

Figure 6.5: Manage category.

6.3.2 Medication Information

Different types of medications have different types of properties. In this master thesis
only tablets have been implemented. However, the concept is the same for other kind of
medications. Tablets have six different properties; name, unit of measurement, maximum
amount in one dose, list of available strengths, maximum amount that can be administered
during a day, and a boolean if the tablet can be split. A screenshot from the content
management system on how to manage a tablet is displayed in figure 6.6.

35



Chapter 6. Implementation of the Adaptive Learning System

Figure 6.6: Manage medication.

6.3.3 Exercise Templates

Exercise template is the most complex type of resource in the domain model as it con-
tains many properties and a template system. A screenshot from the content management
system on how to manage an exercise template is displayed in figure 6.3.

6.4 Learning Application

The learning application is where the users log into in order to view their progresses in
different categories and to solve exercises. To make the learning application convenient
to use, whether they are using computers or smartphones to access the application, both a
web application and mobile applications for Android and iOS have been developed.

The learning application is divided into 4 main pages; the login/registration page, the
overview page, the exercise/result page, and the progress page. When users visit the learn-
ing application for the first time they are routed to the login page. Before they can access
the rest of the application they have to either log in to an existing account or register a new
one. The navigation flow between the different pages is displayed in figure 6.7.
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Figure 6.7: Navigation structure in the learning application.

6.4.1 Login/Registration Page

On the login/registration page the user can sign up or log in to an existing account. The
user can log in on same account on both the web app on mobile apps. Screenshot of the
login page is displayed in figure 6.8.

Figure 6.8: Login/registration page. Web app on the left, mobile app on the right.

37



Chapter 6. Implementation of the Adaptive Learning System

6.4.2 Overview Page
On the overview page the user can see the current overall progress in all categories. The
progresses are visualized using progress bars. When no exercises are solved correctly in a
category the progress bar is empty. It fills up as the user progresses through the levels until
the max level is reached. When the max level is reached, and all the stars are completely
built up, the progress bar will be fully loaded. A screenshot of the overview page from the
web app is displayed in figure 6.9, and a screenshot of the overview page from the mobile
app is displayed in figure 6.10.

Figure 6.9: Overview page on the web app.

Figure 6.10: Overview page on the mobile app.
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6.4.3 Exercise Page

On the exercise page the user can solve exercises. If support resources are available for
the exercise it is displayed next to the exercise on the web app, and on a separate page
on the mobile app. On exercises that have multiple choices the alternatives are displayed
as radio buttons under the exercise question. If there is no choices an input field where
the user can type in the answer is displayed instead. The exercise page can be seen as a
fragmented page (Brusilovsky, 1996) where the section for support text, the section for
the exercise text and question, and the section for the input/alternatives, are fragments that
are subject to being adapted. In the web app, the support text section uses the conditional
text technique where the text is visible or hidden depending on the user’s current state of
knowledge (Kubeš, 2007). On mobile, the link hiding technique is used instead to display
an active or disabled link to the support text (Kubeš, 2007). In the input section adaptive
rules are used to decide if the input type should be a text input field or alternatives, which
is a page fragment technique (Brusilovsky and Millán, 2007; Kubeš, 2007). The user is
guided from one exercise to the next by clicking on the ”next”-button. The direct guidance
technique is used to adaptively select the next exercise (Kubeš, 2007). A screenshot of the
exercise page from the web app is displayed in figure 6.11, and a screenshot of the exercise
page from the mobile app is displayed in figure 6.12.

Figure 6.11: Exercise page on the web app.
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Figure 6.12: Exercise page on the mobile app.

6.4.4 Result Page
After the user submits an exercise they get redirected to the result page. The result page
will display whether they answered the exercise correctly or incorrectly, and how that
affected their progress. A screenshot of the result page from the web app is displayed in
figure 6.13, and a screenshot of the result page from the mobile app is displayed in figure
6.14.
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Figure 6.13: Result page on the web app.

Figure 6.14: Result page on the mobile app.
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6.4.5 Progress Page
In the web app, users can see their progresses in all categories at the bottom of the page, as
can be seen in figure 6.9, figure 6.11 and figure 6.13. Because of the limited size of mobile
screens it was not practical to display the progresses in a similar way in the mobile app.
Instead, a separate page, the progress page, was created to display progresses on mobile.
The progress page is a list view of all the current progress in each category. Clicking on
a category will open up a more detailed page where the users can see how many exercises
they have solved in that category and their rate of success. The detailed page will also show
any requirements needed to unlock that category if it is currently locked. The progress
page can be seen as an adaptive navigation map (Brusilovsky, 1996), it visualizes how far
the user currently has progressed in each category, and it shows where the user can not
navigate to yet (locked categories).

Figure 6.15: Progress page on mobile. On the left: list view of progress in each category. In the
center: details page of an unlocked category. On the right: details page of a locked category.
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Evaluation

To test whether the developed adaptive learning systems does adapt to users’ state of
knowledge and learning needs or not, an evaluation has been performed. The evalua-
tion focused on how the users experienced the adaptivity of the system. After completing
50 exercises the participants were asked to complete a survey of 8 questions as seen in
table 7.1.

Id Question
Q1 Hvor vanskelig erfarte du oppgavene?
Q2 I hvor stor grad erfarte du at oppgavene ble tilpasset ditt nivå?
Q3 I hvor stor grad erfarte du at oppgavene ble tilpasset ditt læringsbehov
Q4 I hvor stor grad erfarte du at det adaptive læringssystemet ga deg hjelp til å

løse oppgaver som for deg var vanskelige?
Q5 I hvor stor grad erfarte du å repetere oppgaver du tidligere hadde løst?
Q6 I hvor stor grad hadde du ønsket hyppigere repetisjon av tidligere løste

oppgaver?
Q7 I hvor stor grad ville du foretrukket å bruke dette adaptive læringssystemet

fremfor tradisjonell oppgaveløsing fra lærebok?
Q8 Har du noen andre tilbakemeldinger?

Table 7.1: Evaluation Questions.

Table 7.1 show the questions the participants were asked. In questions Q1-Q7 the
participants where asked to give a numerical answer on scale from 1 to 5. On Q8 they
were free to write any feedback or comments they might have.
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7.1 Ethical Considerations
Norwegian Social Science Data Service (NSD) (Norsk senter for forskningsdata, s.a.) has
strict policies for collecting and processing personal data. NSD requires that projects that
collects or processes personal data must first notify them and get approval for collecting
the data. However, a project is not subject to notification if all electronic data processed
through the entire research process is anonymous. For online surveys, NSD specifically
require that the IT solution is completely anonymous (among other things, the respondent’s
email or IP address cannot at any moment be connected to the survey), and that the survey
does not contain questions about identifiable information.

In this project no personal or sensitive information was collected or processed during
the user registration, usage of the application, or in the survey, and therefore was not
subject to notification. The survey data was collected through a custom survey system
that was created specifically for this project. The participants were never asked to enter
any personal data, and their IP addresses was never stored or connected to the survey in
any way. The survey was also not connected to any users in the learning application.
Consequently, it was not possible to track which users from the learning application that
had participated in the survey. Also, since there was no way of tracking who participated
in the survey, it can not be guaranteed that the same user has not participated multiple
times. It is important to note that the users were informed that participation in the project
was voluntary.

7.2 Evaluation Results
20 people registered a user. 18 people answered the survey. Each registered user solved
181 exercises on average. The results from Q1-Q7 are displayed in table 7.2:

Id Average Standard Deviation
Q1 3.3 0.7
Q2 4.5 0.8
Q3 4.3 0.7
Q4 4.4 0.7
Q5 4.3 0.7
Q6 3.2 1.0
Q7 4.3 0.7

Table 7.2: Evaluation Results.

Table 7.2 shows the average score on each numerical evaluation question (Q1-Q7), as
well as the standard deviation.

7.2.1 Numerical Responses from Q1-Q7
All questions were answered with a numerical score on a scale from 1-5. In the following
the average score and a description of each question will be presented.
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Q1 - Exercise Difficulty

Avg. score: 3.3
A low score on this question would mean that the exercises were too easy, a high score
would mean they were too difficult. An average score of 3.3 suggests that the exercises
was slightly on the harder side.

Q2 - Adapting to Current Knowledge Level

Avg. score: 4.5
A low score on this question would mean that the level of difficulty of the exercises did
not adjust according to the users’ state of knowledge, a high score would mean that the
exercises became more difficult as their skills increased, or that the exercises became easier
if they had trouble solving them correctly. An average score of 4.5 suggests that the level
of difficulty adjusted to meet the users current state of knowledge.

Q3 - Adapting to Learning Needs

Avg. score: 4.3
A low score on this question would mean that the user did not get exercises from the
categories needed to progress further, a high score would mean that the exercises helped
the user to progress further. For example, giving a user many exercises from a category
that he already has mastered would not help him progress further. An average score of 4.3
suggests that the exercises helped the user to progress.

Q4 - Provided Help When Needed

Avg. score: 4.4
A low score on this question would mean that the user did not get support on exercises
they found too difficult, a high score would mean that they got the support needed to solve
exercises that were challenging. An average score of 4.4 suggests that the users got the
support needed to solve challenging exercises.

Q5 - Repetition Frequency

Avg. score: 4.3
A low score on this question would mean that the users did not experience to repeat earlier
solved exercises, a high score would mean that they experienced often to repeat earlier
solved exercises. An average score of 4.3 suggests that the users often experienced to
repeat exercises.

Q6 - Wants More Repetition

Avg. score: 3.2
A low score on this question would mean that the users did not want more repetition, a
high score would mean that they wanted more repetition. An average score of 3.2 suggests
that the users are happy with the frequency of repetition.
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Q7 - Prefers Adaptive System Over Traditional

Avg. score: 4.3
A low score on this question would mean that the user prefers to solve exercises with
pen and paper from a textbook, a high score would mean that the user prefers to solve
exercises using the adaptive learning system. An average score of 4.3 suggests that the
users preferred to use the adaptive learning system rather than solving exercises from a
textbook.

7.2.2 Other Comments and Feedback
Feedback from the free text field, Q8, can be divided into two categories; challenges and
issues, and improvement suggestions.

Challenges and Issues

Getting Stuck - If a user did not understand how to solve a specific exercise in a category,
she would answer that exercise incorrectly every time (unless if she got lucky by selecting
the correct answer in a multiple choice exercise). That exercise would then be repeated
too frequently, which prevented her from progressing further in that category, even if she
could answer all other exercises correctly. Two users reported there was one exercise they
did not understand how to solve, even when they got support available on that exercise.
That exercise required more steps to perform the calculation than other exercises, thus it
can be argued that this exercise was more complex.

Larger Variety of Exercises - Users that already were comfortable at doing medi-
cation calculations had a very high accuracy at solving them correctly. Users with high
accuracy will progress faster through the exercises, and thus unlocking all the exercises
faster. After they had unlocked most of the exercises they spent most of their time re-
peating exercises they already had solved before. These users wanted a larger variety of
exercises so that they would spend less time on repeating old exercises and instead spend
time on new and challenging exercises.

Improvement Suggestions

Practice Specific Category - Categories are locked until their requirements are met. Some
participants reported that they wanted to be able to select a specific category to practice
on, even if they hadn’t unlocked that category yet.

More Exercises that Use Real Medication Names - Exercises that involves medica-
tion calculation are either generic or for a specific medication. Participants reported that
they liked exercises that used real medication names, and wanted more exercises of that
kind.

General Feedback

Most of the participants expressed that they enjoyed using the adaptive learning system,
and that they thought that it would be a useful system when learning medication calcu-
lation. They especially pointed out how it was useful to see a visualization of what they
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were good at and what they needed more practice on, and that the system automatically
provided exercises that they needed to practice more on.
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Chapter 8
Discussion

In this master thesis, an adaptive learning system has been developed and explored to
enhance nursing students’ and registered nurses’ ability to learn medication calculations.
The learning system has been tested and evaluated by some health care providers: nursing
students, nursing teachers, and registered nurses. Feedback given from the users provided
useful insight into how they experienced the adaptivity of the learning system, and is used
as a basis for the following discussion. Discussion of feedback given from users is divided
into three themes; ”Knowledge acquisition based on individual state of knowledge and
learning needs”, ”Mentoring based on individual state of knowledge and learning needs”,
and ”Repetitive learning and correction of errors”.

8.1 Knowledge Acquisition Based on Individual’s State of
Knowledge and Learning Needs

An overarching result of the evaluation in this master thesis was that the developed adap-
tive learning system did indeed adapt exercises according to the individual user’s state of
knowledge and learning needs. As users solved exercises, the difficulty increased or de-
creased to match their current state of knowledge. Feedback related to Q1, how difficult
the users experienced the exercises, suggests that the difficulty of the exercises was appro-
priately adjusted to their current state of knowledge. Feedback related to Q2, how users
experienced that exercises were adjusted to the individual’s state of knowledge, suggests
that the level of difficulty was continuously adjusted as their current state of knowledge
changed. Feedback related to Q3, how users experienced that exercises were adjusted to
the individual’s learning needs, suggests that the adaptive learning system selected exer-
cises which helped the users to progress further by gradually exploring new contents of
the domain. Based on this, it could be interpreted that users at all states of knowledge
were helped to fill their knowledge gaps in medication calculations. Several attempts have
been made to increase nursing students’ ability to learn medication calculations by us-
ing digital learning systems (McMullan et al., 2011; Mordt et al., 2011; Park and Kim,
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2018). However, it seems like earlier developed digital learning systems provide learners
with low level of prior state of knowledge limited ability to learn medication calculations.
One explanation for this inadequate ability to learn could be that earlier developed digital
learning systems probably did not help students at a lower state of knowledge to avoid
cognitive overload, prolonged cognitive conflicts and confusion. The importance and pro-
cess of assimilation and accommodation, the integrating of new knowledge into existing
knowledge, and the creating of new cognitive schema (Piaget, 1985), were maybe not well
enough taken into consideration. It is important to note that even though students are at
the same level of education and attend identical learning sessions, they might come with
different prior state of knowledge and experience in calculation skills. Consequently, a
complex digital learning system is necessary to capture personalized learning needs (Mur-
ray and Pérez, 2015).

It seems that the adaptive learning system developed in this master thesis helped users
avoid experiencing cognitive overload, long-term unresolved cognitive conflicts and con-
fusion. By providing exercises with and without aids based on the individual’s state of
knowledge and learning needs, users were helped to gradually achieve learning goals. It
could be interpreted that medication calculations mostly were adapted to each individual
user. The difficulties that users experience due to a lack of mastering and confusion could,
however, be a positive element in learning of medication calculations if the user is made
aware of what is causing the confusion. Mills (2016) revealed that students who were able
to work through their confusion gained knowledge and expanded their understanding. This
could be interpreted according to Piaget’s (1985) understanding of constructive learning.
He stated that cognitive conflicts was a prerequisite for achieving cognitive equilibrium,
and thereby to make new cognitive schemas. However, when cognitive conflicts remain
unsolved over a prolonged period, it could be challenging for the learner to acquire new
knowledge. Consequently, as revealed in the current project, when a lack of understanding
occurred (as two users reported concerning one particular exercise), the user became stuck
on their current state of knowledge rather than expanding it. This could illustrate that a
learner who fails to work through a confusion or develop new cognitive schemas, also fail
to acquire sufficient knowledge and gain a deeper understanding of medication calcula-
tion. Consequently, the learner could avoid difficulties in learning and withdraw from the
learning situation (Ravik et al., 2017a).

Insights from the evaluation shows that users experienced that new knowledge was
gradually building on previous knowledge by advancing exercises based on their indi-
vidual current state of knowledge. In the learning system developed by McMullan et al.
(2011), there was also a focus on learning that was advanced from simple to more com-
plex. Advancing from simple to complex is a general understanding of learning. A gradual
advancement in what to be learned could provide development of new cognitive schema,
and furthermore provide knowledge to be transferred to long-term memory and conse-
quently not be forgotten (Bruner, 2006). Former cognitive schemas could be reorganized
and expanded based on previous knowledge and understanding (Piaget, 1985). It could
be interpreted that the adaptive learning system developed in the current project equipped
users to better understand and develop medication calculations, both by taking into con-
sideration the individual’s state of knowledge and learning needs, but also by advancing
exercises from simple to complex depended on the individual user.
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8.2 Mentoring Based on Individual’s State of Knowledge
and Learning Needs

The evaluation data revealed that the adaptive learning system developed in the current
project guided each individual user in a way that was personalized to their current state
of knowledge and learning needs. Feedback related to Q4, how the users experienced
help provided from the adaptive learning system when they faced difficulties in ability to
learn calculations, suggests that enough feedback and guidance were provided on exercises
they otherwise could not solve without any help. The users were provided extra learning
resources when they needed help to progress further. Adding individually scaffold to a
learning system, seems to be distinctly different from previously developed learning sys-
tems in medication calculations. Common for previous developed digital learning systems
(Mordt et al., 2011; McMullan et al., 2011; Park and Kim, 2018) is that they contain vari-
ous learning resources for learning and practicing medication calculations, but also that it
is up to learners to assess what they themselves need for knowledge and learning. Interest-
ingly, earlier research (Bagnasco et al., 2016) points out that learners do not have enough
self-awareness to be able to assess their actual state of knowledge, and thus their learning
needs. This could may explain why students actually want feedback, and particularly one-
to-one feedback, from a more proficient other to progress in their ability to learn (Mema
and Harris, 2016).

The adaptive learning system could be understood as what Vygotsky (1978) described
as an artifact. In this case, a technology-based artifact that aims to identify a connec-
tion between the learner and sense making consistent with medication calculation skills.
The adaptive learning system thereby becomes a link between the user and what is to be
learned. The personalized contribution of the learning system contributed to an individual
assessment of the learner, and stimulated the user to progress in learning, to the next level
of understanding and development, based on the individual’s state of knowledge and learn-
ing needs. The adaptive learning system was ”knowledgeable” enough to map the user’s
need for knowledge, and provided feedback that avoided the learning process becoming
too hard or too simple, in the ZPD toward a more central participation (Vygotsky, 1978).
It could be interpreted that the adaptive learning system addressed the gap in what learners
could solve alone and what they could solve with help.

Based on Vygotsky (1978) taught of learning, the teacher is to be considered a key
element for students’ ability to learn. The teacher, as a more proficient other of med-
ication calculations, collaborate with the learners to help them advance in learning and
understanding. Rather than considering knowledge as something to be gained individually
(Piaget, 1985), Vygotsky (1978) suggested that knowledge was better understood as what
a learner could do with skilled help that allows the learner to work within the ZPD. This
illustrated that learning of medication calculation is realized through human interaction.
Based on a sociocultural learning perspective whereas a social interaction, and a more pro-
ficient human being necessary to contribute to students’ ability to learn, it could be ques-
tioned whether the use of a digital learning system contributed to a learning-weak form
of collaboration, and thereby restriction of users ability to learning. Ravik et al. (2017b),
however, found while exploring nursing students simulation based practical skill learning,
that students were inadequately mentored by the teacher, the more proficient other. Stu-
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dents training on a latex arm were not given feedback regarding challenging steps of the
practical skill peripheral vein cannulation (PVC). Teachers need to recognize what learn-
ers actually are doing to provide adequate feedback (Hattie and Timperley, 2007). For the
teacher difficulties could, however, arise when several students need feedback and sup-
port at the same time, for example to catch the individual’s challenges in ability to learn.
In contrary, the evaluation data in the current project showed that the adaptive learning
system in medication calculations was updated as the user’s state of knowledge changed,
meaning that feedback was given based on the individual’s need for help to understand
and progress in calculations. Consequently, one could still suggest the adaptive learning
system to be a learning-weak form in collaboration, but, however, a learning strategy that
provided effective learning outcomes in calculations.

It is, however, important to note that information given from users in the survey re-
vealed that two of them became stuck because they were not given ability to learn and
understand how to solve a specific exercise. From the free text comment feedback in Q8,
two users reported there was one particular exercise they did not understand how to solve,
even when they got all the feedback and support available on that exercise. Failing to
answer that exercise correctly hindered them in progressing further, even if they could an-
swer all other exercises correctly. This effectively caused them to become stuck at their
current level, or even decreased to a lower level. Inadequate feedback, consequently, did
not close the gap between current and desired state of knowledge. Hattie and Timperley
(2007) argued that constructive feedback is necessarily to not inhibit students’ learning.
It is not known what level of knowledge these two users had, but on closer inspection of
the specific exercise they did not master, it is an exercise that requires a more compre-
hensive and complex calculation than the other exercises. This indicated that the learning
resources of this exercise was not good enough. Consequently, the scaffold in the adaptive
learning system should be adjusted or modified to eliminate the issue of being stuck.

8.3 Repetitive Learning and Correction of Errors
In the evaluation users gave feedback concerning repetition of exercises. Feedback related
to Q5, how often they experienced to repeat previously solved exercises, and related to
Q6, whether they wanted more a higher frequency of repetition, suggest that the users
had different experiences with the rate of repetition that was given. Some users reported
that they experienced to repeat previously solved exercises more often than solving new
exercises they had not solved before. The rate of repetition could be reduced by expanding
the database of exercises, making more exercises available. Nevertheless, the participants
also reported that they were happy with the frequency of repetition. Repetition turns out
to be important for memory, which can be seen as encoding knowledge, storing it over
time, and retrieving it again (Dunlosky et al., 2013). Based on this, one could understand
that exercises which are executed repetitively, could be improved from trial to trial, and
consequently help the learner to become skilled and proficient. This was particularly seen
in the study by Ravik et al. (2017a) who compared one student who repetitively mastered
vein cannulation with one student who failed the same skill in each attempt. The student
who repetitively mastered vein cannulation, became skilled and developed a deep level
of understanding in this particularly invasive skill. Repetition is thereby, as Leitner also
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assumed, a critical element for learning to occur (Godwin-Jones, 2010). It is, however,
important to note that repetition in itself does not necessarily make users become skilled
in given tasks (Ravik et al., 2017a). A great importance should be given to feedback
accorded to repetitive performances. Saville (2011) points out the importance of giving
the learner both positive and negative feedback, where the effectiveness of repetition is
increased when the learner is given feedback. She stated that positive feedback can make
students aware of correct actions that improve mastery, and negative feedback that can
make students aware of errors and what needs to be corrected. This could be interpreted
as two approaches to feedback that intends to provide support for correcting errors, and
furthermore repetitive exercises and enhanced ability in learning.

The adaptive learning system provided the learners with immediate feedback on cor-
rect and incorrect calculations, and a particular goal of the adaptive learning system was
to provide support for correcting errors if a user made a mistake. Immediate error correc-
tions is important to avoid repetitive incorrect performances (Ravik et al., 2017a). Gardner
et al. (2015) argued that revealing errors could provide a deeper understanding of what
to be learned, and prepare users for the development of appropriate performances. The
results of the evaluations shows that when users answered an exercise incorrectly, they
experienced that the system made them aware of errors and repeated that exercise shortly,
with more support added. In this way, the user could deal with new knowledge through
assimilation, mastering new challenges (accommodation), and consequently experience
equilibrium (Piaget, 1985).

It is, however, important to note that the two users who in the free text on Q8 reported
that they were stuck on a particular exercise, did not progress in their calculations even
they calculated the same exercise repetitively or were made aware of errors performed,
a negative feedback that Saville (2011) emphasized as important in learning. Becoming
aware of errors did not mean that the users understood how to correct them. Even though
they were given all the support available from the adaptive learning system, it seemed like
they were operating outside their ZPD (Vygotsky, 1978). The users were not given oppor-
tunities to achieve correct calculations, and consequently they remained in an unpleasant
state of disequilibrium because new knowledge not could be fitted into existing cognitive
schemas (Piaget, 1985). Knowledge building in calculations suffered because the arti-
fact, the adaptive learning system, that should mediate the connection between the users
and what to be learned, did not demonstrate the complexity of calculations well enough.
It could be understood that the two users did not receive enough and accurate feedback
based on their current state of knowledge to make calculations correctly. This illustrated
that the comprehensiveness of feedback should be considered so the learner could develop
intellectually. This implies that the calculation itself as a learning resource should be de-
signed with different options for calculation, in order to provide good feedback based on
all the user’s state of knowledge.
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Chapter 9
Conclusion

This master thesis has highlighted that exposure to an adaptive learning system is an im-
portant step in the construction of knowledge in medication calculations, and thereby how
students ability to learn calculations could be improved. The adaptive learning system of-
fers strategies to improve students’ ability to learn how to calculate medications accurately
and to identify mistakes. It is, however, important to note that the adaptive learning system
requires improvement to provide better learning conditions and learning outcomes.

9.1 Limitations and Strengths

Although the aim of developing and exploring an adaptive learning system in medication
calculation has been reached, there were some limitations. First, because of the time
limit, the exercises and learning resources created in this project does not cover the entire
curriculum in medication calculation. Therefore, this learning system should not yet be
used as the only platform for practicing and learning calculation skills. Second, results
from the survey revealed that two users became stuck and were unable to progress further
in one certain category. The learning resources did not provide adequate support for them
to overcome the lack of knowledge in this specific area. Finally, the learning resources
were limited to contain only text and images. Having a larger variety of learning resources,
e.g. animations and video, could further improve the system’s ability to better meet each
individual’s learning needs.

Despite the limitations, the adaptive learning system developed in this project proved
to be a useful learning resource in medication calculations. It is a basis for building missing
elements of knowledge such that students of all levels of knowledge have a full-fledged
way to learn medication calculations. The learning system also provides insight into how
users at different levels of knowledge could learn, but also what consequences it has for the
learner if it lacks sufficient learning resources in order for acquisition of new knowledge
to happen.
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9.2 Future Work
This section includes recommendations for further development and research.

9.2.1 Expand the Variety of Learning Resources
To better meet each individual’s learning needs, more different types of learning resources,
e.g. animations, videos, audio tracks, should be developed to cater for more learners’
preferred ways of learning. By offering more ways to learn how to solve an exercise, the
learner have more options and opportunities to overcome their lack of knowledge if they
get stuck on an exercise.

9.2.2 Practice on Exercises in Locked Categories
In the evaluation some users reported that they wanted the opportunity to practice in cat-
egories they had not yet unlocked. Therefore, an improvement to the system would be to
allow users to select a specific category they want to practice on, regardless if they have
unlocked it yet or not. If a specific category is chosen, the user will only get exercises from
that category. However, it is important to note that the user could risk becoming cognitive
overloaded if they choose a category outside their ZPD.

9.2.3 More Exercises with Medication Names
The evaluation also revealed that users wanted more exercises that includes real medica-
tion names. Since the exercises are not defined in the system itself, but are instead created
by content managers, there is no need to implement any changes in the learning system
in order to fulfill this request. Instead content managers should create more exercise tem-
plates that include real medication names.

9.2.4 Adaptive Feedback
After answering an exercise the user receives an immediate feedback on whether they
answered it correctly or incorrectly. Just being made aware of an error is not sufficient for
the user to be able to correct it, the feedback should additionally also include appropriate
learning resources so that the learner can understand why the error occurred and how
to correct it. These learning resources could be adapted to the user’s current state of
knowledge.

9.2.5 Evaluate the Learning Outcome
In the evaluation of this projects users where asked about how they experienced the adap-
tivity of the learning system. While this information was useful in evaluating the learning
system in relation to the aim of this master thesis, it is not concerned with how usage of the
learning system affected the learning outcome for the learners. It is recommended that a
study is conducted to measure the effectiveness of the adaptive learning system in regards
to learning outcome.
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