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Abstract: The learning of computer programming fundamentaieains a challenge for
novice learners across the world. Many differenprapches have been attempted from
more engaging languages to media computation. €ethat has not been addressed yet is
how to help students sustain their retention of Kriowledge and apply it successfully in
their current and future modules and careers. Iditiad, with the proliferation of
smart-phones today’s learners are demanding meoesado immediate information to help
them in their tasks. In this paper, we describeapproach leveraging upon mLearning
strategies to help students sustain and apply khewledge of fundamental programming
concepts in the foundation modules. This papereshtre processes and lessons learned
from a pilot project of developing customized, watmLearning applications on multiple
platforms to address this gap. The paper describesstrategy and experiences of
developing the mLearning apps, which included a tiplel programming language
reference and customized self-tests, and adoptiam tin the teaching of programming
subjects. It discusses the students’ and facuttyeeriences and their implications.
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Introduction

Learning fundamental programming for novice leasrauring their first year of studies at
higher education institutions remains a challeriges attrition rate in such subjects and
programs is quite high. Many efforts over the ydwrge been made at tackling this problem
through the use of a variety of tools and techrsquéth different levels of success.
However, an area not often studied relates to hodesits successfully retain this initial
burst of knowledge after their first fundamentadgmamming module. The retention of this
knowledge throughout their subsequent years ofystathains a critical challenge. It is
common to find students unable to recollect fundaaleeoncepts learnt in their foundation
years, particularly in the final year projects asubsequent careers. At the same time,
today’s higher education landscape has seen dmamhtits in terms of teaching and
learning, including the easy access to informatitwe, increasing availability of mobile
devices amongst learners, and the increasing defarhywhere, anytime learning. As
such, mobile learning and applications provide lagorm upon which to tackle this issue
of sustaining student retention of fundamental pogning concepts. Thus, this paper
intends to explore, on a pilot basis, the adoptibomLearning apps during the first year of
studies to sustain retention of programming knogted

1. Literature Review
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1.1 Learning Programming

Students learning programming for the first timeefanultiple challenges. Resnick (2009)
indicated that novice learners faced challenged) as mastering the syntax of the language
and understanding the complexities of programmmgrenments in which they must learn
to write programming solutions. Other challengedude the lack of motivation and the
inherent difficulty faculty face in engaging studlethrough text-based programming
languages (Kelleher, C. & Pausch, R., 2005). Mahyt®ns have been adopted in the past
through storytelling and tools, such as Alice, gdmsed learning and media computation
(Kelleher, C. & Pausch, R. 2007). However, thers baen inadequate work done into
exploring how to facilitate student retention oéithknowledge of programming using a
specific mobile platform and strategy.

1.2 Mobile Learning

The proliferation of mobile technologies into owegyday lives continues at a rapid pace.
Now more than ever learners at a younger age amg smart-phones that provide them
with access to a world beyond the confines of tbkeissroom. A recent study of students in
higher education in China identified that 85.7%a pool of mobile users actually access
universities via their smart-phones (CNNIC 20103.sich, Rajasingham (2011) highlights
that we, as educators, need to take into accoenthithnging landscape and design for the
needs of the new mobile savvy audience. One wagdueational community has been
meeting the needs of such an audience is throudhilenlearning. Mobile learning is
defined as any form of learning that is conductédenthe learner is on the go (Sharples et
la, 2005). Conole (2008) stated that mobile tecbgiels continue to be used in developing
innovative pedagogical scenarios for learners.hi@ tontext of learning fundamental
programming, different studies have been done tovate students by allowing them to
build mobile applications (Mahmoud, 2008, Sperttusle 2010). Further, studies have
shown it is useful to incorporate mobile learnisgadorm of blended learning (Shen, 2008).
However, insufficient studies have been done onadigt deploying customized mobile
learning applications in a blended setting to supfie student retention of fundamental
programming concepts.

2. Background

Temasek Polytechnic is a tertiary institution wotrer 21 years of experience in conducting
information technology related diplomas. All stutteewho enroll in these diplomas every
year take up a fundamental programming module.olijective of this module is to teach

novice learners programming fundamentals. Aftes thiroductory programming module,

students continue to take more advanced moduleshen areas of object-oriented

programming, algorithms and web development, alWbich require a strong retention of

the fundamental programming knowledge.

3. Subject
3.1 Rationale

Historically teaching the fundamental programmingdule at our institution has faced
many challenges in terms of student motivation amgagement. In the past this gap had
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been addressed through the use of different tocls as Alice and flow-charting. However,
in recent years faculty members teaching advanceduhas had highlighted that student
retention of their fundamental programming concegpish as writing iterative constructs or
declaring arrays, was very poor. Faculty continteethce students who had succeeded in
their early programming modules but could not sostaeir mastery of the knowledge in
advanced modules. As such, the teaching team dedidedevelop native mobile
applications on the iOS and Android platforms téph&tudents sustain their retention of
fundamental programming constructs.

3.2 Mobile Strategy

In developing the native mobile applications thacteng team adopted a five principle
mobile strategy. First, the mobile applications \ddoe focused on providing students with
“Just-in-time” instruction and access to informatioThe rationale for selection of the
“just-in-time” approach was that the learners waodd only be using these applications in
their first year of studies but during their suhseat years and careers. Second, the mobile
applications would not be a substitute for existoaurseware and e-learning content
available on the institution’s learning managensystem. Third, the mobile applications
would follow an outcomes-based approach to learnfgysuch, the mobile applications
would not simply be a repository of course contarPowerPoint notes. Instead, the mobile
applications would give information to achieve a@rtiearning outcomes. This was done in
alignment to previous research that indicated tk#ective learning requires a
student-centered, outcome-focused approach (2e@}). Fourth, the mobile applications
would provide a simple user interface with mininhatks to access the relevant content.
Fifth, each mobile application included differemdic instructional self-tests, which were
differentiated by content. Based on these five qiples, two mobile applications were
developed for the iPhone and Android markets. Théila applications consisted of two
modules: a reference module in multiple programntémguages and a self-test module as
shown in Figure 1.

/iPod 11:08 AM = iPod 11:08 AM =
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String

double
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Check Answer
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Figure 1: Example Screenshots of the iPhone mLeanmmg Apps
The reference module listed key outcomes studee¢sled to remember, such as
declaring variables, writing loops, declaring agaigentifying even and odd numbers and
searching an array. To help students the refererozhile provided necessary key content
for multiple programming languages, such as Jay&HP and ActionScript, that students
would encounter in their advanced programming meslullThe self-test module was
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customized to help learners with different abifiti;emember the key content. Simple
learning analytics was integrated as part of eathtest. The self-test module provided
differentiated content for two levels of users. Thierentiated content was determined
through a pre-quiz assessment. Based on the sadnésv/ed in the pre-quiz learners with
different abilities would be sent to one of two gibfe paths. Each path would be
customized with the necessary scaffolding and faeklio assist learners to master the
content. As such the multiple paths provided lei@mgth a degree of customization of their
learning content.

4. Methodology

Since the project was a pilot study the methodologgd was qualitative in nature. This
pilot focused on the faculty and student populatioFhe faculty population consisted of
those teaching advanced modules and the studenidgbiom consisted of those taking
advanced programming-related modules. The sampk &nsisted of two (2) faculty
members and twenty (20) students. The faculty mesnded students were selected using
simple random sampling. The instruments used irstixy included the faculty members’
journals, interviews with the students and intemgavith the faculty members. The mobile
applications were deployed over a period of 3 me@thd all journal data and interviews
were collected and conducted at the end of thisghEhe data analysis consisted of content
analysis of the textual data and went through dmndisstages. In the first stage, the textual
data was separated between the student and thieyfamembers. In the second stage, a
partial set of the textual data was grouped togeihédentify common themes amongst
each of the two groups in the sample populatiothérthird stage, coding was performed to
derive inductive categories. In the fourth stape,ihductive categories were ranked based
on the number of occurrences falling into eachgmatefrom all the interview and journal
data. As such, these inductive categories formedesbults described in the next section.

5. Results

The results of this study can be categorized wtndreas: the student perspective and the
faculty perspectives.

5.1 Student Perspective

In terms of student perspectives, five key resuiise noted. First, the students found the
mobile applications very helpful in reminding thefkey content that they had just learnt
when they needed it (i.e. just-in-time). This résuhs in alignment with previous studies
that showed that mobile learning was a step towandking the educational process
“just-in-time, just-enough, and just for me” (Pate2007). Second, the students liked the
convenience with which to find the content withthe need to research on-line or lookup
their old lecture notes or textbooks. This implibét the mobile learning applications
provided students with a time-saving element, thermcreasing their efficiency and
productivity, which was aligned to previous studiedated to offering students the
flexibility to determine the conditions of their owlearning (Field, 2005). Third, the
students found the quantity of the content judttrigr their needs. This implied that the
amount of content provided for each topic was amtl factor in students using their
mobile learning applications. Fourth, the studefdand the multiple programming
languages very useful in helping them navigateufhnanew programming languages in the
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future. This implied that students may potenti@igntinue using these apps beyond their
first year as they provided a wide range of prograémg languages that may be relevant in
their subsequent years. Fifth, the students fonedtstomized self-tests helped aid them in
managing the pace of their own learning. This iegblihat learners do view personalized
learning experiences as a potential factor to twyin of mobile learning applications.

5.2 Faculty Perspectives

In terms of faculty perspectives, three key resulese noted. First, the teaching staff
highlighted a very high adoption rate by studelitaias observed that students were quick
to use the mobile applications even inside thesctesn when they needed to refer to
something. Second, the teaching staff indicatedstinaents were very comfortable with the
mobile applications as it was considered just agrodipp in their smart-phone. Third, the
teaching staff indicated that the outcomes-basgquioapgh was very suitable for mobile
learning applications as it helped promote the gsecof “just-in-time” learning. This
implied that the development of content needed @ocarefully done without simply
transferring existing courseware or e-learning enhonto a mobile learning application.

6. Conclusion

In conclusion, this pilot study potentially sugge#itat mobile applications for learning
based on a specific strategy customized to the@desrneeds can help in student retention
of fundamental programming knowledge at the insialge. However, further studies need
to be done to measure student adoption over substyears and their effectiveness.
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