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Context-based recommendations of Java
learning objects. a case study

Jane Y-K. Yau and Mike Joy

Abstract—In order to validate the potential deployment of the
proposed lear ning contextsand suggestion rulesof thetheoretical
mobile context-awar e suggestion mechanism mCALS, an online
case-study was conducted using Java lear ning objects (LOs). 14
students participated in the study, and the Java L Os used in this
experiment wer e obtained from the Codewitz LO repository and
represented a selection of procedural and object-oriented topics.
Initially, participants of the study would select how much
availabletime they had (10, 15 or 20 minutes), their current level
of mativation (high, medium, low) and knowledge level of Java
(high, medium or low). A choice of appropriate LOs was then
presented to each participant, which they were then invited to
study. This paper presents the case study, and reports that the
data analysis providesinteresting insightsinto how the proposed
recommendations of context-based Java LOs are suited to
students studying in various contexts.

Index Terms—case study, context-based recommendations.

|. INTRODUCTION

CONTEXT-BASED/AWARE m-learning applications are recent
innovative applications which deploy learning contexts
(such as location, learning styles and knowledge level), and
recommend/supply appropriate learning activitiesmaterials to
learners based on their current contexts. These groups of
applications are categorized in Yau and Joy’s [1] third and
final m-learning generations respectively. At the time of
writing, only a small number of context-based/aware
suggestion mechanism applications have been developed and
evaluated. These applications/frameworks include CoMoLE
[2], Tensel TS [3], and the didactic profiling framework of
Becking et al. [4].

We have developed a mobile context-aware learning
schedule mCALS framework [5]. This framework aims to
recommend Java learning objects to learners that are
appropriate for their current learning situation. The data
analyses of our previous qualitative interview and quantitative
diary studies [1,6] have informed us of three sgnificant
learning contexts that should be deployed. These are the
learner’s knowledge level of the proposed topic, their available
time for study, and their current level of motivation. A set of
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suggestion rules based on Cui and Bull’s [3] to be deployed in
our framework are aso presented in Yau and Joy [6]. The
formed general suggestion rules are as follows. Note that the
difficult, medium and easy levels of tasks are in terms of
cognition.
- If motivation = high and available time > 30 mins
then difficult tasks are selected.
If motivation = medium and availabletime > 30 mins
then medium tasks are selected.
If motivation = low and availabletime> 30 minsthen
easy tasks are selected.
If available time < 30 mins then easy tasks are
selected.

This paper presentsa case study used to validate thelearning
contexts and suggestion rules deployed in the mCALS
framework. It is structured as follows — a literature review is
provided in section 2, our case study research methodology is
presented in section 3, the data analysis of the case study is
described in section 4, and finaly, in section 5, we present our
conclusions and future work.

1. LITERATURE REVIEW

Weprovidealiteraturereview on the following — context-based
suggestion mechanisms/frameworks, Java and Java-learning
applications, and learning objects.

Context-based suggestion mechani sms/frameworks

There are three context-based suggestion mechanisms/
frameworks that are most related to our work. These are
CoMoLE [2], TensedTS [3] and the didactic profiling
framework of Becking et al. [4]. CoMoLE [2] has been
evaluated by students based on materials from two subjects —
data gructures and operating systems. Different types of
learning activities related to these subjects were included.
Students could use different devices such as PCs, |aptops, or
PDAs to access and perform these learning activities. Their
learning styles, knowledge level, available time, and type of
device used are taken into consideration when the system
recommended materialsfor them to study. Results of their case
study are discussed together with our resultsin section 4, where
appropriate.

The TenselTS [3] sysem sdects appropriate
English-learning material sto students based on their available
time, concentration level and frequency of interruption at their
current location. This system had not yet been evaluated.
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The didactic profiling framework of Becking et al. [4]
definesa set of contextsthat should be used for determining the
types of learning materialS/activities for learners in different
Situations. It is centered on an inference engine and contains a
set of filtering rules, which arebased on learner profilesand the
characterization of learning objects. Thelearning contexts used
within this mechanism are classfied into four categories -
Stuation, learner, learning objects, and participation. This
framework has not yet been evaluated.

Java and Java-learning applications

The majority of software applications for learning the Java
programming language are still web-based and have not been
made specifically available for use on mobile devices. Example
Java e-learning applications include those of Sykes [7], Ab
Hamid and Fung [8], Mungusukh and Cheng [9].

In order to assign particular Java topics to students based
upon their proficiency level of Java for our case study, we
needed to first determine an order of difficulty of Java topics.
We were not aware of any previous work that had been
completed on thisat thetime, sowe conducted two experiments
—1) aliterature review of currently deployed Java textbooks at
our university, and 2) a questionnaire completed by students to
indicate their perceived difficulty levels of Java topics. The
results of these experiments are in Yau and Joy [10], and the
topics and their leves of difficulty (in brackets) were
established asfollows— assignment (1), expressions (2), output
(3), input (4), if-statements (5), for-loops (6), arrays (7),
methods (8), classes (9).

Learning Objects

Learning objects (LOs) are reusable online learning
materials each of which contains a rich set of metadata for
describing which learners and/or learning purposes is
appropriate for. They are usually stored in global learning
object repositories such as Codewitz (contains programming
LOs), MERLOT (containsmaterialsfrom disciplinesincluding
biology, business, engineering, history etc.), CAREO and
Telecampus. Applicationswhich allow mobilelearning objects
to be viewed on mobile devices have been created by Smith [11]
and Bradley et al. [12].

Ill. RESEARCH METHODOLOGY

Our case study hasbeen an attempt asameansto validate the
deployed learning contexts and suggestion rules in our
proposed mMCALS framework [5]. Wewere constrai ned by both
time and financial resources— a) of developing the framework
as aworking prototype and b) of owning a number of mobile
devices which dudents can use for the experiment,
respectively. We therefore congtructed an online experiment,
for which participants could choose fredly the time, location
and thedevicewith which to carry it out. We describe two parts
of our research methodology — a) how we set up our online
experiment and b) the recruitment and participation process.

The online experiment

We had chosen learning objects which were of tutorial type
from the Codewitz learning object repasitory. The experiment
was set up to alow participants to first select their available
time (10, 15, or 20 minutes), followed by their current
motivation level (high, medium, low), followed by their
knowledge level of Java (high, medium or low). A choice of a
few LOs that are appropriate for that context appears for the
participant to select to learn/study. These suggestions are based
on our general suggestion rules presented in section 1, as well
as the established proficiency levels of Java, presented in
section 2.

For example, when participants have a lower leve of
motivation, they will be suggested easier LOsto study, and vice
versa. The proficiency level of the learning object and the
length of time it requiresto be completed are matched with the
knowledgelevd of the student and theamount of availabletime
that they have.

Recruitment and participation process

Participants were recruited via lectures and emails within
our university aswell asin other universtiesviaHEA-ICS. 14
university students had participated in our study — Warwick
(6), Nottingham Trent (2), Coventry (2), Greenwich (2),
Bradford (1) and Dundee (1). Gender and ageinformation were
not necessary to be recorded.

Partici pants were asked to compl ete an online feedback form
after they had finished studying/learning an LO. Feedback
required from participants primarily related to 1) how useful
they had found the study of the LO in the contexts, 2) whether
their learning experiences of using the LO was more enjoyable
asaresult of studying it in those contexts, and 3) whether the
suggestion rules were appropriate in the recommendation of
LOs. Our online experiment can be viewed in [13].

IV. DATAANALYSIS

In this section, we present the results of the data analysis of
our case study. In particular, it is divided into seven parts —
overview, followed by 5 parts where we address each of our
research questions, followed by a summary of the results. The
five research questions are as follows:

1. How useful had participants found the study of LOsin
appropriate learning contexts?

2. How enjoyable had participants found the study of
LOsin appropriate |earning contexts?

3. How appropriate were the deployed suggestion rules
for recommending Java L Os to students?

4. What were the reasons that students chose particular
time dots to study in?

5. What overall feedback can be deduced from the case
study which relates to the mCALS framework?

1. Overview

Here, we provide the reader with an overview of the
guantitative data results, shown in table 1, concerning research
guegtions 1, 2 and 3. The results showed that 11 out of 14
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participantshad found it very useful or useful studying the LOs
in the particular contexts. 8 out of 14 participants found it
enjoyable studying the LOs, and 11 out of 14 participantshad it
more enjoyable studying the LOs in the particular contexts. 12
out of 14 participants noted that the LOs were recommended
appropriately to them in their dStuation. 12 out of 14
participants noted that the recommended LOs would also be
feasible for studying in other contexts.
Table 1 - Overview of quantitative data results

1 How useful ness had Very Useful (8) | Not useful
participants found the sudy of | useful (3) ?3)
LOsin appropriate learning
contexts?
2 How enjoyable had Very Enjoyable Not
participants found the study of | enjoyable (6) enjoyable
LOsin appropriate learning 2) (6)
contexts?
Whether participantsfoundthe | More enjoyable Not more
sudy of LOsmoreenjoyablein (11) enjoyable (3)
contexts?
3 How appropriate were the Appropriate (12) | Not appropriate (2)
suggestion rules for
recommending Java L Os?
How feasible can the Very Feasible Not
recommended L Os be studied feasible (11) feasble (2)
in other contexts? (1)

2. Usefulness of learning contexts

Here, we answer the research question — “How useful had
participants found the study of LOs in appropriate learning
contexts?” We examine whether in practica terms,
participants had found the depl oyment of the proposed learning
contexts in the recommendation of LOs useful. 3 out of the 14
partici pants of the experiment informed that they had found the
LOs to be very useful in the particular learning contexts,
whereas 8 had found them useful and 3 had found them not
useful. Some of the feedback given by participantsinformed us
that the usefulness was reated to the particular contexts that
they had found it useful studying in, whereas other feedback
was related to the learning content and/or the user interface of
the LOs and learning environment respectively.

Feedback related to the usefulness of the LOsin the learning
contexts includes “being able to follow the object without too
much effort”. Although, not many participants had given
comments regarding why it had been useful studying the LOs
in the learning contexts, 11 of the 14 participants had found it
to be either very useful or useful. Hence, we can deduce from
that that the choosing of the LOs according to which learning
contexts the LOs should be studied under were mostly
appropriate.

The obtained feedback from participants related to the
usefulness of the learning content and/or the user interface of
the LOs and learning environment include 1) finding “the
step-by-step explanations of the LOs to be good”; 2) finding
“the visual display of code statements made it easy to
understand and follow”; and 3) finding “the program clear,
well laid out and the LO gave a very coherent explanation,
much more effective than lecture dides.”” The amount of
feedback we received from participants was quite limited; this
is often the case with online questionnaires. Martin and Carro
[2] had also noted that many of their participants had sd ected

the“l do not know” option, and thiswasparticularly truein the
days prior to the participants’ exams. Some of the later
participants of our case study had a so forthcoming exams.

On the negative note, the following was noted from
participants— 1) “there could have been a lot more information
on each line of code explaining things a hit better as, for
example, there was no explanation/definition of what an
exception actualy is”; 2) finding the content to be very simple
and did not learn anything from it, and therefore had found it
not useful; and 3) finding “the code examples to be alittle too
simple, despite choosing a high level of knowledge, it ill
seemed very rudimentary”.

Regarding 1), thisisinsofar related to the learning content,
and not the learning contexts. We were attempting to provide
evaluations of the learning contexts in the experiment rather
than the learning content. Regarding 2) and 3), these were
related to the difficulty level of the topic, not exactly
appropriate for the knowledge level of the participants.
Although, we did attempt to assign most appropriate LOs
according to their difficulty level for the proficiency leve's of
students, it is perhaps not in every case that we can precisdy
match them. Thisis because of atwo possible reasons — 1) the
participants might have over- or under-estimated their
proficiency level in Java and/or have selected an inappropriate
or incorrect level for them; 2) the LOs were not exactly in the
range of the proficiency level of an average student with that
knowledgeleve. Or if there was aparticul ar topic that has been
over- or under-studied by a student, then the LO could be more
or less difficult than anticipated.

The chosen learning contexts used for recommendation of
L Oswere avail abletime, knowledgelevel and motivation level.
Cui and Bull [3] and Martin and Carro[2] noted that thesefirst
two contexts were very important when recommending
materials to learners ‘on the move’ when they have limited
timeuntil their next scheduled task. Whereas Cui and Bull [3]
had used ‘concentration level” and ‘frequency of interruption’
contexts for their recommendations, we had aternative
introduced athird context — ‘mativation level” of thelearner, to
replace the former two contexts. Thiswas aresult of our earlier
study which established that there was a high postive
correlation between a learner’s motivation level and their
concentration level. The results obtained from participants
regarding the usefulness of these learning contexts prove that
they are indeed useful when studying online materials. All of
the participants had either studied at home or at the university.

To conclude, the mgjority of participants had found the LOs
to be useful for learning/studying Java. Most of the LOs
sdected for their current learning contexts were appropriate for
them and they had found that to be useful. A small amount of
feedback indicated that participants had not found the LOs to
be useful because they were too smple for them.

3. More enjoyable studying different LOsin different situations

Here, we answer the research question “How enjoyable had
participants found the study of LOs in appropriate learning
contexts?” Wefirst discuss whether participants had found the
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study of LOs enjoyable, and whether they had found the study
of LOs more enjoyablein their learning contexts.

Whether participants found the study of LOs enjoyable

2 students had found the experience of learning with the LOs
very enjoyable, 6 students had found it enjoyable and 6 had
found it not enjoyable. The feedback obtained relating to this
research question were also more directed to the learning
content or the user interface, rather than the learning contexts
itsef. We presume that this is because participants were less
aware and knowledgeable of what learning contexts actually
were, even though we had described these to them explicitly.

Positive feedback given by participants relating to how
enjoyable the study of LOs was in their current learning
contexts includes 1) they had found it comforting given “the
ability tofollow easily theLOsand having theability toclick on
each step in order to go to the next one”; 2) they had found it
convenient having “the ability to skip forward and backwards
at will”; 3) they had “found it easy to understand and follow
when inspecting the code asit was being processed, and it was
a good way to illugtrate program flow; 4) they had “found the
interactive LOs very appealing even though they were not
motivated to concentrate on learning”.

Suggestions to improve the user interface to make it ook
more professional and exciting were made by a participant and
they noted that this may help potentially encourage alarger set
of audiencesto participate in learning the LOs and a so spend
longer studying them. One participant suggested that the
“representing memory & variables LO was very intuitive and
would be very useful for beginners”.

A few students who did not find the study of L Os enjoyable
had stated that it was because the content was too smple for
them (as mentioned in the previous section), and therefore it
was boring and not enjoyable. Some participants had found
them to be too precise and it took longer than necessary to
explain some concepts, and they had already previously
understood the contents of the objects. Hence, they had found
the study of L Os |ess enjoyable, due to these reasons.

Whether participants found the study of LOs more enjoyablein
their current contexts

In terms of whether the participants had found it more
enjoyable studying the LOs in their current learning contexts,
11 participants found their learning experience to be more
enjoyable and 3 participants had found it not more enjoyable.
Positive reasons include 1) being in the “comfortable
environmental surroundings of wherethey had conducted their
learning”; 2) the study of LOs approach was “moreenjoyable as
it was afresh approach to teaching that is more involving than
a whiteboard”. However, regarding 2), this does not directly
answer our research question. Another participant noted that
“if [their] motivation was lower, then it is unlikely that [they]
would have continued through the object”. A further
participant noted “what mattered was the thorough
explanation”. Some of thesefeedback obtained for this research
question were directly related to how the learning contexts can

be used to adjust LOs that are selected to higher- or
lower-motivated students. For example, the participant who
noted that they would not have continued with the LO, if there
motivation was lower. This implies that the LO had been
sdected appropriatey given their level of mativation and hence
lower-motivated students can be accommodated as wdl as
medium or higher-moativated students. On the other hand, some
of the feedback was concerning the quality and the content of
the LO such as the detailed explanations provided. One
participant had felt that using LOs was an innovative way of
learning, rather than other means such as teaching using
whiteboards.

In Martin and Carro’s [2] case study, 78% of their
participants had preferred learning activities to  be
recommended to them based on their learning contexts and
preferences. Thisimplies that they had also had an enjoyable
learning experience with learning in the online environment.
In particular, some of the noted comments on the usefulness of
the learning environment by their participants include — 1)
“these systems guide one over the whole set of activities and
help to decide the starting point (what are the best activities to
be done according to one’s personal needs and learning
process); 2) “it helps to know which topics have been wrongly
learned, and it proposes review activities for consolidating
these concepts”; 3) “it includes many exercises and [they] can
train for thefinal exam sinceteachersdoonly afew exercisesin
class” - many of our participants had noted this similar
comment; 4) “these environments are more attractive because
they allow [them] to do many types of activities, not only study
theory from a book or [their] personal notes’; and 5) “this type
of learning environment helps to organize one’s free time, so
they are very useful when one hasonly afew minutes available”
[2].

Similarly, insgghts gained through this case study suggest
that by giving participants the options to inform the online
learning system their situation i.e. available time, knowledge
level of Java and current mativation level, they are able to
choose from a recommended list of LOs materials that should
be appropriate for them under those circumstances. This case
study has confirmed that participants had enjoyed learning
those LOs which had been recommended to them
appropriately, based on their circumstances.

We have described whether our participants had enjoyed a)
the study of LOs in general and b) the study of LOs in the
participants’ current learning contexts. 8 out of 14 students had
foundit very enjoyableor enjoyablefor part a); and 11 out of 14
participants had found their learning experience to be more
enjoyable for part b). The feedback obtained was limited asis
often the case with online feedback questionnaires. We also
described some of the feedback obtained from Martin and
Carro’s [2] case study, their results of which had shown that
their participants had found their online environment very
useful and hence potentially very enjoyable, too.

4. Appropriateness of suggestion rules
Here, we answer the research question — “How appropriate
were the deployed suggestion rules for recommending Java

1558-7908 © 2008 | EEE Education Society Students Activities Committee (EdSocSAC)
http://www.ieee.org/edsocsac



> |EEE MULTIDISCIPLINARY ENGINEERING EDUCATION MAGAZINE, VOL. 5, NO. 4, DECEMBER 2010< 5

LOs to students?” We discuss the results obtained from
participants for the following — &) whether the recommended
LO that they had studied had been appropriate for their current
learning contexts, b) how feasible can the recommended LOs
be studied in other contexts, according to the participants’
opinions, c) other appropriate activities that can be
recommended in the same contexts, and d) inappropriate
activities that should not be recommended in the same
contexts.

Whether the recommended LO had been appropriate for their
current contexts

12 participants noted that the recommended LOs were
appropriatefor them to study in their current contexts, whereas
2 participants noted that the recommended LOs were not
appropriatefor them to study in their current contexts. Positive
feedback includes “the learning materials or code was relevant
tothetopic being explained and for [their] knowledgelevel and
available time”. Negative feedback includes 1) the LO was
shortintimeduration and it did not require much timeor effort
to understand; and 2) the LO was too easy for the level of
knowledge that they had selected.

How feasible can the recommended LOs be studied in other
contexts

1 participant noted that it would be very feasible to study the
LO in other contexts, 11 participants stated that it would be
feasble, and 2 dated that it would not be feasble. Positive
feedback include 1) “it doesn’t matter where or when | study
the LO, if I’m just reading a bit of code in front of me”; 2)
“some L Os could be compl eted when [they] had alower level of
motivation”; and 3) “people’s learning capabilities are
different so it is good to recommend different LOs based on
these”. There werelimited responsesto this. We had explained
the question well and had described clearly what we had meant
by contexts. However, participants might ill not have
understood the question fully, in the intended way, or had felt
that there were not many inappropriate activities for different
Situations/contexts.

Other appropriate activities that can be recommended in the
same contexts

We asked participants to indicate other learning activities
that may also be appropriate in their opinion in the same
contexts. 10 participants had noted that ‘answering
multiple-choi ce questions’ woul d be appropriate; 2 participants
had noted that ‘revising learning materids’ would be
appropriate and 2 participants had noted that “practicing tests’
would be appropriate.

Inappropriate activitiesthat should not be recommended in the
same contexts

We aso asked participants to indicate other learning
activities that would be inappropriate in their opinion to learn
in the same contexts. ‘Learning theoretica concepts’ was
indicated by 2 participants as inappropriate; ‘answering
multiple-choice questions’ was indicated by 3 participants as

inappropriate; ‘revising learning materials’ was indicated by 1
participant as inappropriate; ‘Answering open-ended
guestions’ was indicated by 3 participants as inappropriate.
Reasons given include that 1) it would take too long to write
essay answers to open-ended questions, however one word
answers would be desirable in such a short time-frame; 2)
open- ended questions and learning new concepts also would
reguire more concentration and would not be appropriate for
learning/studying in short available times. In Martin and
Carro’s[2] study, learning activitieswhich required theoretical
explanationswerethetype of learning activities that were most
frequently noted by their participants as
inappropriate/unsuitable.

To summarize, the data results suggest that the suggestion
rues are appropriate for recommending materials to
participants, using the proposed learning contexts. We had
carefully selected those LOs which should be appropriate for
learners under certain circumstances, based on the suggestion
rules presented in section 1. After the participants had studied
the LOs, the mgjority of them had noted that the L Os had been
appropriate, and therefore we can validate that both our
suggestion rules and the established Java proficiency levelshad
been constructed accurately and appropriately.

5. Why particular time dots were chosen for studying

Here, we answer the research question “What were the
reasons that students chose particular time slots to sudy in?’
We are interested in this question because we want to find out
for our mCALS framework [5] or any other mobile
context-based suggestion mechanisms, which time slots and
the reasonsfor choosing these time slots to study in. Thisisso
that we can gain more understanding about how, when and why
particular learners perform mobile learning and/or use mobile
devices for learning.

11 participants noted their reasons to be having spare
available time; 2 participants noted that they had interest in
learning and in Java respectively; 1 participant noted that it
was due to convenience. Additionally, 13 participants noted
that it had been a good time slot for studying in — one
participant had noted that “[they] were relaxed at home and so
could absorb information easier”. The remaining participant
noted that it had not been a good time dot for studying in,
primarily because hewasrevising for hisforthcoming examsat
that point in time and should be concentrating on his revision
instead.

Positive feedback obtained from participants in Martin and
Carro’s [2] case study include “this type of learning
environmentshelpsto organizeone’sfreetime, sothey arevery
useful when one has only a few minutes to spare”. Negative
feedback obtained includesthat students might have “preferred
to choose the activities to be performed at each time”; thisis
also supported by the results obtained in our interview study.
Some participants said they could not concentrate because they
weretired.

We can conclude that there is a need for mobile learning
and the need of mobile devicesfor learning for students. Thisis
because they may in any time, or any location, want or choose
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to perform some learning materials and may not always have
sufficient paper-based materials a hand. The time dots
participants chose to perform in inform us that convenience
and comfort are major factors in influencing whether and
where they study. Portable mobile devices can provide the
convenience as they are small in physica size By
recommending suitable materials to learners under different
circumstances can hel p them to make use of different situations
to make their learning more productive and more enjoyable.

6. Any other and overall feedback

Here, we answer the research question “What overal
feedback can be deduced from the case study which rdates to
the mCALS framework?’ Additional data obtained from
participants included a) whether they were aware of their
learning styles, b) whether they fed that they would benefit
from studying LOs that are appropriately recommended based
on their learning styles, c) the quality of the learning content;
d) whether they would use the LO again; and €) any other
comments provided by participants.

Relating to learning styles

Learning styles hasbeen atopic subject to much controversy.
Some authors suggested that students should be open to learn
using several different learning styles [14], whilst other
researchers have continued to use learning styles in their
learning systems such as [15,16]. Results from our previous
interview study [1] informed us that participants are aware of
their learning styles and often would prefer to study using their
particular style. We omitted the use of learning styles in this
experiment for reasons of simplicity, as participants only spent
a short amount of time studying the LOs. However, we gained
further insight from participants regarding their views of the
use of learning styles.

13 participants had noted that they were aware of their
learning styles (hereafter, abbreviated asLS) and were able to
locate their learning style on the spectrum of the Felder and
Silverman modd [17]. 5 participants noted that they had
sequential LS, 1 student noted that they had active LS, 2
participants noted that they had visual LS, 4 participants noted
that they had intuitive LS and 1 participant noted that they had
reflective LS. The remaining participant was not aware or did
not haveaLS.

13 participants noted that they think that they would benefit
from studying LOs that are suitable for their LS and 1
participant noted that they would not necessarily. Our
interview results support these results. Positive feedback by
participants includes that 1) “this will provide a different way
of learning the various Java concepts’; 2) they find “interactive
diagrams fantastic for [their] style of learning and therefore
would be great to usethesefor learning”; and 3) “it would make
it moreinteresting to learn”.

Relating to quality of the learning content

In terms of thelearning content, 2 partici pants had found the
LOs to be very useful, and 9 students had found them useful,
and 3 students found them not useful. Positive feedback
includes 1) “[even though they] already had a firm

understanding of basic java, but [they ill] found it would be
very helpful for beginners”; 2) “some of the Java principle are
fairly important to know and are well-devel oped”. Negative
feedback includes 1) a participant felt that “there was nothing
new or nove in the learning materials’; 2) the learning
materials were “not useful in the sense that | did not learn
anything new from thelearning experience”, because they were
already familiar with thetopic.

8 participants noted that they would use the LOs again, 5
participants stated that they would not, and 1 participant did
not provide any answers. Negative reasons provided include
that 1) “[they aready] knew the materia coveredinit”; and 2)
“the content waswel| below my current knowledge level of Java
so it wastoo simpligtic”.

Any other comments

Further suggested comments by participants include 1)
“different level sof code for different level s of learnerswould be
good”; 2) “niceway to teach, [they] could see this being useful
for those students with no prior knowledge of computing, and
are struggling with basics of programs, memory and logic
flow.”; 3) “[they] particularly liked the "memory" display, but
[they] think that it should have more detail, such as having
additional arrows to show where the variables would be stored
in memory and to show it the source code.

Participants from Martin and Carro’s [2] case study noted
thefollowing: 1) “these systems guide one over thewhole set of
activitiesand hel p to decide the starting point (what are the best
activities to be done according to one’s personal needs and
learning process)”, 2) “these environments are more attractive
because they allow [them] to do many types of activities, not
only study theory from a book or persona notes”. They aso
consdered the learning contexts slightly less important than
the learning styles. 81.5% of their student participants had
considered the online learning environment to be useful for
learning because “they were able to support content adaptation
according to the user context (available time and device used)
at each time”. Participants had noted that this had contributed
to their learning processes, and the environment guided them
well through topics of a given subject and had hel ped them to
approach the subject in a new way, and visuaise it as “an
incentive to study morein lesstime” [2].

7. Summary of data results

Our case study has provided us with a large amount of
qualitative data results concerning the learning contexts and
suggestion rules to be deployed in our proposed mCALS
framework [5]. The results showed that participants found the
LOstobeuseful inthesituationsthat they were studying under.
They had an enjoyable learning experience whilst studying
these and their learning experiences were enhanced because
the LOs had been chosen sdectively to be studied under
different circumstances based on the suggestion rul es presented
in section 1. The case study hasvalidated our proposed learning
contexts— availabletime, knowledge level and mativation level
— to be appropriate for usng in a context-based learning
environment. The Java LOs used in this experiment were taken
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from the Codewitz LO repository (www.codewitz.org) and
participants havefound them to be of high-quality. Participants
aso noted that the use of learning styles for the
recommendation of LOs might be beneficia for them.

V. CONCLUSION AND FUTURE WORK

In this paper, we have described our case study which wasan
online experiment for learning Java. Participantswere required
to indicate their available time (10, 15 or 20 minutes), their
current motivation level for learning (high, medium or low)
and their knowledge level of Java (high, medium or low).
Appropriate JavaL Oswoul d then be presented to them to sel ect
for studying. These had been pre-determined based on our
suggestion rules presented in section 1. After participants had
studied the LO, they were asked to complete a questionnaire to
provideinformation regarding a) usefulness of the LOs studied
in those contexts, b) whether they had enjoyed studying the
LOs, ¢) whether the selected LO was appropriate for that
context, d) why they had chosen that particular time dot for
studying in, and €) any other comments.

This case study has been conducted to validate the learning
contexts and suggestion rules of our mCALS framework [5]. A
qualitative data analysis concerning these is presented in this
paper, validating the deployed learning contexts and
suggestion rules for the case study (and subsequently for our
MCALS framework). We are currently developing a software
design of the framework. Our future work includes developing
a working prototype of this framework for students to learn
with anytime anywhere.
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